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ABSTRACT

In 1979 this study was initiated to deternmne the distribution
contribution, and value of artificially propagated fall chinook sal non
fromthe Colunbia River. Coded wire tagging of hatchery fall chinook
sal non began in 1979 with the 1978 brood and was conpleted in 1982 with
the 1981 brood of fish at rearing facilities on the Colunbia River
system From 18 to 20 rearing facilities were involved in the study
each brood year. Nearly 14 nillion tagged fish, about 4% of the
production, were released as part of this study over the four years
1979 through 1982. Sanpling for recoveries of these tagged fish
occurred from 1980 through 1986 in the sport and commercial narine
fisheries from Al aska through California, Colunbia River fisheries, and
returns to hatcheries and adjacent streans.

The fish fromthis study were recovered primarily in the British

Col unbi a and Washi ngton ocean fisheries and the Col unbia River
commercial gillnet fisheries. The average proportions recovered by
fishery are 3.6% for Alaska, 42.4% for British Colunbia, 27.0% for
Washington, &4.7% for Oregon, 0.3% for California, 21.9% for Col unbia
River, and 0.1s for foreign fisheries. The contribution rates by
fishery varied anmbng the broods. The contribution was greater to the
Al aska and British Colunbia fisheries in the 1980 and 1981 broods.

It is estimated that 1,020,800 fall chinook salnmon fromrearing
facilities participating in this study were recovered in the Pacific
coast fisheries from 1980 through 1986. The average fishery recovery
per 1000 fish released is 2.9. The recovery rates by brood are 3.3,
4.7,1.9, and 2.0 per 1000 rel eases for the 1978 through 1981 broods
respectively. There is considerable variation among rearing facilities
within a brood. The |owest fishery recovery per 1000 releases is 0.1
for Elokomin Hatchery, 1978 brood. The greatest ratio is 12.7 fish per
1000 rel eases from Spring Creek Hatchery, 1979 brood.

Rearing facility and adjacent streamreturns in general followed the
same trend as the fishery contributions. If a release from a particular
rearing facility had a grater than average fishery contribution, the
hatchery return was also grater than the average

Total survival (fishery recovery and spawni ng escapenent) for all broods
conbined is 0.33s. Survivals by brood are 0.33, 0.46, 0.28, and 0.25%
for the 1978 through 1981 broods respectively. Survivals anong rearing
facilities ranged from 0.01% (Elokomin Hatchery, 1978 brood) to nearly
1.5%. (Spring Creek Hatchery, 1979 brood).

The total cost of rearing the four broods of fall chinook salnmon is
$6,334,000. The value of the fishery recovery fromthe rearing
facilities participating in this study is estinmated at $36,242,000, for
a benefit to cost ratio of 5.7/1. The benefit to cost ratios by brood
are 7.8/1, 9.8/1, 3.6/1, and 2.5/1 for the 1978 through 1981 brood
respectively. The range anong rearing facilities is fromo0.2/1 (Lictle
VWiite Hatchery, 1978 brood) to 26.6/1 (Spring Creek Hatchery, 1979
brood).



INTRODUCTION

Historically the Col unbia River system produced the worlds' |argest runs
of chinook sal non (Oncorhynchus t shawyt scha) (Van Hyning 1973). Craig
and Hacker (1950) estimated that when white nmen first arrived on the

Col unbia River, 50,000 |Indians were catching 18 million pounds of

salnon.  Sal non fishing was one of the inducements for settling the

Col umbia Basin. It provided lucrative enploynment for thousands and
directly or indirectly provided the nmeans for many to nmake their
fortunes (Hume 1893). In 1832, Captain Nathaniel J. Weth cane to
Oregon from Massachusetts, established Fort Hall on the Lewis River (a
tributary of the lower Colunbia River), and becane the first person to
comercially fish for salnmon on the Colunbia River (Cobb 1930). The
first canning operation on the Colunbia River was started by WIIiam
Hume and his partners in 1867 (Craig and Hacker 1950). Between 1875 and
the mid-1920’'s, the annual catch of chinook salmon in the Col unbia River
averaged 20 to 40 nillion pounds (Van Hyning 1973). The greatest canned
sal mon pack of 40 million pounds occurred in 1883 (Hume 1893; Van Hyning
1973). The first notable report of sport fishing on the Colunbia was in
1889 when Rudyard Kipling reported his fishing experiences on the
Willamette River near Willamette Falls (Cobb 1930). In the 1920’'s it
was not unconmon to see 500 boats, containing 1 to 6 sport sal non
fisherman, on a day in April or May on the Willamette River (Cobb 1930).

Bean et al. (1938) estinated the annual retail value of comercially
caught fish fromthe Colunbia R ver was about $10 million. Richards
(1968) estinated the gross value of commercially harvested chinook

sal non by non-1Indian comercial fisheries in the Colunbia River in 1965
was $4.4 nmllion. The value of the Indian catch of chinook was
estimated at $293,400, and the net econonmic value for the Colunbia River
sport catch of chinook salnmon was $2.3 million (Richards 1968). Helsing
(1972) estimated that in 1968 the total value of the anadromous salmonid
resources fromthe Colunmbia River was $34.8 mllion, and the net benefit
to the national econony produced by Col unbia River anadromous fish was
$15.0mllion

Initial declines in catches of chinook salnon on the Col unbia River
first occurred in the 1880’'s. Catches fluctuated from 1890 through the
m d-1920's and then began a steady decline. These reduced catches were
caused by over fishing and degradation and destruction of spawning
grounds due to logging, mning. and irrigation practices (Craig and
Hacker 1950; Van Hyning 1973). Construction of danms on the nmain stem of
the Colunbia River for irrigation and electrical power in the 1930’s
added to the decline of popul ations of chinook salnon (Craig and Hacker
1950). Popul ations of chinook sal mon where further inpacted when dam
construction proliferated fromthe 1950‘s t hough the 1970’s (Schoeneman
et al. 1961; Raynond 1979).

As mitigation for loss of natural spawning habitat, a massive artificial
rearing programfor sal mon and steelhead (Oncorhynchus sp.) was
undertaken on the Columbia River. Salnon and steelhead hatcheries were
constructed or renovated under the Lower Col unbia River Devel oprment
Program (Laythe 1948). Under the Col unbia River Fisheries Devel opnment
Program alone $31.5 nillion dollars were expended for hatchery
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construction and another $137.5 mllion for operation and mai ntenance
and hatchery eval uation prograns between 1949 through 1987 (Delarm and
Smith 1988). The Bureau of Reclamation funded construction of
hatcheries on tributaries to the Md-Colunbia River as nitigation for

G and Coulee Dam (Fi sh and Hanavan 1948). The U S. Arny Corps of

Engi neers funded construction and renovation of hatcheries as nitigation
for Snake River and Colunmbia River dans (Hansen, Ewing, and Martin 1980;
Tuss 1982; Crateau 1989). Private and public utilities constructed
spawni ng and rearing facilities in Washington and Idaho as mitigation
for dans throughout the upper Colunbia River Basin (Meekin and Mbser
1966; All en 1970; Reingold 1978).

The previously nentioned sal non and steelhead culture prograns were not
the first to occur on the Colunbia River system The first sal non

hat chery was constructed on the Clackamas River (an Oregon tributary to
the Columbia River) in 1876. The first salnon hatchery in the state of
Washington was built in 1895 on the Kalama R ver (Cobb 1930).

Studies to deternmine the inpact of the artificial salnon culture
prograns began in the 1920’'s. Rich and Hol mes (1928) reported on
mar ki ng experinents with chinook sal non on the Colunbia River from191s
to 1927. These studies were the first to indicate the extended

m gration of Colunbia R ver chinook salnmn as far north as Sout heastern
Al aska. Snyder (1923) reported on recoveries of chinook sal mon marking
experiments at Munt Shasta Hatchery on the Sacranento River and Fall
Creek Hatchery on the Klamath River in California. The Pacific Marine
Fi sheri es Conm ssion sponsored the first coastwide sal non marking and
recovery experiment at hatcheries in California, Oegon, and Washington
in 1950 and 1951 (Hallock, Warner, and Fry 1952; Junge and Bayliff 1953;
Van Hyning 1973). A major hatchery evaluation program began in 1961 on
the Colunbia River. Sockeye sal non (0. nerka) at Leavenworth Nationa
Fish Hatchery on a tributary of the Wenatchee River were fin and
maxi |l ary marked for four years (Wahle, Koski, and Smith 1979). Marking
of four brood years of fall chinook sal non began at Col unbia River

hatcheries in 1962 (Wahle and Vreeland 1978). 1In 1966 three brood vears
of coho sal mon (0.kisutch)were marked at Col unbia River hatcheries
(Wahle, Vreeland, and Lander 1974). 1In 1965 a three year study of

hat chery contribution to the fisheries was begun at hatcheries rearing
coho salmon on tributaries to Puget Sound in WAshington (Senn 1970a;
1970b; 1971). Wth the advent of the coded wire tag (CWT) (Bergman e:c
al. 1968), a multitude of studies have been conducted to deternine the
fishery contribution and survival of salnmon fromhatcheries on the
Pacific coast of North Anerica (Pacific Marine Fisheries Conmi ssion
1988).

I'n 1979 the Bonneville Power Administration (BPA) began funding a study
to determine the distribution, contribution, and value of fall chinook
sal non raised at Col unbia River rearing facilities. This tagging study
provides data to deternmine the effectiveness of hatcheries constructed
as mtigation for hydroelectric devel opnents. In addition, these data
can aid fishery agencies in planning further neasures to protect,
mtigate, and enhance salnon runs on the Colunbia River. Thi s
information is inportant to regul ating bodies, such as the Pacific

Fi shery Managenent Council, charged with negotiating, setting, and

adj usting fishing seasons, location, and limts. The |ast conprehensive
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exanmination of fishery contributions of fall chinook from Col unbia River
hat cheries was conpleted over fifteen years ago (Wahle and Vreeland
1978). After that fin-marking study was conpleted, it became part of
the basis for current fishery regulations. Since conpletion of that
study, new rearing facilities have been built, existir; facilities
renovat ed, changes in sport and commercial fisheries have occurred, and
hat chery practices have been altered.

METHODS AND MATERI ALS

The National Mrine Fisheries Service (NMFS) coordinated this study
anong three fishery agencies: U S. Fish and Wldlife Service (USFWS),
Oregon Departnent of Fish and Wldlife (ODFW), and Washington Departnent
of Fisheries (WDF). The objectives of this study were to deternine the
distribution, fishery contribution, survival, and value of the
production of fall chinook salnon fromeach rearing facility on the
Columbia River systemto Pacific coast salmon fisheries. To achieve
these obj ectives fish fromeach hatchery were given a distinctive CW.

Assumpti ons

Marking all fall chinook salnon at a rearing facility would have been
cost prohibitive, thus a sanple of fish was selected for tagging. To
apply the recovery of tagged fish to the total population of fish froma
facility requires seven assunptions. These assunptions are:

1. Fish to be tagged are representatively sanpled and receive the
same treatment as untagged fish before and after marking.

N

. Tagged fish are identifiable throughout their life.

3. Tagged and untagged fish have the sane growth and survival
rates and maturity schedul es.

4. Tagged and untagged fish have the same marine distribution and
vul nerability to the catch.

5. The probability of a fish being sanpled is independent of
whether it is tagged or untagged.

6. Al tagged fish in the sanple are recognized and correctly
identified and reported.

7. The tag is not duplicated forany other study.

The appropriateness of the estimating procedures used in this study and
the concl usi ons which can be drawn are dependent on the validity of
these assunptions. In sonme cases precautions were taken and data
collected to check the assunptions or adjust for deviations fromthem
(Assumptions 1, 2, 3, 6, and 7). In other cases the assunptions had to
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be accepted on faith in order to proceed with the study (Assunptions 4
and 5).

Sanpling Fish for Tagging

From18 to 20 facilities rearing fall chinook salnon on the Col unbia
River were included in this study each year (Figure 1). Sanpling

devi ces devel oped by WDFand NMFS were used to obtain a random sanple of
fish for tagging. A sanple of fish was removed fromall rearing
environments at a facility. The rigorous sanpling procedure was
followed to ensure the validity of Assunption 1 (fish to be tagged are
representatively sanpled). The intent of the sanpling devices was to
place as little handling stress on the fish as possible and acconplish
the sanpling in a timely manner. A fish punp renoved fish fromthe
raceways at a facility and delivered themto the sanplers. The NMFS
sanpl er was an "A" shaped inclined plane table (Figure 2). Fish and
water fromthe punp upwelled at the top of the "A" (A Figure 2), flowed
over a perforated plate to renove excess water, and off the foot of the
table to a return trough. The foot of the table was divided into 20
sections of equal width (B, Figure2). |In theory, the fish spread
evenly across the table and 5% of the popul ati on passing over the
sampl er travel ed through each of the 20 sections. Achute the width of
one of the sections, attached to the foot of the table, allowed fish to
pass over the return trough and into a receptacle. These fish were
retained for tagging. The chute could be the width of one, two, or nore
sections to renove a 5%, 10%, or |arger sanple.

In the increnental sanpler (Figure 3) (Foster 1981), devel oped by WDF,
fish and water fromthe fish punp upwelled at the rear of the sanpler
(Figure 4). Excess water was renmoved as the fish slid across a bar
grate to a "Y" shaped discharge pipe (Figure 5). Wter jets, activated
by a solenoid, forced fish dowm one of the two discharge arnms of the Y.
To obtain a 5% sanple, one jet sprayed for 5% of the tine and the other
for 958 of the time. The jets frequently activated alternately

t hroughout the sanpling process (for exanple every 20 seconds), creating
as random a sanple as possible. The 5% sanple was retained for tagging

Both sanplers were tested to determine the percentage of fish renoved
during the sanpling process. The tests were not conpletely successfu
because it appeared the sanplers operated best with a | arge sanple size
and a steady supply of fish. Inconsistent results were obtained when
smal| test lots of fish were sanpled. Neither device was adequately
tested to determine if each fish had an equal chance of being sampled or
if the sanple fish were representative of the entire popul ation. It was
assumed that the sanpling process produced the closest possible
approximation to a random sanpl e.

Sanpling of fall chinook sal non popul ations at each facility was
accomplished with the sanpling devices where possible. At some
facilities this was not possible due to the linmted amunt of sanpling

equi pnent, inability to reach the rearing environnents with the fish
pumps, Of rearing environnents that woul d not allow crowding and
sampling the entire population of fish (large rel ease ponds). In the
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Figure 4.--Fish upwelling into the rear of the WDF sampler.



Figure 5.--Water jets forcing fish down a discharge arm
of the WDF sampler.



| arge rel ease ponds (Stayton Pond for exanple), the fish to be tagged
were seined from the periphery of the pond. Were the entire population
of a rearing environment could be crowded into a small area but the
mechani cal sanpling devices could not be used, fish to be tagged were
obtained by handling the entire population with a dip netand setting
aside a systematic sanple (one in every 20 nets of fish for exanple).

The sanpling nethod used at each facility is presented in e hatchery
data forns in Appendix A.

In 1979, the first year of the study, 5% of the production of fal
chinook salnmon at each rearing facility was renoved for tagging. In
some cases, the 5% sanple was not |arge enough to neet the gcal of
exanmning the contribution to the fisheries of the production froma
facility. In these situations, additional fish were renoved and a
separate tag code applied to these fish. In subsequent years (1980 -
1982), the proportion renoved for tagging at facilities with large fal
chi nook sal mon productions wasreduced to 2.5% (Spring Creek, Little
White Sal non, Bonneville, Big Creek, and Klaskanine hatcheries) to
reduce the cost of tagging and the time required

At some facilities, fish were sanpled as nuch as two nonths prior to
tagging. This was done at the time of transferring fish to release
ponds at several WDFfacilities. At the tine of transfer, the fish were.
too small to be tagged with a standard sized CUT. The fish to be tagged
were held separately in raceways and nmixed with the appropriate
popul ati ons of untagged £ish after tagging. In npbst cases, sanpling
occurred just prior to tagging. The times of sanpling and tagging are
presented in the hatchery data fornms in Appendix A

Taggi ng Procedures

Personnel fromthe participating agencies tagged a portion of the fal
chi nook sal mon production at nost Colunbia River facilities rearing this
species. Tagging did not occur at some facilities because of |ack of
funds (Clatsop County Ponds, 1978 brood), logistical constraints (Big
White Pond, 1979 brood), and energency rel eases of fish (Lower Kalama
Hat chery, 1978 brood; Clatsop County Ponds, 1979 brood; and OxBow, 1980

brood). Tagging of fall chinook sal mon for purposes other than the
hat chery eval uation study occurred at sone facilities (Spring Creek
Bonneville, and Big Creek hatcheries). Fall chinook salnmon at each of

the facilities participating in this study received a distzinctive mark
consisting of an adipose fin clip and insertion of a uniqueCWTin the
snout. This insured Assumption 7 (no duplication of mark) was valid
since the reuse of a code is not allowed (Pacific Marine Fisheries
Commi ssion 1988). From2.5to 5 percent of the production at each
facility was randomy selected for tagging.

ODFW and USFWS personnel used a nobile tagging unit constructed by NMFS
with WA funds to tag fish a their facilities. WDF used their own
taggi ng equi pnent. Tagging began in nmid February each year and
extended into early July. At ODFW and USFWS facilities, fish were
anest heti zed, the adipose fin renoved with bent-nose scissors, and a
co&d wire tag was inserted into the cartilage in the snout of the fish.
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At WDF facilities, the fish were anesthatized and the adipose fin
removed, than the fish were | ater anesthetized again and the tag .
i nserted.

Taggi ng of the 1978-broed fal| chi Nn00k salmon began in, February of 1979.
The final year of tagging for thi s study was 1982, whan the 1981-brood
fish were t agged. Ower the four brood years, 1978 through 1981, nearly
1S milion fall chinook sal non were tagged. The mumbers tagged for cach
brood year were 4,379,300, 3,009,900, 3,660,500, and 3,651,300
respectively. The mumbers of fish tagged at each facility are presented
in the hatchery data forms in Appendix A.

Except for the 1978-brood fal | chinook at ODFW and USFWS facilities,
tagged fish were returned to the populationof untagged fish from which
they came. This helped t0 insure Assumption 1 (equal treatnent of
tagged and untagged fish after tagging) was valid.- Sepasate holding Of
tagged fish after tagging occurred in 1979 becasuse it was thought that
untagged fish would have a conpetitive advantage over tagged fish while
the tagged fish were recovering from marking stress. This could result
in untagged fish being luger than tagged fish at rel ease, which might

i nfl uence survival. However, separate hol ding of tagged and untagged
fish could not be acconplished at all facilities due to limted rearing.-
space. |n addition several prohlems arose With t he separate hol di ng.

In some cases, tagged fish were held im substantially different rearing °
environments (concret e raceways Vs. dirt bott omrelease ponds). . The
differentenvironments coul d have caused differences inm growth and.
survival. At Spring Creek Hatchery, there was SON evidence thst even
when t he hol di ng environments were t hc same for the tagged and untagged
fish, size differences occurred. The tagged-fish for the earkiest.

rel ease at Spring Creek appeared to be smaller than the untagged fish-
(337 fish/kg for tagged fish and 276 fish/kg for untagged fish for the
March 1979 release). This could have been due t0 the -closeness Of
tagging to rel ease and the taggedfi sh not recoverimg sufficiently from
the stress of tagging to make up the growth advantage -gained by-t he
untagged fish. In a later release, the tagfged fish appeared to be

| arger then the untagged fish (172 £ish/kg for tagged fish and 185
fish/ kg for the untagged fish for the April 1979 . release). This coul d
have been dueto lighter fish densities i N the tagged fi Sh racewayst han
t he untagged fish raceways. The observed differences -could also have

. been due to sanpling error. To prevemt any bias caused by separate
holding, tagged fi sh were ni xed W th the untagged popul ati ons from which
they came for the 1979 t hrough 1981 broods.

s

Prerel ease Sampling

During the tagging operation at each facility, tagging supervisors
randonmly removed a mni numof 2,000 tagged fish. These fish were held
separately and were examned at the time of the facility's production
release to deternine tag retention at release. Tagging supervisors
exanmned nortalities in the ponds after tagging to determne the musber
of tagged fish dying prior to release. |In some cases, the nortalities
of tagged fish and the tag | oss estimate were subtracted from the number
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of fish tagged to estimate the releases of tagged fish. |n these cases
the total release was estimated from facility records

Just prior to release, fall chinook popul ations at nost participating
facilities were sanpled to determine the tagged to untagged ratios

This was acconplished at ODFW and USFWS facilities by passing the

popul ations of one fourth to one half of the raceways through the NMFS
sanpler. A 10% sanple was rempoved and passed though the sanpler again
to obtain a 1% sanple of the population of the raceways. The fish in
the 1% sanple were examined for tags, and a tagged to untagged ratio was
devel oped. The sample ratio was expanded to estimate the tagged and
untagged fish released. AtWDFfacilities, hatchery records, the
proportion of fish renoved for tagging, and sanpling for the tagged to
untagged ratio at release were all used to estimate the tagged,

untagged, and total releases. The specific nmethod for estimating

rel ease nunbers for each hatchery each year is contained in the hatchery
data forms in Appendix A

Rel eases

Production rel eases of fall chinook sal mon generally occurred in May and.
June at the facilities. Spring Creek Hatchery nmde releases in March,
April, May, and August of each year. Septenber releases occurred at
Speelyal, Washougal, and Cowl itz hatcheries for the 1978, 1980, and 1981
broods. A group of 1978-brood fall chinook sal non was rel eased in
Cctober from Cowitz Hatchery. Cowlitz Hatchery al so made rel eases of

yearling fall chinook salnon, fromthe 1979 brood, in March and April of
1981.

Rel eases generally occurred directly fromthe rearing facility with some
notabl e exceptions. No releases were nade directly from Stayton Pond.
All fish were transported to release sites throughout the Willamette
River basin. The 1979-brood fall chinook salnon at Cow itz Hatchery
were transported to tributaries outsidethe Cowitz drainage due to the
eruption of Mt St. Hel ens which caused high silt loads in the | ower
Cowmitz River. The 1979-brood fall chinook sal non from OxBow Hatchery
were transported by truck upriver to McNary Dam placed in a barge,
transported downstream in the barge, and released bel ow Bonneville Dam
A group of 1980-brood fish from Spring Creek Hatchery was transported to
a tributary of the Colunbia River above John Day Dam for release. Two
groups of 1981-brood fish from Spring Creek and Bonneville hatcheries
were transported upstream and released into the Umtilla River. The
upriver transport prograns were conducted to examine the return |ocation
of the transported fall chinook salnmon and to determine if Indian
fisheries above Bonneville Dam could be enhanced by upriver releases
Detail ed rel ease dates and locations are presented in the hatchery data
forms in Appendix A

.

Downstream M gration Saﬁpling

Research personnel from NMFS, Northwest Fisheries Center sanpled the
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Col unbi a River estuary and marine waters near the mouth of the Col unbi a
Ri ver during the downstream migration of the four broods of fall chinook
sal non (Dawley et al. 1986). The purposes of this sanpling were to: 1)
define migrational characteristics of marked salmonid stocks from
release site through the estuary, 2) provide data to assist in
evaluating different hatchery production techniques within a release
year, and 3) deternine juvenile survival to the estuary for selected
stocks and conpare this survival with fishery contribution and hatchery
returns of these stocks.

In general sanpling crews collected fish in beach and purse seines one
to seven days per week from March through Septenber. Juvenile salmonids
captured were sorted fromthe catch and exam ned for marks and brands.
Fish with an adipose fin clip were sacrificed to obtain CWI’s. In
addition data were maintained of fish sizes, novement rates, and feeding
rates of tagged groups recovered at Jones Beach (Dawley et al. 1986).

In 1979 and 1980, juvenil e salmonids passing six dams on the Col unbi a
and Snake Rivers were collected and examned. This was done as vpart Of
the snolt migration timng and transportation research being conducted
by NMFS (Raynond and Sins 1980; Sins et al. 1981). At McNary and John
Day Dans, fish passing through the fingerling collection facilities were
examined for marks and brands. NMFS personnel sacrificed up to 75

adi pose marked fish per day at each facility and extracted CWT’s. In
1979 sanpling at McNary and John Day dans took place fromApril 9 to
August 24 and April 4 to Decenber 3, respectively. In 1980 sanpling
took place at the sane two danms from April 3 to August 15 and April 14
to Decenber 3, respectively. This sanpling effort is of interest to
this study because tagged fall chinook sal non from Priest Rapids

Hat chery mgrated past these two dams.

Fi shery Sanpli ng

State fishery agencies and the Department of Fisheries and Cceans in
British Colunbia provided personnel to exam ne sport and conmerci al
catches of salnon at major marine fishing ports from Al aska through
California (Figure 6). The goal of this sanpling was to exam ne 20s of
the catch of salnon for marks. When a salnon with a missing adipose fin
was observed, the samplers recorded |engths, in some case took scal es
for aging, and renoved the snout of the fish. The fish snouts were sent
to head dissection |abs where the wire tags were extracted and read, and
the information recorded. Conmmercial and sport catches of salnon on the
Col unbia River were sampled in the sane manner. Marine and Col unbia
River fishery sanpling occurred throughout this study. Recoveries of
the 1978-brood began in 1980. Fishery recoveries of the 1981 brood were
completed in 1986.

Rearing Facility and Adjacent Stream Sanpling
Personnel from WDF, ODFW, and USFWS in nost cases exanm ned all returning

fall chinook at participating facilities for the absence of fins.
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Bi ol ogi cal data were collected fromuntagged returns at a predeterm ned
systematic sanpling rate. Sanplers renpved the snout of all fish with a
m ssing adipose fin. The biological data were collected to estimate the
ages of untagged returning fish. The age structure for tagged and

unt agged fish can be conpared to deternmine if taggi ng changes the age
distribution of returns

Spawni ng ground surveys on the streanms where the rearing facilities are
located and on adjacent streams also occurred. Shouts were renmpved from
all salnon suspected of being tagged. Biological data were collected
fromall tagged fish recovered

Fi shery Contribution Estination

The contribution of the fall chinook sal non from Col unbia River rearing
facilities was estimated from the number of tagged fish from these
facilities recovered in the Pacific coast fisheries. The sanpling
agenci es expand the nunber of tags observed in the fishery sanpling to
the entire catch during the year. The estimted tag recoveries were
divided by the proportion of tagged fish at release to estimate the
fishery contribution of the fall chinook sal mon from each hatchery. The,
proportion of tagged fish at release was adjusted for the number of
tagged fish removed in the estuary sampling effort. However, no

adj ustment was made for other potential selective nortality of tagged fish
after release. This nortality has been shown to be substantial in past
studies where fish were marked by renoving fins and maxillary bones
(Wahle, Vreeland, and Lander 1974; Wahle and Vreeland 1978). However,
the excision of an adipose fin and insertion of a CWT is believed to
have negligible inpact on survival of salnon after rel ease (Bergnan
1968; Eanes and Hino 1983; Zajac 1985).

Benefit/ Cost Estimation

The benefits of the catch of fall chinook salnmon fromthis study were
devel oped using a nmethod described in an unpublished report by Richards
(1987). Values per fish caught were presented in the report for both
comrercial and sport fisheries for the years 1980 through 1984. The
commercial val ues were based on average price per pound paid to the
fishermen for the fish by area (Al aska, Washington, O egon, and
California). Washington data were used for British Colunbia. The sport
val ues were based on the value per fishing trip. These val ues were

wei ghted by the proportion of fish fromeach facility caught in each of
the fisheries to yield a value of the fish caught fromeach facility.
These val ues were then multiplied by the total contribution of fish from
each facility by brood to yield the benefit of the contribution to the
fisheries.

Costs for rearing the 1978 through 1981 broods of fall chinook sal non
were provided by the operating agencies. The costs include: £ish food,
chenicals and drugs, |abor, transportation of fish and goods, supplies,
equi pment, power, and overhead. No capital costs were included
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RESULTS

Rel eases

Nearly 14 mllion tagged fall chinook salnmon fromfour brood years were
rel eased from the participating facilities. Releases were 4,035,100,
2,864,700, 3,466,400, and 3,475,500 for the 1978 t hrough 1981 brood
years, respectively. The proportions of tagged fish released each year
were 4.4, 3.5,3.9, and 4.1 for the four broods, respectively. Total

annual releases ranged from81 to 92 nmillion fish fromthe participating
facilities (Tables |-4).

Downstream M grant Recoveries

Recoveries of nost tagged groups occurred in the downstream sanpling
(Tabl es 5-8). Recovery nunbers ranged from none for sone codes to over
2200 for one tag code. Recovery nunbers were greatest for the 1978
brood of fish and steadily declined for the other three broods. The
recovery nunbers are a function of the number of fish tagged, the
sanpling effort, fish size, nigration distance, river flow at the tinme
of recovery, and the survival of the fish to the sanpling site. More
1978-brood fall chinook salmonwere tagged than for other broods, and
the sampling effort was greater in 1979 than in subsequent years. In
1981 and 1982, sanpling was linmted to Jones Beach, 75 km upstream from
the Colunbia River mouth. Estuarine recoveries of npbst tag groups began
within one week of release. "The length of tine between rel ease and
first recovery was a function of the distance between the rel ease and
recovery sites and the rate of nigration of the fish. The final
recoveries of most groups occurred within one to tw months after

rel ease. In a few instances, recoveries were nmade a year after the

rel ease of the group (Priest Rapids Hatchery, 1978 brood; and Kalama
Falls and Lewis River hatcheries, 1979 brood). Recoveries of yearling
mgrant fall chinook salnmon from Priest Rapids Hatchery (17 observed
fish) occurred at McNary Dam The two yearling migrants from Kalama
Falls and Lewis River hatcheries were recovered at Jones Beach.

Fi shery and Age Distribution of Catch

Fall chinook sal mon tagged for this study were caught in fisheries from
Alaska to California. Distributions of the catch by brood year and area
of catch are presented in Figure 7. Approximtely 90% of the catch of
fall chinook salnon tagged for this study occurred in three areas:
British Col unbia, Washington, and the Colunbia River. For the four
brood years conbined, 3.6% of the fish were caught in Al aska fisheries,
42.4% in British Colunbia fisheries, 27.0% in Washington fisheries, 4.7%
in Oegon fisheries, 0.3 ¢ in California fisheries, 21.9% in Col unbia

Ri ver fisheries, and 0.1% as incidental catch in foreign fisheries in
the Pacific Ccean off the North American coast. The proportion of the
catch recovered by area varies considerably anong the brood years. The
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Table 1.--Releases Of 1978-brood fall

chinook salmon from Columbia River faclities in 1979.

Tagged Fish Ad Only Pish X Tag Unmarked Fish Total
Rearing Facllity Teg Code Released Released Retentioca Released Release Fish/1b Release Dates
ABERNATHY HATCHERY 05-04-50 63,400 15,000 80.2 830,600 909,000 95 04/17 - 05/18
03-04-51 48,900 11,600 80.2 640,700 701,200 61 04/17 - 05/18
BIG CREEK HATCHERY 07-18-44 224,900 26,400 89.5 4,996,000 5,247,300 a1 05/21
BIG WHITE POND 05-04-43 141,400 3,200 97.8 2,884,100 3,028,700 69 05/21
BONNEVILLE HATCHERY 07-18-42 287,900 5,500 98.1 12,262,400 12,555,800 75 05/01 - 05/29
07-18-4) 15,100 200 98.7 824,000 839,300 80 03/21
COWLITZ HATCHERY 63-19-42 143,600 2,500 98.3 4,478,800 4,624,900 83 06/27 - 10/16
63-19-51 11,100 -0- 100.0 -0- 11,100 83 06/27 - 10/16
ELOKOMIN HATCHERY 63-18-36 21,100 -0- 100.0 -0- 21,100 99 06/15
63-19-56 117,800 5,800 95.3 2,730,700 2,854,300 99 06/15
GRAYS RIVER HATCHERY 63-16-46 73,900 2,600 98.3 1,220,800 1,297,300 92 06/09 - 06/12
63-18-33 7,600 -0- 100.0 -0- 7,600 92 06/09 - 06/12
63-19-37 68,100 -0- 100.0 -0- 68,100 92 06/09 - 06/12
KALAMA F AL LS HATCHERY 63-19-57 214,500 3,300 98.5 3,940,300 4,158,100 177 06/22 - 07/13
KLASKANINE HATCHERY 07-18-45 244,100 28,600 89.5 5,218,100 5,490,800 n 05/29
KLICKITAT HATCHERY 63-19-49 225,400 3,700 98.4 3,366,400 3,595,500 80 05/14 - 06/13
LI TTLE WHITE HATCHERY 05-04-48 177,800 8,900 95.2 5,655,500 5,842,200 111 06/22
05-04-49 264,800 12,700 95.4 5,291,100 5,568,600 111 06/22
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Tabl e 1.--(Continued)

Tagged Fish Ad Only Fish I Tag Unmarked Fish Tot al
Rearing Facility Tag code Released Released Retention Released Release Fish/1d Release Dates
PRI EST RAPI DS BATCHERY 63-18-21 48,100 2,000 9.0 776,400 826,500 74 05/23
63-18-57 17,500 -0- 100.0 267,700 285,900 77 06/28
63-19-58 5,300 -0- 100.0 -0- 5.300 ” 06/28
63-20-17 82,200 700 99.2 -0- 82,200 ” 06/28
SEA RESOURCES HATCHERY 63-19-18 24,200 300 9.6 957,500 982,000 112 05/01 - 05/31
SPEELYAI HATCHERY 63-19-20 51,700 400 99.2 -0- $2,100 28 09/05
63-19-50 104,500 3,500 9.8 78,500 186, 500 86 07/19
SPRING CREEK HATCHERY 05-04-33 140,900 13,600 9.2 3,568,600 3,723,100 S4 05/18
05-04-44 135,500 19,400 87.5 4,357,400 4,512,300 87 04/20
05-04-45 55,600 6,300 9.9 1,141,600 1,203,500 19 08/13
05-04-46 246,000 13,000 95.0 9,861,000 10,120,000 125 03/20
STAYTON POND 07-18-41 283,800 9.400 9.8 4,398,800 4,692,000 67 05/07 05/21
TOUTLE HATCHERY 63-18-54 12,000 -0- 100.0 -0~ 12,000 160 06/17
63-19-41 132,100 6,000 96.0 2,619,500 2,757,600 160 06/17
WASHOUGAL HATCHERY 63-19-38 97,400 8,300 9.8 4,826,800 4,932,500 78 06/14 09/02
63-19-46 154,500 -0- 100.0 -0- 154,500 78 06/14 09/02
WEYCO POND 63-19-39 92,400 2,500 97.4 271,600 3“-,500 58 06/05
Tot al 4,035,100 215,400 87,464,900 91,715,400
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Table2.--ReleasesOf 1979-brood fall chinook salmon from Columbia River faclities in 1980.

Tagged Fish Ad Only Fish I Tag Uomarked Fish Total

Rearing Facllity Tag Code Released Released Retention Released Release Fish/1lb Release Dates
ABERNATHY HATCHERY 05-06-44 35,200 1,100 9.9 466,500 502,800 59 04/09 - 05/14

05-06-46 112,500 2,400 97.9 1,360,000 1,474,900 59 0A/09 - 05/14
BIG CREEK HATCHERY 07-21-60 143,400 2,200 9.5 6,287,900 6,433,500 78 05/13
BOMNEVILLE HATCHERY 07-21-57 121,100 4,400 96.5 0,947,400 5,072,900 74 05/20 - 05/28
COMLITZ HATCHERY 63-21-54 244,300 9,900 X. 1 5,671,800 5,926,000 129 06/03 - 07/11

63-21-59 70,500 2,900 96.1 1,566,600 1,640,000 119 06/18 - 07/11

63-21-37 20,700 200 99.7 543,400 564,300 9 03/21 - 04/01
ELOKOMIR HATCHERY 63-20-05 98,400 2,100 97.9 2,310,600 2,411,100 80 06/19
GRAYS R VER BATCHERY 63-20-43 37,500 1,500 96.2 768,000 807,000 85 06/01 - 06/24%
KALAMA FALLS HATCHERY 63-21-05 100,400 1,500 9.5 2,299,000 2,400,900 124 06/13 - 06/24
KLASKANINE HATCHERY 07-21-61 66,300 900 9.7 2,170,500 2,237,700 79 06/04
KLICKITAT HATCHERY 63-19-47 156,100 1,600 99.0 2,981,200 3,139,400 85 05727
LEWIS RIVER HATCHERY 63-21-60 103,700 1,800 98.3 321,700 427,200 117 07/15
LI TTLE WBITE BATCHERY 05-06-43 162,600 1,900 9.9 8,611.500 8,776,000 101 06/10
LOWER KALAMA HATCHERY 63-20-06 144,500 5,800 96.2 3,129,500 3,279,800 150 06/10
OXBOW HATCHERY 07-21-62 49,400 900 98.3 1,115,200 1,165,500 100 05/27

07-21-63 51,900 900 98.3 1,370,100 1,222,900 100 05/27
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Table 2.--(Continued)

Tagged Fish Ad Only Fish X Tag Unmarked Fish Tot al
Rearing Facllity Tag Code Released Released Retention Released Release Pish/lb Release Dates
PRIEST RAPIDS HATCHERY 63-19-48 110,100 700 99.7 2,272,900 2,383,700 69 05/20 - 06/24
RINGOLD POND 63-19-48 37,100 -0- 100.0 631,700 668,800 a8 06/26
SEA RESOURCES HATCHERY 63-19-47 1,900 -0- 100.0 -0- 1,900 90 05/28
63-20-61 18,400 400 9.1 745,400 764,200 % 05/28
SPRING CREEK HATCHERY 05-06-39 125,500 4,700 96.4 7,209,900 7,340,100 123 03/10
05-06-40 75,200 2,500 9.8 3,836,300 3,914,000 83 04/10
05-06-41 60,500 1,300 97.9 3,128,900 3,190,700 51 05/09
05-06-42 23,100 500 98.2 1,088,900 1,112,500 19 08/07
STAYTOM POND 07-20-55 282,000 3,400 9.7 6,063,200 6,348,600 [ Y] 04/28 - 05/21
WASHOUGAL HATCHERY 63-21-53 314,600 7,500 97.7 5,771,800 6,093,900 99 06/30
WEYCO POND H1-02-03 97,800 3,600 9.5 1,850,500 1,951,900 90 06/10
Tot al 2,864,700 66,600 78,320,900 81,252,200
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Table 3.--Releases Of 1980-brood fal| chinook salmon from Columbia River faclities in 1981.

Tagged Fish Ad Only Fish X Tag Unmerked Fish Total
Rearing Facility Tag Code Released Released Retention Released Release Fish/1lb Release Dates
ABERMATHY HATCHERY 05-07-44 19,100 3,300 85.4 278,000 300,400 69 04715 - 05/2¢
05-07-4S 63,500 10,600 85.7 826,700 900,800 69 04715 - 05/26
BIC CREEK HATCHERY 07-23-31 50,200 1,500 2.1 1,856,000 1,907,700 n 03/07 - 05/18
07-23-33 51,100 1,600 9.0 . - . - 1,941,300 7 05/07 - 03/18
07-23-34 46,000 1,400 97.0 1,69., 100 1,745,500 7” 05/07 - 05/18
BOMMEVILLE HATCHERY 07-21-56 130,000 4,800 " 96.5 5,007,400 5,142,200 73 04724
07-23-29 75,200 2,700 9.6 3,113,000 3,191,400 68 05/12
CLATSOP COUNTY PONDS 07-21-58 73,200 900 9.8 1,726,800 1,800,900 75 05/15
07-21-59 48,900 300 9.3 1,308,500 1,357,700 70 0s/22
COMLITZ HATCHERY 63-21-56 153,200 7,400 5.4 3,121,300 3,281,900 86 06/27 - 06/28
63-22-55 121,300 2,200 9.2 2,773,400 2,896,900 n” 06/12 - 06/28
ELOKOMIN HATCHERY 63-22-34 156,200 4,000 2.7 2,755,400 2,915,600 102 [ Y[ )Y
63-23-17 9,400 -0~ 100.0 -0~ 9,400 100 06/01
GRAYS Rl VER BATCHERY 63-22-63 64,100 800 2.0 1,145,700 1,210,600 a3 06/01 - O6/es
63-23-40 10,200 -0- 100.0 -0- 10,200 3 o6fe1
KALAMA FALLS HATCHERY 63-20-36 175,400 3,200 2.2 3,432,800 3,611,400 103 05/22 - 05/28
KLASKAMNINE HATCHERY 07-22-27 18,900 500 97.5 718,000 737,400 26 0s/1s
07-23-32 82,100 2,100 97.5 3,121,000 3,206,000 [ ] 0s5/18
KLICKITAT HATCHERY 63-20-08 130,000 2,700 2.0 2,346,50) 2,479,200 78 o6/es
LI TTLE WHITE BATCHERY 05-07-47 183,400 4,700 9.5 6,587,300 6,775,400 % 06/0s - 06/05
05-08-49 52,400 1,400 97.4 1,883,300 1,937,100 % 06/04 - 06/@5
05-08-50 13,300 600 5.6 - As9, 200 503,100 % 06/04 - 06f85
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Table 3.--(Continued)

Tagged Fish Ad Only Fish I Tag Unmarked Fish Tot al
Rearing Faclility Tag Code Released Released Retention Released Release Fish/1lb Release Dates
LOWER KALAMA HATCHERY 63-22-54 153,300 6,500 96.0 2,836,900 2,998,700 98 06/01 - 06/10
PRI EST RAPI DS HATCHERY 63-21-55 194,600 1,500 99.3 3,793,200 3,989,300 89 06/23 - 06/24
63-22-61 42,100 100 99.7 787,900 830,100 67 05/18
SEA RESOURCES HATCHERY 63-22-01 43,300 1,100 97.4 786,800 831,200 90 04/16 - 04/29
SPRING CREEK BATCHERY 05-07-40 104,700 400 929.6 4,743,200 4,048,300 90 03/25
05-07-41 76,700 800 9.0 3,117,800 3,195,300 n 04715
05-07-42 63,100 300 99.5 3,141,500 3,204,900 6S 05/05
05-07~43 25,700 100 .5 123,900 149,700 %5 04721 - 04722
05-07-46 150,500 800 9.5 724,200 876,000 75 04721 - 0a/22
05-07-48 28,800 100 9.5 1,345,400 1,374,300 118 03/25
05-07-49 30,900 300 99.0 1,255,000 1,286,200 n 04/15
05-07-50 13,700 -0- 100.0 635,200 648,900 121 03/25
05-07-51 15,400 100 99.5 748,000 763,500 102 03/25
05-07-52 7,200 200 97.8 283, 600 291,000 15 08/12
STAYTON POND 07-23-35 245,500 7,500 97.0 5,649,700 5,902,700 75 04/27 - 06/153
WASHOUGAL HATCHERY 63-21-48 28,700 300 99.1 483,200 512,200 35 07/06 - 09/04
63-22-51 278,800 3,100 98.9 5,228,000 5,509, 900 74 06/30 - 07/06
WEYCO POND m 03-01 169,500 2,700 8.4 3,328,100 3,500,300 20 05/15 - 06/12
H1-03-02 64,300 600 9.0 1,208,100 1,273,000 90 05/15 - 06/12
Total 3,466,400 83,200 96,298,000 99,847,600
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Table 4.--Releases Of 1981-brood fall

chinook salmon from Columbia River faclities in 1982.

Tagged Fish Ad Only Fish I Tag Unmarked Fish Total
Rearing Faciltity Tag Code Released Released Retention Released Release Fish{ld Release Dates
ABERNATHY HATCHERY 05-10-58 90,600 7,100 9.0 994,500 1,092,200 5 04/20 - 06/01
05-10-59 29,800 2,900 9.0 331,400 364,100 5 04/20 - 06/01
BIG CREEK HATCHERY 07-24-10 131,200 4,300 96.8 4,400,800 4,536,300 75 05/17
BONNEVILLE HATCHERY 07-24-07 105,900 700 99.3 1,086,100 1,192,700 80 046/23
07-24-08 96,800 1,500 9.4 2,095,500 2,193,800 80 05/21 - 06/04
07-26-63 102,400 2,000 9.1 2,724,500 2,828,900 72 4 /14 - 04120
CLATSOP COUNTY PONDS 07-24-12 79,700 1,100 98.6 1,838,100 1,918,900 20 os/2e
07-24-13 33,900 500 9.6 788,000 822,400 20 0s/28
COWLITZ HATCHERY 63-20-32 41,300 2,000 95.4 1,184,400 1,227,700 920 06/24 - 07/08
63-24-50 8,300 100 98.8 131,600 160,000 28 09/29
63-24-62 199,200 2,500 98.7 5,507,000 5,708,700 90 06/24 - 07/08
63-26-03 47,500 900 98.1 795, 600 844,000 30 097129
ELOKOMIN HATCHERY 63-22-42 52,200 1,000 98.1 1,246,900 1,300,100 80 06/15
63-22-60 50,600 2,000 96.2 1,247,400 1,300,000 06/15
GRAYS R VER HATCHERY 63-24-58 27,506 i,100 96.2 279,400 308,000 87 06/01
63-24-59 45,400 1,600 9.6 471,400 518,400 87 06401
KALAMA FALLS HATCHERY 63-24-6C 177,100 600 99.7 3,375,200 3,552,900 102 0610 - 07702
KLASHANINL HATCHERY 07-22-929 126, 300 1,000 98.8 1,927,000 2,028,300 85 06/07
¥. 1. FITAT nATCHERY 63-21-57 204,100 2,000 ‘99.0 3,473,600 3,679,700 83 06/04
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Table 4.--(Continued)

Tagged Fish Ad Only Fish X Tag Uomarked Fish Total
Rearing Facility Tag Cede Released Released Reteation Released Release Fish/lb Release Detes
LI TTLE WvAITE BATCHERY 05-04-33 101,300 1,500 9.5 3,933,100 4,035,900 9 06/62 - 06/03
05-04-36 98,500 1,800 8.2 3,902,400 4,002,700 3 06/02 - 06/03
LOWVER KALAMA HATCHERY 63-24-63 139,400 1,600 9.3 3,027,000 3,168,000 117 06/13 - 06/25
OXBOW HATCHERY 07-23-30 52,300 700 9.6 2,083,800 2,136,800 78 06f04 - W25
07-24-11 52,500 700 98.6 2,092,200 2,145,400 78 06/04 - 06/25
PRIEST RAPIDS HATCHERY 63-22-52 262,200 800 99.7 4,360,300 4,623,300 [ }) 05/24 - 06/16
63-24-W 48,700 900 9.2 936,400 886,000 67 05/18
SEA RESOURCES BATCHERY 63-24-57 45,000 2,500 9.8 763,100 830,600 100 04/01 - 05/07
SPRING CREEK BATCHERY 05-07-53 500 25 95.0 46,300 46,825 17 07430
05-07-54 400 25 95.0 46,300 46,725 17 07/30
OS- W51 46,700 1,200 97.5 258,400 306,300 79 04/08 - 04/13
05-10-50 151,400 3,600 9.7 7,045,400 7,200,400 110 03/25 ~ 03/26
05-10-351 38,900 1,000 9.5 2,130,200 2,170,100 78 04/15
05-10-52 58,300 5,300 0.6 2,927,700 2,991,300 A8 05/20
05-10-57 102,300 2,600 97.5 567,100 672,000 hil 04/08 - 04/13
STAYTON POND 07-26-62 265,800 11,300 9.9 6,673.,7'00 6,750,800 ss 05/03 - 05/21
WASBOUGAL HATCHERY 63-24-61 170,400 4,400 9.5 3,321,100 3,495,900 90 06/30 - 07/06
WEYCO POND 01-04-06 217,100 7,600 9.6 4,270,700 4,495,400 100 06/18
Total 3,475,500 82,450 85,581,450

82,023,500
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Table 5.--Recoveries Of tagged 1978-brood fal| chinook from Columbia River rearing facllities during sampling Of dowmstream
migrants at various | ocati ons on the Columbia River in 1979 and 1980.

Tagged Recovery Busber Of recoveries

Rearing facility Tag code releases Release dates locations L Recovery dates

observed® stimated 2

ABERMATHY M - Y 03-04-50 63,400 04/17 - 05/18/79 UPPER ESTUARY 60 79 04/18

- 06/12/79
LOMER ESTUARY 9 ° 05/18 - 06/15/79
69
05-04-51 48,900 04/17 - 05/18/79 UPPER ESTUARY 3s & 04718 - 06/22/79
LOVER ESTUARY 3 0 0S/17 - 06/18/79
38
BIG CREEK BATCHERY 07-18-44 224,900 05/21/79 LOVER ESTUARY I3 0 0S/24 - 07/17{79
OCEAN 3 0 06/28 - 07/04/79
&4
BIG WHITE POND 05-04-43 141,400 05/21/79 UPPER ESTUARY 56 82 04/24 - 06/08/79
LOWER ESTUARY 13 0 06/04 - 07/02/79
OCEAN 2 0 06/28/79
n
BOMMEVILLE HATCHERY 07-18-42 287,900 05/01 - 05/29/79 UPPER ESTUARY 499 598 05/04 - 07/13/79
LOVER ESTUARY a8 0 03/18 - 07704179
OCEAN 4 [} 06/28 - 07/04/79
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Tabl e 5.--(Continued)

Rearing facilicy

Tag code

Tagged

releases

Release dates

Recovery

locations

Mumber Of recoveries

Recovery dates

BONNEVILLE HATCHERY

COWLITZ BATCHERY

ELOKOMIN BATCHERY

GRAYS RIVER BATCHERY

07-18-43

63-19-42

63-19-51

63-18-56

63-19-56

63-16-46

63-18-133

15,100

143,600

11,100

21,100

117,800

73,900

7,600

05/21179

06/27 - 10/16/79

06/27 - 10/16/79

06/15-79

06/15/79

06/09 - 06/12/79

06/09 - 06/12/79

UPPER ESTUARY

UPPER ESTUARY
LOVER ESTUARY

UPPER ESTUARY

LOWER ESTUARY

UPPER ESTUARY

LOWER ESTUARY
OCEAN

UPPER ESTUARY
LOWER ESTUARY

UPPER ESTUARY

.

11 14

4 0

1 0
16

278 470

17 0
295

2 2

1 0

3 5

17 0

2 0
22

L} 7
12
16
4

1 0

05/26 - 06/07/79
06/07 - 06/22/179
07/03779

07/02 - 09/19/79
08/03 - 09/19/79%

08/02 - 08/23/79
06/22/79
06/26 - 07/09/79

06/22 - 08/03/79
06/28/79

07/14 - 07/30/79
06/18 - 0%9/17/79

06/27 - ©07/18(79
09/05/79
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Tabl e 5.--(Continued)

Tagged Recovery Mumber Of recoveries
Rearing facility Tag code releases Release dates locatlions b Recovery dates
observed ® stimated 2
GRAYS RIVER BATCHERY 63-19-37 68,100 06/09 - 06/12/79 UPPER ESTUARY 3 5 06/27 - 07/23179
LOWER ESTUARY ] 07/04 - 09/15/79
11
KALAMA FALLS HATCHERY 63-19-57 215,500 06/22 07/13]79 UPPER ESTUARY 2,229 3,005 06/24 - 09/14/79
LOVER ESTUARY ] 0 07/13 - 09/18/79
2,237
KLASKAMIME HATCHERY 07-18-45 244,100 05729179 LOWER ESTUARY 25 0 06/04 - 07/04/79
OCEAN 7 0 06/28/79
32
KLICKITAT BATCHERY 63-19-49 225,400 05/14 - 06/13/79 UPPER ESTUARY 224 278 05/27 - 07/18/79
LOMER ESTUARY 22 0 05/29 - 07/20/79
OCEAN S 0 06/28 - 07/03/79
251
LI TTLE WHITE HATCHERY 05-04-48 177,800 06/22/79 UPPER ESTUARY 254 351 06/27 - 08/16/79
LOWER ESTUARY 12 1] 07/02 - 09/14/179
OCEAN 1 0 08/09/79
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Table 5.--(Continued)

Tagged Recovery Wusber Of recoveries
-Rearing facllity Tag code releases Release dates locations 1 Recovery dates

observed @ stimated 2

LITTLE VHITE BATCHERY 05-04-49 264,800 06122179 UPPER ESTUARY a12 61 06/27 - 08/10/79
LOVER ESTUARY 27 0 07/02 - 09/14/79
OCEAN 2 0 08/09 - 08/23/79
441
PRI ES? RAPIDS BATCHERY 63-18-21 48,100 05/23/79 MCMARY DAM 35 285 06/10 - 08/15/79
JoaM Y DAM 408 528 06/13 - 11/08/79
UPPER ESTUARY 12 21 06/17 - 08/01/79
LOWER ESTUARY 3 0 06/25 - 08/28/79
mm
ass
63-18-57 17,500 06/28/79 MCRARY DAM 36 929 07/10 - 08/17/79
MCHARY DAM 3 N 04/16 - 04/21/80
J08M MY DAM 61 79 07/21 - 11/01/79
100
63-19-58 5,300 06/28/79 MCHARY DAM 20 402 07/12 - 08/17/79
MCHARY DAM 1 2 04/18/80
Jos® MY DAM 14 20 07127 - 11/08/79
.e. e..
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Table 5.--(Continued)

Tagged Recovery Sumber Of recoveries
Rearing faclility Tag code releases Release dates locstioas e Recovery dates

observed 0 stimated 2

PRIEST RAPIDS BATCHERY 63-20-17 82,200 06/28/79 MCHARY DaM 286 7,476 07/10 - 08/17/79
MCHARY DaM 13 26 04/16 - 05/23/80
JOEN )V Y DaAM 274 306 07/02 - 11/08/79
UPPER ESTUARY 6 2 07/27 - 08/17/79
LOVER ESTUARY 3 0 08/13 - 09/11/79
OCEAN 1 0 08/16/79
583
SEA RESOURCES HATCHERY 63-19-18 24,200 05/01 - 05/31/79 -0- -0- 0 -0-
SPEELYAI HATCHERY 63-19-20 $1,700 09/05/79 UPPER ESTUARY 18 123 09/10 - 09/26/79
LOMER ESTUARY 9 ° 09/09 - 09/17/79
27
63-19-50 104,500 07/19/79 UPPER ESTUARY 830 1,148 07/20 - 09/14/79
LOVER ESTUARY 17 0 08/21 - 09/17/79
OCRAN 1 0 09/09/79
S48
SPRING EATCHERY 05-04-33 140, 900 05/18/79 P11 P - %8 113 as/21 - 05/38/79
- - 12 . 05725 - 06/18/79

110
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Table 5.--(Contianed)

Tagged Recovery Sumber of recoveries
Rearing faclilicy Tag code releases Release dates locatioas 1 Recovery dates
observed estimated
SPRING CREEX BATCEERY @35-84-44 135,500 0Af20/79 UPPER ESTUARY 281 338 o4f24 - 06/02/79
LOVER ESTUARY 16 0 05/18 - 06/14/79
OCEAR 1 0 072/03/79
298
05-04-45 55,600 08/13/79 UPPER ESTUARY 33 166 08/17 - 08/22/79
LOVER ESTUARY 4 0 08/19 - 08/21/79
OCEAN 1 0 08/23/719
s
05-04-46 246,000 03/20179 UPPER ESTUARY 229 411 03/25 - 06/09/79
LOWER ESTUARY ? [} 05/18 - 6/14/79
236
STAYTON POND 07-18-41 283,800 05/07 - 05/21/79 UPPER ESTUARY 258 293 0S/13 - 07/14/79
LOWER ESTUARY (1Y 0 05/16 - 06/22/79
OCEAN 1 0 07/03/79
303
TOUTLE HATCHERY 63-18-54 12,000 06/12179 UPPER ESTUARY 70 96 06/29-09/12/79
LOVER ESTUARY 5 [} 07/19 - 09/17]79
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Table 5.--(Continued)

Tagged Recovery Wumber of recoveries

Rearing facility Tag code releases Release dates locations = "ottt Recovery dates

observed estimated 2

TOUTLE BATCHERY 63-19-41 132,100 06/17/79 UPPER ESTUARY 7% 1,081 06/12 - 09/19/79
LOWER ESTUARY 235 [} 07/11 - 09/14/79
OCEAN 3 0 08/09 - 08/15/79
822
WASHOUGAL HATCHERY 63-19-38 97,400 06/14 - 09/02/79 UPPER ESTUARY 2% 361 06/20 - 08/15/79
LOMER ESTUARY 20 [} 07702 - 09/13/79
OCEAN 2 [ 06/28 - 07/04/79
320
63-19-46 154,500 06/14 - 09/02/79 UPPER ESTUARY 589 738 06/19 - 08/29/79
LOWER ESTUARY 23 0 07702 - 09/14/79
612
WEYCO POND 63-19-39 92,400 06/05/79 UPPER ESTUARY 4 [ 07/17 - o8/11/79
LOVMER ESTUARY [} 06/14 - 09/17/79
oCEAN 3 [ ] 06/28/79

14

1. Upper estusry = Jones Beach, Oregomn, 75 river kilaometers wpstreas of the Columbia River mouth
Lower estuary = 14 {0 43 kilometers upstream Of the Columbia River mouth
Ocean = merine areas adjacent {0 the Columbia River mouth

2. Only r les at J Beach were standardized for fishing effext.
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Table 6.--Receveries of tagged 1979-brood fall chinock from Colusbia River rearing facilitles during sampling of dowmstream
sigrants at varieus lecatiocns on the Colusbia River in 1980 snd 1981.

Tagged Recovery Phumber of recoveries
Rearing facility Tag code releases Release dates locations """ttt Recovery dates

ABERMATHY BATCEERY 05-06-44 35,200 04/09 - 05/14/80 UPPER ESTUARY 18 32 04/09 - 05/19/80
LOWER ESTUARY & o 05/20 - 05/22/80
22
05-06-46 112,500 04/09 - 05/14/80 UPPER ESTUARY 42 64 04/09 - 07/08/80
LOWER ESTUARY 2 [} 05/22 - 05/23/80
(1)
BIG CREEK HATCHERY 07-21-60 143,400 05/13/80 LOMER ESTUARY 5 ° 05/20 - 07/18/90
OCEAN 4 [} 06/17 - 07/13/80
9
BOMMEVILLE BATCHERY 07-21-57 121,100 05/20 - 05/28/80 UPPER ESTUARY 56 110 05/27 ~ 07/02/%0
LOWVER ESTUARY 9 0 06/16 - 06/24/80
[ 3
COWLITZ HATCHERY 63-21-37 20,700 03/21 - 04/01/81 UPPER ESTUARY 17 40 03/25 - 04f26/81
63-21-54 244,300 06/03 - 07/11/80 UPPER ESTUARY 66 115 07/03 - 09/17/80
LOWER ESTUARY 36 ] 06/18 - 08/19/80
OCEAN 2 ] 07/21/80
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Table 6.--(Continued)

Rearing facility

Tag Code

Tagged

releases

Release dates

Recovery
1
locations

Wumber 0f recoveries

observed ® stimated 2

Recovery dates

COWLITZ HATCHERY

ELOKOMIN BATCHERY

GRAYS RIVER BATCHERY

KALAMA FALLS BATCHERY

KLASKANINE BATCHERY

KLICKITAT HATCHERY

63-21-59

63-20-05

63-20-43

63-21-05

07-21-61

63-19-47

70,500

98,400

37,500

100,400

66,300

156,100

06/18 - 07/11/80

06/19/80

06/01 - 06/24/80

06/13 - 06/24/80

06/04/80

05/27/80

UPPER ESTUARY
LOWER ESTUARY

UPPER ESTUARY
LOMER ESTUARY

UPPER ESTUARY
UPPER ESTUARY
LOWER ESTUARY
OCEAN

UPPER ESTUARY
LOWER ESTUARY

13 28
11 0

2 0
28

3 5
21 0

1 0
25

3 0
163 243

1 1
17 0

1 0
182

1 [
64 106

8 0

07/09 - 08/27/80
06/24 - 07/17/80
08/13/80

07/07 - 09/12/80
06/23 - 07/16/80
08/31/80

06/22 - 07/14/80

06/16 - 09/08/80
04/13/81
06/19 - 07/29/80
08/13/80

06/17/80

06/02 - 07/30/80
06/16 - 07/11/80
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Table 6.--(Continued)

Tagged Recovery Bumber Of recoveries

Rearing facilicy Tag code releases Release dates locations b Recovery dates

observed 0 stimated 2

LEWIS RIVER HATCHERY 63-21-60 103,700 07/15/80 UPPER ESTUARY 197 301 07/18 - 09/19/80
UPPER ESTUARY 2 5 03/19 - 03/30/81
OCEAN 3 0 07/24 - 08/14/80
202
LITTLE WHITE BATCHERY 05-06-43 162,600 06/10/80 UPPER ESTUARY 94 116 06/14 - 07/16/80
LOMER ESTUARY 41 (] 06/18 - 07/14/80
135
LOWER KALAMA HATCHERY 63-20-06 144,500 06/10/80 UPPER RSTUARY 209 289 06/07 - 09/09/80
LOWVER ESTUARY 12 0 06/18 - 08/25/80
OCEAN 1 0 08/13/80
222
OXBOW HATCHERY 07-21-62 49,400 05/27/80 UPPER ESTUARY 21 39 06/01 - 06/26/80
LOMER ESTUARY [ 0 06/16 - 07/02/80
27
07-21-63 51,900 05/27/80 UPPER ESTUARY 20 39 06/01 - 07/09/80
LOWER ESTUARY 3 0 07/10 - 07/15/80
OCEAN 1 0 06/26 - 06/26/80
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Table 6.--(Continued)

Tagged Recovery Busber 0f Recoveries
Rearing facility Tag Code  releases Release dates locstions 1 cccioiiieieoieoies Recovery dates
observed 0 stimated 2
PRIEST RAPIDS HATCHERY 63-19-48 110,100 05/20 - 06/24/80 JOME )\ Y DaM 3 0 07/15/80
UPPER ESTUARY 11 32 06/12 - 08/01/80
LOVER ESTUARY 10 07/14 ~ 07/29/80
OCEAR 2 (1] 07/20 - 08/23/80
26
SEA RESOURCES HATCHERY 63-20-61 18,400 05/28/80 -0- -0- -0- -0-
SPRING CREEK HATCHERY 05-06-39 125,500 03/10/80 UPPER ESTUARY 123 276 03/14 - 06/10/80
LOVER ESTUARY 4 0 05/16 - 05/23/80
127
05-06-40 75,200 04/10/80 UPPER ESTUARY 108 173 04/14 - 05/17/80
LOMER ESTUARY 2 0 05/20 - 05/21/80
110
05-06-41 60,500 05/09/80 UPPER ESTUARY 53 sl 05/11 - 06/11/80
LOWER ESTUARY 9 0 05/20 - 05/23/80
64
05-06-42 23,100 08/07/80 UPPER ESTUARY 9 27 08/10 - 08/16/80
OCEAN 3 0 08/12 - 08/14/80
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Table 6.--(Continued)

Tagged Recovery Bumber Of Recoveries
'Iearl.n; facilicy Tag code releases Release dates locations L Recovery dates

observed O stimated 2

STAYTON POMD 07-20-535 282,000 0A/28 - 05/21/80 UPPER ESTUARY 57 928 05/06 - 06/30/80
LOVER ESTUARY 27 0 05/09 - 06/27/80
OCEAN 1 0 06/17/80
as
WASHOUGAL BATCHERY 63-21-53 314,600 06/30/80 UPPER ESTUARY 609 1,099 07/02 - 09/15/80
LOVER ESTUARY 27 0 07/09 - 08/19/80
OCEAN 6 0 08/12 - 08/14/80
642
WEYCO POMD H1-02-03 97,800 06/10/80 LOVER ESTUARY 16 0 06/16 - 07/02/80
OCEAN 1 0 06/26/80
17

1. Upper ® stuary = JonesBeach, Oregon, 75 river kilomsters upstream Of the Columbia River mouth
Lower estuary = 14 to43 kilometers upstreamof the Columbia Riwer nouth
Ocean = marine areas adjacent to the Columbia River mouth

2. Only recoveries atJonas Beachwere standardizedfor fishing ®© ffort.
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Table 7.--Recoveriesof tagged 1980-brood fal| chinocok from Columbis River rearing facilities during saspling Of dowmstream
migrants O t various locatioans on the Columbia River in 1961.

Tagged Recovery Vusber of recoveries

Rearing facilicy Tag code releases Release dates leocations 1 Recovery dates

observed O stimated 2

ABERNATHY BATCHERY 05-07-44 19,100 04/15 - 05/26/81 UPPER ESTUARY 1 16 04718 - 05/27i8
05-07-43 63,500 04/15 - 05/26/81 UPPER ESTUARY 4 60 04/17 - 06/10/81
BIG CREEX HATCHERY 07-23-31 50,200 05/07 - 0s/18/81 -0 - -0- -0- -0-
07-23-33 51,100 05/07 - 05/18/81 -0 - -0- -0- -0-
07-23-34 46,000 05/07 - 05/18/81 -0- -0- -0- -0-
BOMMEVILLE BATCHERY 07-21-56 130,000 04/24/81 UPPER ESTUARY 148 138 04/28 - 05/22/81
07-23-29 75,700 05/12/81 UPPER KSTUARY 57 [} 05/16 - 06/03/81
CLATSOP COUNTY POMDS 07-21-58 73,200 05/15/81 -0- -0- -0- -0-
07-21-59 48,900 05/22/81 -0- -0- -0- 4
COMLITZ BATCHERY 63-21-56 153,200 06/27 - 06/28/82 UPPER ESTUARY 497 785 86128 - 18/21/81
63-22-55 121,300 06/12 - 06/28/81 UPPER ESTUARY 198 n3 06/14 - 10/30/81
ELOKOMIN HATCHERY 63-22-34 156,200 06/01/81 4 - -0- 4 - -0-

63-23-17 9400 -0- 4 - - 0- -0- -0-
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Table 7. --(Continned)

Tagged Recovery Susber Of Recowveries
Rearing facility Tag Code releases Release dates locations e CCLARREETEEPEEETE Recovery dates
observed estimsted
GRAYS RIVER BATCEERY 63-22-63 64,100 06/01 - 06/08/81 -0- -0- -0- ~0-
63-23-40 10,200 06/01/81 -0- -0- -0~ -0-
KALAMA FALLS BATCHERY 63-20-36 175,400 05/22 - 05/28/81 UPPER ESTUARY 173 203 05/22 - 07/24/81
KLASKANIME HATCHERY 07-22-27 18,900 05/18/81 UPPER ESTUARY 1 2 05/15/81
07-23-32 82,100 05/18/81 -0~ -0- -0-
KLICKITAT HBATCHERY 63-20-08 130,000 06/05/81 UPPER ESTUARY 30 42 06/10 08/10/81
LITTLE WHITE BATCHERY 05-07-47 183,400 06/04 - 06/05/81 UPPER ESTUARY 117 130 06/08 - 07/05/81
05-08-49 52,400 06/04 - 06/05/81 UPPER ESTUARY 43 46 06/09 - 07/02/81
05-08-30 13,300 06/04 - 06/05/81 UPPER ESTUARY L] 5 06/09 - 06/13/81
LOWER KALAMA BATCHERY 63-22-54 155,300 06/01 - 06/10/81 UPPER ESTUARY 175 209 06/03 - 08/18/81
PRIEST RAPIDS BATCEERY §3-21-55 194,600 06/23 - 06/24]81 UPPER ESTUARY 33 142 07/09 - 09/10/81
63-22-61 42,100 05/18/81 UPPER ESTUARY 13 35 06/18 - 07/21/81
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Table 7.--(Continued)

Tagged Recovery Bumber of Recoveries
Rearing facility Tag Code releases Release dates locations L s Recovery dates
observed © stimeted 2
SEA RESOURCES BATCHERY 63-22-01 43,300 04/16 - 0&/29/8) -0- -0- -0- -0~
SPRING CREEK BATCHERY 05-07-40 104,700 03/25/81 UPPER ESTUARY 63 108 03/30 - 05/21/81
05-07-41 76,700 04/15/81 UPPER ESTUARY b ] 04719 - 03/19/81
05-07-42 63,100 05/05/81 UPPER ESTUARY 105 109 05/09 - 05/30/81
05-07-43 25,700 04/21 - 04/22/8) UPPER ESTUARY 10 13 05/05 - 06/11/81
05-07-46 150,500 04/21 - 04/22/81 UPPER ESTUARY 56 0 05/03 - 06/15/81
05-07-48 28,800 03/25/81 UPPER ESTUARY 12 24 03/30 - 05/20/81
05-07-49 30,900 0a/15/81 UPPER ESTUARY 35 40 04/21 - 05/17/81
05-07-50 13,700 03/25/81 UPPER ESTUARY 9 13 03/30 - 05/04/81
05-07-51 15,400 03/25/81 UPPER ESTUARY 8 12 04/03 - 05/04/81
05-07-52 7,200 08/12/81 4 - -0- -0- -0-
STAYTOMN POMD 07-23-35 245,500 04/27 - 06/15/81 - - 169 195 05/06 - 07/02/81
WASHOUGAL BATCHERY 63-21-409 28,700 07/06 - 09/04/8) UFPER ESTUARY 19 50 07/12 - 10/10/81
63-22-51 278,800 06/30 - 07/06/81 UPPER ESTUARY 417 680 06/30 - 09/03/81
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Table 7.--(Contimned)

Tagged Recovery Sumber Of recoveries
Rearing facilicy Tag code releases Release dates locatioms ~ """ttt Recovery dates
observed estimated
WEYCO POMD H-03-01 169,500 05/15 - 06/12/81 -0~ -0- -0- -0-
m-03-02 64,300 05/15 - 06/12/81 -0- -0- -0- -0-

1. Upper® stuary = Jones Beach, Oregon, 75 river kilometers upstream Of the Columbia River mouth
Lower ® stuary = 14 {0 43 kilometers upstream Of the Columbia River mouth
Ocean = marine areas adjacent to the Columbia River mouth

2. Standardized fOr fishing ceffort at Jones Beach
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Table 8.--Recoveries 0Of tagged 1981-brood fall chinook from Columbis River rearing facilities during sampling of dowanstream
aigrants at various locations on the Columbia River in 1982.

Tagged Recovery Sumber Of recoveries
Rearing facility Tag code releases Release dates locations s Recovery dates
observed® stimated 2
ABERMATHY HATCHERY 05-10-58 90,600 04/20 - o6/01/82 UPPER ESTUARY 93 95 0s/01 - 06/07/82
05-10-59 29,800 04/20 - 06/01/82 UPPER ESTUARY 3% 36 05/02 - 06/25/82
BIG CREEK HATCHERY 07-24-10 131,200 5/17/82 -0- -0- -0- -0-
BONMEVILLE HATCHERY 07-24-07 105,900 04/23/82 UPPER ESTUARY 262 268 04/26 - 05/07/82
07-24-08 96,800 05/21 - 06/04/82 UPPER ESTUARY 182 187 05/28 - 07/13/82
07-26-63 102,400 04/14 - 04/20/82 UPPER ESTUARY 137 142 04/29 - 06/19/82
CLATSOP COUNTY POMDS 07-24-12 79,700 05/28/82 -0- -0- -0- 4
07-24-13 33,900 05/28/82 -0- -o0- -0- 0-
COMLITZ HATCHERY 63-20-32 41,300 06/24 - 07/08/82 UPPER ESTUARY 137 220 07/08 - 09/14/82
€3-24-50 8,300 09/29/82 -o0- -o- -0- -0-
63-24-62 199,200 06/24 - 07/08/82 UPPER ESTUARY 524 708 06/27 08/12/82
63-26-03 47,500 09/29/82 UPPER ESTUARY ] 17 11/03 - 11/19/82
ELOKOMIN HATCHERY 63-22-42 52,200 06/15/82 -0- -0- -0- -0-
63-22-60 50,600 06/15/82 - 0- -0- -0~ -o-
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Table 8.--(Continued)

Tagged Recovery Susber of recoveries
.l“zln‘ faclilicy Tag code releases Release dates locations =~~~ TtTtttotoooos Recovery dates
observed estimated 2
GRAYS RIVER HATCHERY 63-24-58 27,500 06/01/82 -0~ -0- -0- -0-
63-24-59 45,400 06/01/82 -0- -0- -0- -0~
- KALAMA FALLS BATCHERY 63-24-60 177,100 06/10 - 07/02/82 UPPER ESTUARY 185 266 06/14 08/30/82
KLASKANINE HATCHERY 07-24-09 100,300 06/07/82 -0- -0- -0~ -0-
KLICKITAT BATCHERY 63-21-57 204,100 06/04/82 UPPER ESTUARY 214 228 06/03 - 07/17/82
LI TTLE WHITE BATCHERY 05-04-35 101,300 06/02 - 06/03/82 UPPER ESTUARY 121 126 06/06 07/13/82
05-04-36 98,500 06/02 - 06/03/82 UPPER ESTUARY 146 147 06/06 - 06/13/82
LOVER KALAMA HATCHERY 63-24-63 139,400 06/13 - 06/25/82 UPPER ESTUARY 193 231 06/14 08/17/82
OXBOW HATCHERY 07-23-30 52,300 06/04 - 06/25/82 UPPER ESTUARY 45 51 06/11 07/01/82
07-24-11 52,500 06/04/8 - 06/25/82 UPPER ESTUARY 47 53 06/07 07/28/82
PRI EST RAPIDS BATCHERY 63-22-52 262,200 05/24 - 06/16/82 UPPER ESTUARY 93 190 06/23 07/26/82
63-24-36 48,700 05/18/82 UPPER ESTUARY 35 48 06/12 - 07/04/82
SEA RESOURCES HATCHERY 63-24-57 45,000 04/01 - 05/07/82 -0- -0~ -0- -0-
SPRING CREEK HATCHERY 05-07-53 500 07/30/82 -0- ~0- -0- -0-
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Table 8.--(Continued)

Tagged Recovery Busber Of Recoveries
Rearing facility Tag code releases I1.... dates locations b Recovery dates
observed ® stimated 2
SPRING CREEX HATCHERY 05-07-54 400 07/30/82 -0- -0- -0- -0~
035-08-51 . 46,700 04/08 - 04/13/82 UPPER ESTUARY 48 48 04/30 - 06/16/82
05-10-50 151,400 03/25/82 - 03/26/82 UPPER ESTUARY 106 141 03/29 - 06/15/82
05-10-51 38,900 04/15/82 UPPER ESTUARY 83 93 04/21 - 05/24/82
05-10-52 58,300 05/20/82 UPPER ESTUARY 73 76 05/22 - 05/28/82
05-10-57 102,300 04/08 - 04/13/82 UPPER ESTUARY 106 108 04729 - 06/22/82
STAYTON POND 07-26-62 265,800 05/03 - 05/21/82 UPPER BSTUARY 204 214 05/13 - 06/28/82
WASHOUGAL BATCHERY 63-24-61 170,400 06/30 - 07/06/82 UPPER ESTUARY 430 692 06/29 - 09/08/82
WEYCO POMD H1-04-06 217,100 06/18/82 -0- -0- -0- -0-

1. Upper ® stuary= Jones Beach, Oregon, 75 river kilomsters upstream 0f the Columbia River mouth

Lower estuary = 14 {0 43 kilometers upstream Of the Columbia River mouth
Ocean = marine areas adjacent to the Coluabia River mouth

2. Standardized fOr fishing effort at Jones Beach
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Figure 7 .-- Proportion of fall chinook salmon from Columbia River rearing
facilities caught in Pacific coast fisheries by area of catch
and brood year.
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Alaska fisheries proportion range from al ow of 1.2% for the 1978 brood
to a high of 6.68 for the 1980 brood. The proportion8 in British
Columbia range from a | ow of 32.7% for the 1979 brood to a hi gh of 53.1%
fort he 1981 brood. The range for Washington fisheries was 8.3% for the
1981 brood to 37.3s for the 1979 brood. The range Tor the Oregon
fisheries was 2.28 for the 1980 brood to 6.9% for the 1978 brood. In
the Californi a fisheries the proportions rang8 from 0.1ls for the 1980
brood to 0.68 for the 1979 brood. Proportion ranges for the Columbia
River fisheries e 38 18.9% for the 1978 brood to 30.3% for the 1981

brood. There ® ppears t 0 be a trend toward higher contri bution8 to the
more northerly fisheries for the last two br ood years o fall chi nook
salmon tagged, 1980 and 1981. The proportion8 of the contribution by
brood and hatchery ¢ re presented i n Appendix Tables | - 4.

The proportion8 Ofcontribution te the fishery areas by rearing facility
fol |l ow trends similar t 0 the br 00od year averages.However, trends for

i ndi vi dual hatcheries nay be influenced by | OW numbers of recoveries.
The Canadi an recovery proporti on decreased from the 1978 broodt o the
1979 brood and then increased again for the 1980 and 1981 broods.
Klickitat and Priest Rapids hatchery do not fol | ow this general ® rend in
t hat the Canadi an proportion Of the recoveries increased for the 1980
brood and then decreased for the 1981 brood. The Canadian proportion of
the recoveries increase steadily from the 1978 t hrough the 1981 brood8 ,
for tagged fish frimn Washougal and Sea Resources hatchery. The | ow
nunber Of recoveries (25) for the 1978-brood fish from Sea Resources
Hatchery again may have influenced this difference in trend. Except for
the 1979-brood fall chi nook salmon from Sea Resources Hatchery and 1980-
brood £ish from Abernathy Hatchery, only Washington Department of
Fisheries hatcheries contribute to the Alaska fisheries. The Alaskan
fishery recovery proporti on was greatest for Priest Rapids Hatchery,
ranging from18s to 4ls forthe four brood years.

For all rearing facilities and brood years combined, the 3-year-old fall
chi nook salmon contributed most heavily t O the sport anicommercial
fisheries (64%), followed by the 4-year-old fish (24%), the 2-year-olds
(88), and the S-year-olds (38). L0838 than 0.1s of the £ish were
recovered i N the fisheries as 6-year-olds. The rang88 over the four
brood yearsare: 6.1 t0 11.9% for the 2-year-olds, 54.7 to 69.7% for the
3-year-olds, 17.9 to 32.1s for the 4-year-olds, 1.1 t0 5.5¢ for theS-
year-olds, and 0.1 to 0.2 for the 6-year-olds (Figure 8). There ® ppear
to be differences among groups f facilities when grouped by operating
agency (Figure 9). For USFWS and ODFW facilities, the 3-year-old fall
chinook salmon contributed more heavily t han the ® verage,78 and 77%
respectively. At USFWS facilities, the 3-year-old contribution is
followed hythe 2-year 0l d8 (12%), the 4-year-olds (108), and S-year-

ol d8 (0.2%). At ODFW facilities, the 3-year-old contribution is
followed by 4-year-olds (15%), 2-year-olds (8%), and S-year-olds (0.6%).
At WDF facilities, the contribution by ® ge is quit8 differentfrom the
other two agencies. The 4-year-old fish contribute the most heavily
(52%), foll owed by the 3-year-olds (35%), S-year-olds (9%), 2-year-olds
(48), and 6-year-olds (0.2%). |[ndividual facilities generally follow
the same ® pparent trend as the agency gr oup8 (Appendix Tables 5-8).

The age distributions Of the fishery recoveries® ppear to varyw th the
brood. For all facilitiescombined, there is a predominance of 3-year-

45
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Figure &--Proportion of fall chinook salmon from Columbia River rearing
facilities caught in Pacific coast fisheries by age of catch
and brood year, 1978 - 1981.
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Figure 9.--Proportion of fall chinook salmon from Columbia River rearing
facilities caught in Pacific coast fishereies by age of catch for
all brood years and facilities combined and by operating agency.
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old £4sh in the recoveries of the 1978 and 1979 broods (nearly 708 of
the catch). The 4-year-old catch is about 208 for the same two broods.
For the 1980 and 1981 broods, the 3-year-old recoveries decreased to 55
and 61s respectively, while the 4-year-old recoveries increased to 32
and 288 respectively (Figure 8). Thistrendis H[1¢ @ pparent when
exanining ® ge proportions fori ndi vi dual facilities. For some
facilities the 1980 or 1981 brood fishery recoveries have the greatest
proportions of &4- and 5-year-olds. For other facilities this is not

true,
FisheryContri bution

The estimated recoveries Of tagged fall chinook salmon for each brood
year are presented in Tables 9 t hrough 12 by rearing facility ©ma e rea’
O recovery. The contribution of each facility to the Pacific coast
sport and commercial fisheries is estimated from the { ot al estimated
fishery recoveries 0 tagged fish from each rearing facility using the
method described in the METHODS AND MATERIALS section ( Tabl188 13 - 16).
It isestimated thatl,020,800 fall chi nook salmon from the Col unbi a
rearing facilities were caught i n the marine and freshwater sport and
commercial fisheries duri ng this study. This is an average O 2.9 fish
caught for every 1000 fish released over the four brood years.

The £ishery contri buti on per 1000 fish released ranged froma | ow of 1.9
for the 1980 brood to & high of 4.7 for thel1979 brood (Figure 10). The
contribution8 @ ppear t 0 be slightly differentanong broods and quit 8
different among facilities within a brood (Figures 11 t hr ough 14 and
Appendix Tables 13 t hrough 16). Spring Creek Hatchery had the greatest
£ishery contribution for the 1978 and 1979 brood8 (8.6 and 12.7 fish
per 1000 f£ish released). For the 1980 and 1981 broods, Abernat hy and
Sea Resources hatcheries had the greatest contri buti on per 1000 fish
released (7.8 and 6.0 respectively). Thecontribution for Spring Creek
Hatcherydropped to 1.9 and 3.1 per 1000 fish released for the 1980 and
1981 br 0o0od8 respectively (Figures 13 and 14). The contri buti on for
Priest Rapi d8 Hatchery increased steadily over the four broods, goi ng
from a | ow of 2.3 per 1000 fish released for the 1978 brood to a high of
4.7 for the 1981 brood. The £ishery contri buti on8 for Cowlitz,
Elokomin, and Lower Kalama hatcheries were greatest for thel980 and
1981 broods.

Spring Creek Hatchery contributed a | arge proportion (55 and 52%) of the
total £ishery contri buti on frmfall chi nook salmon facilities on the
Col unbi a River for the 1978 and 1979 brood8 respectively (Figures 15 and
16). Releases from Spring Creek Hatchery were2l and 19s% cfthe t ot al
releases for the two br 00d years respectively. The next greatest
proportion8 were 12% from Bonneville Hatchery (1978 brood) and 148 from
Big Creek Hatchery (1979 brood). For the 1978 brood, 7.5% of the fall
chinook salmon releases from Columbia River facilities came from
Bonneville Hatchery. For thel979 brood, 8% of therel ease8 cane from
Bi g Creek Hatchery. The Spring Creek tagged fish make up 18.5and 16%
of the t0t81 fish released for t he 1980 and 1981 broods respectively
(Tables 3 and 4). The fisherycontri buti on proportions of t hese same
fish are1l9 and 25% firthe same broods respectively (Figures 17 and
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Table 9.--Estimated recoveries Of tagged 1978-brood fal | chinook from Columbia River rearing facilities t 0 Paciflc
coast fisheries by facility.

Bumbers Of Recoverles

| 7YY ST VO 773U T
Alaska Canada Washington Oregon Californis PForeign Indian Non-Indian All fish.

ABERNATHY BATCHERY 0 276 140 45 5 0 0 [ 532
BIG CREEXK HATCHERY 0 364 182 27 0 0 0 86 659
BIG WHITE POMND 0 79 133 21 0 0 29 12 274
BONMEVILLE BATCHERY 0 393 292 57 4 0 15 93 854
COWLITZ HATCHERY 11 105 115 46 0 0 0 32 309
ELOKOMIN HATCHERY 0 10 3 0 0 0 0 ] 1?7
GRAYS RIVER HATCHERY 9 8 17 13 0 0 0 24 71
KALAMA PALLS HATCHERY 4 47 14 3 0 0 0 23 91
KLASKAMIME BATCHERY 0 140 3 34 0 0 0 105 32
KLICKITAT HATCHERY 2 106 77 ? 0 0 3 20 243
LI TTLE WBITE HATCHERY 0 23 22 5 0 0 16 0 66
PRI EST RAPIDS HATCHERY 73 82 5 3 ) 0 16 o 191

SEA RESCURCES BATCHERY 0 5 3 12 0 0 0 5 25
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Table 9.--(Continued)

Bumbers Of Recoveries

Mazine Columbia River Tot al
L ZYYSV.TO 7V 30 1 3 e

Alaska Canada Washington Oregon California PForeign Indian Noa-Indian All fish.

SPEELYAI BATCHERY 25 110 102 20 0 0 0 68 325
SPRING CREEK HATCHERY 0 1621 1868 340 0 2 914 299 5044
STAYTON POND 0 974 631 121 7 2 0 149 1884
TOUTLE HATCHERY 5 74 12 15 0 0 0 29 135
WASHOUGAL BATCHERY 8 111 55 18 0 0 0 85 277
WEYCO POMND 2 37 10 0 0 0 0 16 63

Tot al 139 4565 3714 187 20 L} 1021 1124 11,374
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Table 10.--Estimated recoveries Of tagged 1979-brood fall chinoock from Columbia River rearing facilities t0 Pacific
coast fisheries by facility.

Bumbers Of Recoveries

Rearing £8CLlIty 0 mommemem oo m oo oss-ss-ss-s--------o---
Alaska Canada Washington Oregon California Foreign Indian Non-Indian All fish.

ABERMATHY RATCHERY 0 201 348 66 L] 5 0 a5 13
BIG HATCHERY 0 595 s 59 ] [} 0 160 1210
BOMMEVILLE BATCHERY 0 75 38 0 0 0 2 24 139
COWLITZ HATCHERY 28 161 7 28 0 0 0 73 607
ELOKOMIN BATCHERY 0 23 15 12 0 2 0 12 64
GRAYS RIVER HATCHERY 7 37 12 2 0 0 0 7 65
KALAMA PALLS BATCHERY 12 106 65 9 0 0 0 18 210
KLASKANINE HATCHERY 0 34 20 3 0 0 0 36 93
KLICKITAT HATCBERY 10 87 83 14 17 0 19 19 249
LEWIS RIVER HATCHERY 21 168 108 37 0 0 0 121 455
LI TTLE WBITE BATCHERY 0 18 20 0 0 0 2 6 46
LOWER KALAMA HATCHERY 8 86 32 [ ] 0 0 0 51 185

OXBOW HATCHERY 0 78 48 1 0 0 0 22 159
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Table 10.--(Continued)

Busbers Of Recoveries

Marine Columbia River Tot al
Rearing £acllity 000 "ottt T TS mssssssmoomomsmomoes

Al aska Canada Washington Oregon Califormia Poreign Indian Non-Indian All fish

PRIEST RAPIDS BATCHERY 181 149 20 9 0 0 42 » 438
SEA RESOURCES BATCHERY 12 22 7 0 0 0 0 11 52
SPRING CREEK HATCHERY 0 785 1431 179 23 2 723 503 3646
STAYTON POND 0 641 903 116 3 4 0 221 1890
UASHOUGAL BATCHERY 63 339 244 17 10 0 18 107 7%
WEYCO POND 1 20 45 2 0 0 0 26 9%

Total 343 3625 4142 572 69 17 806 1539 11,113
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Table 11.--Estimeted recoveries Of tagged 1980-brood fal | chinook from Columbia River resring facilities {0 Pacifie
coast fisheries by facility.

Wumbers of Recoveries

Rearing facllity = 0 -o- oottt oooosooosossoss-so---o--o---
Alaska Canada Washington Oregon California PForeign Indiaa Non-Indian All fish.

ABERNATHY HATCRERY 2 308 265 I'b 0 0 4 48 641
BIC CREEX BATCHERY 0 178 [ 3 9 0 0 0 36 304
BOMMEVILLE BATCRERY 0 233 102 I'b 0 0 9 30 iss
CLATSOP COUNTY POMDS 0 191 [ ) 3 0 0 0 9 349
COMLITZ BATCRERY 40 3se 122 » 4 0 0 140 741
ELOKOMIN HATCHERY 12 111 22 11 0 0 0 54 210
GRAYS RIVER RATCHERY 1 86 11 2 0 0 0 30 140
KALAMA FALLS BATCHERY 26 114 30 b S 0 0 0 25 196
KLASKANINE HATCHERY 0 31 8 0 0 0 0 29 [ ]
KLICKITAT HATCHERY 2 28 1 1 0 0 1 0 43
LITTILE WHITE BATCHERY 8 24 17 [ 0 0 10 5 56
LOVER KALAMA HATCHERY 76 330 53 10 0 0 0 158 627

PRIEST RAPIDS BATCHERY 2% 491 13 9 0 2 154 56 1021
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Table 11.--(Continmed)

Thumbers 0f Recoveries

Macine Columbis River Total
Rearing facilicy

Alaska Canada Vashington Oregen Califorais Poreiga Indisa UNon-Iadiam All fish.

S E A - - 0 22 15 8 0 0 0 19 56
SPRING CREEX BATCHERY 0 as58 521 44 0 4 411 112 1950
STAYTON POND ] 346 280 13 3 2 0 &4 (2 )
WASHBOUGAL HATCHERY 63 209 56 6 3 0 5 104 46
WEYCO POND 2 17 20 0 0 0 0 2 41

Tot al 528 3975 1703 . 176 10 8 604 961 7965
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Table 12.--Estimated recoveries Of tagged 1981-brood fal| chinook from Columbia River rearing facilities t 0 Pacific
coast fisheries by facility.

Bumbers Of Recoveries

Marine Columbia River Total
Rearing facility = = = ----c-cccccc—occcoaoaoo ———-

Alaska Canada Washington Oregon Cslifornia Poreign Indian HNon-Indilan All fish.

ABERNATHY HATCHERY 0 115 27 1 0 0 0 42 185
BIG CREEX BATCHERY 0 349 41 15 .5 7 0 80 497
BONNEVILLE RATCHERY 0 415 109 36 8 0 201 61 830
CLATSOP COUNTY POMDS 0 54 0 3 0 0 0 26 o
COWLITZ BATCHERY 13 197 31 23 0 0 0 82 346
ELOKOMIR HATCHERY 0 25 0 1 0 0 0 0 26
GRAYS RIVER HATCHERY 0 9 5 0 0 0 0 6 20
KALAMA FALLS BATCHERY 18 159 6 2 0 0 0 22 207
KLASKANIME BATCHERY 0 33 3 5 0 0 0 L] A4S
KLICKITAT BATCHERY 0 “a 2 1 0 0 27 12 102
LITYLE WITE RATCHERY 0 24 2 0 0 0 3 5 34
LOWER KALAMA HATCHERY 24 144 14 2 0 r 0 51 233

OXBOW HATCHERY 0 28 0 0 0 0 [ ] 7 35
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Table 12.--(Contimued)

Bumbers of Recoveries

Marise Columbis River Total
Rearing facilicy

Alaska Canada Washingtom Oregea Califormia Poreigan Indisan Boan-Indisa All fish.

PRI EST RAPIDS BATCEERY 260 506 13 3 L) ] 433 199 1448
SEA RESOURCES HATCHERY [} [ b2 13 13 [} [} 0 101 269
SPRING CREEK HATCHERY [} 658 193 80 13 4 457 142 1547
STAYTON POND [} 735 99 30 0 2 0 63 29
WASHOUGAL BATCHERY 18 110 13 3 0 [} ) 85 237
WEYCO POND 11 43 3 1 0 0 0 18 76

Tot al 344 3787 593 219 30 21 118 1006 7151




Tabl e 13.-- Tagged catch and contribution of 1978-brood fall chinook
salmon to all Pacific coast fisheries by rearing facility.

Rearing facility Tagged Tot al Contribution
catch contribution per 1000 rel eases
ABERNATHY HATCHERY 532 7,635 4.74
Bl G CREEK HATCHERY 659 15,378 2.93
Bl G WVHI TE POND 274 5,872 1.9
BONNEVILLE HATCHERY 854 37,386 2.79
CONLI TZ HATCHERY 309 8,033 1.73
ELOKOMIN HATCHERY 17 273 0.09
CGRAYS RI VER HATCHERY 71 452 0.33
KALAMA FALLS HATCHERY 91 1,782 0.43
KLASKANINE HATCHERY 312 7,019 1.28
KLICKITAT HATCHERY 243 3,880 1.08
LI TTLE WH TE HATCHERY 66 1,745 0.15
PRI EST RAPI DS HATCHERY 191 2,79 2.33
SEA RESOURCES HATCHERY 25 1,014 1.03
SPEELYAI HATCHERY 325 464 1.95
SPRI NG CREEK HATCHERY 5,044 167,237 8.55
STAYTON POND 1,884 31,179 6.65
TOUTLE HATCHERY 135 2,675 0.97
WASHOUGAL HATCHERY 277 6,801 1.34
WEYCO POND 65 258 0.70
Al facilities 11,374 301,878 3.29
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Table 14.-- Tagged catch and contribution of 1979-brood fall chinook
salmon to all Pacific coast fisheries by rearing facility.

Tagged Tot al Contribution
Rearing facility catch contribution per 1000 rel eases
ABERNATHY HATCHERY 713 9,575 4.84
Bl G CREEK HATCHERY 1,210 54,289 8.44
BONNEVI LLE HATCHERY 139 5,826 1.15
COWLITZ HATCHERY 607 15,470 1.90
ELOKOMIN HATCHERY 64 1,569 0.65
GRAYS RI VER HATCHERY 65 1,399 1.73
KALAMA FALLS HATCHERY 210 5,031 2.09
KLASKANINE HATCHERY 93 3,139 1.40
KLICKITAT HATCHERY 249 5,010 1.60
LEW S RIVER HATCHERY 455 1,877 4.40
LITTLE VWH TE HATCHERY 46 2,485 0.28
LOWER KALAMA HATCHERY 185 4,205 1.28
OXBOW HATCHERY 159 3,750 1.57
PRI EST RAPI DS HATCHERY 438 9,485 3.98
SEA RESOURCES HATCHERY 52 2,160 2.83
SPRI NG CREEK HATCHERY 3,646 197,680 12.71
STAYTON POND 1,890 42,561 6.70
WASHOUGAL HATCHERY 798 15,487 2.54
WEYCO POND 94 1,876 0.96
All facilities 11,113 382,873 4.71
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Tabl e 15.-- Tagged catch and contribution of 1980-brood fall chinook
salmon to all Pacific coast fisheries by rearing facility.

Tagged Tot al Contribution
Rearing facility catch contribution per 1000 rel eases
ABERNATHY HATCHERY 641 9,359 7.79
Bl G CREEK HATCHERY 304 11,547 2.06
BONNEVI LLE HATCHERY 388 15,753 1.89
CLATSOP COUNTY PONDS 349 9,462 3.00
COMNLI TZ HATCHERY 741 16,392 2.65
ELOKOMIN HATCHERY 210 2,807 0.96
GRAYS RI VER HATCHERY 140 2,125 1.74
KALAMA FALLS HATCHERY 196 4,039 1.12
KLASKANINE HATCHERY 68 2,655 0.67
KLICKITAT HATCHERY 43 820 0.33
LI TTLE WH TE HATCHERY 56 2,072 0.22
LOWER KALAMA HATCHERY 627 12,120 4.04
PRI EST RAPI DS HATCHERY 1,021 20,688 4.52
SEA RESOURCES HATCHERY 56 1,075 1.29
SPRI NG CREEK HATCHERY 1,950 31,556 1.90
STAYTON POND 688 16,553 2.80
WASHOUGAL HATCHERY 446 8,666 1.44
WEYCO POND 41 816 0.17
Al facilities 7,965 168,509 1.88
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Tabl e 16.-- Tagged catch and contribution of 1981-brood fall chinook
salmon to all Pacific coast fisheries by rearing facility.

Tagged Tot al Contribution
Rearing facility catch contribution per 1000 rel eases
ABERNATHY HATCHERY 185 2,240 1.54
Bl G CREEK HATCHERY 497 17,184 3.79
BONNEVILLE HATCHERY 830 17,818 2.87
CLATSOP COUNTY PONDS 83 2,002 0.73
COALI TZ HATCHERY 346 9,875 1.24
ELOKOMIN HATCHERY 26 657 0.25
GRAYS RIVER HATCHERY 20 227 0.27
KALAMA FALLS HATCHERY 207 4,157 1.17
KLASKANINE HATCHERY 45 910 0.45
" KLICKITAT HATCHERY 102 1,841 0.50
LI TTLE WH TE HATCHERY 34 1,359 0.17
LOWER KALAMA HATCHERY 235 5,348 1.69
OXBOW HATCHERY 35 1,431 0.33
PRI EST RAPI DS HATCHERY 1,448 25,739 4.69
SEA RESOURCES HATCHERY 269 4,965 5.98
SPRI NG CREEK HATCHERY 1,547 41,741 3.11
STAYTON POND 929 23,612 3.50
WASHOUGAL HATCHERY 237 4,874 1.39
WEYCO POND 76 1,574 0.35
Al facilities 7,151 167,552 1.96
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Figure 11.
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--Fishery contribution of the 1978-brood fall chinook salmon
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Rearing Faciilties

Figure 12.--Fishery contribution of the 1979-brood fall chinook salmon
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Rearing Facilities

Figure
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13.--Fishery contribution of the 1980-brood fall
from Columbia River rearing facilities by facility.
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Rearing Facilities

Figure

14.--Fishery contribution of the 1981 -brood fall chinook salmon

from Columbia River rearing facilities by facility.
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Rearing Facilities

Figure 15.--Proportion of the fishery contribution of 1978-brood fall chinook
salmon from Columbia River rearing facilities attributable to

each facility.
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Figure 16.--Proportion of the fishery contribution of 1979-brood fall chinook
salmon from Columbia River rearing facilities attributable to
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Figure 17.--Proportion of the fishery contribution of 1980-brood fall chinook

. salmon from Columbia River rearing facilities attributable to
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Figure 18.--Proportion of the fishery contribution of 1981 -brood fall chinook
salmon from Columbia River rearing facilities attributable to
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18). Thus the proportions of the f£ishery contributions of tagged fish
from Spring Creek Hatchery dropped fromover508 to just over 20% over
the four brood years, while the proportion offish in the releases
ranged from 16 t 0 21s.

The proportion of the fishery contribution offall chinook sal non from
Priest Rapi ds Hatchery increased over the four brood years. The
contribution proportion attributable t 0 Priest Rapids Hatchery was 1%
for the 1978 brood (Figure 15) and increased to &4, 12, and 158 forthe
1979 t hr ough 1981 br oods respectively (Figures 16 - 18). The proportion
of the total fish released from Priest Rapi ds increased from 1% (Table
1) to 4, 5, and 5.5% (Tables 2 - &) for the 1978 t hr ough 1981 br oods
respectively.

Al WDF rearing facilities combined show a trend sinilar to that for
Priest Rapi ds Hatchery. The 1978 brood tagged fish from WDF facilities
represented 42% Of the total releases (Table 1). The proportion of total
releases from WDF facilities {ncreased to 548 for the 1979 brood (Table
2) and then dropped slightly to52 and S0 for the 1980 and 1981 broods
respectively (Tables 3 and 4). The proportion of the fishery
contribution of tagged fish from WDF facilities was only 158 for the
1978 brood (Table 9) and increased t029, 44, and 41 percent for the
1979 t hr ough 1981 br oods respectively (Tables 10 - 12).

Rearing Facility and Adjacent Stream Returns

The age di stribution of the taggedfall chinook salmon at return to the
rearing facilities and adjacent streams appeared t0 be somewhat
different t han the age distribution ofthe fishery contribution. For
all brood years combined, the proportions offi sh returning by age are:
7% 2-year olds, 468 3-year olds, 418 4-year olds, and 6% S-year olds.
Only ten tagged 6-year-old fall chi nook salmon were recovered i n return
sampling. The range of return proportions by brood and age are
presented in Figure 19. For the 1978 and 1979 broods, the 3-year-old
returns comprised 508 of the return. For the 1980 brood, the 3-year-old
and 4-year-old fisheach comprised about 40s% of the returns. For the
1981 brood, the 4-year-old fish conprised 508 ofthe return,

When the age of returns are grouped by agency, the results al SO appear
to differ from those soon i n the fisheries. At USFWS and ODFW
facilities the proportion of3-year-olds in the return i s smaller than
the proportion in the fisheries. AtWDFfacilities the proportion of 4&-
year-old returnss|ightly @ xceeds the proportion i n the fisheries. The
proportion of33-year-old returns to USFWS facilities was 65%, followed
by 4-year olds (19%), 2-year olds (16%), and 6-yearolds (0.58) (Figure
20). AtODFW facilities, the proportion of 3-year-old returns was 57%,
followed by 4-year-olds (39%), 2-year-olds (3%), and 6-year-olds (1%).
At WDF facilities, the 4-year-old fish conpri sed 58% of the return,
followed by the 3-year-olds (26%), 5-year-olds (12%), and 2-year-olds
(4%). In general, allWDFfacilities followed this age at return
pattern for all broodyears. The only exceptions, where total returns
for a brood were 20 or greater, were Sea Resources Hatchery and Weyco
Pond for the 1979 brood and Sea Resources Hatchery for the 1981 brood

70




1L

Figure 19.--Proportion of fall chinook salmon from Columbia River rearing

facilities escaping the fisheries by age of return and brood
year, 1978 - 1981.
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Figure 20.--Proportion of fall chinook salmon from Columbia River rearing
facilities escaping the fisheries by age of retum for all brood
year-s and facilities combined and by operating agency.
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The only i-year-old fish returning were from groups tagged at WDF
facilities.

A conparison of the age proportions in the fisheries and at return by
rearing facility does not yield a consistent pattern (Appendix Tables 40

- 43). In many cases, there is a greater proportion of older fish (4-,
5-, and 6-year-olds) in the rearing facility and adjacent stream
returns. In a few cases, there is a greater proportion of 2- and 3-

year-old fish in the return. There are very few cases where the fishery
recovery proportion and return proportion are relatively close for al
age groups.

The extent of straying of returning tagged fish is clearly evident from
examination of Appendix Tables 17 through 35. Tagged fall chinook

sal mon generally strayed to facilities and streans near the rel ease
facility. Straying appears to have occurred about equally in all four
brood years. Straying appears to be greatest for those facilities on
streans enptying into or near the Colunbia River estuary. Over 35% of
the fish tagged at Big Creek, Gays River, and Elokomin hatcheries
returned to areas other than the release facilities. For Weyco Pond,
Klaskanine Hat chery, and Clatsop County ponds, the straying rate was 75,
85, and 100s respectively. There is one notable exception to this

trend. None of the tagged rel eases from Sea Resources Hatchery were
recovered at sites other than Sea Resources. The straying rates were
generally less than 20% and in several cases |ess than 10s for
facilities upstream of the Colunbia River estuary. The one exception to
this was Lewis River and Speelyai hatcheries. Straying of fish tagged
and rel eased fromthese facilities to sites outside the Lewis River was
36 for the tw facilities conbined.

Straying was generally clustered anong facilities and streams in the
general area of release; estuary influence area (facilities: Abernathy,
Bi g Creek, Clatsop County, Elokomin, Grays River, and Klaskanine),
Longview t0 Portland area (facilities: Cowitz, Kalama Falls, Lew s
River, Lower Kalama, and Toutle), Bonneville Damarea (facilities: Big
Wite, Bonneville, Little White, Spring Creek, and Washougal), and Mid-
Col umbia area (Priest Rapids Hatchery). Two exceptions to this trend
are tagged rel eases from Abernathy and Washougal hatcheries. Abernathy
Hat chery rel eases fish into Abernathy Creek bel ow Longview, WA but above
the estuary influence. The greatest nunber of strays from Abernathy
were to the Kalama River systemin the Longview to Portland area, but
Abernathy strays also returned to estuary and Bonneville Dam area
facilities. Washougal Hatchery releases fish into the Washougal R ver
whi ch enters the Colunbia River 25 niles below Bonneville Dam The
greatest nunmber of strays from Washougal Hatchery also returned to the
Kalama River system A nunber of tagged fish fromPriest Rapids were
recovered at Bonneville Dam but these fish were intercepted during
their upstreammnmigration by a trapping operation in the north-shore fish
[ adder.

Two returns of tagged fall chinook fromthis study occurred outside the
Colunbia River system A 1979 brood fish from Kalama Falls Hatchery
returned to the Deschutes Hatchery on the Deschutes River near O ynpia,
Washington in 1983 (Appendix Table 23). The Deschutes River enpties
into the southern end of Puget Sound. A tagged 1980-brood fish from
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Priest Rapids Hatchery returned to Nemah Hatchery on the Nemah River in
1985 (Appendi x Table 29). The Nemah River enpties into the southern end
of Willapa Bay on the Washington coast north of the Colunbia River

mout h.

In general, the greater the fishery contribution of tagged fall chinook
salmon from a rearing facility, the greater escapenment of that group of
fish. The fishery contribution to escapenent ratio for all broods and
all facilities conbined is nearly 5to 1; five fish contributed to the
fisheries for each fish escaping to a rearing facility or adjacent
stream (Table 17). There is a considerable difference anobng rearing
facilities; with the contribution to escaperment ranging from2.3to 1
for Kalama Falls Hatchery to 19.2 to 1 for Klaskanine Hatchery when al
broods are conmbined. The ranges of contribution to escapenent by brood
are relatively consistent: 5.3,5.3, 4.3, and 4.3 to 1 for the 1978
through 1981 broods respectively (Tables 17 - 21). The ranges anong
rearing facilities, exam ning brood years separately are 2.0 to 1 for
Cowl itz and Kalama Falls hatcheries, 1980 brood (Table 20) and 1981
brood (Table 21) respectively; to fishery contributions but no returns
to Klickitat and Sea Resources hatcheries (1978 brood, Table 18).

Total Survival

Total gurvival in this report is defined as the sumof fishery
contribution and returns to rearing facilities and adjacent streans.

The average total survival for all brood years and rearing facilities
conbined is 0.33% (Table 17). The lowest survival was for the 1981
brood (0.25%) (Table 21) and the greatest for the 1979 brood (0.46%)
(Table 19). It is interesting to note that the | owest fishery
contribution was for the 1980 brood. Thus the 1980 brood had a | ower
fishery contribution but appears to have a slightly higher survival than
the 1981 brood. The range anobng rearing facilities, all brood years
conbi ned was 0.02s% (Little Wiite Hatchery) to 0.78% (Spring Creek

Hat chery) (Table 17). The range in survivals across brood years and
rearing facilities was a |ow of 0.0ls (Elokomin Hatchery, 1978 brood)
(Table 18) to a high of 1.47% (Spring Creek Hatchery, 1979 brood) (Table
19). In general, the greater the fishery contribution for a facility
the greater the total survival

Benefi t/ Cost

The total costs of rearing the 1978 through 1981 broods of fall chinook
salnmon is estinated at $6,334,000. The total benefits derived from

the fishery recovers of these fish are estimated at $36,242,200 (Tabl es
22-25). This is an average benefit to cost ratio of 5.7 to 1. costs

i ncreased over the four brood years from$ 1.4 nillion for the 1978
brood ,(Table 22) to $ 1.7 nillion for the the 1981 brood (Table 25).
Benefits ranged from a high of $ 14.9 million for the 1979 brood (Table
23) to alowof $4.4 miIlion for the 1981 brood (Table 25). Benefit to
cost ratios ranged froma high of 9.8 to 1 for the 1979 brood to a | ow
of 2.5to 1 for the 1981 brood.
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Table 17.-- Catch, escapenent, and survival data for all broods of tagged
fall chinook sal non combi ned (1978-1981) by rearing facility.

Cat ch/ Per cent
Rearing facility Cat ch Escapenent escapenent survival
ABERNATHY HATCHERY 2,071 487 4.3/1 0.55
Bl G CREEK HATCHERY 2,670 767 3.5/1 0.53
Bl G WH TE POND 274 58 4.7/1 0.23
BONNEVI LLE HATCHERY 2,211 634 3.5/1 0.30
CLATSOP COUNTY PONDS 432 26 16.6/1 0.19
COMNLI TZ HATCHERY 2,003 822 2.4/1 0.27
ELOKOMIN HATCHERY 317 59 5.4/1 0.07
GRAYS RIVER HATCHERY 296 65 4.6/1 0.11
KALAMA FALLS HATCHERY 704 311 2.3/1 0.15
KLASKANINE HATCHERY 518 27 19.2/1 0.11
KLICKITAT HATCHERY 637 15 42.5/1 0.09
LEW S RIVER-SPEELYAI HATCHERI ES 780 89 8.8/1 0.33
LI TTLE WH TE HATCHERY 202 38 5.3/1 0.02
LOVER KALAMA HATCHERY 1,047 317 3.3/1 0.31
OXBOW HATCHERY 194 31 6.3/1 0.11
PRI EST RAPI DS HATCHERY 3,098 812 3.8/1 0.46
SEARESOURCES HATCHERY 402 71 5.7/1 0.36
SPRI NG CREEK HATCHERY 12,187 1,603 7.6/1 0.78
STAYTON POND 5,391 805 6.7/1 0.58
TOUTLE HATCHERY 135 41 3.3/1 0.12
WASHOUGAL HATCHERY 1,758 597 2.9/1 0.23
WEYCO PonD 276 67 4.1/1 0.05
Tot al 37,603 7,742 4.9/1 0.33
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Tabl e 18.-- Catch, escapenment, and survival data for tagged 1978-brood
fall chinook salnon from Columbia River rearing facilities

Cat ch/ Per cent
Rearing facility Catch Escapement escapenent survival
ABERNATHY HATCHERY 532 92 5.8/1 0.56
Bl G CREEK HATCHERY 659 186 3.5/1 0.38
BIG WH TE POND 274 58 4.7/1 0.23
BONNEVI LLE HATCHERY 854 311 2.7/1 0.38
COALI TZ HATCHERY 309 120 2.6/1 0.28
ELOKOMIN HATCHERY 17 2 8.5/1 0.01
GRAYS RI VER HATCHERY 71 20 3.6/1 0.06
KALAMA FALLS HATCHERY 91 35 2.6/1 0.06
KLASKANINE HATCHERY 312 15 20.8/1 0.13
KLICKITAT HATCHERY 243 0 0 0.11.
LITTLE WH TE HATCHERY 66 20 3.3/1 0.02
PRI EST RAPI DS HATCHERY 191 67 2.9/1 0.17
SEA RESOURCES HATCHERY 25 0 0 0.10
SPEELYAI HATCHERY 325 48 6.8/1 0.24
SPRING CREEK HATCHERY 5,044 795 6.3/1 1.01
STAYTON POND 1,884 243 7.8/1 0.75
TOUTLE HATCHERY 135 41 3.3/1 0.12
WASHOUGAL HATCHERY 277 63 4.4/1 0.13
WEYCO POND 65 9 7.2/1 0.08
Tot al 11,374 2,125 5.3/1 0.33
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Table 19.-- Catch, escapement, and survival data for tagged 1979-brood
fall chinook salmn from Colunbia River rearing facilities.

Cat ch/ Per cent
Rearing facility Cat ch Escapenent escapenent survival
ABERNATHY HATCHERY 713 146 4.9/1 0.58
Bl G CREEK HATCHERY 1,210 279 4.3/1 1.04
BONNEVI LLE HATCHERY 139 32 4.3/1 0.14
COMLI TZ HATCHERY 607 166 3.7/1 0.23
ELOKOMIN HATCHERY 64 13 4.9/1 0.08
GRAYS RI VER HATCHERY 65 10 6.5/1 0.20
KALAMA FALL8 HATCHERY 210 86 2.4/1 0.29
KLASKANINE HATCHERY 93 2 46.5/1 0.14
KLICKITAT HATCHERY 249 10 24.9/1 0.16
LEW S R VER HATCHERY 455 41 11.1,21 0.48
LI TTLE WH TE HATCHERY 46 -2 23.0/1 0.03
LOWER KALAMA HATCHERY 185 48 3.9121 0.16
oxBow HATCHERY 159 21 7.6/1 0.18
PRI EST RAPI DS HATCHERY 438 181 2.4/1 0.42
SEA RESOURCES HATCHERY 52 22 2.4/1 0.40
SPRI NG CREEK HATCHERY 3,646 536 6.8/1 1.47
STAYTON POND 1,890 196 9.6/1 0.74
WASHOUGAL HATCHERY 798 255 3.1/1 0.33
WEYCO POND 94 32 2.9/1 0.13
Tot al 11,113 2,078 5.3/71 0.46
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Tabl e 20.-- Catch, escapenent, and survival data for tagged 1980-brood
fall chinook salmn from Colunbia River rearing facilities.

Cat ch/ Per cent
Rearing facility Cat ch Escapenent escapenent survival
ABERNATHY HATCHERY 641 188 3.4/1 1.00
Bl G CREEK HATCHERY 304 95 3.2/1 0.27
BONNEVI LLE HATCHERY 388 160 2.4/1 0.27
CLATSOP COUNTY PONDS 349 17 20.95/1 0.30
CONLI TZ HATCHERY 741 369 2.0/1 0.40
ELOKOMIN HATCHERY 210 36 5.8/1 0.15
GRAYS RI VER HATCHERY 140 28 5.0/1 0.23
KALAMA FALLS HATCHERY 196 86 2.3/1 0.16
KLASKANINE HATCHERY 68 7 9.7/1 0.07
KLICKITAT HATCHERY 43 4 10.8/1 0.04
LI TTLE WH TE HATCHERY 56 12 4.7/1 0.03
LOWER KALAMA HATCHERY 627 191 3.3/1 0.53
PRI EST RAPI DS HATCHERY 1,021 249 4.1/1 0.54
SEA RESOURCES HATCHERY 56 5 11.2/1 0.14
SPRI NG CREEK HATCHERY 1,950 114 17.1/1 0.40
STAYTON POND 688 88 7.8/1 0.32
WASHOUGAL HATCHERY 446 196 2.3/1 0.21
WEYCO POND 41 16 2.6/1 0.02
Tot al 7,965 1,861 4.3/1 0.28
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Table 21.-- Catch, escapenent, and survival data for tagged 198l-brood fal
chinook salmn from Colunbia River rearing facilities

Cat ch/ Per cent
Rearing facility Cat ch Escapenent escapenent survival
ABERNATHY HATCHERY 185 61 3.0/1 0.20
Bl G CREEK HATCHERY 497 207 2.4/1 0.54
BONNEVI LLE HATCHERY 830 131 6.3/1 0.31
CLATSOP COUNTY PONDS 83 9 9.2/1 0.08
CONLI TZ HATCHERY 346 167 2.1/1 0.17
ELOKOMIN HATCHERY 26 8 3.321 0.03
GRAYS RI VER HATCHERY 20 7 2.9/1 0.04
KALAMA FALLS HATCHERY 207 104 2.0/1 0.18
KLASKANINE HATCHERY 45 3 15/1 0.05
KLI CKI TAT HATCHERY 102 1 102/1 0.10
LI TTLE WH TE HATCHERY 34 4 8.5/1 0.02
LOWER KALAMA HATCHERY 235 78 3.o/1 0.22
OXBOW HATCHERY 35 10 3.5/1 0.04
PRI EST RAPI DS HATCHERY 1,448 315 4.6/1 0.57
SEA RESOURCES HATCHERY 269 44 6.1/1 0.70
SPRI NG CREEK HATCHERY 1,547 158 9.8/1 0.43
STAYTON POND 929 278 3.3/1 0.45
WASHOUGAL HATCHERY 237 83 2.9/1 0.19
WEYCO POND 76 10 7.6/1 0.04
Tot al 7,151 1,678 4.3/1 0.25
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Tabl e 22.-- Cost of rearing and benefits for the 1978-brood f al
chinook salmn at Colunbia River rearing facilities

Benefi t/ Cost

Rearing facility Rearing costs' Benefits ratio
ABERNATHY HATCHERY $ 99,915 $ 262,800 2.6/1
Bl G CREEKHATCHERY 58,424 611,100 10.4/1
BIG WH TE POND 28,851 228,500 7.9/1
BONNEVI LLE HATCHERY 195,468 1,459,900 7.5/1
COMNLI TZ HATCHERY 65,339 2 356,700 5.5/1
ELOKOMIN HATCHERY 26,008 9,600 0.4/1
GRAYS RI VER HATCHERY 33,048 22,900 0.7/1
KALAMA FALLS HATCHERY 74,834 66,600 0.9/1
KLASKANINE HATCHERY 55,292 178,900 3.2/1
KLICKITAT HATCHERY 50,010 134,800 2.7/1
LI TTLE WHI TE HATCHERY 217,740 43,300 0.2/1
PRI EST RAPI DS HATCHERY 67,443 77,900 1.2/1
SEA RESOURCES HATCHERY 15,165 3 21,300 1.4/1
SPRI NG CREEK HATCHERY 252,614 6,179,400 24.5/1
STAYTON POND 78,076 1,171,100 15.0/1
TOUTLE HATCHERY 22,689 66,800 2.9/1
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Tabl e 22.-- (Continued)

Benefi t/ Cost

Rearing facility Reari ng costs! Benefits ratio
WASHOUGAL HATCHERY 74,202 220,600 3.0/1
WEYCO POND 17,016 % 7,500 0.4/1

Tot al $1,432,134 $11,187,600 7.8/1

1 I ncl udes: food, chemicals and drugs, |abor, overhead,
transportation, supplies, equipment. power, mai ntenance.

2 power cost estimated as an average of other WDF facilities.
chinook salmon at Colunbia River rearing facilities

3 Cost estimted as an average cost for fish released at WDF
facilities.

4 |abor cost estimated as a ratio of the average food cost to
| abor cost at other WDF facilities
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Table 23.-- Cost of rearing and benefits for the 1979-brood fall
chinook salmon at Colunbia River rearing facilities.

Benefi t/ cost

Rearing facility Rearing costs' Benefits ratio
ABERNATHY HATCHERY $ 136,832 $ 431,200 3.2/1
Bl G CREEK HATCHERY 61,820 1,881,100 30.4/1
BONNEVI LLE HATCHERY 187,289 169,900 0.9/1
COMNLI TZ HATCHERY 85,876 2 834,100 9.7/1
ELOKOMIN HATCHERY 32,933 36,000 1.1/1
GRAYS RI VER HATCHERY 42,995 46,400 1.1/1
KALAMA FALLS HATCHERY 118,734 231,400 1.9/1
KLASKANINE HATCHERY 46,577 91,300 2.0/1
KLICKITAT HATCHERY 50,965 152,700 3.0/1
LI TTLE WH TE HATCHERY 180,100 95,600 0.5/1
LONER KALAMA HATCHERY 30,189 3 171,300 5.7/1
OXBOW HATCHERY 24,792 143,700 5.8/1
PRI EST RAPIDS HATCHERY 86,638 300,500 3.5/1
SEA RESOURCES HATCHERY 12,657 % 96,100 7.6/1
SPRI NG CREEK HATCHERY 255,111 6,786,400 26.6/1
STAYTON POND 90,748 1,788,800 19.7/1

82



Tabl e 23.-- (Continued)

1 Benefit/cost

Rearing facility Rearing costs™ Benefits ratio
WASHOUGAL HATCHERY 56,814 613,700 10.8/1
WEYCO POND 22,725 66,500 2.9/1

Tot al $1,523,795 $14,874,700 9.8/1

1 Includes: food, chem cals and drugs, | abor, overhead,
transportation, supplies, equipnent, power, maintenance.

2 power cost estimated as an average of other WDFfacilities

3 Rearing cost estinmated fromthe ratio of food cost at Lower

Kalama Hatchery and total food cost at all other WDF hatcheries

to rearing cost at Lower Kalama and total rearing cost at all
other WDF hatcheries

4 Cost estimated as an average cost for fish rel eased at WDF
facilities.

3 Labor cost estimated as a ratio of the average food cost to
| abor cost at other WDF facilities.

83



Table 24.-- Cost of rearing and benefits for the 1980-brood fal
chinook salmon at Colunbia River rearing facilities

Benefit/ cost

Rearing facility Rearing costs' Benefits ratio
ABERNATHY HATCHERY $ 111,196 § 426,400 3.8/1
Bl G CREEK HATCHERY 67,471 379,700 5.6/1
BONNEVI LLE HATCHERY 168,098 569,500 3.4/1
CLATSOP COUNTY PONDS 31,316 300,200 9.6/1
COWLI TZ HATCHERY 91,480 2 607,700 6.6/1
ELOKOM N HATCHERY 38,580 77,600 2.0/1
GRAYS RI VER HATCHERY 38,187 62,400 1.6/1
KALAMA FALLS HATCHERY 141,898 154,900 1.1/1
KLASKANI NE HATCHERY 51,818 44,000 0.8/1
KLI CKI TAT HATCHERY 59,703 20,500 0.3/1
LI TTLE WHI TE HATCHERY 185,900 74,500 0.4/1
LONER KALAMA HATCHERY 17,847 3 470,600 26.4/1
PRI EST RAPI DS HATCHERY 121,093 558,800 4.6/1
SEA RESOURCES HATCHERY 15,832 4 27,700 1.8/1
SPRI NG CREEK HATCHERY 258,360 978,200 3.8/1
STAYTON POND 72,731 668,400 9.2/1
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Tabl e 24.-- (Continued)

Benefit/ cost

Rearing facility Rearing costs' Benefits ratio
WASHOUGAL HATCHERY 106,096 333,600 3.1/1
WEYCO POND 52,299 3 43,500 0.8/1

Tot al $1,629,905 $5,805,100 3.6/1

1 | ncl udes: food, chem cals and drugs, | abor, overhead,
transportation, supplies, equipnent, power, maintenance.

Power cost estinmated as an average of other WDF facilities.

Rearing cost estimated fromthe ratio of food cost at Lower

Kalama Hatchery and total food cost at all other WDF hatcheries

to-rearing cost at Lower Kalamm and total rearing coat at all
other UDF hatcheries

4 Cost estinmated as an average cost for fish released at WDF
facilities.

5 Labor cost estimated as a ratio of the average food cost
to labor cost at other WDF facilities
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Tabl e 25.- Cost of rearing and benefits for the 1981-brood fal
chinook salmon at Colunbia River rearing facilities

Benefit/costs

Rearing facility Rearing costs' Benefits ratio
ABERNATHY HATCHERY $ 117,602 $ 75,000 0.6/1
Bl G CREEKHATCHERY 70,104 531,300 7.6/1
BONNEVI LLE HATCHERY 220,997 491,100 2.2/1
CLATSOP COUNTY PONDS 25,194 39,100 1.6/1
COWLI TZ HATCHERY 118,998 2 318,100 2.7/1
ELCKCM N HATCHERY 39,153 18,400 0.5/1
GRAYS RI VER HATCHERY 22,324 7,200 0.3/1
KALANMA FALLS HATCHERY 147,882 122,400 0.8/1
KLASKANI NE HATCHERY 45,653 22,900 0.5/1
KLI CKI TAT HATCHERY 63,367 47,900 0.8/1
LI TTLE WH TE HATCHERY 242,100 29,600 0.1/1
LONER KAl AVA HATCHERY 29,755 3 143,600 4.8/1
OXBOW HATCHERY 30,973 48,200 1.6/1
PRI EST RAPI DS HATCHERY 119,884 489,600 4.1/1
SEA RESCQURCES HATCHERY 15,005 4 102,500 6.8/1
SPRI NG CREEK HATCHERY 267,625 1,084,000 4.1/1
STAYTON POND 75,819 749,000 9.9/1
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Tabl e 25.-- (Continued)

Benefit/costs

Rearing facility Rearing costs' Benefits ratio
WASHOUGAL HATGHERY 57,017 109,400 1.9/1
WEYCO POND 38,750 3 40,300 1.0/1

Tot al $1,748,202 $4,374,800 2.5/1

L | ncl udes: food, chemicals and drugs, |abor, overhead,
transportation, supplies, equipnment, power, maintenance.

2 Power cost estimated as an average of other WDFfacilities.
Rearing cost estimated fromthe ratio of food cost at Lower

Kal ama Hatchery and total food cost at all other WDF hatcharies
to rearing cost at Lower Kalama and total rearing cost atall
ot her WDF hat cheri es.

4 Cost estimated as an average cost for fish released at WDF
facilities.

5 Labor cost estinmated as a ratio of the average food cost to
| abor cost at other WDF facilities.
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By rearing facility across all broods, the benefits ranged froma a high
of $ 6.8 nillion forthe 1979-brood fall chinook sal non from Spring
Creek Hatchery to a low of $ 7,200 for the 1981-broed fish from G ays
River Hatchery. In general, benefits increased as fishery contribution
i ncreased.

By rearing facility over the four brood years, benefit to cost ratios
ranged froma high of26.6 to 1 for the 1979-brood fish from Spring
Creek Hat chery to a low of 0.1 to 1 for the 1981l-brood fromLittle Wite
Hatchery. Benefit to cost ratios were | ess than one for at |east one
year at25% (18 of 73) of the rearing facilities over the four brood
years. Little Wite Hatchery was the only facility with a less the 1 to
1 ratiofor all four brood years. Elokomin, Grays River, Kalama Falls
Klaskanine, and Klickitat hatcheries and Weyco Pond had a negative ratio
for two brood years

DISCUSSION
Downstresm M grant Recoveries

One of the objectives of the sanpling of the downstresm migrants in the
Col unbia River estuary was to provide capture proportions which could be
related to adult survival (Dawey et al. 1986). Estuarine recoveries do
notdirectly represent numbers of fish in the river, but rather vary due
to factors affecting catch efficiency: fish size, release |ocation and
date, river flow, and survival to the point of recovery. In previous
studi es, conparisons of estuarine recovery percentages anong narked
groups have been used successfully to identify survival changes during
riverine mgration resulting fromtreatment differences anmong simlar
groups (i.e. size at release for yearling fish and stock differences.
The survival differences to the estuary in these cases correlated with
adult survival data (Dawley et al. 1986). However, for these
subyearling fall chinook sal non, estuarine recoveries were generally not
an indicator of adult survival. There are several reasons for this
First, there were too few replicate releases to adequately conpare
juvenile versus adult recoveries. Second, there are no treatnent
conmpari sons which are appropriate for juvenile versus adult conparisons
because of differences in fish size at release, and release date and
location. Third, the duration of the study was insufficient to devel op
a nodel for expected survivals to the estuary which could be conpared to
new recovery proportions for identifying abnormal survival to the
estuary in relation to adult recovery differences. Finally, adult
recovaries can be strongly influenced by unknown conditions during ocean
resi dence.

Recoveries of tagged fall chinook salnmon from Priest Rapids Hatchery at
McNary and John Day dans are only indicative that the tag groups were
mgrating downstream after release. Conparisons of recovery nunbers at
different locations are not valid because of differences in fish

gui dance efficiency at the dans and sanpling effort at the different
recovery locations.
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Fi shery and Age Distribution of Catch

During the study with 1961- through 1964-brood fall chinook sal mon from
Col umbia River hatcheries, the average distribution of fishery
recoveries was simlar to the distribution of the 1979-brood fish. The
greatest proportion of the recoveries for the 1961 - 1964 broods was to
the Washington fisheries (38.1%. followed by British Colunmbia (33.7%,
and Colunbia River (23.1%. The British Colunbia recovery proportion
ranged from27 to 39% for all 1961- through 1964- brood fish. The
Washi ngt on recovery proportion ranged from 33 to 39% (Wahle and Vreel and
1978). In the present study, the British Colunbia recovery proportion
ranges from 33 to 53% while the Washington recovery proportion ranges
from8 to 37% The British Colunbia recovery proportions equal or
exceed 50% for the 1980 and 1981 broods. The Washington recovery
proportions decreased dramatically from 37% for the 1979 brood to 21 and
8% for the 1980 and 1981 broods respectively.

Fal | chinook salmon from Spring Creek Hatchery have typically
contributed nost heavily to the Washington fisheries (Wahle and Vreel and
1978). This was also the case for the 1978 and 1979 broods (37 and 39%
respectively). For the 1980 and 1981 broods, the fall chinook

from Spring Creek contributed nost heavily to the British Col unbi a
fisheries (44 and 43% respectively) (Appendix Tables 1 - 4).

Thus there appears to be a northerly shift in fishery recoveries

during this study.

Afactor in the apparent nore northerly distribution may be the 1982 -
1983 EI Nino (unusually warm sea surface tenperatures in the northeast
Pacific Ccean) (Hayes and Henry 1985). The EI Nino would have effected
the 1980-brood fall chinook in their second and third years of life and
the 1981 brood in their first and second years. The warner water noving
up from South America may have pushed sonme of the fish farther to the
north.

Anot her factor in the apparent northerly shift in recovery distribution
is the changes that were occurring in the fishing seasons during the
|ater years of this study (1984 - 1986). Asa result of the Pacific

Sal mon Treaty between Canada and the United States, tine and area
closures in fisheries were instituted to restrict recoveries of certain
stock of chinook salmn. Quotas for marine catches of chinook sal non
were established by fishery nmanagers in Al aska, British Col unbia,

Washi ngton, and Oregon in 1984 (Anon. 1984). The quota established for
1984 in the west coast Vancouver Island troll fishery was equal to that
for 1983. The length of the Georgia Strait troll fishery was reduced
fromApril 15 - Septenmber 30 in 1983 to July 1 - August 31 in 1984. The
west coast Vancouver |sland and Georgia Strait fisheries are the primary
| ocations of recovery in British Colunbia of fall chinook salmon from
the Columbia River. Despite the quotas and changes in fishing tine, the
British Colunbia catch of chinook salnon in 1984 exceeded the 1983 catch
and the 1984 quotas. Neither the catch or the effort in the British

Col unbi a fisheries was reduced by the regul ati on changes (Anon. 1984).
The quotas for ocean chinook fisheries in 1984 severely restricted
catches off Washington and Oregon. This was done to protect depressed
fall chinook sal non stocks in the Colunbia River and coho sal mon stocks
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in Washington coastal tributaries. The 1984 troll catch of chinook
sal non in Washi ngton was 40% of the 1983 catch (Anon. 1984).

The fishery changes in 1984 effected the 4-year-old fall chinook sal non

fromthe 1980 brood and the 3-year-old fish fromthe 1981 brood. The 3-
and 4-year-olds conprise 85 - 90% of the catches of fall chinook sal non
from Colunbia River rearing facilities. Thus the reduction in catch in

Washi ngt on and Oregon fisheries and the increase in catch in the British
Colunbia fisheries is a likely factor in the apparent northern shift of

catch distribution during this study.

The proportion of the recovery in the Alaska fisheries al so increased
fromthe 1978 to the 1980 and 1981 broods. The Al aska proportions of
the recovery were 1.2, 3.1, 6.6, and 4.8 for the 1978 t hrough 1981
broods respectively (Figure 7). Potential reasons for the increase in
Al aska recovery for the later brood years are the EIl Nino and changes in
the Alaska marine fisheries in 1984 and 1985. The length of the
conercial troll fishing season in Southeast Al aska has been reduced
from 149 days in 1980 to 41 days in 1986 (Davis and Seibel 1989). The
reduced fishing seasons were achi eved by concentrating the fishing in
the sumeez nonths (June, July, and August) rather than spreading the
season out from April to Septenber. The over 70% reduction in fishing
time resulted in only a 30% reduction in catch (Davis and Seibel 1989)
The reduced fishing time may have increased the fishing effort on fal
chinook sal mon from Colunbia River rearing facilities

The Al aska recoveries of fall chinook salnon from Col unbia River
facilities came al nbst exclusively fromWF facilities. Only two non-
UDF facilities (Sea Resources Hatchery, 1979 brood and Abernathy

Hat chery, 1980 brood) contributed fish to the Alaska fisheries (Appendix
Tables 2 and 3). Both of these facilities are located on Wshington
tributaries to the Colunbia River. It is difficult to conpare this
trend with recoveries in the 1961- through 1964-brood study. Fishery
sampling in the Al aska fisheries did not take place during all of the
seven recovery years for the earlier study, and all hatcheries were not
uniquely identified with a mark each year of the study. However, the
only hatcheries known to contribute fish to the Al aska fisheries during
the 1961 - 1964 study were Kal ama Falls and Lower Ral ana (VDF
facilities) (Whle and Vreel and 1978).

The primary reason for the change in age distribution anong the broods
is the contribution of fall chinook salmon from Spring Creek Hatchery
The predom nance of 3-year-old fish from Spring Creek Hatchery, nearly
80% (Appendi x Tables 5-8) recovered in the fisheries for the 1978 and
1979 broods greatly influenced the age distributions for these two
broods. Wen the contribution from Spring Creek Hatchery dropped
dramatically for the 1980-brood fish, the contribution proportion for
WDF facilities increased (Figure 17). The WDF facilities appear to
produce fish that contribute more heavily as 4-year-olds (Figure 9).

The Spring Creek Hatchery and CDFU facilities contribution proportions
increased slightly for the 1981 brood, and except for Priest Rapids

Hat chery, contribution' proportions fromWDF facilities decreased
slightly (Figure 18). Like Spring Creek, fall chinook sal non from CDFW
facilities appear to contribute to the fisheries nmore heavily as 3-year-
old fish (Figure 9).
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It is not clear why fall chinook salnmon fromWDF facilities appear to
contribute to the fisheries nore heavily as 4-year-olds and those from
USFWs and ODFW facilities contribute nore heavily as 3-year-olds. It is
possible that there is a genetic reason for the apparent later maturity
of the fish from WOF facilities. However, with the | ower Colunbia River
stock of fall chinook sal non (Tules) there has been considerable
transfer of fish from QPW\facilities (Big Creek and Bonneville) and
USPWS facilities (Spring Creek and Abernathy) to all WDF facilities
except Priest Rapids Hatchery. This in conmbination with straying of
fish anong facilities would seem to elinminate any genetic differences
among the fall chinook salnon reared at the facilities. Fish from
Priest Rapids Hatchery are the upriver bright stock, which is
genetically different than the Tule stock (MlIner et al. 1985). Thus,
there does appear to be a genetic basis for the different fishery and
age distribution of fall chinook salnon from Priest Rapids Hatchery when
conpared to fall chinook salmon from other rearing facilities on the

Col umbi a River.

A possible reason for the apparent later maturity for the Tule stock of
fall chinook sal non fromworfacilities is that the fish from WDF
facilities tend to be released later and at a smaller size than Tule
stock from ODFW and USFWS facilities (see Tables 1 - 4). This snmaller
size and later release may result in | ess ocean residence tine during the
first year of ocean life and possibly lead to later maturity.

Conpari son of the age distribution of the 1978 through 1981 broods of
fall chinook salnon with those for the 1961 though 1964 broods Ny be
confounded by the difference in marking nmethods and the size of the fish
released. Fin and maxillary bone renoval was used to mark fall chinook
sal mon during the 1961- through 1964-brood study. There was sone
indication that the marking may have del ayed naturity causing the fish
to stay in the ocean a year longer than the unmarked fish. The fish in
the earlier study were also released at a smaller size, 220 to 661
fish/kg (100 to 300 fish/pound) than those in the 1978 - 1981 study
(Wahl e and Vreeland 1978). Release of smaller fish may tend to & ay
maturity and cause the fish to stay in the ocean a year longer. Despite
these potential problens, the trend for the two studies was sinilar with
about 60% of the fall chinook sal mon fromthe 1961- through 1964- brood
study being recovered as 3-year-olds and about 30% bei ng recovered as 4-
. year-ol ds.

Conpari sona anong hat cheries between the 1961 - 1964 study and the 1978
- 1981 study are not possible because the marking limitation (nunber of
di stinct marks avail able which were thought to have limted effect on
survival of the fish) prevented individually identifying the production
from each hatchery in the earlier study. However, two hatcheries were
special marked (Spring Creek and Kal ama River hatcheries) during al

four brood years of the 1961 - 1964 study. For the 1961 - 1964 study,
Spring Creek Hatchery fish contributed nost heavily as 3-year-olds (62
to 70%. In the 1978 - 1981 study, 3-year-old recoveries of Spring
Creek Hatchery fish ranged from 77 to 82% (Appendi x Tables S-8). The

| ower proportion of 3-year-olds in the earlier study may have been due
to the smaller release size and the delayed naturity inpact of the nmark;
renoval of the adi pose and left ventral fins and a portion of the
maxi | | ary bone (Wahle and Vreel and 1978).
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For the Kal ama River Hatcheries (Kalama Falls and Lower Kal ama
conbined), in the earlier study,the 3-year-old recovery proportion
ranged from 20 to 52% and the 4-year-old recovery proportion ranged from
34 to 63% Fishery recoveries of 3-year-olds predom nated for two
broods (1962 and 1963) and recoveries of 4-year-olds predom nated for
the other two broods (1961 and 1964) (Wahle and Vreeland 1978). For
the 1970 - 1981 study, the 4-year-old recovery proportion predom nated
for all four broods fromKal ana Falls Hatchery and two out of three
broods from Lower Kal ama Hatchery (Appendix Tables S-8). |If the marking
met hod and smaller rel ease size of the 1961- 1964 study del ayed maturity
by a year, one woul d expect the 4-year-olds to be predomi nant for al
brood years in the earlier study. Thus the delayed naturity due to
release. size and marking method in the earlier study is not well
supported by the conparison of the two studies

Fi shery Contribution Estination

The contribution estimates presented in Tables 13 though 16 are

consi dered m ni numval ues for Several reasons. First, nost, but not all
rel eases fromthe facilities were represented by tagged fish. Second,
mar ki ng and tagging took place at sone facilities for purposes other
than the contribution study, and these other narked or tagged groups
have not been included. Finally, fishery sanpling took place in the
maj or marine and freshwater fisheries, but some fisheries were not
sampl ed (Al aska sport fishery) or observed recoveries could not be
expanded (British Colunbia sport fishery). There is a potential for
recoveries of tagged fall chinook salnmon fromthis study in these
fisheries.

The reasons for the apparent differences in fishery contribution and
survival anong broods are not abundantly clear. The nost likely reason
woul d seemto be conditions in the ocean. The influence of ocean

condi tions on survival of salnonids has been postulated by many fishery
scientists (Pearcy 1984). Factors such as ocean upwelling (Gunsol us
1978), predation (Varoujean and Matthews 1983). and sea surface
tenperature (Mithews 1984) May all play a part in survival of salnonids
The Conditions the four broods of fall chinook salnon faced after rel ease
were very different. The 1978 brood, released in 1979, entered what

m ght be termed normal conditions. The 1979-brood fall chinook sal non
m grated downstreamin the Colunmbia River before, during, and after the
eruption of M. St. Helens on May 18. 1980. The 1980 and 1981 broods
were in the ocean during the El Nino of 1982 and 1983 (Buyer and Smith
1985). The EI Nino influenced marine conditions as far north as the
Queen Charlotte Islands in British Colunmbia (Tabata 1985). If one were
only looking at these factors, it would appear the the eruption of ht.
St. Helens had a positive effect on survival and the EIl Nino had a
negative effect. However, individual rearing facility survivals
indicate this is a too sinplistic view since fall chinook sal nbn from
all facilities did not react to these events in the sane manner

Stayton Pond contributions and survivals remained stable for the first
two brood years (6.7 fish caught per 1000 rel eases and 0.6 and 0.8%
total survival for the 1978 and 1979 broods respectively) and then
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dropped for the last two broods (2.8 and 3.5 fish per 1000 rel eases and
0.3 and 0.5% survival for the 1980 and 1981 broods respectively) (Tables
13 - 21). Nothing in the rearing and rel ease data provide a clue as to
the reason for the differences in contribution and survival. St ayt on
Pond is located on the Wllanmette River system Fish arenot rel eased
directly fromthe pond. They are collected and transported by truck to
various Wllamatte River tributaries. The releases took from two to six
weeks with avarage rel ease sizes in the 70 to 90 fish per pound range
for the four broods. From4.7 to 6.7 nmillion fish were rel eased each
year and no diseases were noted. Measurenents of the status of
snoltification were not mada at Stayton Pond. Recoveries of migrating
tagged fish were made at Jones Baach for all four broods. Numbers of
recoveries at Jones Reach do not inply the differences in survival are
due to freshwater conditions. The protracted rel ease periods elimnate
the possibility of examning migration rate to Jones Beach as an
indication of smoltification status. It appears the EI Nino event had

a negative i npact on the survival of fall chinook salmon from Stayton
Pond.

Spring Creek Hatchery showed a trend simlar to that for Stayton Pond.
The one difference is that 1979-brood fish from Spring Creek Hatchery
had the greatest survival of all broods and rearing facilities

Rel eases from Spring Creek Hatchery were nmade at four different tines
and sizes for all four brood years: Mrch, April, My, and August.

Rel ease times and sizes were about the sane each year There is sone
i ndication that suggests devel opnent of ® nollification may play a part
in survival. The quantity of an enzyns (ATPase)in the gills of the
fish increases as salnmonids near the tine of mgration and entry into
sea water (Zaugg and McCain 1970). Measuremants were nmada of the
quantity of ATPasein the gills of fall chinook salnon during the
rearing period throughout this study. ATPase | evel s had begun to
increase prior to any of the releases of 1978- and 1979-brood fish
(Prentice et al. 1980 and 1981). The enzyne level did not incraase
prior to release of any of the 1980-brood fish and did not increase in
the 1981 brood until just before the May rel ease (Zaugg [In press]).
The 1981-brood fish fromthe May rel ease had the greatest fishery
contribution rate and survival of any fall chinook sal mon rel eased from
rearing facilities -for the 1980 and 1981 broods.

Level s of ATPase were not collected at all facilities foreach brood
year. Thus it is inpossible to know if devel opment of ATPase played a
part in Abernathy, Sea Resources, Priest Rapids, Cowlitz, El okomn and
Lower Kal ama hatcheries having their greatest contributions for the 1980
and 1981 broods, when the average contributions for these broods were at
the |owest values. There are no hatchery data that provide a clue as to
why sone facilities had their best contributions to the fisheries in
years when other facilities had their |owest contributions.

There are two potential reasons for the greater survival of 1980- and
1981-brood fall chinook salnmon from Priest Rapids Hatchery. The first
reason is that the fish fromPriest Rapids Hatchery are a different
stock of fall chinook salnon, upriver brights. The Priest Rapids stock
tend to have a nmore northerly distribution than the |ower river stock as
shown by the greater proportional contribution of Priest Rapids fish to
the Alaska fisheries. It is possible the more northerly distribution
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provided a survival advantage for fish fromPriest Rapids Hatchery
during the El Nino years.

Anot her potential reason for the greater survival of the later broods
fromPriest Rapids Hatchery is the transportation programat MNary Dam
MNary Damis the first dam bel ow Priest Rapids Hatchery. The
experimental phase of transportation of salnonids from MNary Dam to
bel ow Bonnevi |l | e Dam began in 1978. Downstream migrating sal nonid
snolts were diverted fromthe turbine intakes at McNary Dam by subnerged
traveling screena. These diverted fish were collected in raceways at
the dam and then placed in tank trucks or barges for transport
downstream and rel ease bel ow Bonneville Dam In 1979 and 1980 when the
1978 and 1979 broods of fall chinook salnon from Priest Rapids Hatchery
were mgrating downstream about 100,000 fall chinook each year were
transported from McNary Dam (Park 1985). In 1981, transportation at
McNary Dam becanme an operational progran{Athearn 1985), when research
results indicated a positive survival benefit for transported sal nonids,
particularly fall chinook (Park 1985). In 1981 and 1982 (during the
mgration of the 1980 and 1981 broods) 2.1 and 1.7 mllion fall chinook
salmon snol ts respectively were transported from McNary Dam (Athearn
1985). One could assune that this transportation had some positive
benefit on the contribution and survival of the 1980 and 1981 broods o f
fish fromPriest Rapids Hatchery. The extent of the transportation
benfit is unclear because the nunber of Priest Rapids Hatchery fish
tranaported i s unknown. The nunber is a factor of the fish guiding
efficiency of the turbine screen at McNary Dam the size of fish

rel eaed and the tine of release from Priest Rapids Hatchery, and spil
at McNary Dam

In general for the 1978 and 1979 broods, the hatcheries which released
fishprior to June at a size larger than 220 fish/kg (100 fish/pound)
had the greatest survivals. This trend isnot clear for the 1980- or
1981-brood fish. Forthe 1980 brood there appeared to be a possible
trend of the larger the fish at release the better the survival. The
size/survival relationship was not clear for the 1981 brood

The ability to determne the reasons for the apparent differences in
fishery contributions and survivals anong broods, rearing facilities
within broods, or releases within rearing facilities is limted in this
study The study was not designed to determine the reasons for
differences, but to indicate if differences did in fact exist and
suggest how great the differences mght be. Survival influencing

factors i kely include rearing environment, stock of fish, tinme of

rel ease, size of release, health of fish, status of snoltification at

rel ease, release |ocation, and ocean conditions. Analysis of the

factors which may affect survival is conplicated by the linmted data
avai l able. Examination of sone factors is limted to noting an
occurrence. For exanple, there are no quantitative measures for disease
history. It is not possible to make a conparison between groups of fish
where group Ais known to be X percent healthier than group B. The nost
that can be done is to note group A had certain diseases and group B had
none. Thus the disease history differences would be a potential reason
for survival differences. Because of the confounding nature of the
factors which may influence survival, isolating one or nore of them as
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key factors is inpossible given the rearing, rel ease and recovery data
avai | abl e.

It seens |ikely the 1982 - 1983 El Nino would have a profound influence
on the survival of salnonids in the northeast Pacific. The apparent
reductions in overall contributions and survivals of the 1980 and 1981
broods of fall chinook when conpared to the 1978 and 1979 broods are
likely an indication of the influence of the EI N no. However, rearing
facilities and rel ease within the 1980 and 1981 broods were notequally
effected. This indicates factors affecting the fish prior to ocean

entry may also play an inportant part in the ® subsequent contribution and
total Survival.

The average fishery recovery to release ratio for the 1961 - 1964 broods
of fall chinook sal mon from Col unmbi a River hatcheries was 6.7 fish
recovered per 1,000 rel eaes. The ranges by brood were 3.1 to 10.0
(Wahl e and Vreeland 1978). The average for the 1978 - 1981 broods is
over three times less than for the past study (1.9 fishery recoveries
per 1,000). The greatest fishery recovery ratio for a brood (4.7
fishery recoveries per 1,000 releases for the 1979 brood) is under half
the greatest fishery recovery rate for the put study. Thus, it appears
the 1978 - 1981 broods of fall chinook sal non from Col unbi a River

hat cheries did not contribute as well to the fisheries as in the past
Study The greatest fishery recovery ratio for the put study for any
one hatchery was for the 1964-brood fish from Spring Creek Hatchery:
26.5 fishery recoveries per 1,000 rel eases (Wahle and Vreel and 1978).

For this study, the greatest ratio also came from Spring Creek Hatchery,
but was only 12.7 fishery recoveries per 1,000 rel eases.

Apartial reason for the decline in fishery recoveries of fall chinook
salmonis the changesin the fisheryregul ati ons designed to reduce
catches of these fish in the marine fisheries. These changes were
taking place in the ocean fisheries off the coasts of all the Pacific
coast states and British Colunbia in the early to mid 1980's (Anon.
1984, Davis and Seibel 1988). The other reason for the decline is a

| ower survival of fall chinook sal non from Col unbia River hatcheries.
This will be discussed in nore &ail later under 'Total Suntival".

Rearing Facility and Adjacent Stream Returns

Fi shery contribution to escapenent and survival estimates presented in
Tabl es 17 through 21 should be used with caution. Escapenment values are
mnimunms for two reason Sow adult traps at return facilities are not
effective at recovering returning 2-year-old fall chinook sal non (Kal ama
Fal s and Lower Kal ana hatcheries). At other hatcheries sone fish may
be passed upstreamto spawn or be caught in special fisheries (Kalana
Fal I s and Washougal hatcheries). Stream surveys coul d not observe or
recover all fish in the stream Expansion factors for unsanpled fish
were not applied to the stream survey data by all recovery agencies. To
mai ntain consistency, the stream survey data included in the escapenent
inthis report are for observed recoveries of tagged fish only.

The reasons for the apparent differences in age proportions in the
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returnsand in the fisheries are not conpletely clear. Thereappear to
be several compounding factors. One nmight expect to see a higher
proportion of 2-year-old fall chinook salnon in the returns than in the
fishery recoveries because Of catch size linitations in the ocean
fiaheries and nesh size limtationa in the Colunmbia R ver commerci al
fisheries. This is the case for sone facilities but not for others.

The inefficiency of some facilities in trapping 2-year-old fish at
return confounds the expectation. The difference in sampling schene in
the fisheries and at return likely plays a part in the difference in
proportiona. The fisheries were randomy sanpled at a 15% to 20% rat e.
In noat cases all returnstorearing facility are sanpled for tagged
fish. Wth small nunbers of 5 and 6-year-old fish, the sanpling schene
at the rearing facilities would be nore likely to detect the ol der
returns. The ability ofadult fish to reach the rearing facilities
because of streamflow may be a confounding factor. Straying of adults
toadj acent streans, where only observed data were used likely also
contributes tothe differences between the age proportions in the
fisheries and at return.

There is also a possibility that fishery selectivity may play a part in
the apparent differences in ages in the fishery contribution and at
return. There are fourlikely ages for returning fall chinook salnon,
2-, 3-, 4-, and 5-year-olda. It is not known how the fall chinook
salmon are mixed in the fisheries. One night suspect that fish froma
rearing facility remain asa |oose group in the ocean until part of the
group reaches a certain stage of maturity. Atthat point, the nore
mature fish would | eave the population and return to the natal stream
In this case unequal fishing pressure could occur on the separated
groups during any one year. Forexanple, 3-year-old fall chinook sal non
from a Col unbia River rearing facility could be recovered in Septenber
in the Columbia River fisheries, during the spawning migration, and in
Washington troll fisheries during the same time period. The two groups
of fish could be subject to different fishing pressures due to different
| ocationa, types of gear, and fishing regulations. The sane unequal
fishing pressure may occur in the ocean depending on the amal gamation of
fish, location of the groups, and when the maturing fish |leave the rest
of the population. Unequal fishing pressure on separated groups of fall
chinook salnmon fromthe same rearing facility mightresult in a
different age structure in the fishery contribution than at return to
the rearing facility.

The reasonsfor the extent of straying of tagged fall chinook sal mon
fromt hi s study are not well understood. In some cases, homing to the
parent stream has been found to be quite exact (Rounaefell end Kel ez
1938; Taft and Shapoval ov 1938; Donal daon and Al l en 1957; Ellis 1968;
Jensen and Duncan 1971; Mahnken and Joyner 1973; Vreelend, Whle, and
Arp 1975, Scholz et al. 1976, Vreeland and Wahle 1983). dfaction is
reported to be important in the homing of adult salmon (Hasler and Wisby
1951; Wsby and Hasler 1954; G oves, Collins, and Trefethen 1968). It
has been theorized that the homing inprint is acquired rapidly before
and/ or during downstream mi gration (Hasler 1966; Carlin 1968, Wagner
1969; Hasler, Scholz, and Horrall 1978).

There arereports in the literature of sizable nunbers of straying sal non
(Shapoval ov and Taft 1954) and straying in non-natal river for a
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consi derabl e di stance (McLeod and O’Neil 1983). Qui nn and Fresh (1984)

reported a 1.4% straying rate for spring chinook salnon fromthe Cowitz
Ri ver Hatchery.

There are several factors which nay play a part in the extent of
straying in this study. Many of the past studies on honing have been
conducted with coho sal nbon (Oncorhynchus kisutch) and steel head trout
(Oncorhyzxhus nykiss). These species are normally rel eased as

yearlings and at a larger size than the sub-yearling fall chinook sal non
(Wahle and Smith 1979). The inprinting of fall chinook sal mon nay occur
at a different time and/or over a longer period of tinme. Also, past
work with sal mon homing did not have the advantage of the coded wire
tag, which allows exact identification of the returning fish. This
marki ng method may reveal straying that past nethods (primarily fin
removal ) may not have shown.

It is also possible that the release environment may play a part in the
extent of straying. |t appeared the greatest anount of straying
occurred anong facilities that released into tributaries enptying into
the Colunbia River estuary. The tidal influence in the estuary nay nove
the fish around the estuary as the inprinting process is taking place.
There is some evidence that some fall chinook sal non noved upstream upon
entering the estuary. There were some recoveries at Jones Reach of fish.
releued into tributaries entering the estuary bel ow the soms Reach
sanpling site (Tables 5 and 6). Anunber of stray fall chinook sal non
entered Bonneville Hatchery inediately below Bonneville Dam  The del ay
of adult sal non caused by Bonneville Dam may contribute to the number of
strays at Bonneville Hatchery. Another factor which may contribute to
straying is the low streamflows in the fall when fall chinook sal non
return to spawn. Lowflows at certain times in the parent stream may
cause the salnon to seek other spawning sites. Al so, once a stray fish
enters a hatchery or trap, it &s not have the option to |eave to seek
the parent spawning site.

O factory nerve &generati on has been noted in chum (Oncorhpchus ket a)
and chi nook sal non caused by mi splacenment of the coded wire tag
(Morrison and Zajac 1987). It is possible this type of damage alters
the homi ng behavior of salmn. M splacenment of coded wire tags woul d be
nmore likely in fish tagged at a small size, as is the case with fal

chi nook sal non.

It is clear sone fish turn off into tributaries |long before reaching the
parent stream (Washougal Hatchery fish in the Kalema River), and other
fish bypass the release facility (Priest Rapids Hatchery fish at Wlls
Damj. It is also clear that sone fish nmake | arge homing errors, as
evidenced by the two returnsof Colunbia River fall chinook salnon
outside the Col unbia River system. This nunmber is extrenely snal

consi dering the nunber of hatcheries involved in this study and the
numbers of tagged fish released. 1In a study at Cowitz Hatchery with
spring chinook salnon, by conparison, 10 fish strayed to areas outside
the Col unbia River over four brood years (Quinn and Fresh 1984). |t is
interesting to note that the fall chinook sal mon straying outside the
Col unbia River returned to hatcheries located on tributaries at the
southern end of the Puget Sound and W/ | apa Bay.
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Total Surviva

Total survival estimates in this report are nmininuns because the fishery
contribution estimations are mininuns for the reasons described under
"Fishery Contribution" and the escapenent numbers include only observed
recoveries from stream surveys.

It is not clear why the 1980 brood fish had | ower fishery recovery ratio
but higher survival when conpared to the 1981 brood. The EI N no could
have had a greater inpact on the 1981-brood fish than the 1980 brood
because it occurred during the first year of ocean life for the the 1981
brood. This accounts for the |ower survival of the 1981 brood. But
changes in the fishery regulations, beginning in 1984 to reduce the
catches of fall chinook stocks, did not have an inpact in the British
Col unbi a fisheries until 1985. The regul ations reduced the recoveries
off the Washington coast in 1984, but the ocean recoveries in British
Col unbia were greater in 1984 than 1983. This was particularly true for
the Vancouver Island fisheries where the the recovery in 1984 was over
120,000 fish greater than in 1983 (Pacific Sal non Coni ssion 1986). The
Vancouver Island fisheries recover the greatest proportion of the

Col unbi a Ri ver chinook salmon in British Colunmbia. Regulation changes .
did not begin to inpact the British Colunbia fisheries until 1985
(Pacific Salmon Comiaai on 1986). The British Colunbia fisheries in
1983 and 1984 woul d have inpacted the 3 and 4-year-old fish of the 1980
brood, which account for 90% of the fishery recoveries, and the 2- and
3-year-old fish of the 1981 brood. The fishery regulations and
recoveries would seemto inply thatthe fishery contribution to rel ease
ratio would be higher for the 1980 brood than the 1981 brood rather than
t he opposite.

The survival estimates for fall chinook sal mon from Col unbia River
rearing facilities are lower for this study than for the 1961- through
1964- brood study. The average survival for the 1961 - 1964 study was
0.007, with a range anong broods from0.003 to 0.011 (Whle and Vreel and
1978). Thus, there appears to have been a reduction in survival of fal
chinook salmon from Colunbia River rearing facilities between the 1961 -
1964 brood study and this one.

The reduction in survival fromthe 1960's study to the present study was
not expected. Fall chinook salnmon were released at a |arger size during
the 1978 - 1981 brood study. The rearing conditions at the facilities
were believed to be inproved fromthe earlier study. These factors have
been shown to inprove the survival of salmon (Fow er and Banks 1980;
Fow er et al. 1980; Fowler et al 1980). However, the reduced surviva

of chinook sal non stocks since the late 1960's and early 1970's is not
unique to Colunbia River rearing facilities. Fresh. Schroder, and
Shepard (1987) determined the fall chinook sal non survival in the

Col unbi a River reached a peak in 1967 and began a steady decline in the
late 1960's or early 1970's. WId and hatchery fish were both subject
to this decline in survival. Survival of chinook stocks in O egon
coastal rivers as well'as the Colunbia River were reduced by the El Nino
in 1983 (Johnson 1984). Sandercock (Pers. coum.)1 i ndi cat ed hatchery
stocks in British Colunmbia had undergone a decline during the same
period as the Colunbia River fall chinook salnmon. The EIl N no also had
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a negat:ivt I mpact on survival of hatchery stocks in southern British
Col unbi a.

Benefit/ Coat Estination

Capital costs were not included in the benefit/coat analyaia because in
noat cues they were expendtd over 20 years ago and have al ready been
amortized. The second reason for not including capital costs is that
capitol coats cannot be recovered as long as the facilities cannot be
used for rearing sone other species of higher benefit. The facilities
were COnstruCted as nitigation for Specific Species of Sal nonids.
Elimination of one species would in npbst cases not be politically or
socially acceptable, even if that species had a poor benefit to cost
ratio in relation to another species.

The benefits are believed to be mininmns because the true total catch of
sal mon cannot be assessed due to the difficulty and expense of sanpling

all fisheries and landing sites for salnon on the Pacific coast of North
Aneri ca.

Benefit to coat ratios were not calculated for Lawis River and Speel yai
hat cheri es because the fall chinook sal non rearing programat these
facilities were experinental. WId chinook salnon fry and fingerlings
were captured in the Lewis River with a seine and reared at the

hat cheries (Mlaaac 1980). Thus costs are not equival ent to operations
at other rearing facilities. Coats of rearing fall chinook sal non at

Ri ngol d Pond were conbined with those for Priest Rapids Hatchery since
the sane tag code was used for both facilities, preventing allocation of
the fishery recoveries by facility.

Conpari sons of benefits anong rearing facilities within and between
brood years may be sonmewhat nisleading. In sone cases, a facility may
have a greater contribution to the fisheries than another facility, but
a smaller benefit (e.g. Washougal Hatchery vs. Big Wite Pond, 1978
brood). In other cases, the contribution may increase fromone brood to
the following brood froma single facility, but the benefit &creases
(e.g. Cowitz Hatchery, 1979 to 1980 broods). These anonmlies are a
result of the diatribution of the catch for the facilities. Wth the
contribution valuation method used in this report, the value of a sport
caught fish is four to five times greater than the value of a

conaercial ly caught fish. In the case of the Washougal vs. Big Wite
Pond conparison, the sport fisheries accounted for 21% of the Big Wite
contribution and 15% of the Washougal contribution. Thus the weighted
average val ue per fish was $38.92 for Big Wite and $32.44 for

Washougal .  This resulted in a $8,100 greater benefit for Big Wite than
Washougal with 929 less fish in the estimated contribution to the
fisheries. Therefore, the reader mustbe wary of making a judgnent
about facilities based solely on the estinated benefits for those
facilities.

1 Sandercock, K. A, Departnment of Fisheries and Cceans, Vancouver,
B. C Personal communication, Sept. 28, 1989.
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Conparison of benefit/coat ratios in this study with those in the 1960's
study is made difficult by the inclusion of capital costs in the
previous study, a differences in fish values, and methods of determi ning
these values. The average benefit/cost ratio for the 1960's study was
4.2 to 1. The ratios ranged between 2.0 to 1 to 7.2 to 1 anmong the four
broods. By hatchery, the ratio ranged from0.3 to 1 for El okomnin

Hat chery (1961 brood) to 17.1 to 1 for Spring Creek Hatchery (1963
brood) (Wahle and Vreel and 1978). Thus, despite the | ower catches and
survivals for the fall chinook salnon fromthis study, conpared to the
previous study the benefit/coat ratios were simlar.

SUMMARY AND CONCLUSIONS

In 1979 a coded wire tagging study was initiated at fall chinook sal non
rearing facilities on the Colunbia R ver systemin Oegon and
Washi ngt on. The purpose of the study was to exanmine the diatribution
contribution to the fisheries. survival, and value of fall chinook
salmon fromthese facilities. Tagging of fingerling fall chinook sal non
took place at 18 to 20 facilities each year from 1979 to 1982. Nearly
14 mllion tagged fish were released for the four brood years.
Approximately 4% of the production releases of fall chinook sal non were
tagged. Tagged fish were recovered in Col unbia River estuary sanpling
from 1979 through 1982. Fishery recoveries and spawni ng returns
occurred from 1980 through 1986.

Tagged fish from moat groups of fall chinook sal non rel eased at

| ocations above the estuary sanpling sites were recovered in the
estuary. Recoveries ranged fromnone for sone groups to over 2200 for
one tagged group. Estuarine recoveries did not directly represent
nunbers offish in the river due to factors affecting catch efficiency.
These factors include size of fish at rel ease, rel ease |ocation and
tine, mgration behavior differences anong different rel ease groups,
river flow, and survival of marked groups. Because of these factors
estuarine recoveries were generally not an indicator of adult surviva
of subyearling fall chinook salnmon tagged for this study.

The fishery diatribution followed the same pattern as in past studies of
fall chinook salnon from Colunbia River rearing facilities in that the
fish contributed primarily to fisheries north of the Colunbia River
mouth and to commcial gillnet fisheries in-the Colunmbia River. The
average fishery contribution over the four brood years was 3.6% to

Al aska. 42.4% to British Colunbia, 27.0%to Washington, 4.7%to Oregon,
0.3%to California, 21.9% to Col unbia River, and 0.1% incidental
recovery in foreign fisheries in the Pacific Ocean off the North
Anerican coast. The contribution appeared to be nore northerly for the
1980 and 1981 broods. This was apparently caused by institution of
quotas and reductions in fishing time in the Washi ngton ocean fisheries
and warmer ocean water (El Nino) nmoving the fish farther to the north in
1982 and 1983.

The fishery contribution by age of fish is simlar to that in the 1961-
t hrough 1964-brood study. The contribution of 3-year-old fish
predoni nated (64%, followed by 4-year-olds (24%, 2-year-olds (8%. and
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5-year-olds (3% for the 1978 through 1981 broods conbi ned. When
rearing facilities are grouped by rel ease agency, the contribution by
age appears to be different for USFWs and ODFW facilities and WDF
facilities. For USFWS and CDFW facilities, the 3-year-old contribution
predoninates, 78 and 77% respectively. For wDF facilities, the 4-year-
ol d contribution predom nates, 52% The later release and smaller size
of fish released from WDIacilities, conpared to thosefrom USFW5 and
ODFW facilities, appears to reduce the |l ength of ocean reai dence during
the first year. This shorter growth tinme during the first year in the
ocean may result in a smaller average size for the fish from WF
facilities at the beginning of the second year in the ocean. The

smal ler size nay influence the fishery contribution by age, the ocean
distribution, and age of maturity of fish from WDFfacilities.

There al so appears to be adifference in contribution by age anong brood
years. The contribution of 3-year-old fish predoninates in all four
broods, but the predoni nance declines fromnearly 70% for the 1978 and
1979 broods to 55 and 61% for the 1980 and 1981 broods The
contribution of 4-year-old fish increases from about 20% for the 1978
and 1979 broods to about 30% for the 1980 and 1981 broods. The Apparent
reason for the change in contribution by age across broods is the
reduced contribution of Spring Creek Hatchery for the 1980 and 1981
broods. Spring Creek Hatchery accounted for over 50% of the total
contribution fromall Colunbia River facilities for the 1978 and 1979
broods. This contribution dropped to about 20% for the 1980 and 1981
broods. Nearly 80% of the fish from Spring Creek Hatchery contribute to
the fisheries & 3-year-olds.

The total contribution to the fisheries fromfacilities involved in this
study is estinmated to be 1,020,800 fish. This is an average of 2.9 fish
contributed to the fisheries for every 1000 fish released. The
contributions per 1000 rel eases by brood are 3.3, 4.7, 1.9, and 2.0 for
the 1978 through 1981 broods respectively. These fishery contribution
rates are lower than those reported in a study of the 1961 through 1964
broods of fall chinook salnon from Colunbia River rearing facilities.
The reasons for the lower contribution for fish fromthis study are not
wel | understood. Changes in the fishery regulations reducing the
recovery of chinook salnon in sonme narine fisheries and a general
coastwide trend of declining survival of chinook salnmon since the early
1970's both may play a part. The El Nino of 1982 and 1983 appears to
have created ocean conditions which linmted the ® urvival of the 1980 and
1981 broods of fall chinook salmon from Colunbia River facilities.

Fi shery contributions per 1000 fish released varied w dely anong
facilities. The greatest contribution for any facility was 12.7 fish
per 1000 rel ease, 1979 brood from Spring Creek Hatchery. The | owest
contribution was 0.1 fish per 1000 rel eases, 1978 brood from El okomnin
Hatchery. The range of contribution rates by brood are: 1978 brood -
0.1. Elokomin Hatchery to 8.6, Spring Creek Hatchery: 1979 brood - 0.3
Little Wiite Hatchery to 12.7, Spring Creek Hatchery: 1980 brood - 0.2
Little Wiite Hatchery to 7.8, Abernathy Hatchery; and 1981 brood - 0.2
Little Wiite Hatchery to 6.0, Sea Resources Hatchery.

For the 1978 and 1979 broods, the fishery contribution from Spring Creek
Hat chery was 55 and 52% respectively of the total contribution of fall

101



chi nook sal non from Col umbi a River rearing facilities. Releases of fall
chinook salmon from Spring Creek Hatchery represented 21 and 19% of the
total releases for the 1978 and 1979 broods respectively. For the 1980
and 1981 broods, the contribution proportion from Spring Creek Hatchery
dropped to 19 and 25% respectively of the total recovery. The rel ease
proportiona were 18.5 and 16% ofthe total rel eases for the 1978 and
1979 broods respectively.

I ndividual rearing facilities did not neceaaarily have contribution
patterns sinilar to the brood year averages. Six facilities (Abernathy,
Sea Resources, Priest Rapids, Cowitz, Elokonin, and Lower Kalama) had
their greatest contribution to the fisheries and survivals for the 1980
or 1981 broods. It is not clear why this occurred. Apparently fish
seemngly subject to the sane marine conditions can have different
survivals. It is not known how factors such as size of fish at the tine
of entering the ocean, conditions in the ocean upon entry, snolt status,
fish health, or differences in diatribution after the fish enter the
ocean may influence the ultimate survival of fish.

The average ageatreturn to the rearing facilities followed a pattern
that appeared to be slightly different than the fishery contribution.
The 3-year-old returns predom nated (46%, but not by as great a margin;
The proportion of 2-year-old returns is 41% followed by 2-year-olds at _
7% and 5-year-olds at 6% By brood year, the 3-year-old returns
predoninate for the 1978 and 1979 broods, the 3- and 4-year-old return
proportiona are about equal for the 1980 brood, and the 4-year-old
returns predoninate for the 1981 brood. Afactor in the difference

bet ween age proportions in the fishery contributions and atreturn is
likely a difference in sanmpling schemes. The fisheries were sanpled
randomy at a 15%to 20%rate. In noat cues, all the returnsto a
rearing facility were sanpled for tagged fish. Sanpling of returns to
adj acent streans consisted of examining all fish that could be found.

O her factors which nay have contributed to the apparent differences in
ages of contribution andreturn are: 1) inability of fish to return to
some facilities at times of |low streamflow, 2) inefficiency of sone
adult trapping facilities in capturing the smaller returning 2- and 3-
year-old fish, 3) straying of returns to adjacent streams where only
observed recoveries were used as return nunbers, and 4) the potential
for fishery selectivity.

There is in some cuessubstantial straying of fall chinook sal non anong
the facilities involved in this study and to adjacent streans. |n
several cues the rate of straying was greater than208% Thereare a
nunmber of potential reasons for the apparent high rates of straying.

Fal | chinook salmon in the Colunbia River return to spawn in August and
Sept enber when tributary streams are at their lowest flows. Low flows
in streams where rearing facilities are located may cause returning fish
to seek other spawning sites. The release environment may influence the
homing inprint process. The greatest anount of straying appeared to
occur ampong rearing facilities releasing into or just above the Col unbia
River estuary. The influence ofthe tidal fluctuations in the estuary
may nuddle the homing inprint process. Delay caused by Bonneville Dam
is a probable reason for sone straying. The ability to specifically
identify fall chinook salnon for individual rearing facilities with a
coded wire tag may have reveal ed straying rates which could not be

102



identified in put studies using fin marks Poor placenent of taga in
the smallest fish m ght have caused ol factory nerve damage in SOme fish.
This could have altered the homi ng behavior of these fish.

Total survival (fishery contributions and escapenent to rearing
facilities and adjacent streans) for all four broods conbined is 0.33%
By brood the survivals are 0.33% 0.46% 0.28% and 0.25% for the 1978
t hrough 1981 broods respectively. Survivals anong facilities across all
broods ranged froma |l ow of 0.01% for El okomin Hatchery, 1978 brood, to
a high of 1.47%for Spring Creek Hatchery, 1979 brood. It is not clear
why the fishery contribution is higher for the 1981 brood than for the

1980 brood considering the survival for the 1981 brood is |ower than
that for the 1980 brood.

As with the fishery contributiona, the survivals of fall chinook sal mon
fromthis study were lower than those estimated for the 1961- through
1964-brood study. This was unexpected because the fish fromthis study
were released at a larger size and thought to have been reared under
better rearing conditiona than those from the earlier St udy. However ,
survival reductiona of fall chinook sal mon have been noted by others on
the Pacific coastover the past 15 to 20 years.

The total coatof rearing the 1978 through 1981 broods of fall chinook
sal mon for Colunbia River rearing facilities is $6,334000. The total
benefit of the fishery recoveries of these fish is estimted at
$36,242,200. Thus the average benefit to coat ratio for all rearing
facilities and all brood years conbined is 5.7 to 1. The range anong
broods is 2.5/1 to 9.8/1. The range anong rearing facilities across all
broods is 0.1/1 to 26.6/1. The benefits for the rearing facilities
involved in this study are believed to be mininums for three reason
Notevery rel ease group fromevery facility was repreaented by tagged
fish. Sone tagged groups were released from somefacilities for
purposes other than the contribution study. These groups were not
included in the benefit analysis. The fishery contribution estimates
are believed to be mninmuns because the Al aska narine sport fishery was
not sanpled for tagged fish and the tag recoveries in the British

Col unbia sport fishery could not be expanded to the total catch. There
is a potential for recoveries of fall chinook salnmon from Col unbia River
rearing facilities in both these fisheries.

This study was not designed to identify the factors which may lead to
various rates of fishery contribution and survival. The purpose of the
study was to deternine what the fishery contribution rates and survi val
were for various brood years and rearing facilities and indicate if
these rates differ anong brood years and facilities. The data fromthis
study indicate that fishery contribution and survival differ anong brood
years. Conditions in the ocean environment may be a nmajor reason for
these differences. The data also indicate that the conditions affecting
fishery contribution and survival in a release year do not affect fall
chinook salnmon fromall rearing facilities on the Colunbia River in the
same manner. For exanple, groups of fish with the same health,

physi cal, and physiol ogi cal status reaching the estuary, Colunbia River
Pl ume and near shore ocean at different times, nmight be subject to
different environmental conditions. These different conditions may
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cause differences in survival. Goups of fish with different health,
physi cal , and physiological e tatus may survive at different rates even
though the environmental conditions are the same in the estuary, plune,
and near shore ocean.

There is nuch analysis that could yet be done with the data collected
for this study. Fishery contributions and survivals of individual
release groups within a rearing facility are not analyzed in this

report. Van Hyning (1973) and Fresh, Schroder. and Shepard (1987) ran
correlations of factors which mayaffect survival of fall chinook sal non
fromColunbia River rearing facilities. This type of analysis could
also be attenpted with the data fromthis study. Al of the rearing,

rel ease, and recovery data are available on conputer to those who may
have the inclination, time, and resources to undertake further analysis.

It is the authors opinion that a correlation of survivals wth.various
available rearing, release, and river, estuary, and wean conditions
woul d be an interesting pursuit but this analysis would not yield
definitive answers to the reasons for the aurvivala. There are certain
pieces of data which are limited or not available. These data may pl ay
a critical roll in the survival of fall chinook sal non. For exanpl e,
[imted disease data are available in Appendix A. However, the data
only tell when a disease Was detected and what treatment was used. They
do not necessarily indicate the health of the fish at rel ease or the
health in conmparison tofish in which no or less di acase was det ect ed.
Despite years ofresearch there is yet no way to quantify the health of
fish released fromrearing facilities. Oher pieces of linmted or

m ssing data are the snolt status atrelease; tine of Colunmbia River
plume and/or ocean entry; food availability in the estuary, Colunbia
River plume, and ocean atand after the time of entry into these
environments; the types and numbers of conpetitors and predators in the
estuary, Colunbia River plume, and near shore ocean; and survival rates
of juvenile fish in the estuary, Colunbia River plune, and during early
ocean |life. Wthout conmplete data for these factors, the value of a
survival correlation may be limted.
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