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ABSTRACT

The construction of Grand Coulee Dam, on the upper Columbia
River, involved the loss of 1,140 lineal miles of spawning and rearing
stream to the production of anadromous fishes. The fact that the
annual value of these fish runs to the nation was estimated at $250,000
justified reasonable expenditures to assure their perpetuation. It
was found economically infeasible to safely collect and pass adult
fish upstream and fingerling fish downstream at the dam because of
the tremendous flow of the.river and the 320-foot vertical difference
in elevation between:forebay and tallrace.
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The Grand Coulee Fish-Maintenance Project, undertaken by the
United States Fish and Wildlife Service in 1939, consisted in relocating
the anadroumous runs of the upper Columbia River to four major tri-
butaries entering below the Grand Coulee damsite. These streams were
believed capable of supporting several times their existing, badly
depleted, run.

The plan was predicated upon the assumption that the relocated
runs, in conformity with their "homing tendency", would return to
the lower tributaries rather than attempt to reach their ancestral
spawning grounds above Grand Coulee Dam.

This interim report covers the history and accomplishments of
the Grand Coulee Fish-Maintenance Project through the initial period
of relocating the runs as well as the first four years of the permanent

progran.

Results obtained to date indicate conclusive success in diverting
the upper Columbia fish runs into the accessible lower tributaries.
The results also indicate, less conclusively, that—-in spite of many
existing handicaps--the upper Columbia salmon and steelhead runs may
be rehabilitated through the integrated program of natural and arti-
licial propagation incorporated in the Grand Coulee Fish-Maintenance
Project.
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INTRODUCTION

The Columbie Basin Reclamation Project is designed to provide
irrigation for 1,200,000 acres of desert and arid farm land in the
sentral part of Washington State. The initial development of the
Reclamation Projeot, Crand Coulee Dem--largest man-made structure
in the world--impounds a reservoir 151 miles in length, with a storage
capacity of 10,000,000 acre-feet, Fully developed, the power plant
at the Grand Coulee Dam will produce 8,320,000 kilowatt~hours of
. electric power annudlly. Present output is distributed for industrial
and domestic use throughout the Pacific Northwest. Eventually, e
portion of the fully developed electrical output will be used to
pump river water into a storesge reservoir for distribution through
irrigation osnals to the arid plateau land of Central Washington east
of the Columbia River. The project is self-liquidating for sll costs
will be berne by water and power users.

Mmis

-

The construction of Grand Coulee Dam presented e difficult
problem to0 the Federal and State Agencies concermed with the preser-
vation of the fishery resources. In 1933, the first year of con-
struction, the Fish and Wildlife Service initiated a count of all
fish passimg Rock Island Dam--located 145 miles below Grand Coulee-~
for the purpose of evaluating the anadromous-fish runs migrating
into the 1,140 lineal miles of spawning and rearing grounds above

- the Grand Coulee dam site, (Fige. 1) It was evident that the great
size of Grand Coulee Dam, with the vertical rise of 320 feet from
teilrace to forebay level, would preclude the successful passage
of adult fish upstream and that of fingerling migrsnts downstreem.

The perpetustion of the upper Columbia anadromous runswas economically
desirable as indiocated by estimates that the river above Grand Coulee
Dam produced fish representing a value of approximately $250, 000
annually to the commercial end sports fishermem. 1

An investigation to determine possible means of preserving the
runs was carried on by the Washington State Fisheries Department in

1937, g/
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1/ "A Report of the Board of Consultants on the Fish Problems of
the upper Columbis River". Section I, 19 pages, typed, issued February
9, 1939, Seetion II, 83 peges, mimeographed, issued Merch 7, 1939, U.S.
Furesu of Reclamation, Denver.

.

2/ "A Report of the Preliminary Investigations into the Possible
Methods of preserving the Columbia River Salmon and Steelhesd at the
Grend Coulee Dam". Mimeographed Report by the Weshington State Depart-
ment of Fisheries, 121 pages, January, 1948%




Flgure l.—Nap of the Rock Island=Grand Coulee area of the Columbia
Basin showing the location of important centers of operations and streams

mentioned in this report.
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Early consideration was given to the establishment of a hatchery
immediately below Grand Coulee Dam but the lack of a suitable water
supply and the engineering difficulties related to the collection
of adult fish rendered this plan impracticable.

As am alternative to passing fish over Grand Coulee Dam, a
plan was developed that involved trepping adult fish in the three
fishweys at Rook Island Dam and their subsequemt transfer to artificial
holding areas where the fish could be retained until sexually mature.
(Plate 1.) The holding areas were selected on the basis of accessi~
bility and a suitable water supply at a point on Icicle Creek, a
tributary of the Wenmatchee River approximately forty miles from Rock
Island Dam. At this loocation, the plan proposed a large hatchery
capable of stocking the Wenatchee River system and of supplying eyed
eggs for hatching and rearing at sub-stations located on the Entist ,
Methow, and Okanogan rivers--all tributary to the Columbia River
between Rook Island and Grand Coulee Dams. The "homing tendency" of
salmon and steelhead trout--i.s., their proclivity to return to the
streams from which they migrated to the ocean as fingerlings--was
believed sufficient to effect a relocation of the runs in the span
of one complete life cycle; five years for all practical purposes.

The rivers selected for the transplanted runs, historically,
once wers excellent salmon-producing streams. Their runs, however
had been virtually decimated during the past thirty or forty years
largely through the construotion of impassable mill and power dams
and by numerous unsoreened irrigation diversions. This loocal depletion
was, of ocourse, augmented by <the general depletion of the runs
throughout the upper Columbia River drainage. Local causes of depletion
had been partially corrected at the time the Grand Coulee Fish-Main-
tenance Program was under consideration. Several dams had been re-
moved, others had been equipped with fishways, and progress was being
made in a program to soreen all major irrigation ditches. It was
evident, therefore, that suitable areas were available to receive
the transplanted runs.

The meintenance plan subsequently was sutmitted by the Seoretary
of the Interior to an impartial Board of Consultants for review.
The Board was composed of Prof. R. D. Calkins, Professor of Economice
at the University of Califormia; Prof. We Fe Durand, Professor of
Mechanioal Engineering (Emeritus,) Stanford University; and Prof. W.H.
Rich, Professor of Biolegy at Stanford University.

A final report, reviewing and approving in essence the plan as
outlined by the Washington State Departmemt of Fisheries, was prepared
by the Board of Consultants and sutmitted to the Secretary of the Interior
in two seotions on February 8 and March 7, 1939. E/

3/ "A Report of the Board of Consultants on the Fish Problems
of the upper Columbia River". Section I, 19 pages, typed, issued
February 8, 1939. Section II, 83 pages, mimeographed, issued March
7, 1939. U. S. Bureau of Reclamation, Demveres
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The need for immediate action even before final acceptance
of the plan was emphasized by the fact that the 1938 runs would be
the last fish able to pass the Grand Coulee barrier. Trapping fa-
cilities at Rock Island and fish trucks of specialized design, there-
fore, were rushed to completion.

In accordance with the recommendations of the Roard of Con~
sultants, the responsibility for managing and operating the Grand
Coulee Fish-Maintenance Project was assumed by the Bureau of Fisheries
in April, 1939. It soon became evident that hatchery facilities 5
could not be completed in time to accomodate any pert of the 1939
runs. For this reason, natural holding areas, combining resting pools
and spawning riffles, were therefore established in three of the ®
four tributaries. Stream survey data and fish counts, obtained in
former years, were helpful in selecting holding areas suitable for
the several species and races of fish with which the program was
concerneds Nason Creek, a tributary of the Wenatchee River, was
reserved for spring-run steelhead and chinook. Sections of the main
Wenatchee and Fntiat rivers were reserved for summer-run chinook and
fall-run steelhead, and Lakes Wenatchee and Osoyoos were assigned the
blueback salmon.

[

Fish were impounded in the holding areas by means of picket
racks. (Plate 2.) Close observation of the impounded populations
was maintained and, as a result of the general level of successful
spawning obtained during 1939, natural propagation was given equal
emphasis with artificial propagation during the ensuing years of the
programe.

Artificial propagation centered around the main hatchery in
Tciele Creek near Leavermworth, Washington, which was completed in
1940, TFollowing artificial spawning of the fish, the eggs were inocu-
bated to the eyed stage at the Leavenworth Hatchery and certain
fractions of the egg collections were then shipped to the Entiat and
Winthrop substations for hatching, rearing, and subsequent liberation
as fingerlings.

The Grand Coulee Fish-Maintenance Project has been in operation
for nine years. The initial phase of relocating the fish runs by
trucking was campleted with the 1943 season. Since 1943, the adult
fish have been free to pass through the Rock Island fishways and
continue their migrations to the spawning grounds. The period covered *
by this report therefore, includes the initial phase of relocating
the runs as well as the first four years of the permenent program.

Management of the Grand Coulee ‘ish-Maintenance Project has been
shared jointly by the Branch of Fishery Biology and the Branch of Game-
Fish and Hatcheries since the project was underteken by the Fish and
Wildlife Service (Bureau of Fisheries) in April, 1939. The Brench
of Fishery Biology has developed and directed biological investigations
at the Leavenworth Laboratory and in the field. The Branch of Geme-
Fish and Hatcheries has been responsible for all fish-oultural oper-
etions at the hatoheries and for the trapping and transportation of
adult fish at Rock Island Dem.

4
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Mr. Joe Kemmerich, formerly District Supervisor of the Grend
Coulee hatoheries, was in direct charge of all work on the Project
by the Branchof Geme-Fish and Hatcheries until his retirement in 1945.
Mr. E« Mo Tuttle was appointed as District Supervisor following Mre.
Kermerioh's retirement. The senior author has directed work at the
Leavenworth Laboratory from the beginning and the junior author di-
reoted that of the field biologists from 1943 to 1947. Previous to
1943, the field investigations were under the direction of Mr. J. Ae
Craig, now Chief Fisheries Biologist for the American Occupation
Forces in Japan, and Mr. Arnie J. Suomela, now Master Fish Warden
of the Oregon State Fish Commission.

It 18 impossible to properly meke acknowledgment to the meny
jndividuals who have contributed to the Maintenance Project at various
times sand in different capacities. A 1list would include many of the
past and present personnel of the Washington State Department of
Fisheries, the Oregon Fish Commission, and the Fish and Wildlife Service.

SAIMON AND TROUT RUNS INVOLVED IN THE GRAND COULEE

FISH-MAINTENANCE PROJECT

The commercially important fishes involved in the Grand Coulee
Fish-Maintenanoe Project are the steelhead trout (Salmo gairdnerii),
the chinook salmon (Oncorhynchus tschawytscha), the blueback salmon
(Oncorhynchus nerka),” and the silver salmon{Onoorhynchus kisutch).

Many details of the life history and the age at maturity of the
upper Columbia River salwon and steelhead trout remain to be determined.
It is known, however, that the chinook salmon mature and return from
the ocean to spawn at ages renging between two and seven vears~-=the
ma jority being in their fourth year. The blueback salmon return from
the ocean in their third, fourth, or fifth years with fours predom-
inating. Steelhead trout usually spawn in the spring of their fifth
or sixth years with younger and older fish contributing to the spawn-
ing to a lesser extent. The time that the various runs of fish arrive
at Rock Island Dam follows & consistent pattern from year to year.

(Fig. 2.) The first fish to pass through the fishways are the spring
steelhead. Their upstream movement pest the Rock Island Dam starts
during the latter part of March and usually reaches a peak early in May.

4/ These fish have been the subject of an extensive series of
marking experiments carried on during the past seven years. Returns
from the first of these experiments are now complete and will be re-
ported upon in the near future.
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The spring steelhead migration over Rock Island Dam epperently is
composed of fish that migrated into the Columbia during the preceding
summer and fall and remained in winter residence below Rock Island
Dam. Spring-run steelheads are sexuslly mature when they arrive

in the Grand Coulee area in contrast to the unripe condition of the
steelhead passing through the fishways during the late summer and
falle. The steelhead are designated as "spring" or "fall" depending
on the time of their earrival at Rock Island, the dividing date being
arbitrarily selected as July 9. A few fall-run steelhead resch

Rock Island in July, the peak of thet run occurs during late September,
and migrations cease with the onset of cold weather. Fall steelhead
remain in the Columbia River throughout the winter and move into the
tributeries early in the following spring upon the approach of sexual
maturity. The spawning activity of the fall-run and that of the
following spring-run so closely ocoincide in time as to indicate a
homogeneous population.

The chinook salmon are divided into "spring" and "summer® runs
acoording to the bimodal distribution of their arrival at Rock Island
Dam. The spring chinook run appears at Rock Island during the latter
part of April, reaches a peak about the end of May, and apparently
terminates during early July. The run of summer chinooks overlaps
the spring run and reaches a peak early in August. The two chinook
runs are quite distinct, both as to average size of fish (the springs
being smaller) and as to time of spawning (the springs spawning from
lete July to mid-September with the peak of spawning ectivity in
August and the summers spawning from September to mid-November.)
Unlike the two steelhead runs, however, both ruas of chinook salmon
arrive at Rock Islend and spswn during the seme oflendar year.

Blueback salmon appear during June, reach e maximum daily count
about July 25, and most of the run has passed Rook Island Dam by the
first of September. Blueback spawning occurs in September and October.

Silver salmon were depleted virtuelly to the point of extinction
in the streams above Rock Island Dem, though at one time they composed
a run of considerable size. The time of arpearance of this remnant
has Yeen variable during the past fourteen years, maximum counts having
been recorded in August, September, or October. Spawning occurs in
October but may continue into December.

The esnnual counts of salmon and steelhead at Rock Island Dam
are shown in Tables 1-6.

TRAPPING AND TRANSPORTATION

Trapping and transportation of the fish runs started at Rock
Island Dam in May, 1939, and were terrinated at the close of the
operatioms late in the fall of 1943. The left fishway at Rock Island
Dam together with trepping pool, elevator, and fish truck are shown
in Plate 3.
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Fish ascending the lower half of any of the three fish ladders
entered trapping pools through V-shaped tunnels. The trapping pools
were floored with moveble, rubber-protected, gretings which were raised
at the iime of loading to herd the fish through a second tunnel leading
into an elevator. Counts were made as the fish passed from the trap-
ping pool into the elevator. The elevator, consisting of a 500-gallon
tank, wes ralsed by power and the fish were released through a trep
door into a chute connected with the tank of the distribution truck.
At no time in this operation were the fish handled or removed from -
the water.

w)

During the first season, minor difficulties of mechanical origin .
were encountered with the equipment but all were remedied before serious r
losses of fish resulted. The prompt removal of fish was found necesseary
to minimize the tendency of the fish to jump when the traps became
crowded. This source of injury was particularly serious during the
July-August period when large summer chinooks -- some weighing 40 to 50
pounds -- were present in the traps together with 3-pound bluebads.
Prompt removel of the fish through frequent hauling proved the only
satisfactory means of decoreasing injuries and subsequent mortality.

Wounds and bruises oommonly were observed smong the fish entering
the treps at Rock Islend. It was concluded that most of these injuries
were inflicted through contact with the rocks and structural sbutments
below the dem, for injured fish were common at Rock Island Dam before
the Grand Coulee Fish-Maintenance Project was underteken.

Adequate, though not complete, species segregation in the loads
were obteined as the fish entered the elevators from the trapping pools.
A small gate at the apex of the tunnel was manually opened when fish of
the desired species -approached and closed at the approach of other species.

Upon arrival at their destination, the distribution trucks were
backed onto unloading remps and the fish were released through a trep
door into deep water es illustrated in Plate 4.

The eight trucks used for hauling the adult fish from Rock Island
Dam were equipped with 1,000-gallon tanks through which aerated water,
ice~cooled if desired, constantly recirculated at the rate of 125 gallons
per minute. (Plate S.)

Chemi cal analyses of the truck water were performed as a routine vz
procedure during the 1939 season and occasionally thereafter to determine
the changes in water chemistry occurring under verying conditions of

time and poundage of fish being transported. The water analyses were
correlated with the condition of the fish upon arrival at their destination.

These data were used to establish the verrying cepacity of the
trucks. Size of fish end temperature of water were conditioning factors
eand the maxime per load established at the peak of summer hauling were:
25 large chinook (700 1lbs.), or 300 blueback (900 1bs.). Scrap fish
(suckers, squawfish, and chubs) often entering the loads reduced the

capacity for food-fish accordingly.
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The water analyses necessarily were limited to those conducted wi th
reasonsble accuracy under field conditions. They included dissolved
oxygen, oerbton dioxide, bicarbonate alkalinity, pH, and temperature de-
terminations with occasional checks of free semmonia and conductivitye.
The changes in water chemistry occurring in the tank trucks during a
typical trip are shown in Figure 3.

The date acquired from the routine water analyses demonstrated that
the dissolved oxygen concentration dropped repidly to a minimum point and
then slowly returned to the point of seturation. The bicarbonate alke-
linity showed a slight rise. The free oarbon dioxide increased t 10 or
15 times the initial concentration of approximately 2 pep.me with an
acoompanying decrease in the pH.

The initial drop in oxygen reflected the restless behavior of the
fish during the first 30 minutes of confinement in the truck tank. As
the fish adjusted themselves to their enviroment, they became less active
and, as a result, the dissolved oxygen content of the water increased.

The scoumulation of carbon dioxide in the truck water caused some
concern. During the fall of 1940, seversl loads of adult fish were ex~
posed to abnormally high carbon dioxide concentrations produced by
coupling & tank of the gas directly to the air intake of the water oir-
culating system. Control loads carried over the same period of time
consisted of hauls during which the ocarbon dioxide concentration acoumu-
lated under oonditions of normal truck operation. Two four-hour hauls
8180 were made in which the carbon dioxide concentrations were reduced
by the continuous addition of dilute sodium carbonate solution. The
separate loads of adult fish were confined in individual rearing ponds
at the Leavenworth Station for observation. A comparison of the sub-
sequent mortality and egg fertility among the various groups indicated
that no increase in adult fish mortality nor reduction in egg fertility
accompanied the usual accumulation of carbon dioxide in the trucks;
that a rapid inorease in the carbon dioxide concentrations to 35 pePelle
or greater would produce partial or complete anesthesia of the fish
without apparent harmful effect; and that adult salmon can tolerate
much hi gher oconcentrations of oarbon dioxide if the rate of accumulation
is gradual.

With very few exceptions, the mortality among adult fish resulting
from injuries sustained below Rock Island Dam or in the trapping and
loading operations occurred after the fish had been released from the
trucks. The aotual loss of adult food-fish in the trucks during the
entire five-year progrsm of hauling totalled only 136 chinook salmon,
102 blueback salmon, and 2 steslhead troute.
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Figure 3.-- The changes in water characteristics occurring in
the Grand Coulee Fish-Maintenance Project distribution truck during

a typical operation.

Data obtained from & 435-pound mixed load

containing chinook and blueback salmon, steelhead trout, and a fow
squawfish and suckers.
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THE NATURAL PROFAGATION OF RELOCATED FISH

Stream and lake areas inwhich the fish were held for natural
propagation were patrolled at regular intervals during the ripening
and spawning periods. The frequency of inspection was dependent largely
upon the sigze of the area and the personnel available and varied from
twice daily, in the cese of a small experimental area established in
the Fntiat River in 1940, to one inspection weekly over some parts
of lakes Wenatchee and Osoyoos. As the impounding areas included more
than 100 lineal miles of stream and approximately 11 square miles of
lake surface, inspection was not as complete as would have been desireds

Each dead fish recovered was examined and its sexual condition
recorded. The relative numbers of spewned and unspawned fish recovered
yielded evidence of the spawning success of the impounded population
a8 & whole, Sampling errors were introduced by seasonal changes in
weather and streem conditions, physical differences between the arems
selected by the fish during thelr ripening and spawning periods, per-
sonnel limitations, and the removel of dead fish by bears and other
scavengers, It is believed, however, that the samples geve & reasonebly
acourate indication of the spawning suwccess of fish held for natural
propagation,

Nason Creek

Nason Creek, an upper tributary of the Wenatchee River, was
selected as a holding and spewning area for spring steelhead and chinook
inesmuch as these fish are known to select smaller mountain streams
and Nason Creek onoe had supported similar populations.

The watershed ocontains snowfields of the Cascade Mountain divide
and the stream is steep and turbulent for the greater part of its length.
The lower 16 miles are accessible to migratory fish and conteain an
abundance of sheltered pools and excellent spawning riffles. An impassable
falls marked the upper limit of this natursl holding ares, and, at the
lower end (approximately one-quarter of a mile fram the mouth), a picket
rack was installed.

Spring Steelhead

Spawning of the steelheed was observed socn after the first fish
wore relessed into the Nason Creek holding area in May, and continued
until esrly July. Although observetions during this period of the
year were handicapped by high water conditions, there was little evi-
dence of pre-spawning mortality and such losses are believed to have
been negligible. All steelhead appearing at the rack after spawning
were passed over to continue their dowmstreem migration. The down-
stream migration of spent steelhead continued throughout the summer
and was & matter of record until the rack was removed in the fall.

The spawning success of the spring steelhead, es indicated by the
fish recovered, is presented in Table 7.

17



Spring chi

Spring Chinook

nook were observed to congregate

the upper and lower 1imits of the hol.ing aree f
k. At one time during 1939, approximately 1,000 ohinooks

jnto Nason Cree

were observed jmmediately above the reck. At ni

fish could be o

bserved swimming back and forth a

rack seeking an avenue of escape. A total of 51

cent of the impounded population,

start of the spawning season. During 1940, the

to 11Z chinocks

years, 151 fish, or 12.2 per cen

in 1941, and 82
these losses OC
the peak of the
peratively few

, or 3.5 per cent of the populati

fish, or 8.1 per cent, in 1942,

in great numbers at
ollowing their release

ght, groups of these
cross the face of tie
dead fish, or 1.3 per

wes removed from the rack before the

loss at the rack increased
on. During the ensuing

t of the population, were recovered

For the most part,

curred during the June-July freshet period and followed

heuling activity by approximatel
dead fish were recovered in the s

when losses were heavy at the racke

The spawning success of the srring chinooks
recovered from the stresam end from the rack; the data
are presented in Table 8. :

number of fish.

Unseasonab

le freshets during August and Sep

spawning ground observations. It appears probab

wag less succes

sful in 1941 end in 1942 than it

previous two years. In May 1943, the rack was d
and could not be rebuilt until lete in July, hence itis doubtful if

any losses occu
ground observat
thet a large ma

rred at the rack site during this
ions and redd counts in the fall

y three weeks. Com-
tresm during the period

is indicated by the

tember of 1941 disrupted
le, however, that holding
had been during the
estroyed by flood weters

period. Spawning
of 1943 indicated

jority of the impounded population (progeny of the

trensplanted 1939 run) elected to remein and to
although they had ample opre rtunity to escape downstream during the
ten-week period when the rack was not in place.

Wenatchee River

spawn in Nason Creek

The upper Wenatohee River conteins extensive pool and riffle arees
and, as the minimum suwmer flows are never less
it was believed particularly well-suited to the
and fall steelheads. Two racks were installed 1
enclosing a section spproximatley 18 miles in length immediately be-

low Lake Wenate

A meaximum

and the maximum diurnal

hee.

than 300 second-feet,
large summer chinooks
n the Wenatchee River

temperature of 70° F. was recorded guring August, 1940,

fluctuation approximated 8° F. The period of.

high water temperatures extended from the latter part of July until
early September but temperatures in excess of 65° F. normally were
1imited to the month of Auguste

18

»

w)



")

1]

."

Teble 7, === Data on the spring steelhead held in Nason Creek.

"Fish Recovered
Number Nunber Percentage

Year | Released | Recovered | Recovered Spawned | Unspawned | Percent

Spawned
1939 1,343 596 44 590 5 99
1940 1,147 209 18 201 8 96
1941 899 222 25 215 7 97
1942 325 169 52 169 0 100
1943 60 Record incomplete - rack destroyed by flooﬂ
Teble 8. --- Data on the spring chinook held in Nason Creek.

"Fish Reo overed

Number Number Peroentage

Year |Released | Recovered | Recovered Smwned | Unspawned | Percent
Spawned

1939 3,957 423 11 327 96 77

1940 3,165 574 18 387 187 67

1941 1,251 417 33 156 261 37

1942 1,014 255 256 129 126 51

1943 74 1,19 243 20 209 34 86

1/ Rack destroyed by flood in May; all recoveries were made in the
stream,
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Summer Chinook

The first summer chinook were releesed into the Wenetchee River
holding area during July or August and spawning oocurred from mid-
September through early November. Whereas observations along Nason
Creek were conducted mainly on foot, a small rubber boat was found
most effective in patrolling the Wematochee-River. A two-man inflated
life raft wes used for this purpose and the observers, working down-
streem with the ocurrent, were able to inspect both banks of the river -
as well as the extensive riffle areas.

)

In Table 9, "fish recovered"” in the Wenatchee River includes ’
both stream and rack recoveries. There was little evidence that the -
rack contributed meterielly to prespawning losses; probably because
the fish were released later in the season. at lower water levels
those that existed at the time the spring fish were released in Nason
Creek.

During 1941, early fall freshets and unfavorable weather conditions
interfered with the recovery of spent carocasses and, in 1942, a similar
bias in the recovery effort resulted from personnel separations during
the spawning season. Notwithstanding these circumstences, it appeers
probable that the spawning was less successful during the last two years
of record than during the initial two years.

Fall Steelhead

A total of 1,027 fall steelheads were impounded in the Wensatchee
River area during 1939. Little could be determined with regard to
their survival to the spawning season during the following spring, for
the Tumwater rack washed out with the spring freshets. During the
winter, a large school of steelheads occasionally was observed in tie
pool immediately above the lower rack. As the rack was destroyed by
spring floods in 1940, no. record could be obtained of the dowmstream
migration of spent steelheads. Their survival, and spawning success,
was believed to have been fairly high.

Entiat River

The Entiat watershed is mountainous and wooded and the stream is |
well protected by a dense marginal border of alder, willow, maple,
and conifers. A portion of the 13939 summer chinock and fell-run steel- F
head was held in a 15-mile section of the main stem. During 1939, the
minimum flow was approximately 60 second-feet and the maximum water
temperature recorded was 66° F. This section, which extended between s
a rack installed 15 miles above the mouth of the river and en impass-
able falls, is marked by a moderate gradient and contains excellent
pool and riffle areas,

20




%

-

Table 9, --= Data on sumer chinook held in Wenatchee River.

Fish Recovered
Number Nunber Percentage
Year | Released | Recovered | Recovered Spawned | Unspawned | Percent
Spawned

1939 3,498 1,052 30 869 183 83
1940 752 169 22 157 12 93
1941 446 94 21 56 38 60
1942 3,050 776 25 302 474 39
1943 386 (no data, rack destroyed by flood)
Tablg 10, === Data on the summer chinook held in Entiat River.

B Fish Recovered
Number Number Percentage
Year | Released | Recovered | Recovered Spawned |Unspawned | Percent
Spawned
1939 2,913 959 33 406 653 42
1940 102 71 70 59 12 83
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The summer chinook held in the Wenatochee and Entiat rivers during
1939 were apportioned as equally as possible by impounding alternate
loads in the two streams to assure a uniform distribution of male and
female fishe As the season progressed, it becsme apparent that the
population held in the Entiat was suffering a much heavier mortality
than that held in the Wenatchee River. A majority of the dead and
dying fish in the Entiat exhibited heavy fungus growths, particularly
about the head and opercles. The infection also appeared among the
fish held in the Wenatchee River and elsewhere, but it was much less
severe., Fall-run steelhead in the Entiat River also were severely
affected, Of 2,320 steelhead released during the fall of 1939, two
hundred were recovered desd during the following fall and winter months, »
Winter ice and spring freshets prevented adequate observations and
the mortality is believed to have been greater than the data indicated.

a) "

During the summer of 1940, a 3/4-mile section of the Entiat River
was enclosed between racks and 102 summer chinook were released into
this limited area to determine whether the severe mortality experi-
enced during 1939 would be repeated. It was not, as the results shown
in Table 10 indiecate. There was no evidence of excessive fungus infec-
tions and the fish appeared to remain in good condition throughout
the holding period. Although the holding area was carefully examined
twice each day, 30 per cent of the impounded fish were never recovered,
largely because of the formation of ice and resulting poor visibility
near the close of the spawning period.

The Entiat River was abandoned as a holding area following the -
1940 season because of protests from local residents that valuable
pasture lend was inundated by the slight backwater created above the
racke.

Lake Wenatchee

The Columbia River blueback runs naturally frequent only river
systems containing accessible lakes in which the fingerlings may
spend the first year of their life cycle. Lake Wenatchee, a deep
alpine lake surrounded by densely wooded mountains, originally suported
blueback salmon although the runs had virtually disappeared before
the Maintenance Program was undertsken. The lake is fed by two rivers
providing suitable spewning aress-~the Little Wenatchee River (con-
taining four lineal miles of accessible spawning ground) and the .
White River (containing approximately seven lineal miles of spawning
ground).

A rack was oconstructed across the outlet of Lake Wenatchee to
impound the blueback in the lake as well as %o prevent the entrance
of summer chinook salmon from the river holding section immediately
below. An unloading reamp was built on the lake shore approximately
midway between the inlets and the outlets. A patrol of the lake by
boat was maintained during the August-September holding period and
the observations were then extended to the tributaries as the fish
moved into the streams to spawmn. No spawing was observed on the
limited shoal areas of Lake Wenatchee nor were any spent fish recovered
from the lake.
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Virtually all recoveries of dead fish from the lake were made
during the hauling period or shortly thereafter. Most of the dead
fish recovered were found floating in the vicinity of the unloading
ramp or were washed ashore on the nearby beaches. Table 11 shows
totel recoveries from lake and streams. Known truck losses are
ineluded with recoveries from the lake because of the evidence that
the latter were attributable to injuries received before the fish
were released.

Lake Osoyoos

The original distribution of blueback salmon in the upper Columbia
River drainage is not known. It appears probable, however, that Lake
Osoyoos--and other large glacial lakes in the Okanogean River system--
at one time produced a substantial part of the entire Columbia River
blueback run. Of the potential blueback salmon spawning areas in ‘
the extensive Okanogen River system, only Lake Osoyoos and approximately
20 miles of adjacent spawning stream now are accessible to salmon.

What remains, however, is particularly well suited to the production
of blueback salmon.

The Okanogan River system lies east of the Cascade Mountains
in a semi-arid section of north-central Washington and southern British
Columbia. Lake Osoyoos is bordered by high hills, barren on the lower
slopes but coversd with pine forests at higher elevations. Bottom
lands surrounding the lake support extensive irrigated farms and
orchards.

A rack was constructed across the outlet of Lake Osoyoos and
an unloading ramp was located on the west shore of the lake approxi-
mately three miles from the outlet. Lake and stream patrols were
maintained throughout the holding and spawning seasons. Data on
releases, losses and recoveries are given in Table 12.

Seaward Migration of Naturally Spawned Fingerling Salmon

The seaward migration of chinook fingerlings from the Grand
Coulee area apparently reaches a pesk in the late spring or early
summer, continuing throughout July until the low-water period of Auguste.
A second and smaller migration accompanies the early fall freshets
of September and QOctober. Young chinook fingerlings~-progeny of
naturally spawning fish--were found ingreatest mmbers in Nason Creek
and the upper Wenatchee River during late April and early May. They
spread upstream and downstream from the spawning areas and soon ®uld
be found in 81l of the accessible areas of the minor tributaries in-
oluding snowfed rivulets that became dry later in the season. The
principal early-spring movement of the chinook fingerling, however,
was definitely in a downstream direction.
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Table 11, =--- Data on blueback held in Lake Wenatchee,

‘o

lake Recoveriles Stream and Rack Recoveries
Number and Hauling Losses
Year | Released |Spawned | unspawned spawned | unspawned| Percent
spawned
1939 8,148 0 120 868 75 92 .
1942 | 10,884 1/| 0 103 2,266 159 92
1943 | 13,664 2/| © 44) -—- 263 - >

i/ 120 females spawned for artificial propagation st Leavenworth
Hatchery.

E/ Personnel were not available to examine spent blueback during the
fall of 1943, It was estimated that, at one time, 3,000 blueback
were on the White River spewning riffles. At the Little Wenatchee
spewning traps, 550 females were spawned for artifiocial propagation
at Leavenworthe-leaving an estimated 350 females for natural spawn-
ing also in the Little Wenatchee River.

Table 12. =-- Data on blueback held in Lake 0soyoos.

Lake Recoveries and Stream and Rack Recoveries
Hauling Losses
Year | Released | spawned unspawned spawned | unspawned | Percent
, spawned
1939 | 10,104 71/ 273 346 19 95
1940 | 9,691 3 1/ 411 627 16 98 .
1/ These spent fish were recovered from the lower end of the lake, -

indicating that some spewning may have occurred in the lake.
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The length distribution of fish teken over a period of months
in the upper and lower Wenatchee River is shown in Table 13. 1In the
period covered by the table, only naturally reared fish were present
in the river. The fingerlings taken in the lower Wenatchee River
in May and early June, 1941, were yearlings, while those taken later
were fish then in their first year. Apparently, few chinook finger-
lings remain over winter in the upper tributaries as is evidenced
by the absence of yearlings in the samples seined from the upper
Wenatcohee River samples. No yearlings were found in the lower river
samples later than mid-June.

The migration of blueback fingerlings from Lakes Wenatchee and
Osoyoos was observed from March through May and all migrants were
yearlings ranging between 3.5 and 5 inches in length.

Steelhead spawn from April to July and the young emerge from
the gravel between June and August. No well-defined seaward migration
of steelhead was observed until after the fall freshets of September
and October. The major migration of steelhead apparently occurs
during the following spring freshet period and an undetermined per-
centage remains in the upper tributaries until the spring of their
third year before migrating to the sea. The behavior of the steel -
head, both as fingerlings and adults, has been somewhat obsoured by
the presence of resident rainbow trout in the tributary streeams and
in the main Columbia River as well.

THE ARTIFICIAL PROPAGATION OF RELOCATED FISH

The original plan for the Grand Coulee Fish-Maintenance Projeoct
was to compress the salmon runs then utilizing some 1,140 miles of
the upper Columbia River and tributaries into & stream length of

approximately 677 miles. Because the areas into which the relocation

was planned were already supporting small runs and were also of re-
duced potential value for spawning end rearing due to competing water
uses, the supplemental measure of artificial propagation was adopted
in the Grand Coulee Fish-Maintenance Project.

Leavenworth Station

The progrem of artificial propagation is centered around a hatch-
ery unit and holding pond system located on Icicle Creek three miles
from the town of Leavenworth, Washington. The main hatchery mnit (see

late 6.), includes three buildings, all of reinforced concrete con-
structions The hatchery building contains a hatching room with 288
"deep type" concrete troughs and two two-story wings providing space
for office, laboratory, conference, and storage rooms for the employees
and a reception and rest room for visitors. A combined shop, garage,
and warehouse building, plus a third building housing a central heating
plant, cold storage unit with a sharp freezing room and two storage
rooms, and food preparation equipment complete the Leavenworth building
gZroupe
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Adjacent to the hatchery buildings are two groups of the Foster-
Lucas type of fingerling rearing ponds: one group containirg 30 ponds
measuring 30 feet in width by 120 feet in length, and the other con-
taining 40 ponds, 18 feet wide by 76 feet long.

Holding ponds for retaining adult fish, during the resting period
betwcen the time of their arrivel in the Grand Coulee ares snd the on-
set of sexual maturity, were formed in e three-guarter mile section
of the Icicle Creek bed across which four dams were built creating
three separete holding areas. The uppermost dam was designed to regu-
lete the flow of Icicle Creek water through the holding ponds and to
divert excess water through a by-pass, 4,000 feet in length, re-entering
Icicle Creek below the lowest holding area. Each holding area con- .
tained a deep and a shallow section separated by a picket rack equipped
with & power-opersted lift gate. The deep section was planned for
retaining the selmon during the holding period end the fish were to
be seined for spawning as they sought the shallow area upstream with
the onset of sexual maturity.

2]

The water supply for the Leavenworth Hatchery is derived from
Icicle Creek, the Snow Lakes impoundment (tributary to Icicle Creek),
and the Wenatchee River. Water from these sources may be supplemented
by pumping from two 90-foot wells, each with a cepacity of approxi-
mately three second-feet.

Construction of the main unit at Leavenworth wes started during
the summer of 1939 and completed in the following spring. The first
adult fish were released into the holding ponds on June 10, 1940. -
Spewning eperstions commenced on August 22, 1940,

Substations

In addition to the central fishecultural unit at Leavenworth,
three substations were recommended by the Board of Consultants to be
located on the Entiat, Methow, and Okanogan rivers. The plan of oper=
ation contemplated the transport of eyed eggs from the Leavenworth
Station to the substations for hatching and rearing prior to liberation
into the several tributaries. After the first one or two cycles, each
substation was to become a separate unit for hatching, rearing, and
stocking the four major tributaries to a population density greater
than could be produced and supported through natural propagation alone.

Entiat Substation

The Entiat substation, located by the Fish and Wildlife Service
at Packwood Springs, six miles above the mouth of the Entiat River,
consists of a hatching room containing 52 deep concrete troughs, a
heating plent, garage, cold storage unit, food preparation room, gene-
ral storage space, and an office--all housed in a single reinforced
concrete buildings One battery of eight smaller Foster-Lucas type
fingerling rearing ponds, and one battery of eight of the larger size,
complete the originel fish~cultural equipment of the station. The
Entiat substation is supplied with water from the Packwood Springs
which seasonally fluctuates between two and four second-feet. The
spring water may be supplemented, as desired, by Entiat River water.

The Entiat substation was opened during August, 1941.
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Winthrop Substation

The Winthrop substation, located by the Washington State Depart-
ment of Fisheries 45 miles above the mouth of the Methow River, is ap-
proximately twice the size of the Entiat substation. One large con-
crete building houses 88 deep concrete troughs, a heating plant, ocold
storage unit, food preparation room, garage, office, and storage space.
The outside rearing equipment consists of a double battery of eight
saoh of the two sizes of Foster-Lucas ponds. The Winthrop substation
receives a maximum of five second-feet of spring weater and, in addition,
can draw upon the Methow River as desired.

Okanogan Substation

A third substation plemned on the Okanogen River drainage was
never constructed. The only sultable hatchery sites found in the
Okanogen Velley were in Canada. The international complicatlons in-
volved, coupled with the onset of wartime building restrictions,
rendered a deley in the construction of the Okanogan substetion advi-
sable--at least until such time as the need for it became more apparent.

Fish-~Cultural Operations

Fish«Cultural operstions during the past six years have revealed
limj ting deficiencies in the original plans for the three hatcherles.
Certain of these limitations have been overcome by temporary expedi-
encies, others remain as permenent barriers to the conduct of fish-
cultural operations in accordence with the original plans.

At the Leavemnworth Station, spawning operations camnnot be per-
formed in accordance with the design of the holding ponds. It wes
soon found that the maturing fish did not enter the shallow seining
areas in the head of each holding section sufficiently in advance of
spawning to permit egg collections. For the most part, the adult
fish would slip into the seining area at night, spawn, eand return to
the deeper holding area the following morning. This habit was quickly
checked by forcing all water through a by-pass channel in which a
trap was installed. Although crude in many respects, this arrange-
ment for collecting eggs has worked exceptionally well,

None of the lLeavenworth rearing ponds can be operated during the
winter months owing to ice formation in the drain pipes. It is im-
possible to obtein sufficient water of suitable temperature for effie
cient inside fish-cultural operations during the wiriter months as one
of the wells, designed to temper the extreme temperatures of Icicle
Creek, delivers water sufficlently supersaturated with nitrogen to
resist all efforts, to dete, at de-eeration to a gas concentration that
will not produce "gas bubble"™ disease among the fingerlings. The eggs
hatoh prior to the time when the outside ponds can be used, hence the
winter rearing cepacity of the Leaverworth Station is restricted to
the feeding-fry oapacity of the 288 inside troughs, or approximately
3,500,000 fish,
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A further bottleneck in the fish-cultural operations develops
during the summer months as all suitable weter available will operate
only 40 of the ameller rearing ponds. Each rearing pond has & minimum
water demand of 180 gallons per minute and the ocapacity of the Icicle
Creek pipeline is 9,700 gallons per minute. The Wenatchee River supply
was originelly designed to supplement the deficieney of Icicle Creek
during the summer months. After flowing through the three-mile open
ditch between the intake and the hatcher, however, the Wenatchee River
water reaches a maximum temperature in the mid-80's thus far exceed-
ing the temperature sultable for coldwater fish culture. With each
of the 40 smaller ponds (for which water is available) stocked with
1,100 pounds of fish, the maximum rearing capacity of the Leavenworth
Station is only 2,400,000 fingerlings as of October 1 of a normsl year.

Comparable limitations of the rearing oepacity also exist at the
Entiat Hatchery. Sufflcient spring water is avialable during the
winter monthe to permit operating only one of the smaller Foster-Lucas
rearing ponds as well as the 56 inside troughs. In terms of propa-
gating chinook salmon, for which this station is used, the maximum
capacity is only 270,000 feeding fry.

No provision for holding adult fish to secure a continuing egg
supply was made in the original plans for the Entiat Station. To
remedy this deficiency, a small adult fish holding pond--connected
to the Entiat River by a short fish ladder--was constructed. The
pond was bullt under wartime restriotions on materials but, in spite
of its orude nature, has proved very efficient in attracting and
holding adult fish.

The Winthrop Station has sufficient spring water available, in
combination with Methow River water, to operate only 16 of the smaller
Foster-Lucas rearing ponds as well as the 88 troughs during the winter
monthses In terms of chinook salmon, the ocapacity of the station is
approximately 2,500,000 if the fish are liberated during the first
spring after hatching, or 350,000 fish if liberated during the first
fall, When both spring and summer chinook are propagated, the ex=-
tended distribution of the egg collections permits some overlapping
in the use of available troughs. In terms of blueback salmon, the
oapacity of the Winthrop Station is only 700,000 fingerlings assuming
liberation of the fish 12 months after egg collection.

As at the Entiat Station, no provision was made at Winthrop for
securing a continuing supply of eggs. This limitation wes corrected
in the same way as at Entiat by constructing a holding pond for adult
fish with material and equipment at hand. Like that at Entiat, this
installtion, although ocrude, has functioned exceedingly well.

‘The overall success obtained from artificial propagation during
the initiel seven-year period of the Grand Coulee Fish-Maintenance
Project has been only fair at hest. It is, however, constantly im-
proving as the many unanticipated problems are being identified and
effectively solved by carefully designed and executed research. The
hatchery production and distribution records during the past eight
years are summarized in Tables 14~21.
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Laboratory Research and Development

Research in the fields of fish pathology, fish nutrition, and
hatchery technique was undertaken at the Leavenworth laboratory follow-
ing the appointment of a permanent biologist in July, 1941, Additional
appointments to the laboratory personnel were made during the following
year and & cooridinated research program initiated.

Pathological Investigations

Pathological investigations have revealed that mechanical injuries,
complicated by one or two diseases, precluded successful retention of
adult fish during the relooation phase of the Grand Coulee Fish-Main=-
tenance Project. ‘hese diseases are caused by the establishment and
growth of the common fish-fungus Saprolegnia parasitica (Coker) and
the little known micro-orgenism Chrondrococous (Bacillus) columnaris
(Davis). Apparently, infections bv elither organism ordinarily follow
mechanical injury of the epithelial tissues although the pathogenicity
of C. columnaris may be enhanced sufficiently by high water tempera-
tures to cause primery infection. In addition, infections by the pmra-
sitio copepod Salmincola faloulata Wilsom, Trichodina(Cyclochaeta)sp.,
and Ichthyophthirius sp., commonly were found on the adult fish. None
of the exoparasites are believed to have contributed materially to the

mortalitye

No practical method for treating the adult fish was found. The
usual water flow through the holding ponds at Leavenworth, approximating
100 cubic feet per second, precluded mass treatment. Seining the fish
from the holding ponds for individual treatment obviously would be im-
practical. Treatment of the fish in the tank trucks as they arrived

‘at the holding ponds would be feasible but it would not prevent sub-

sequent infection. The ubiquitous distribution of Saprolegnia spores,
and of C. columnaris as well, assures the certainty of subsequent in-
fection from an indigenous origin.

The cessation of the trucking of adult fish from Rock Island Dam
in 1944 was accompanied by a marked decrease in the mortality of adult
fish in the hatchery holding ereas. Although many of the adult fish
now exhibit traumatic injuries as they enter the holding areas, the
incidence is not so high as when the fish were being trucked.

Diseases have played an exceedingly important role in limiting
the efficiency of fingerling production. None of the methods for
controlling fish diseases known at the time that the rearing program
was undertsken in 1940 was applicable to the large type of fish-cultural
equipment on the project. ine use of Icicle Creek water, which supports
a fair population of resident fishes, assured a source of disease-
producing organisms.

During July, 1941, nine different infectious diseases were found
concurrently among fingerling stock in the Leavenworth rearing ponds
with no satisfactory control measure available for any. Under such .
conditions, satisfactory fingerling production could not be expected,
nor was it obtained.

41




Prolonged treatments with formalin, that previously hed been
developed for application in shallow troughs only, were quickly
adapted to the desp throughs at the three Grand Coulee hatcheries
end eventually to the rearing ponds. The perfection of formalin
treatments eliminated parasitic disease as a factor limiting
fingerling production.

Bacterial gill disease, however, proved the greatest single
source of losses, particularly in the Foster-Lucas type rearing
ponds where conditions appear exceptionally favorable for its de-
velopuent. This disease seldom appeared of consequence among
fingerling fish reared in the deep troughs.

a

The relatively small mumber of eggs collected during the fall
of 1941 permitted rearing most of the fingerling stock in troughs
during the summer of 1942 and satisfactory results were obtained
except for one group of bluebacks carried in an outside pond. In-
creased egg collections in the fall of 1942, however, again required
the use of the rearing ponds during the 1943 season and bacterial
gill disease exacted a serious toll of fingerling stock as it had
during the summer of 1941, Late in the summer of 1943, the use of
Roccal (a trade name for a ten per cent aqueous solution of alkyl-
dimethyl-benzyl-ammonium chloride) in prolonged treatments was found
to be an effective control for bacterial gill disease. The discovery
that Roccal would effectively eliminate bacterial gill disease as well
as certain other diseases in prophylactic treatments has proven of
great consequence in the program of artificiel propagation.

The effect of the research program in reising production efficiency
may be observed by reference to Table 22 in which is shown the percen-
tage of mortality of native salmon during the successive years.

The increased efficiency of artificial propagation, plus the
reduced mortality among adult fish following cessation of trapping
at Rock Island Dsm has done much in enabling artificial propagation,
to fulfill its intended role in the Grand Coulee Fish-Maintenance
project.

Nutritional Investigations

The prolonged rearing of salmon, as attempted in the Grand Coulee
Fish-Maintenance Project, acutely emphasized the inadequacy of know-
ledge concerning the nutritional requirements of fingerling salmon.
Many diets commonly fed in the usual short-term hatchery operations H
proved to be inadequate when fed over & longer rearing period.

The ultimate objective of the nutritional investigations under-
taken at the Leavenworth Laboratory has been the development of a
feeding program that will produce e maximum number of fingerlings in
a sound physical condition at a minimum coste. All nutritional experi-
ments have been designed to reveal various pheses of that objective.
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Vost of the usual ingredients of fish diets have bsen nutri-
tionally evaluated, both individually and in combination, under
conditions present at the Grand Coulee hatcheries, The methods
employed in preparing and presenting diets were found to affect not
only the nutritional properties of diets, but the degree of wastage
from unconsumed food as well. The nutritional investigations, there-
for, have included studies of diet preparation es well as diet com-
position.

As a result of the various nutritional investigations, a standard
feeding program has been adopted for the hatcheries. As soon as any
of the advanced fry evidence interest in food, a small guantity of
salmon meal is maintained. on the water surface of the trough so that
food will be available to the fish at all times. When most of the fry
in a trough will take food, the diet is changed to a mixture of 50-50
beef and hog liver for three weeks, followed by the routine diet of
20 per cent each of beef liver, hog liver, and hog spleen; 30 per cent
salmon viscera; and 10 per cent commereial fish mesl. This has been
adopted as the standard fingerling diet and is fed until the fish are
liberateds The meat and fish fractions for not more then a two-day
supply are ground separately and only a single dey's requirements are
mixeds After thorough mixing of the ingredients, approximately two
pounds of salt are added to each 100 pounds of food, and the mixture
1s mechanically beaten until the salt has reacted with the hog liver
and spleen to produce a maximum "bind” that will resist disintegration
during the feeding. All diets, except the meal, are fed by means o
e modified potato ricer. Small hand ricers are used for trough feeding
and a larger device, handling 10 pounds of food, has been developed
for feeding fish in the rearing ponds.

Another approach towards a reduction in food costs has been the
development of quantitative rationing on the basis of body weight.
Feeding charts have been developed for both blueback and chinook
fingerlings-~based upon the factors of water temperature and size of
the fish--that will assure feeding of adequate amounts of food with-
out wastage by over-feeding. A further advantage of the feeding
chart is that eny refusal by the fish to consume their allotted food-
which is often an early indication of trouble-is immediately deteoted.

Hatchery Technique Investigetions

The methods employed in various fish-cultural operations often
cause significant losses at hatcheries. This is particularly true
during the early life of the fish when they are very easily injured
by rough treatment. Mortalities, extending well intd the fingerling
stage, often reflect upon the methods employed during spawning and
the subsequent handling of the eggs and fry.

The third phase of the Leavenworth Laboratory research program
has been an attempt to evaluate all fish-culturel methods and to
develop more efficient methods where the existing ones were found
undesirable,
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Significent differences in mortality were found to be associated
with different methods employed in transporting green eggs from the
spawning grounds to the hatchery. In some instances, the mortality
inflicted during trensportation has been exceptionally severe, invol-
ving more then one-half of the eggs collected. Apparently, the sensi-
tivity of salmon eggs to mechanicael shock incresses progressively
from the time the eggs are taken until well through the "green" stage,
and there is no "safe"™ period, commonly believed to exist for approxi-
mately twenty-four hours following fertilization. The most seatisfactory
method found to date for transporting green eggs from field collecting
stations to the hatchery, where the period of time involved is less
then three hours, is the use of sesled containers. One-to-five-gallon
wide-mouth glass™buckets" have been used. Because of the danger of
breakege and the subsequent loss of large numbers of eggs, however,
an inert metal container would be preferable but--to dete--unobteainable.
These containers are filled to not more than two-thirds of their
cepacity with soft eggs, filled to capacity with water, and sealed
with a gasketed screw cap. The sealed container eliminates all surface
agitation which appears to be responsible for much of the mechanical
shock transmitted to eggs during transportation.

.The so-called "white spot"” disease of fish eggs and fry, which
is a localized coagulation of the yolk material, appears %o result
from mechanical shoock rather than, as oommonly assumed, from invasion
by pathogenic organisms. The transportation of green eggs in sealed
containers has eliminated virtually all "white spot" disease at the
Grand Coulee hatcheries. Eggs exhibiting the characteristic lesions
of "white spot" do not die invariably before or at the time of shocking.
An undue mortality, persisting well into the feeding-fingerling stage
does however occur in groups of fish showing a high incidence of "white
spot" disease as eggs.

The design and installation of movable spawning traps in the
Leavenworth holding ponds has eliminated all necessity for the un-
desirable handling of adult fish in seines or dip nets during the
spawning operations. The mortality of sexuslly immature fish resulting
from handling also has been materially reduced by use of spawning
treps and the smount of labor required in the spawning operations
cut in half.

A material loss of eggs wes found to result from the killing
of partially ripe femsle fish. The earlier practice of killing all
female fish that will yield eggs upon pressure has been altered to
include holding apparently mature females for an additional day in
e separate compartment in the spawning traps. The loss of eggs caused
by the killing of sexually immature female fish has been virtually
eliminated by adopting this procedure.
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The careful exclusion of water, blood, and slime from the
spawning pails has resulted in a significant reduction in egg
mortality. Likewise, the practice of bleeding female salmon prior
to spawning, and the use of a modified Oregon-type beaded-point
spawning knife to prevent the cutting of eggs, has reduced the
number of unfertilized eggs obtained in the spewning operations.

THE GEOGRAPHIC DISTRIBUTION OF RETURNING PROGENY OF RELOCATED STOCK

The 1942 runs over Rock Islend Deam contained the first returning i

mature progeny of transplanted stock--namély, ohinook and blueback in .
their third year. In 1943, transplants dominated the runs and, by .
1944, when the hauling was discontinued, the runs were essentially all *

progeny of relocated stook.

Observations were made during these three years, and have
been continued up to the present time, in an effort to appraise the
distribution of the migrations into the various tributaries together
with the numbers of adult fish appearing inmmediately below Grand
Coulee Dem.

In 1942 and 1943, small lots of transplanted three-year ohinook
and blueback, recognizable by their small size, were released above
Rock Island Dam. Traps were installed in fishways located in three of
the four tributaries to check upon the homing of progeny from the re-
looated stocks. Results in 1942 were inconclusive because of high
water in the Okanogan and the lack of a trapping site in the Methow.
During 1943, however, recoveries of approximately one~third of the fish
released at Roock Island indicated that 75 per cent of the 3-year chinook
released from Rock Island Dam entered the Wenatchee River, 10 per cent
entered the Entiat, and 15 per ocent migrated to the Methow., Of the
. 3=ysar blueback released at Rock Island, 30 per cent of recoveries
were made in the Wenatohee River and 70 per cent in the Okanogan. No
salmon were observed below Grand Coulee Dam during either year.

In 1944, when the Rock Island fish ladders were opened to the
free passage of fish, the estimated distribution--based upon adult
fish and redds observed in the tributaries--was essentially the same
as in 1943, Similar counts during 1945 indicated an increase in the
chinook population of the Methow River to approximately 45 per cent
of the total number observed with 40 per cent in the Wenatchees and
15 per cent in the Entiat. High water in the Okanogan River during b
1945 and 1946 again precluded estimates of the blueback populations
for those years. Observations were too limited during 1946 end 1947
to permit any estimate of the spawning distribution of chinook salmon, .=
other than to note that they were widely distributed in all streams
excepting the Okanogen River which has little spawning area suitable
for this species. The blueback escapement into Lake Wenatchee in 1946

and into both Lake Osoyoos and lake Wenatohee during 1947 was undoubtedly
the largest in many years but a complete count could not be obtained,

“w
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Few salmon have been observed at any time immediately below
Grand Coulee Dam where large eddies, loeated at either side of the
spillway, provide collection pools in which any fish present may
be readily observed. In 1944, six chinook were seen, in 1945 the
estimate was 50 chinook and 12 blueback, and in 1946 the maximum
ocount included 22 chinook and 4 bluebaok._g/ ‘During 1947, no salmon
were observed or reported immediately below Grand Coulee Dam.

Since 1944, the spring runs of steelheads and chinooks have
successfully reached the spawning grounds of the upper tributaries.
Fortunately, their period of migration during the spring and early
sumer coincides with water conditions favorable for passing ob-
structions. Nason Creek has been well seeded by spring chinook for
the past four years and fair numbers of spring-run fish also have
been found in other branches of the Wenatchee River, the upper Entiat,
and in the Methow River drainage.

The summer chinooks and the bluebacks, however, have experienced
great difficulty in successfully passing the low-water barriers. As
a result, the concentration of spawners in the lower reaches of the
rivers inoreases during low-water years. This undesirable condition
was partiocularly evident in the Wenatchee River during 1944 and 1945.
In 1946 and 1947, higher water during the summer months permitted the
fish to migrate without hindrance. It is evident, however, that many
of the late-run chinook prefer spawning areas in the lower reaches of
the rivers.

The tendency of the summer chinook to spawn in the lower reaches
of the major tributaries, together with some evidence of spawning
activity below Grand Coulee Dam in 1945, indicated the need for a
complete survey of possible spawning activity in the main stem of the
Columbia between Rock Island and Grand Coulee dams. An aerial survey
of this section was made on Ootober 15, 1946, and although the number
of chinook salmon observed in relation to the number of completed
redds indicated that spawning was not at its peak, 102 nesting areas
(many containing more than one redd) were observed between the Chelan
River and Grand Coulee Dam. On October 23, the lower part of this
section was resurveyed and 32 additional nesting areeas were observed
below the mouth of the Entiat River--a section that did not contain
redds at the time of the survey one week earlier.

8/ TVisibility below Grand Coulee Dem improves in August and
September when the flow of the river is less than 100,000 c.f.s.
The eddies then have a fairly smooth surface and the tendency of
the salmon to school in quiet water permits a reasonably accurate
count.
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It is reasonable to assume that many of the spawning chinooks
observed in the mein river above Rock Island Dam were progeny of
transplanted stocke It is quite possible, however, that there may
be a substantial exchange between this population and those normally
spawning below Rock Island Dame. Aerial surveys extending below
Rock Island Dam to the mouth of the Snake River, a distance of 135
miles, revealed spewning chinooks on a majority of the shallow rubtle
bars which are nmumerous through this entire section of the Columbia
River. A total of 785 nesting ereas were observed in this lower :
reach of the river.

In genersl, the spring runs of chinook and steclhead have shown
8 strong tendency to return to the upper stream areas where they were
reared or released as fingerlings. The blueback will return to the
lakes but have been handicapped by the low water barriers of late
summer. Many of the relocated, late-run chinook have shown a tendenoy
to revert to spawning grounds in the lower courses of the streams;
areas which, presumably, are best sulted to their raclal requirements.
All available evidence indicates that the relocation of the upper-
Columbie salmon and steelhead rwms to areas below the Grand Coulee
Dam was successful to a degree exceeding expeoctations.

A QUARTITATIVE APPRAISAL OF THE EARLY RETURNS FROM

FISH RUNS RELOCATED IN THE GRAND COULEE FISH-MAINTENANCE PROJECT

Wide annuel variations in the fish runs to the Columbia River are
apparent quite irrespective of any index of abundance that is used.
This faot, ooupled with the short period over which date are available,
militates against eny accureate appraisal of the effect of reloocation
upon the fish runs of the upper Columbia.

The relocation of fish runs occeasioned by the construction of
Grand Coulee Dam was an experimental operation on a vest scale. At
the very outset, there was ample reason for doubting if the process
of relocation, involving as it did the trapping, hauling, and impounding
of adult salmon in large numbers, could be accomplished without at
least a temporary decline in the production levels. As the program .
progressed, these doubts were inoreased by the substantial mortality *
of adult salmon, both in the hetchery holding ponds and in the more :
extensive natural holding arees. Recent data, however, indicate that
the returns from the relocated runs generally have exceeded early
expectations.
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The returns from the initial phase of relocation, which extended
from 1939 to 1943 inclusive, were essentially complete with the runs
of 1943 through 1947. Date relating to the years 1939-1947 are included
in Table23 which shows the fish counts at Bonneville Dam, the estimated
catch above Bomnneville, and the estimated spawning escepements above
the commercial fishing zone for each year for which the informeation is
aveilable, These data have been summarized so as to indicate the
estimated relationship between the three principal runs of migratory
fishes into the Grand Coulee aree and the comparable runs of the entire
Columtie River above Bonneville Dam. Data relating to the steelhead run
are not included since the time when the Rock Island contingent of that
species passes Bonneville Dam has not been adequately established. This
contingent is of minor importance, averaging less than 3 per cent of the
spamning escapement above Bonneville.

The eveluation of the early returns from the Grand Coulee Fish-
Meintenance Project is based upon the contribution of the reloceted
runs to the comparable escapment for the Columbia River as a whole
above Bonneville Dam. The unit of measurement, a percentage, was de-
rived from the following equation:

Re :
Rp = x 100
Be -~ o/w

Wherein:

Rp = The percentage of Rock Island fish in a given escapement

Re = Rock Islend Dem count
Be = Comparable count over Bonneville Dam

¢ = Poundage of fish reported from. the commercial fishing zone
extending 55 miles above Bonneville Dam

w = Average weight of the fish (used to convert weight to
numbers)

Rp appears as the final entry for each run shown in Table 23.

The adventage of this unit of measurement lies in the elimination of
the variable factor of fishing intensity which reduces actual numbers,
such as the Bonneville and Rock Island counts, to measures of escapements
rather then messures of production. Three sources of error are inherent
in this unit of meesurement, nemely; the unreported catch above Bonneville
(Indian subsistence and sports catches); <the naturel mortality of fish
between Bonneville and Rock Island Dams; and the lack of positive iden-
tification of overlapping chinook runs due to the arblitrary selection of
dividing dates. None of these factors is believed to be sufficiently
large or variable to affect the validity of the analysis.
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To analyze the estimated production levels of the rums affected
by the construction of Grand Coulee Dam, the data were broken into
two periods: the initial period between 1938 and 1942 when the runs
were the progeny of fish unaffected by the relocation program; and
the period 1943 to 1947 which reflects the production levels of the
relocated runs.

The dete for 1941 were not included in the comparative analysis,
During 1941, abnormally low natural flows=--particularly during the
period of the blueback and summer ohinook runs--were further aggravated
by the impoundment of some 5,500,000 acre-feet of water in the Grand
Coulee Reservoir. There is valid evidence that the record low river
flow formed a block to the migrating salmon at Celilo Falls., As a
result, the fishery above Bonneville captured 70.3 percent of the blue=-
back run counted over Bonneville Dem in comparison with a mean annual
catch of 39.0 percent during the decade 1938-1947. As further evidence
of an atypical situation during 1941, many edult blueback selmon
entered and died in minor tributaries between Bonneville Dam and Celilo
Falls: an unprecedented condition. Abnormally high water temperatures
associated with the reduced water flows undoubtedly increased the normal
river mortality attributable to disease. The summer chinook runs no
doubt were similarly affected although the widespread distribution
of this run above Bonneville obscures the quantitative picture. The
spring chinook runs presumably were affected in minor degree.

An enalysis of variance of the blueback data from Table 23 using

‘the segregation of data previously described gives the following results:

Mean percentage contribution to escapement prior to relocation
(1938-1942) - 43.8; following relocation (1943-1947) - T1.3:

Source of Degrees of ~ Sum of Mean
veriation Freedom Squares Square
Total 8 2,264.22
Before and After 1l 1,679.94 1,679.94
Within Periods 7 584.28 83.47
F = 20,13 P = Less than .0l

These data warrant the definite conclusion that the relocation
process did not adversely affect the production level of bluebacks
that prevailed during the three-year period immediately preceding
reloocation. In faoct, there is valid evidence for the belief that
the Columbia River blueback runs have been materially increased through
the various measures employed in the relocation procedure. The blue-back
salmon, with very few exceptions, spawn in the aress above Rock Island
Dam. Because of this fact, practically the entire blueback run of the
Colurbia has been involved in the Service's Grand Coulee Fish-
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Maintenance Project. The total blueback run to the Columbia each
year can be estimated by adding the Bonneville Dam counts for this
species and the commercial catch below Bonneville. These data in
Table 24 show: the decline in the total run that occurred between
1940 and 1943 ( prior to the time when the relocation could have
been a factor); the continued and sharp decline during the years
1944 and 1945 as a consequence of the extremely low spawning escape=«
ment of 1941 (when only 949 adult fish entered the Grand Coulee area);
and the spectacular recovery in both the commercial fishery and the
spewning escapement during 1946 and 1947 (all progeny of reloocated
parents).

Similaer treat%ent of the spring chinook date by asnalysis of
variance yields the following results:

Mean percentege contribution to escapement prior to relocation
(1938~1942) ~ 7.6; following relocation (1943-1947) - 8.7:

Source of Degrees of Sum of Mean

variation Freedom Squares Square

Total 8 N 39.20

Before and After 1 2.84 2.84

Within Periods 7 36.36 5.19
F =1.82 P = Greater than .05

, It may be tentatively concluded, in the light of the above data,
that there has been no significant change in the productivity levels
of the spring chinook runs as a consequence of the relocation proocess.
Further quantitative evidence is available from the Yakima River,
where snnusl counts of the spring chinook migration at Roza Dam have
‘been secured since 1940, These are as follows:

1940 - 1,011 1944 - 242
1941 - 239 1945 - 447
1942 - 521 1946 - 989
1943 - 689 1947 - 2,645

Although these counts represent a very small part of the escape-~
ment of spring chinook (line 7, table 11) the coeffiocient of correlation -
between that part and the whole is high (r = .93, P € ,01)., The coefficient
of correlation of Rock Island spring chinook counts with the escapement,
for a like period, is not significently different from Roza (r = .85,
P «.01). By inference, therefore, the runs to a great majority of the
Temaining spewning areas must also show a high degree of correlation
with the total escapement. It follows that eny significant change
in production levels following the transplantation of the runs would
be reflected in their proportional representation in the escapements.
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Teble 24, --- Estimated Total run of Adult Blueback Salmon to the

Columbia River (all data in thousands).

Year Bonneville Catch below Estimated
Count Bonneville Total run
1938 75 92 167
1939 73 47 120
1940 149 27 186
1941 66 106 172
1942 55 38 93
1943 40 34 T4
1944 15 8 23
1945 10 1 11
1946 74 28 102
1947 171 167 338
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Similar treatment of the summer chinook data by analysis of variance
gives the following results:

Mean percentage contribution to escapement prior to relocation
(1938-1942) - 28.6; following relocation (1943-1947) - 16.6:

“ource of Degrees of Sum of Mean
variation Freedom Squares Squere
Total 8 617,04
Before and After 1 319.19 319.19
Within Periods 7 297.88 42,55
F = 7.50 P = Greater than .01 but less
than .05

These data may indicate some decrease in the productive level of
the Grand Coulee sumer chinook runs, but the fact thatthis race
spawns below Rock Island Dam as well as above leaves room for doubt
that & decline actually occurred, If, as noted in the preceding
section of this report, a portion of the progeny of transplanted
summer chinook spawned below Rock Island Dem, a false indication of
reduced procduction levels would result.

It is not implied that these date accurately refleot trends in
abundance of the salmon runs affected by the Grand Coulee Dam nor
should these tentative conclusions be used in predicting future develop-
ments., Suffice it to say that conclusions, based upon the meager
evidence available to date, strongly indicate that the upper river
blueback runs have benefitted by the relocation process and there is
little reason to believe that either the spring or summer chinook runs
have materially suffered thereby.




BARRIERS TO THE MIGRATIONS OF SALMON

IN THE GRAND COULEE AREA

Certain obstacles remain in the pathway to full realization of
the potentialities of the Grand Coulee Fish-Med ntenance Project. The
four major rivers utilized in the Project formerly supported large
runs of salmon, most of which had been exterminated prior to 1939
when the Project was undertaken. Many of the instellations responsible
for the greatly reduced runs to these tributaries--primarily irrigation
diversions, hydroelectric power installations, and barrier dams serving
various purposes--still exist although their effect upon the salmon
has been reduced by corrective measures. Most of the important diversions
in the area were screened, more or less effectively, and some of the
barriers were removed during the 1930's. Several diversion dems remain,
however, as hazards to both upstream end downstream migrations.

There are two diversion dams in the Wenatchee River that are
partioularly harmful to the salmon runs, nemely the Dryden Dam and the
Tmwater Dame Their effect is threefold: they cause pre-spawning
losses through injuries sustained at these structures, low water in
the bypassed river section forces blueback salmon to spawn in the
main-stem ereas that are not suited to that species, and the low-water
barrier also promotes an undesirable sccumulation of chinook spawners
which results in over-population of the limited spawning riffles
aveilable below the barrier.

The first of these low-water barriers, the Dryden power and
irrigation diversion, is located eight miles below the Leavenworth
Hatchery and 15 miles above the mouth of the Wenatchee River. This
installation diverts virtually the entire low-water flow of the river
from a one-mile section of the river bed between the dam and the teil-
race of the power plant. In 1944, 50 second-feet of stored water
were released from the Snow Lakes reservoir of the Leavenworth Hatchery
for the purpose of augmenting the water flow through the river channel
belowthe Dryden Dam. This flow was in addition to epproximately 15
second-feet that are passed through the fishways. The combined flow
was meager, however, in relation to the wide stream bed below the
dam end improvised channeling of the riffles was necesssry to provide
a suitable depth of water. The 63 cfse flow throughthe river channel
obviously offered little attraction for the fish in competition with
300 to 800 cfs. at the tailrace of the power plent. Many of the fish
refused to continue up the stream in spite of a rack constructed across
the power house teilrace. These emergency measures proved far from
satisfabtory as it was found, later in the season, that the riffle
areas below the Dryden power house supported the greatest concentration
of spawning fish observed enywhere in the Wenatchee River system.




The second barrier, the Tumwater Dem and power diversion, is
located 1€ miles above Dryden. This structure diverts water from
8 2-mile section of river between the dam and the power plant. The
minimum flow through the bypassed river section during 1944 was ebout
35 ofs. and was subject to fluctuations during periods of varying
power demande The intermittent diversion of water through the power
plant served to prevent an acoumulation of fish in the power house
tailrace but the minimum flow was not sufficient to permit passage
of adult fish over the shallower riffles.

Several remedial measures for obtaining increased flows, improved
chennels, and other conditions more favoreble for the fish runs at
both Dryden and Tumwater are now under consideration and it is hoped
that permanent effective remedies can be developed. Otherwise the
existence of the Wenatchee River salmon runs, partioularly the blueback
runs, will be in jeopardy during every low-water year.

None of the other river systems contain major barriers comparable
in effect to Dryden and Tumwater of the Wenatchee. FEach of them,
however, does have small dems--certain of them seasonal structures--
that require frequent inspection and minor alterations to assure free
passage for the fish at all times. Several of the larger structures
ere equipped with fishways but additional fishways, together with
extensive redesign of the existing facilities, are needed before the
rivers will be satisfactory avenues for migrating fishs The responsi-
bility for protecting the fish during their upstream and downstream
migrations in the streams of the Grand Coulee area is vested in the
Washington State Department of Fisheries.

CONCLUSIONS

One principal objective of the Grand Coulee Fish-Maintenance
Projeoi=--nemely the relocation of the upper-river salmon and steelhead
runs from the main stem to the tributasries enterine the Columbia
below and the Grand Coulee dem site--has been successful end the
genersl level of production during the initial phase of the progrem
has been satisfactory.

The outlook for rehabilitating the salmon populetions of the
Grand Coulee Area through adequate protection, natural spawning, and
effective artificial propagation appears possitle but difficult.
Many of the factors responsible for the original depletion of the
Okenogen, Methow, Entiat, and Wenstchee salmon runs still remein in
effects In addition, the up-river salmon runs must eventually face
& series of major multiple purpose water-use projects--one of which
is now under construction. Whether the early-running Columbia River
salmon races--which are dependent upon a suitable fresh-water enviromment
for a significant frection of their life-span--successfully can surmount
the increasing development of the Columbie River and its tributsries

is questionable,
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EXPLANATION OF PLATES

.
The Roeck Island Dam of the Puget Sound Power and Light Company.
The fish ladders at this structure offered a feasible site
for trapping the upper Columbia River salmon runs during their
spawning migration. Traps were installed in each of the three
fish ladders which are located at either end of the dam and at
the downstream tip of Rock Island near the center river.

The Nason Creek Rack -- a typical installation designed to pre-
vent the adult fish from returning to the Columbia River during
the relocation phase of the Grand Coulee Fish-Maintenance Project.

The left trap at Rock Island Dam. The upper end of the fish
ladder parallels the left margin of the plate. Fish ascending

the lower end of the fish ladder were diverted into the adjacent
trap through either of two tunnels -- the entrance to whioch is
looated immedietely under the man in the center foreground. The
trap was emptied by raising a sloping grilled false floor, thus
foreing the fish through another tunnel into the elevator at the
bottom of the tower. The elevator was raised and the fish released
through & trapdoor into the curved chute leading to the tank of

the truock on the loading ramp.

Unloading a tank truck. At the destination, a short chute was
attached to the rear of the truck and a trapdoor in the tank
opened. The resulting rush of water swept the fish from the
tank.

One of the eight tank truocks used for distributing adult and
fingerling fish on the Grand Coulee Fish-Maintenance Project.
Water in the 1,000-gallon tenk was continuously oirculated at
the rate of 125 gallons per minute by a gasoline~powered auxiliary
pumpe Cooling could be effected, when desired, by diverting the
circulating water through an ice compartment placed between the
cab and the tank.

L

The Leavenworth Hatchery and rearing ponds -- the central point

for artificial propagation on the Grand Coulee Fish-Maintenance
Pr°jecto
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