CONTRIBUTION OF COLUMBIA RIVER HATCHERIES TO HARVEST OF
FALL CHINOOK SALMON (Oncorhynchus tshawytscha)

BY DONALD D. WORLUND,! ROY J. WAHLE,* AND PAUL D. ZIMMER *

ABSTRACT

A marking experiment was designed in which fall
chinook salmon (Oncorhynchus tshawytscha) from 12
Columbia River hatcheries were marked in 4 consecu-
tive years to estimate their contribution to the sport
and commercial fisheries. The study was planned and
is being executed by scientists of the Fisheries Research
Board of Canada, Bureau of Commercial Fisheries, and
fishery agencies of the States of Washington, Oregon,
California, and Alaska.

Sampling for marked fish is being conducted in
most ocean fisheries for chinook salmon from Monterey,
Calif., to southeast Alaska, as well as on the Columbia
River. The 1963-66 returns from the first year’s release
(1961 brood) of 5.4 million marked fish make it possible

The U.S. Fish and Wildlife Service has financed
the Columbia River Fishery Development Pro-
gram, a cooperative effort of the States of Oregon,
Washington, and Idaho, since its inception in 1949,
The Bureau of Commercial Fisheries Columbia
Fisheries Program Office, Portland, Oreg., admin-
isters this project, which is designed to increase
production of salmon (Oncorhynchus spp.) and
steelhead trout (Sealmo gairdneri) in the Columbia
River.

A major accomplishment of the program has
been the construction and modernization of 19
salmon producing hatcheries on the lower 290 km.
(180 miles) of the river. These hatcheries, man-
aged by the Bureau of Sport Fisheries and Wild-
life and the States of Washington and Oregon,
were built primarily to otfset the loss of natural
spawning and rearing areas for salmon and steel-
head trout caused by water development projects.

1 Statisticlan, Bureau of Commercial Fisheries Biological Laboratory,
2725 Montlake Boulevard East, Seattle, Wash. 98102.

2 Fishery Biologists. Bureau of Commercial Fisheries Columbia Fisheries
Program Office, 811 Northeast Oregon Street, Portland, Oreg. 97208,

Published April 1969.
FISHERY BULLETIN: VOIL. 67, NO. 2

to obtain a preliminary estimate of the contribution
of the total hatchery releases as represented by this
marked group.

The estimated catch of 1961-brood fish that originated
from the hatcheries under study was 287,326, or about
10 percent of the total catch of chinook salmon of that
brood in the fisheries sampled. The estimated net
value of this catch (to the fisherman) was about
$1,900,000, whereas the cost to produce them was
$831,000. The benefit to cost ratio was 2.3:1.

The net value of the catch of fall chinook salmon of
the 1961 brood that originated from all Columbia
River hatcheries (including those not participating in
the marking experiments) was estimated at $2,055,000.

Releases of fall chinook salmon have varied
from less than 10 million fish from 6 hatcheries in
1949 to about 56 million from 14 hatcheries in
1966. The contribution of these large releases to the
commercial and sport fisheries, however, is un-
known. Past marking experiments have demon-
strated that hatchery releases contribute to the
fisheries, but because such experiments were
limited and designed for other purposes, the con-
tribution has not heen estimated.

A marking experiment was undertaken in 1962
by the Columbia Fishevies Program Office to esti-
mate the contribution of hatchery-reared fall chi-
nook salmon to the fisheries. The experiment was
confined to 12 hatcheries that have propagated
about 90 percent of all fall chinook salmon arti-
ficially reared in the Columbia River. Data collec-
tion will be completed by the end of 1969;
however, sufficient information is presently avail-
able for preliminary estimates of the contribution
to the fisheries by one group (1961 hrood) of
hatchery-reared fall chinook salmon.
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FIcURE 1.—Locations of fall chinook salmon hatcheries on lower Columbia River.
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The 12 hatcheries are distributed over about 250
km. (135 miles) of the Columbia River (fig. 1).
Big Creek Hatchery, the lowermost stu.t.lon, and
Klickitat Hatehery, the uppermost, are on trib-
utaries about 40 and 290 km. (25 and 180 miles),
respectively, above the river mouth, Some hatch-
eries (Bonneville, Cascade, Oxbow, Little White
Salmon, and Spring Creek) are adjacent to the
Columbia River and release their fish directly into
the river. In contrast, fish released at Klickitat
Hatchery must travel about 40 km. (25 miles) to
reach the main stem of the Columbia.

Artificial propag: ation procedures are similar at
all hatcheries raising fall chinook salmon, Adults
normally return to these hatcheries and arve
spawned during September and October. Depend-
ing upon water temperatures, fry typically reach
the free swimming stage in February or March
and are then placed in ponds. The young fish are
released from the hatchery 90 to 120 days later at
an average length of 6 to § em. (2-3 inches). Dur-
ing the following H years, they are available to
commercial and sport fisheries from southeast
Alaska to central California. Some fish mature and
return to the Columbia River during their second,
thivd, fourth, and fifth years; however, most are
in their thivd (age 3) and fourth years.

This report (1) describes the design of the
marking experiment and (2) presents an estimate
of the contribution (catch) to the fisheries hy the
1961-brood hatchery releases and an estimate of
the benefit-cost ratio. This is the first basic analysis
of data collected under the hatchery evaluation
study directed by Paul D. Zimmer of the Columbia
River Fishery Development Program. Several re-
scarch laboratories and individuals are analyzing
data from this study and will develop much addi-
tional information.

DESIGN OF EXPERIMENT TO ESTIMATE
HATCHERY CONTRIBUTION TO FISH.
ERIES

The general approach for estimating the hatch-
ery contribution of fall chinook salmon was to
identically mark the same fraction (about 10 per-
cent) of each hatchery’s production and then sam-
ple for this mark in the commercial and sport
fisheries. From the nuniber of marked fish recov-
ered and the sampling ratio, together with the
fraction originally marked (or expected marked to
unmarked ratio), we can estimate the number of
hatchery—veaved full chinook salmon in the cateh.
In addition to the “common mark™ (i.e., mark ap-
plied to portion of fish at all lmtcheues under
study), “special marks” were used at selected
hatcheries each year to examine the variations in
contribution among hatcheries. Supplemental data
were also collected in an attempt to explain the
expected variations among hatcheries and to test
some of the assumptions underlying the experi-
mental techiniques and estimating procedures.

The success of the marking experiment required
the efforts of many people and the cooperation of
tishery agencies on the Pacific Coast (table 1). All
marking and mavk recovery activities were under
the dirvect supervision of experienced biologists.

MARKING

The marking phase of the study began in June
1962 and was completed in June 1965. The 1961-
6+ broods (progeny of adults that spawned in
1964, 1962, 1963, and 1964) were marked. The
“common mark” consisted of removing the adipose
fin and a portion of the right or left maxillary
bone. The clipped right maxillary was used to
identify the 1961 and 1963 broods and the ¢lipped
left maxillary the 1962 and 1964 broods (table 2).

TABLE 1.—Responsibilities of agencies parlicipating in the marking and mark recovery phases of the Columbia River fall
chinook haichery coniribution study, 1962-68

Function Execution

Supervision Agency t

- Biologist

Coordinating and supervising. .
Hutehery personiy

btaining fish for markin
Muarking Fish marker
Sampling hatchory Hatehery pe
Sampling cateh for nu .. Mark sampler:

Sumnpling hatchery returng and natural .o L SR

spuwning populations for marked [ish.

... BCF
.. WDF, FCO, BSFW
WDF, FCO, BSFW
w I)F FCO, BSFW
CADFG, FRBC, WDF, FCO
0Ge, CFu, BOF

________ 0 i aecie i ceeiiao.. WDF, FCO, BSFW

' ADFCi—Alaska Dept. of Fish and Game: FRBC—Fisheries Research Board of Canada; WD F—Waushington Dept. of Fisheries; FCO—Fish Comuis-
sion of Oregon: VG C—Oregon Game Commission; CD FG—California Dept. of Fish und Guame; BCF—Burenu of Commercial Fisheries; BSFW—bBureau of

Sport Fisheries und Wildlife.
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TaBLE 2.—Ages of marked Columbia River fall chinook
salmon in calches and escapements by brood (1961-64)
and sampling years (1963-64)

Year of sampling

1963 1964 1965 1966 1967 1968 1969

Brood Mark! Release site

1961._ Ad-RM 12 hatcheries. -
Ad-LV- Spring Creek._
RM
Ad-RV- Kalama..____..
RM
RV-RM Ox Bow.___
LV-RM Elokomin.
1962, Ad-LM 12 hatcheries. .
Ad-LV- Spring Creek__
LM
Al-RV- Kulama. ...
LM
RV-LM Caseade_............
LV-LM Grays River..___.__
1963_. Ad-RM 12 hatcheries. ___
Ad-LV- Spring Creek________....._.
RM
Ad-RV- Kalama_ ... ... ......... 2
RM
RV-RM 2
LV-RM 2
1964. . Ad-LM
Ad-LV-
LM
Ad-RV- Kalama_ .. .. .................. 4
LM
RV-LM Little White __.___. ... ... 2
Salmon.
LV-LM Bomneville. ... 2
Number of marks in catches and
eseapements_ .o ... ... L] 10 15 20 15 10 3

L Ad: Adipose; LV: Lelt ventral; RV: Right ventral; LM: Left maxillary;
RM: Right muxillary.

To obtain the fish for marking, a sampling tool
(Hewitt and Burrows, 1048) was modified to re-
move a random “10 percent™ sample. This device is
a cireular net consisting of 10 equal pie-shaped
sections that fits into a cylindrical liner such that
all fish contained in the cylinder must pass through
one of the sections (fig. #). The sample for mark-
ing was obtained by closing one of the sections.
In practice, the sampling device was placed in a
tub partially filled with water. Fish were removed
from a pond in groups weighing about 18 ke, (40
pounds) each and placed in the sampler, and the
device was then raised ; the closed section retained
the sample for marking. The fish that passed
through the open sections remained in the tub and
were placed in another pond. This procedure was
followed until all fish in each pond were processed.

At each hatchery, fish sclected for marking were
first anaesthetized with MS-222 3 (tricaine meth-
anesulfonate), then the markers used bent-nosed
dissecting scissors to remove certain fins and maxil-
laries. Marked fish were held in hatchery troughs

3Trade names referred to in this publieation do not imply
endorsement of commerclal products by 'the Bureau of Com-
mercial Fisheries,
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for recovery from the anaesthetic and returned to
the group of unmarked fish from which they were
removed. To ensure proper control of quality, 25
marked fish from each marker were examined
daily. In addition, fish that died shortly after
marking were carefully examined in an effort to
detect improper handling.

The entire production of each hatchery was
sampled at time of release (3-8 weeks after mark-
ing) to estimate the proportion and numbers of
marked fish released. The procedure for obtaining
this sumple was the same as for selecting fish for
marking, except that fish initially removed by the
closed section of the sampler were pooled and
sampled again. The resultant sample (about 1 per-
cent of the total production) wus sorted into
nmarked and unmarked groups and counted and
weighed. These counts, together with an estimate
of the proportion removed by the particular
sampler, were used to estimate the proportions and
numbers of marked fish in the release.

RECOVERY OF MARKS

The recovery phase of the investigation began
in 1963 and will end in 1969 (table 2).

Sampling for marked fish was designed to cover
four areas: major ocean fisheries from southeast
Alaska to central California, Columbia River fish-
eries, parent hatcheries, and certain natural spawn-
ing grounds,

Sampling for marks in each area consists of
recording numbers of fish examined for marks and
the numbers recovered with each type of mark.
In addition, all marked fish and a sample of un-
marked fish are examined for age, length, and
weight. It was recognized that occurrence of marks
and compositions of age and size would change
with time; thus, the sampling season was stratified
into small units (usually biweekly for the ocean
and weekly for the Columbia River fisheries).

The general fisheries being sampled are ocean
commercial and sport; Columbia River commer-
cial and sport; and Puget Sound sport. For pur-
poses of sampling, most fisheries were further
stratified by port of Janding. Exceptions are the
Alaska and British Columbia troll, purse seine,
and gill net fisheries; Columbia River commerecial
and sport fisheries; and Puget Sound sport fishery,
in which the stratification is by area of catch. The
specific fisheries heing sampled are listed in table

U.8. FISH AND WILDLIFE SERVICE



F16URE 2.—Ten-part sampling net used to obtain fish for marking and
to estimate the numbers of marked and unmarked fish released.

3 and shown in figure 3. General sampling levels
for each time-location stratum were predeter-
mined; typically, about 20 percent of the catch is
sampled for marks, and from 50 to 100 unmarked
fish are sampled to obtain age, length, and weight.

Catch data for cach time-location stratum are
provided by the management agencies. For most
fisheries, the cateh of chinook salmon in numbers
of fish is an estimate. Clommereial catches ave esti-
mated either from the total weight of landings and
an estimate of average fish size or from total

CONTRIBUTION OF COLUMBIA RIVER HATCHERIES TO FALL CHINOOK SALMON HARVEST

salmon landings (numbers) and an estimate of
species composition. Estimates of sport catches are
from measures of total effort and catch per-unit-
effort or from salmon punch cards (filled out by
anglers) together with independent sampling by
the management agency.

Because the catch of hatchery-reared fish de-
pends on length and timing of the fishing seasons
as well as on the numbers of fish available, an es-
timate of the numbers of hatchery fish which
escape the fishery is required to measure the
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TABLE 3.—Areas where calches were examined for marked fall chinook salmon of Columbia River origin by port or zone of
landing and type of fishery

Type of fishery
Area sampled Sportl Commereial
Rod and recl Troll Gill net Dip net Purse seiuy
Southeust AlasKa_ - oo oo oo e cm e Zones 1, 3-15, 18, 22 _________ Zones 1, 6, §, 11, 15, 18, 19.
British Columbia_ . Al‘-.;sk:\ (1:«'- Zones 29, 40-43, Zones 29, 40, 41-43_ .. Zones 40-43
rea C,
Washington ecean. . ..o_..._.__ (51041 | S Seattle ... Juan de Fuca Strait.
Neah Bay. . .. Neah Bay..._... -. Grays Harbor,
La Push__._. - LaPush_ ... Willapa Bay,
Westport. - ceeeee--- Westport,
Tlwaco. ... ... Ttwaco.
Puget Sound..........o........ Zones 6-12, .
Qregon oeean. ..o oo Warrenton_. .. .oooo-o_.. Astoria.
Depoe Bay . Tillamook,
Newport.-- . Nestucea,
Florence - Dupoe Bay.
Reedspol . Newport.
Caos Ba) Florenea.
Gold B - Readsport.
Brookings............._..... Cuoos Bay.
Port Orford.
Brookings,
California oeean. _.o........._.._ Crescent City Crescent City.
Eureka...... Eureka.
Fort Bragg.._. Fort Bragg.
San Franeiseo ... __._. San Francisco.
Monterey. .. oo, Monterey.
Columbia River ... ... Zunes 1-b_ e Zones1-6. ... Klickitat River.

hatchery output. For this reason, plans for mark
sampling also ineluded examining the fish return-
ing to the hatcheries and searching for marked
fish on certain natural spawning grounds.

Fish returning to the hatcheries are counted
and examined for marks. At each hatchery an
effort is made to obtain data on age, length, and
sex for 25 to 50 unmarked fish per week. In addi-
tion to searching for marks at the 12 participating
hatcheries, returns to 5 other hatcheries (Aber-
nathy, Speelyai, Toutle, Klaskanine, and Sandy;
fig. 1) are also examined for marks.

To estimate natural spawning of hatchery-
reared fish, surveys were conducted on hatchery
streams as well as those adjacent to or near the
hatcheries under study. These streams are Klicki-
tat. Big White Salmon, Little White Salmon,
Wind, Washougal, Kalama, Lewis, Elokomin, and
Grays Rivers and Plympton and Big Creeks.
These surveys were designed to estimate size of the
total spawning population, as well as to sample
for marks, age, and length.

All data collected during the recovery phase of
the study are recorded on a standard form (fig. 4).
Data on a group of fish examined for marks are
recorded according to the format along the upper
part of the form; data for individual marked re-
coveries are recorded on the same form dccording
to the format along the lower part. A scale sam-
ple from each marked fish is sent along with the
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form to the Fish Commission of Oregon’s mark
processing center, where the age is determined
and entered on the form. * Samples of individual
unmarked fish are recorded and processed in the
same way as the marked fish.

After appropriate coding (e.g., type of mark,
fishery and gear, and port of landing) the data
are transferred to data processing cards from
which tabulations are made. The tabulations are
then forwarded to the Biometries Unit at the
Bureau of Commercial Fisheries Biological Lab-
oratory, Seattle, Wash., where they are collated
with eatch information, and a summary report of
each year's sampling effort is assembled.

SOURCES OF VARIATION

Two major sources of variation in the contribu-
tion of hatcheries are being considered. The first
is the variation from year to year, which is the
reason for extending the marking experiment
over four brood years. The second source of varia-
tion is among hatcheries. To examine this, a group
of fish at each of the four hatcheries was marked
with a unique fin clip each year. Spring Creek and
Kalama Hatcheries were allotted a special mark
each year, and two additional special marks were
rotated among eight of the remaining hatcheries
so all hatcleries, except two, received special

+In some instances (British Columbia and Washington fish-
eries), ages are determined by the agency that collects the data.

U.S. FISH AND WILDLIFE SERVICE
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FI6URE 3.—Ports and zones sampled for marked fall chinook salmon of Columbia River origin.
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marks. Marks selected were the excised right or left
ventral fin, with and without the adipose fin. In
addition, part of the left maxillary bone was re-
moved in the even numbered bhrood years and part
of the right maxillary in odd numbered brood
years. These marks, together with the hatcheries
involved and expected age of appearance in the
sampling area, are shown in table 2.

Procedures for selecting fish, marking them,
and sampling them at release to estimate mark
ratios were the same as described earlier for the
common (adipose-maxillary) mark.

Certain items of information concerning the
rearing history were collected at each hatchery
to explain some of the expected variations in con-
tribution between hatcheries and between years.
This information included numbers of adults
spawned, incidence of disease in adults,, mortali-
ties during incubation of eggs and rearing of
young, incidence and treatment of disease in
progeny, diet, fish size at release, and water tem-
peratures during incubation, rearing, and at the
release site.
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For the sume purpose, groups of marked and
unmarked fish obtained at time of release from
each hatchery underwent numerous tests at Aber-
nathy Salmon Cultural Laboratory. Variables of
interest included physical capabilities, body com-
position, hematology, and pathology. Physical
capability of each group of fish was indexed by
use of a stamina tunnel; hody composition of pro-
tein, lipid, ash, water and glycogen was determined
by proximate analyses; hematology consisted of
hematocrit determinations and chemical measure-
ments of blood plasma to determine levels of cal-
cium, phosphorus, chlorvide, glucose, protein, al-
bumin, cholesterol, icteric index, creatinine, uric
acid, ammonia, and urea; and pathology included
examinations for disease organisms from which
a “disease index” was determined.

ESTIMATING PROCEDURES

The contribution (catch) of hatchery-reared fish
will be estimated, as noted earlier, from data on the
proportion of hatchery fish that were marked (or
expected marked to unmarked ratio), the chinook

U.8. FISH AND WILDLIFE SERVICE



salmon catch by time period within a season for a
particular fishery, the number of fish examined
for marks, and the number of marked fish re-
covered. In addition to obtaining an estimate of the
catch of a given age group of hatchery fish, we
are cstimating the percentage contribution of
hatchery fish to the total catch of that age group.
This malkes it necessary to subdivide the catch by
age group on the basis of an estimated age com-
position.

For a particular fishery (e.g., Washington
ocean sport fishery at Westport) let:

¢y=catch during i*™ period

ny=number of fish examined for marks during

i*® period
nig=number of marked fish with the k* kind of
mark and of the j* age group recovered
during the i** period
pux=proportion of n; having k* kind of mark
and of the j* age group
=/

Then an estimate of the catch of fish with the
k" kind of mark and of the j*™ age group for the
i*" period is:

My =P1xCy (1)
An estimate of the catch of all marked fish of
the j™ age group for the i™" period is:
n1u.=('lfl)uk

= Eln”k
k

and an estimate of the catch of all marked fish
of all age groups for the i period is:
my, =3Imy,

]

The estimated catch of unmarked fish during

the i™ period is then:
Wy=c¢y—m,

If g,; is the proportion of the sample of un-
marked fish-belonging to the j* age group for the
i*® period, then an estimate of the catch of un-
marked fish of the j™ age group for the i*® period is:

Uy=gyUuy
Hence, the estimate of the total catch (marked
and unmarked) of the j™ age group for the i
period is:

Cy=uy+my,
and the estimated seasonal catch of marked
and unmarked fish of the j* age group is:

¢.5=Zey (2)

1
Now, if we designate a particular hatchery
evaluation mark (e.g., adipose-right maxillary)

by setting k=1 in equation (1), then an estimate

of the seasonal catch of Columbia River hatchery

fish of the j*™ age group having that mark is:
m.u=iEl)ulcl (3)

If, for example, we are interested in marked
hatchery fish (adipose-right maxillary mark) of
the 1961 brood, then their estimated catch in
1963 as 2-year-old fish is:
s =2(sprar) (s¢0)
1

where the presubscript denotes the last digit of

the sampling year. Similarly, the estimated

catch in 1964 as 3-year-old fish is:
4m.31=?(4pm) (se1)

and the estimated catch in 1965 as 4-year-old
fish is:
5H1-41=F;(5])141) (sc1)

and similarly for still later years of capture.
An approximate variance estimate for m y is:

V(m ;) =C2Z (w?pyp/ny)
+V(C)|:(_E wip)*—Swipy/n, | (4)

where C=23c,, w,=c¢,;/C and V(C) is the variance

1
of the estimated seasonal catch, If the catch, C,
is known, then only the first item in (4) contributes
to the variance estimate.

Now if ,r; is the expected proportion of
Columbia River hatchery fish of the j*™ age group
in sampling year “a,”" which is marked with a
particular mark (e.g., let k=1 for adipose-right
maxillary), then an estimate of the seasonal
catch of hatchery fish (marked and unmarked) of
the j* age group in sampling year “a’” is (from
equation 3):

Jdy=am j/aln (5)

Hence, if, as in the example above, we are in-
terested in the contribution of the 1961-brood
hatchery fish, then an estimate of their catch
(marked and unmarked) in 1963 as 2-year-old
fish is:

sHa=3m 21/stn
Likewise then, the estimated catch in 1964 as
3-year-old fish is:

JHa=,m 3,/,r3,
and similarly for the 1965 and 1966 sampling
years.

An alternative procedure for estimating the
seasonal catch of hatchery fish of the j* age
group in sampling year ‘‘a’ is:
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,H.=<.1\4.u/,qu)+§;1.1\4.,k (6)

where ,q; is the expected marked (adipose-
right maxillary) to unmarked ratio. The first
term in this equation is an estimate of the catch
of unmarked hatchery fish, and the second term
is the estimated total catch of marked hatchery
fish (summed over the five marks identifying
hatchery fish).

The percent contribution of hatchery fish to
the catch of the j*™ age group in year ‘“a” is
then (from equation 2): ,P,=100(,H,/sc ;).

Equations (5) and (6) are the basic equalions
for estimating the catch of Columbia River
hatchery-reared fall chinook salmon of a given
age in a given year. The numerator, ,M ;;, in
equation (5) is the estimated number of marked
fish (adipose-right maxillary) in the catch at a
particular fishery-port combination. As stated
before, the denominator, ,r,, is the expected
proportion that M, is of the total catch of
hatchery fish of the same age group. Granting
certain assumptions (set forth in the following
section), the proportion of adipose-right maxillary
marked fish in the hatchery releases is an estimate
of ,r;. Hence, if r is the proportion of marked
fish in the 1961 brood hatchery releases, we set

So, we assume that the expected proportions
of marked age 2 hatchery fish in 1963, age 3
fish in 1964, etc. are identical and equal to the
proportion of marked fish in the releases of the
1961 brood hatchery fish. '

The estimated proportion of marked fish in the
total release of each brood year from the 12
hatcheries is based on estimates of the proportion
of marked fish in the release and the size of release
at each of the hatcheries. These latter estimates
were obtained from a sampling procedure at the
time of release at each of the hatcheries. If N,
is the total number of fish released from a hatchery,
then the number of fish removed by the sampling
device at the first stage of sampling is:

N1=SIN0

where s, is the actual proportion of the total
number of fish removed by the sampling device.
These fish, N,, were then sampled again. If s, is
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the actual proportion of the total number of fish,
Ni, removed by the sampling device during the
second stage of sampling, then the number of fish
which comprise the final sample is:

2=5; N, =55 N,

Hence, if s is an estimate of the proportion of fish
removed by the sampler during a single stage
(i.e., s is an estimate of both s, and s,), then an
estimate of the numbers of fish released, Ny, is:

N=N-_3/S2

The estimated proportion of fish removed by the
sampling device was obtained from a number of
trials using known numbers of fish, and the number
of fish removed by the sampling device, N,, was
counted and sorted into the marked and un-
marked groups. Thus, if M is the count of marked
fish, then the estimated proportion of marked
fish in the release is simply:

r=M/N,
If N, and r, are the above estimated quantities
for the i** hatchery, then the estimated proportion,
r, of marked fish in the total release from all
hatcheries is:
r= ;\\’11'1
1

where w,=N/=EN,

An estimate of the marked to unmarked ratio
for the hatchery releases is similarly obtained.

ASSUMPTIONS

Several assumptions are inherent in the fore-
going method of estimating the contribution of
hatchery-reared fall chinook salmon to the fisher-
ies. Three basic assumptions are:

1. A marked fish is identifiable as a marked
fish throughout its life.

[&~]

. All observed chinook salmon having the
kind of mark used on the hatchery-
reared fish are indeed hatchery fish.

3. Chinook salmon are correctly aged from
scale examinations and information on
size of fish and date of capture.
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In addition, we assume that marked fish behave
like the unmarked hatchery fish. In particular we
nmust assume:

4. Marked and unmarked hatchery fish have
the same survival rates and maturity
schedules.

5. Marked snd unmarked hatchery fish have
the same ocean distribution and ure
equally vulnerable to the fisheries.

Finally, hecause part of all hatchery releases hear
the same mark, we assume that:

6. Either the ocean distribution and timing of
migration of fish from each of the hatch-
eries are the same or the same proportion
of each hatchery’s production is marked.

The appropriateness of the estimating proce-
dures described above is obviously dependent upon
the validity of these assumptions. For this reason,
the results must be considered as preliminary until
sufficient data are collected to judge their validity.
For example, if marked and unmarked fish have
different survival rates, then the marked to un-
marked ratio in the hatchery release is not ap-
propriate [in equation (6)] and some adjustment
should be made. To test the assumptions, additional
studies and data collections were incorporated
within the design of the marking experiment.

In connection with the first assumption (perma-
nence of fin marks), marked juvenile fish were
held and periodically examined to determine de-
gree of mark regeneration. Also, illustrated forms
on which missing fins or parts of fins are shaded
out provide information on the samplers’ in-
terpretation of marked fish (fig. 5).

To test the second assumption (origin of fish
marked with hatchery marks), fish were examined
for natural marks while being marked. In ad-
dition, the cooperating fishery agencies agreed not
to use the combination of marks used in this study
on any group of 1965-brood chinook salmon. This
group will be sampled as 2-, 3-, and 4-year-old fish
during the 1967, 1968, and 1969 sampling years.
Any observed marks of the kind used in this study
will be from the natural loss of fins.

A test of scale readers was designed to test the
third assamption (accuracy of age assignments).
Scales from 400 marked fish of known age were
submitted to six readers from the Fisheries Re-
search Board of Canada, Washington Department
of Fisheries, Oregon Game Commission, Fish

Commission of Oregon (two readers), and Bureau
of Commercial Fisheries. Length of fish and date
of capture were available for each scale.

The fourth assumption (equality of survival
rates and maturity schedules) will be examined
from data on a different type of mark applied to
fish at one of the hatcheries. At Little White
Salmon Hatchery, a fraction of the 1964 brood was
marked with TM 50 (oxytetracycline) that was
added to the diet. This mark was selected to iden-
tify a hatchery stock because it apparently does not
affect their growth or survival (Weber and Ridg-
way, 1067). As a result, some of the fish are double
marked—rwith a finclip and TM 50. Returns to the
hatchery in 1966, 1967, 1968, and 1969 will be ex-
amined for changes since release in the proportion
of TM 50 marked fish which also have the finelip.
In addition to the TM 50 marking at this hatchery,
data bearing on the changes in marked to un-
marked ratios (i.e., finclip vs. totally unmarked)
between release and return will be available from
the returns to each of the participating hatcheries.

With the resources available, we could not test
the fifth assumption (equality of ocean distribution
and vulnerability). Indirect evidence may be ob-
tained, however, by comparing the ocean distribu-
tion of marked fish with the distribution as
determined by past tagging experiments in the
ocean.

The sixth assamption (equality of ocean distri-
bution or proportion marked among hatcheries)
will be examined from data collected in that part
of the study designed to examine the variations in
contribution between hatcheries and, of course,
from the data collected from each hatchery at the
time of release.

RELEASES OF FISH

The marking phase of the hatchery contribu-
tion study (concluded in 1965) included marking
a portion of the fall chinook production of each
of the 12 hatcheries with the same mark ; marking
a portion of the production of 4 hatcheries with
a unique mark; measuring the quality of mark-
ing: examining hatchery fish for naturally miss-
ing fins; and obtaining samples of fish to deter-
mine regeneration of marks and for measuring
certain physical and physiological characteristics
of the releases for each of the brood years. Anal-
vses of these latter data in terms of explaining
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F1oURE H.—Form for recording type of mark observed.

sources of variation must await completion of the
study.

Table 4 shows for each mark type and brood
year the estimated numbers of chinook salmon
released and the proportions of fish that were
marked, and ratios of marked-to-unmarked fish.
Detailed data for each hatchery are given in
appendix tables 1, 2, 3, and 4.

During the 4 years of marking (i.e., 1961-64
broods), 213 million fall chinook salmon were
released from the hatcheries under study. In-
cluded were 21.3 million fish with the adipose-
maxillary mark. This mark, common to All of the
12 hatcheries, was 9.9 to 10.1 percent of the

LYQ)

releases. In addition, the release included 9.6 mil-
lion fish with special marks unique to individual
hatcheries. These special marks were 9.1 to 30.5
percent of the yearly releases from the hatcheries
where used.

Samples of over 100,000 marked fish were ex-
amined each year and graded according to quality
of mark. A score of 5 was assigned for a good
mark, 3 for an acceptable mark, and 0 for an un-
acceptable mark. Average scores were 4.9, 4.9, 4.9,
and 4.8 for 1961, 1962, 1963, and 1964 broods, re-
spectively. The lowest average score for any hatch-
ery-mark type combination was 4.1; all remaining
scores were greater than 4.5. Although a certain
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TaBLE 4.—Estimaled numbers and mark ratios of fall chinook salmon released from study halcheries for 1961-64 brood years

. Muarked Marked and Marked/ Marked/
Brood year Mark Origin of mark release Mwkedand unmarked
unmarked
Number Nuntber
All hateheries. ...l 5,446,430 53,653,214 0. 1015 0. 1193
..... dooo.... ceme-e 5,249,079 52,470,003 . 1000 . 1163
..... do. 5, 986, 464 40, 112, 063 . 099 . 1155
RS 1 S 4, 638, 237 46, 778, 552 . 0092 L1175

Subtetal . ...

Ad-RV-RM  Kalwma........
LV-RM

RV-RM
1962, e Ad-LV-LM

Bonneville_ ... ._______.
Little White Salmon. . .._._..__...

Subtotal_______________ ...

Spring. Creek oo

....................... 21,320,219 213,018,882 o ilil.a.

....................... 1,133, 019 10, 925, 933 . 1037 . 1308

...... 475, 96 4, 908, 845 . 0870 1210

............ 480, 533 1, 575, 000 . 3051 . 5075

............ 450, 446 4, 549, 959 . 1990 1241

...... 868, 8o 8, 408, 267 . 1031 1299

...... 437, 669 4, 599, 326 . 0952 1173

...... 241, 494 1,359, 761 L1776 2437

...... ~41, 158 4,217,910 L1288 1667

751, 243 7,467, 82 . 1006 1264

456, 158 4, 883, 937 . 0034 1156

521, 610 2,883, 208 . 1806 2501

579, 967 1,985, 838 . 2920 4770

600, 953 6, 554, 455 L0917 1139

319, 412 3, 499, . 0914 1129

957, 110 9,887, 65756 . 0968 1205

....................... 797, 345 8, 365, 579 . 0953 1184

....................... 9,610,978 ... s
....................... 30,931, 192

amount of subjectivity is inherent in such a scor-
ing system, these values indicate that a high
quality was attained.

During the marking, over 30 million fingerlings
were examined for naturally missing adipose and
ventral fins. A total of 156 missing adipose and 201
missing ventral fins were observed. Although in-
significant in relation to the fish examined, these
numbers represent the frequency of naturally
missing fins for these hatchery-reared fish only.
A more direct measure of this source of error (i.e.,
occurrence of natural marks) in the hatchery
contribution study will be possible during the years
when fish of the 1965 brood are in the fishery. The
marks used in the study were not applied to the
1965 brood.

Marked fingerlings obtained at time of release
from the hatcheries were held in salt-water rear-
ing ponds at Bowman Bay, Wash., for as long as
34 months. Periodic examinations were made to
determine the extent of regeneration of the fin and
maxillary marks, and the results are summarized
in table 5.

Regeneration of the adipose mark was not ap-
parent. Similarly, complete regeneration of the
ventral mark did not occur. Some regeneration
of the ventral mark, however, was apparent for
a substantial portion of the fish in each group
(up to 47 percent). In most cases, the ventral fin
regenerated to less than 25 percent. of its original
size (as judged by the size of the paired ventral

T.-_\BLE 5.—Regeneration of adipose fin, mazillary bone and
ventral fin in lest lots of fish, 1961-64 brood years, held
at Bowman Bay, Wash.

Adipose [in
Brood year Age Fish Regeneration
examined
Months Number Number Percent
1961 el 20 115 1] 0
192 e 12 626 0 0
23 452 0 0
2 381 0 0
1963 e 12 /72 0 0
17 551 0 0
26 371 0 0
34 311 0 0
1984 el 14 416 0 0
k1) 312 0 0
Maxillary bone
Brood year Age Fish Complete regeneration
examined
Months Number Number Percent
106 e 20 201 20 6.9
1982 e eeeeaal 12 1,079 32 3.0
23 734 38 5.2
29 852 ki) 11.6
L LY J 12 1, 615 8 .5
17 1,160 25 2.2
26 774 26 3.4
34 664 22 3.3
K 14 751 12 1.6
27 567 5 .9
Ventral fin
Regeneration
Brood year Age Fish -
examined Less than Greater than
25 percent 25 percent
Months  Nwmber  Number Percent Number Percent
1061 ..o 20 201 114 39.9 114 4.8
1962, _....e 12 1,079 444 41,1 B4 5.9
23 74 203 30.9 37 5.0
20 652 247 37.9 39 6.0
1963 __....--.- 12 1,615 559 34.6 [ T
17 1, 160 408 35.2 62 5.3
26 774 310 40.0 41 5.3
34 4 182 27.4 33 5.0
1964 _ ... 14 575 211 36.7 2 3.8
R1g 432 86 19.9 16 3.7

1 Complete regeneration dicd not oceur in any of the groups.
: Degree of regeneration was not determined.
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fin). Even where the regeneration was greater (up
to 6 percent of the fish examined), the marks were
readily identifiable owing to a deformation of the
fin rays.

The maxillary mark completely regenerated Tor
varying proportions of the groups examined. The
relatively high occurrence of regenerztion for the
1961- and 1962-brood fish (6.9-11.6 percent) was
the basis for removing more of the maxillary bone
for the next 2 brood years. Only the tip of the
maxillary was removed for the 1961 and 1962
broods, For the 1963 and 1964 bronds, the maxil-
lary was excised at a point below the middle of
the eye. This change in marking procedure is
retlected in the smaller percentages of fish with
regeneration (1-3 percent) for the 1963 and 1964-
brood fish.

It is likely that these test fish were examined in
greater detail and under better conditions than
can be expected in actual sampling. The results of
the examinations, however, make it doubtful that
fin regeneration is an important source of error
in the total program. Maxillary regeneration
causes some difficulties and will be considered in
a later section.

MARK RECOVERIES AND ESTIMATED
CATCH OF MARKED FISH

The mark-sampling phase of the program began
in 1963 when the 19G1-brood-year fish first entered
some of the fisheries as 2-year-olds. During the
first year, sampling was limited to the Washington
and Oregon ocean fisheries, Columbia River fish-
eries, and hatchery returns. Beginning in 1964,
sampling was expanded to include most chinook
salmon fisheries from Monterey, Calif., to and in-
cluding southeast Alaska. The results reported
Lere concern recoveries of the 1961 brood in 1963,
1964, 1965, and 1966. Recoveries from this brood
in 1967 were minor.

The total catches of chinook salmon in the fish-
eries that were sampled and numbers of fish ex-
amined each year for marks and for age are given
in table 6. Over the 4 years of saumpling, 23 per-
cent of the catch of 8.5 million fish were examined
for marks. In addition, 1.5 percent of the total
catch was sampled for age determinations and
other data (e.g., length and weight). Mark sam-
pling percentages were 28.3, 26.6, 19.5, and 21.5
percent for 1963, 1964, 1965, and 1966, respectively.

AT

TaBLE 6.—Culches of chinook salmon and nwmber of fish
examined for marks and age, 1965-66

Catch t ehinook salinon Sanipled  Smtnpled
————————— for murks for age
1961 brood  All ages

Year

............... Number of fish___.______.___.

570, 172 161, 460 20, 00

2,671,976 709, 660 33, 000

2,572,919 508, 730 34, 000

2,645, 537 569, 265 40, 000

Total 2,812,949 S, 460,604 1,949,115 127,000

1Total cateh is only for those fisheries sampled.

RECOVERIES OF MARKED FISH

Table 7 summarizes all marks of possible Co-
lumbia River hatchery origin (1961 brood year)
recovered in the fisheries. Included in the table
are recoveries of marks that could be the resnlt of
maxillary regeneration. A total of 9,573 marked
fish of possible Columbia River hatchery origin
were recovered during the 4 years of sampling.
Although fairly large numbers of marked fish of
the 1961 brood were recovered in 1966 and during
the limited sampling in 1963, most of them were
recovered as 3-year-old fish in 1964. Exceptions
were the fish marked at IXalama Hatchery ; slight-
ly more of these fish were recovered in 1965 than
in 1964,

The distribution of recoveries for each year by
region of capture and type of fishery is shown in
table 8. Only recoveries of the full marks are
listed. The distribution of recoveries of the pos-
sible experimental marks was similar.

As 2-year-old fish, those with 1961-brood marks
were recovered only in the Washington ocean
sport. and Columbia River gill net fisheries. Al-
though many fisheries were not sampled in 1963,
9-year-old mark recoveries of the 1962- and 1963-
brood fish indicate that the contribution of this
age group to other fisheries is relatively minor. By
1964 the marked fish were distributed over the
entire range of sampling. For ocean fisheries they
appeared most frequently, however, in Washing-
ton and British Columbia catches (although not
shown in table 8, the bulk of the British Columbia
recoveries were from the troll fishery landings on
the west coast of Vancouver Island). The distribu-
tions of recoveries in 1965 and 1966 were similar
to 1964 but in fewer numbers.

The distributions of marked fish that originated
from Spring Creek and Kalama Hatcheries were
different. Proportionately more of the Kalama
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TaBLE 7.—Marked 1961 brood-year chinook salmon of
possible Columbia River haichery origin recovered in the
fisheries, 1963-66

Year of capture

Origin of mark Mark Total

1963 1964 1965 1966

........... Number of fish..._..._._.

All hateheries_..__.. Ad-RM 110 4,145 1,885 14 6,284

Ad 79 561 189 30 8§50

Spring Creek_... ... Ad-LV-RM 2% 861 270 5 1,165

Ad-LV 19 125 42 2 188

Kalama__.__....... Ad-RV-RM 5 248 268 64 585

Ad-RV 1 17 35 ]

Elokomin_......... LV-RM (] 38 1% 2 58

LV 3 70 57 21 156

Oxbow.._...._..._. RV-RM 3 54 16 5 e

RV 3 85 55 24 147

Total. . 252 6,189 2,835 302 9,578

marks were recovered in the northern portions of
the sampling range. For example in 1964, 3.3 times
as many Kalama marks were recovered in the Brit-
ish Columbia troll fishery than were recovered in
the Washington troll fishery. Such a comparison
for Spring Creek marks shows a figure of 1.3 times.
Moreover, Kalama marked fish were the only ones
with marks (specific to a hatchery) recovered in
the southeast Alaska fisheries.

Distributions of recoveries of marked fish that
originated from Elokomin and Oxbhow Hatcheries
were similar to the distribution of Spring Creek
recoveries, but the number of marks recovered was
much smaller.

Recoveries of marked fall chinook salmon of
the 1961 brood from the Columbia River escape-
ment are presented in appendix table 5 and sum-
mavrized in table 9. As in the ocean fisheries, most
of the recoveries at the hatcheries were made in
1964. The exception was the relatively high 1965
recovery of marks originating from Ialama
Hatchery.

Mark recoveries at hatcheries were obtained
from examination of the entire hatchery returns.
Therefore, it is impossible to make meaningful
comparisons between hatchery recoveries and re-
coveries in tributary streams and fisheries, where
only a portion of the populations was examined
for marks.

ESTIMATED CATCHES OF MARKED FISH

As shown by equation (3), the total catch of
fish with a particular mark is estimated for each
stratum (fishery, port of landing or area of cap-
ture, and time period) from the catch and the pro-
portion of fish having the mark in the catch
sample. (It is assumed that a random sample is ex-
amined for marked fish and that all marked fish are

. observed.) The annual catch of fish with a particu-
lar mark is estimated for each fishery category
(e.g., Washington troll fishery) by summing over
the time periods and appropriate ports of landing

TABLE 8.—Marked 1961-brood Columbia River chinook salmon recovered by year, region of capture, and type of fishery, 1963-66

California Oregon Washington P British Columbia S.E. Alaska Columbia River
uget
Origin and type  Year Com- Com- Commercial Sound . Commaercial Commercial
of mark Sport t mer- Sport mer- Sport —mM8M——— Troll  Gill Purse - s -
cial 2 cin Troll  Gill  Sport net seine  Troll  Gill Gill Dip
net net net net
____________________________________________________ Number 0f reCOPETIEs. . .. - oo e e e aaaan
All hatcheries 1963 (%) ) 0 0 0 *) ") * *) ™ " (] 2 ¢
(Ad-RM). 1964 [ 4 18 102 38¢ 1,057 2 ™ 1,654 1 1 0 [ 1 880 36
1965 0 0 7 [ 91 128 3 0 505 1 0 2 (] 0 1,106 6
1966 0 1 0 [} 13 14 0 Y 63 ¢ () 0 0 53
Spring Creek (Ad- 1963 (%) ™) 0 0 23 0 () (M *) " ™) &) *) 0 6 ()
LV~-RM). 1464 0 1 31 81 16 0 ™ 321 0 0 0 0 0 178
1965 0 0 0 2 12 21 1 0 41 0 0 [1} 0 0 193 0
1966 0 0 0 ¢ 0 0 2 ™) o ™ 0 3
Kalama (Ad-RV-RM). 1963 (%) *) 0 0 5 0 (%) ("1 *) " ) ") *) 0 [
1964 0 n 20 49 ") 161 0 0 1 0 0 0
1965 0 0 0 2 14 35 1 0 104 0 0 5 0 0 107 0
1966 [ 0 4 1 4 0 24 *) 2 ™ 0 33 0
Elokomin (LV-RM). 1963 (%) * ] 0 0 0o M * (] [&] * *) (4] 0 0 ™
1964 1] 1 1 4 3 14 0 *) 12 0 0 0 [ 3 0
1065 0 [ 0 2 3 2 0 0 2 ¢ 0 0 0 9 [
1966 0 0 0 0 0 1 0 0 1 [V 0 0 0 0
Oxhow (RV-RM). 963 (Y (&) 0 0 3 0 * * *) * ™ (&) *) 0 o
1964 0 2 9 8 23 0 (% 4 0 0 0 0 0 3 0
1465 1 0 1 1 0 3 0 0 7 0 0 0 2 1 Y
1966 0 Q 0 0 2 0 ] 0 1 0o ™ 0™ ¢ 2 0

*No sampling.
t All sport fishing is by rod and reel.
2 Unless otherwise noted commercial fishing is by trolling.
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TaBLE 9.—Recoveries of 1961-brood fall chinook salmon in the Columbia River escazement by type of mark, recovery localion,
and year of caplure, 1963-66

Recovery location !

Origin of mark Mark Study hatecheries Other hatcheries Tributary streams
1963 1964 1985 1986 1953 1964 1965 1966 1963 1964 1985 1956
..................................... Numbers of recoveries_ - - .o ieeean
All hatcheries_. .. ..o ... Ad-RM 100 1,296 679 5 ™ 4 1 0 (* 53 104 9
Ad 24 215 167 2 ™ 0 0 0 ™ 11 5 0
Spring Creek_ . ... .. Ad-LV-RM 41 364 121 1 ™ 0 0 0 (% 1 1 0
Ad-LV 5 51 23 1 (*) 0 0 [ ] 0 0 0
Kalama.... Ad-RV-RM 0 8 112 8 (M) 5 0 [ 0 15 4
Ad-RV 0 0 4 0 (*) 0 0 0 (™ 0 1 1
b o3 1) 01 ) VI LV-RM 2 4 1 0 ™ 0 0 0 (% 4 i 1]
LV [ ] 5 0 ™ 2 2 0 (® 0 0 1
OXBOW e et RV-RM 4 52 22 1™ 0 0 0 (M 0 0 0
RV 3 7 10 [ N 0 0 [ ] 0 0 0
B 1 179 2,005 1,144 100 () 11 3 0 ™ 69 127 15
*Not sampled.

1 The “study hatcheries” include the 12 hatcheries participating in the marking
Klaskanine, and Sandy Hatcheries. **Tributary streans’ include those tributaries liste

(or area of capture). The same system is used to
estimate the total number of marked fish in spawn-
ing populations of tributary streams.

Estimated numbers of marked 1961-brood fish
caught in the fisheries, returning to the hatcheries
and escaping to tributary streams, are listed in
table 10. Estimated numbers include fish which
had a partial mark only—not a complete double
or triple mark—(e.g., Ad only instead of Ad-RM
or Ad-LV only instead of Ad~-LV-RM). These
numbers are substantial—for example, we esti-
mated that the fisheries took 2,710 adipose-only

rogram. ‘“Other hatcheries” include Abernathy, Speelyai, Toutle,
in an earlier seetion.

marked fish or about 14 percent of the number with
the full mark (Ad-RM).

The partial marks were from naturally marked
fish, from experimentally marked fish with com-
plete regeneration of the maxillary mark, or
possibly both. From the mark regeneration experi-
ment described earlier, we expected complete re-
generation of the maxillary mark for about 12
percent of the marked fish over a 2.5-year period.
To determine if the percentages observed can be ex-
plained by the expected regeneration of the maxil-
lary mark, it is necessary to make a detailed

TaBLE 10.—Estimated number of marked fall chinook salmon of 1961 brood in calches, tributary spawning populations, and
hadchery returng by type of mark, region of recovery, type of fishery, and year of capture, 1963-66

Ad-RM Ad Total
Region Fishery type
1963 1964 1965 1966 1963 1964 1965 1966 1963 1964 1965 1968
________________________________________ Number of fish_ e e
Ocean fisheries:
Southeastern Alaska Commercial *) 0 7 0 2 23 2 (%) 2 30 2
British Columbia. .. - * 4,106 1,871 285 ™ 566 370 68 (%) 4,672 2,241 303
Washington 375 1,681 418 67 196 224 104 15 511 1,905 520 82
0, 3. 241 455 41 397 5 8 3 3,638 514 49
OregoNz . - oo i eecan Sport._..... - R 0 72 26 0 1} 93 18 0 0 165 42
‘ommercial I . 0 324 10 [ 0 45 12 0 0 369 22 0
California......_.._......... z‘port .- oM™ 0 0 0 ™ 1] 0 0 ™ 0 0 0
‘ommereial ... ... ___.._ *) 23 0 6 (% 0 4 0 (M 23 4 6
Subtotal { Sport . oo 375 1,753 442 67 196 317 120 15 571 2,070 562 82
E s s-om{llercial 1 . 8 7,604 2, 348 %(2) g 1,010 46% 73 g 8. 704 2, Sl(l) 368
. : o ) 2 TR, I . 7 14 21
Columbia River fisheries...._.... Cmmerel i I aas s a8 76 9 e 24 M8 2488 %63 200
Total. oo Al fisheries. ... ....... 447 11,805 6,320 525 275 1,638 630 17 722 13,243 7,009 642
Columbia River escapement:
Study hatcheries............ ) 100 1,296 6790 57 24 215 167 2 124 1,511 848 59
Qther hatcheries______ . (O] *) 4 1 0 (™ 0 0 0o ™ 4 1 0
Tributary streams._ __ ... e iiaioiiao- (*) 393 355 21 (%) 74 11 0 ™ 467 366 2
Total. . ... . Escapement . __.___...... ... 100 1,603 1,035 78 24 289 178 2 124 1,982 1,213 80
*Not sampled.

1 Primarily troll fisheries.

2 Primarily gill net,

3 Twelve hateheries participating in the marking program.

4 Toutle, Abernathy, Speelyai, Sandy, and Klaskanine Hatcheries.

376

U.S. FISH AND WILDLIFE SERVICE



TaBLE 10.-—Estimated number of marked fall chinook salmon of 1961 brood in calches, tribulary spawning populations, and
haichery relurns by type of mark, region of recovery, type of fishery, and year of caplure, 1963-66—Continued

Ad-LV-RM (Spring Creck) Ad-LV Total

Region Fishery type
1963

1964

1965 1966 1863 1664 1965 1966 1963 1964 1965 1966

........................................ Number of fish

Ocean fisheries:

Southeastern Alaska._ . ... * 0 0 [ 0 0 [ 0 0 0
British Columbhia R ™ 767 140 5 (%) 74 24 0 ™ 841 164 5
Washington. .. ..-.oeniinoan por - 89 354 52 0 63 77 45 0 152 431 97 0}
0 889 78 0 4 215 4 ] 4 1,084 52 1]
..................... 0 5 0 [} 4 44 4 0 4 49 4 0
1} 73 15 0 0 8 4 0 0 81 20 0
................... *) 0 0 [1 0 n 0 M 0 0 0
) 15 0 0 10 0 0 *) 25 0 0
59 359 52 0 67 121 49 0 156 480 101 0
0 1,724 234 5 4 307 32 0 4 2,031 266 5
G 0 0 D] 0 0 16 0 ) Q 15 [}
19 453 608 10 3 65 61 7 2 518 669 17
108 2,536 8594 15 74 493 158 7 182 3,029 1,052 22

Columbia River escapement:
Study hatcheries 41 364 121 2 5 51 23 1 46 415 144 3
Other hatcherijes... * 0 0 0 0 0 0 *) 0 ) 0
Tributary streams._ *) 1 4 ¢ ™ 4] Q [N 1 4 0
Total. ..o eeemoeoaan 41 365 125 2 5 51 23 1 48 416 148 3

*Not sampled.

1 Primarily troll fisheries,

* Primarily gill net.

3 T'welve hateheries participating in the marking prograni.

4 Toutle, Abernathy, Speelyai, Sandy, and Klaskauine Hatcheries,

TABLE 10.—Estimated number of marked fall chinook salmon’of 1961 brood in caiches, tributary spawning populations, and
hatchery returns by type of mark, region of recovery, type of fishery, and year of capture, 1963-66—Continued

Ad-RV-RM {Kalama) Ad-RV Tatal

Region Fishery type

1983

1964

1965 1966 1963 1964 1965 1966 1963 1964 1965 1966

Ocean fisheries:

Southeastern Alaska *y 5 14 4 ") 0 21 (U] 5 35 4
British Columbia *) 420 480 89 ) 21 25 [ ] 441 450 95
Washington. . 17 74 72 5 4 4 28 4 21 78 100 9
0 132 122 7 0 17 20 0 0 149 142 7
Oregon..__ 0 [ 0 0 0 0 0 0 0 0 0 0
0 18 4 0 0 3 0 0 0 21 4 0
California. ... ..o M 0 0 0 *) 0 [ [ ] 0 0 0
*) 2 0 [} (4] LU 0 0o ™ 2 0 [}
Subtotal _.___..._........ { P 17 74 72 5 4 4 28 4 21 78 100 9
Commereial t. __ 0 577 595 100 0 41 46 6 0 618 661 106

Columbia River fisheries..__.... { 1)y . 0 0 0 0 0 0 0 0 0 0
Commereial 2. ... ... 0 32 377 108 [ [} 22 5 0 38 309 111
Total. ... . All fisheries. .. ... 17 683 1,044 251 4 51 118 15 21 734 1.160 22¢

Columbia River escapement:

Study hatcheries.........-.. %) 0 8 2 33 0 0 4 0 0 8 118 33
Other hatcherfes....._...... ) (*) 5 0 0 ™ Q 0 [ A 5 U] "
Tributary streams. ... .ceoormmcmccm e cmm——————- *) 0 56 a9 } 0 4 2 ") 0 60 11
Total oo e Escapement. ...... ooooooen 0 13 168 41 0 0 8 2 0 13 176 49

*Not sampled.

1 Primarily troll fisheries.

: Primarily gill net. i

3 Twelve hatcheries participating in the marking program. K

¢ Toutle, Abernathy, Speelyai, Sandy, and Klaskanine Hatcheries.

examination of the data on mark recoveries and
accuracy of determining the age of fall chinook

salmon.

In test readings of scales from marked chinook
salmon of known age, six scale readers correctly
aged (total age) 83 percent of the 400 test scales
(Godfrey, Worlund, and Bilton, 1968). Table 11
shows the estimated and actual percentage age

compositions of the 400 test scales. From the re-
sults of this test, it appears that in any one year
scale readers can estimate reasonably well the
numbers of partially marked fish of a given age
(and, hence, brood-year).

A summary of partially marked fish is presented
in table 12; the data resulted from the combination
of years and general mark types (e.g., Ad-LV and
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TABLE 10.—Estimated number of marked fall chinook salmon of 1961 brood in catches, tributary spawning populations, and
halchery returns by type of mark, region of recovery, lype of fishery, and year of capture, 1963—66—Continued

LV-RM (Elokomin LV

Region Fishery type

Total

1963 1964

1965 1966 1963 1964 1965 1966 1963 1964 1965 1966

Ocean tisheries:

Southeastern Alaska___.__.__ Commereial. ... ™) 0 0 [ 4 51 15 4 51 15

British Columbia.._.____.. ... ™ ] 7 6 (" 60 46 63 ) 85 53 69
Washington__ . ____.._______ Sp 0 8 15 0 12 A5 i 0 12 63 42

Commercial___.. 0 45 5 3 0 64 = 10 109 2 13

Oregon. oo e ciaanes Sport......_...._. 0 3 0 0 0 11 0 0 0 14 0 0

Commercial 0 9 3 0 0 13 5 0 2 8 0

California. .o oo Sport__ ... ) 0 V] 0 M 0 n 0 (% 0 1} 0

Commercial *) 7 0 0 *) 0 2 0 7 21 0

. Sport . 0 11 15 0 12 21 0 12 77 42 0

Subtotal. .- weooon e Conumercial 1.7 0 89 15 g 0 141 14 88 0 280 160 97

. S - Sport_ oo 0 0 0 0 (U 0 0 U 0

Columbia River fisheries........ e 0 703 0 0 24 1. 13 o 81 48 13

Total ... All fisheries_ ... ..o 0 107 58 2 12 231 189 101 12 338 247 110

Columbia River escapement:

Study hatcheries .. .._.____. 3) 2 4 1 0 8 5 0 2 2 6 1}

Other hateheries ... ... ) *) (] 0 0™ 2 2 n M 2 2 0

Tributary streams. .. ..o " 5 2 (U 4] 0 ¢ 2 M 5 2 2

Total. .. ... Escapement. ... ...o.- 2 9 3 0 0 10 7 3 2 19 10 2

sNot sampled.

1t Primarily troll fisheries.

? Primarity gill net.

2 Twelve hatcheries participating in the marking program.

1 Toutle, Abernathy, Speelyai, Sandy, and Klaskanine Hatcheries,

TaBLE 10.—Estimaled number of marked fall chinook salmon of 1931 brood in catches, tributary spawning populalions, and
halchery returns by type of mark, region of recovery, type of fishery, and year of capture, 1963-66—Continued

. . RV—RM (Oxbow) RV Total
Region Fishery type
1963 1964 1965 1966 1963 1964 1965 1966 1063 1964 1965 1966
......................................... Number of fish . i
Ocean fisheries: i
Southeastern Alaska___..... Commereial. ... _________ (*) 0 0 ™ 0 41 2 M 0 41 2
British Columbia . - do.... ") R 16 6 (%) 59 51 77 ™) 67 67 83
Washington_.______...____._. t. 11 43 0 9 10 52 21 75 21 95 2 84
33 0 58 9 0 0 29 14 8 0 87 23 &
OregoN.. oo amcaeee - 8 (] 18 4 0 0 5 9 0 [ 23 13 0
- 0 20 3 0 1} 21 1 0 0 41 3 0
Californja.__.............. § 8 0 2 " 0 0 0 M 0 2 0
*) 0 1] 0 Y 0 71 3 ™) 0 71 3
Subtotal. oo {Sport. ....................... 11 61 6 [} 10 57 30 75 21 118 38 84
) Comunercial ! - 0 86 2 6 0 109 178 90 0 195 205 96
Columbia River fisheries.___.__. {Sport. ... .. 0 0 17 0 0 8 0 0 0 25 0
1 Commercial ? 0 24 3 16 2 14 16 5 2 38 19 21
Total .. All fisheries - ____..._. 11 171 53 31 12 180 232 170 23 351 2385 201
Columbiza River escapement:
Study hatcheries____._.____. ) 4 52 2 1 3 7 10 0 7 59 32 1
Other hatcheries. ... *) 0 0 [ 0 0 n ™ 0 0
Tributary streams.__.__ *) 0 0 0 (* [ 0 o ™ 0 0
Total. .. 4 52 n 1 3 7 10 0 7 59 32 1
*Noat sampled.

1 Primarily troll fisheries.

? Primarily gill net.

3 Twelve hatcheries participating in the marking program.

1 Toutle, Abernathy, Speelyai, Sandy, and Klaskanine Hatcheries.
Ad-RYV were combined as were their correspond-
ing full marks Ad-LV-RM and Ad-RV-RM).
Under the hypothesis that the partial marks are
primarily from maxillary regeneration, each entry
is an estimate of percentage regeneration of the
maxillary. For the returns to the hatcheries under
study, the percentages of adipose-ventral and adi-
pose-only marks (10.9 and 16.1) were similar to
the expected magnitude of maxillary regeneration
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<2

from the fin regeneration experiments. It is likely,
therefore, that these partial marks in the hatchery
returns were from maxillary regeneration. The
same cause is not indicated for the ventral-only
marks, which, in the hatchery returns, were about
twice as numerous as expected.

If the percentage of partial marks in the ocean
fisheries (compated with that observed for the
hatchery returns) is generally high, then we
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TABLE 11.—Aclual and estimated age composilion of 400
test scales read by 6 scale readers

Age compnsition (years)

Evaluation
2 3 4 5 6
................ Percenf. .. ... ...
Estimated..__._._...... ... ... ... 18.4  38.5. W32 1L 2.4
Actual . . ... 20.2 418 24.5 13.5 .0

would tend to reject the hypothesis that these
marks are caused primarily by regeneration and
conclude that many of these partial marks
occurred naturally.

Because the Ad-RV and Ad-LV partial marks
are double fin marks, we assume that their occur-
rence (in catch and hatchery returns) was pri-
marily the result of maxillary regeneration.
Hence, the data in the column Ad-EV of table
12 reflects the variability in rate of maxillary
regeneration. When we compare the percent
oceurrence of Ad and EV marks with that of
Ad-EV marks and the percentages of Ad and
EV marks in the catches and at the hatcheries,
the Ad mark appears to have been caused pri-
marily by maxillary regeneration; and single
RV or LV marks appear to have resulted from
naturally marked fish in addition to maxillary
regeneration.

In view of the above, we combined the esti-
mated numbers of partially marked fish with
their corresponding full mark for each mark type
except for the LV and RV marks. On this basis

TABLE 12.— Recoveries of partially marked fish by region of
capture, type of fishery, and type of mark, 1963-66

Partial mark 1
Ad-EV?  Ad EV

Region Fishery type

__________ Percent_._______
Ocean fisheries:
Southeastern Alaska._.... Commercial_...... 47.7 79.4 100.0
British Columbia_ ... _ ... do - .4 83.4
Washington_ . .._......... Sport . 3 4.6
Cotnmereial. .7 55.0
Oregon._ . ... Sport_..... .. L2 50.0
Commereial __ .9 54.0
California . ... .__ Sport___.___. 0
Conunnereial_...... 37.0 121 93.1
Subtotal._. ... ......... Al 15.8 4.6 74.9
Coluinbia River fisheries. ... Al 10.3 7. 51.0
Columbhia River escapement:
Study hateheries_ ... ... ... 10,9 16.1 2077
Other hateheries. ... ... . 0 0 100.0
Tributary streams.______. . 7.9 1.0 2.0

Subtotal. ..l 0.6 14.5 7.5

I Data in table are ratios (average for all years) of estimated numbers of
partial marks to estimated sum of partial marks and eorresponding complute
marks eXpressed in percent.

2 EV signifies “cither ventral.”” Marks of same general type are combined.

TaBLE 13.—Estimaled calch and escapement of marked fall
chinook salmon of Columbia River halchery origin by area
of recovery, 1963-66

Type of mark

Ad-LV- Ad-RV- LV-RM
Ad-RMt! RM! RM ! {Elo- RV-RM
(Spring (Kalama) kemin) (OXhow)

Recovery category

Creek)
__________________ Numbersof fish___.. . __...._...
Ocean fisheries___._._._... 15,163 3,043 1. 563 139 206
Columbia River fisheries. 6, 453 1,242 518 35 60
‘T'otal fisheries__.._. 21,616 4,345 2, 141 174 266
Total escapeinent._._ 3, 394 612 238 14 79

1 Includes partially marked fish,

the estimated numbers of marked fall chinook
salmon of Columbia River hatchery origin in the
:atch and escapement are summarized in table 13.

Of the 1961 brood released from the 12 hatcher-
ies with Ad-RM mark, we estimated that 21,600
were caught by the various tisheries between 1963
and 1966. An additional 3,400 fish escaped the
fisheries and returned to spawn. The catch to
escapement ratio for the 12 hatcheries is, there-
fore, ahout 6:1. For the four hatcheries repre-
sented by the other marks, this ratio was 12:1,
9:1, 3:1, and 7:1 (Elokomin, Kalama, Ox-
bow, and Spring Creek Hatcheries, respectively).

The estimated catch of marked fish (Ad-RM)
that originated from the 12 hatcheries relative to
numbers released was 21,616/5,446,439 or 3.97 fish
per 1,000 released. Considerable variation in con-
tribution occurred between hatcheries. The catch
per 1,000 fish released was 0.36, 4.50, 0.59, and 3.78
for IElokomin, Kalama, Oxbow, and Spring Creek
Hatcheries, respectively, Values for Elokomin
and Oxbow Hatcheries are undoubtedly too low—
some of the partial marks must have resulted
from maxillary regeneration. If we assume that
all the partial marks actually originated from
Elokomin and Oxbow Hatcheries, their respective
contribution would have been 1.53 and 1.95 per
1,000 fish veleased. These contributions still would
be only one-half 'of those for Kalama and Spring
Creek Hatcheries.

Before proceeding with the estimate of total
contribution (marked and unmarked) of hatch-
ery-reared fish to the catch, we will consider the
precision of the estimate of the total catch of
marked fish,

Equation (4). which provides an approxima-
tion of the variance of the estimated number of
marks in the catch. regnires an estimate of the
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precision of the seasonal chinook catch for each
of the fisheries. Such estimates are not published
except in a few instances (e.g., California troll and
Oregon ocean sport fisheries). Lacking this in-
formation, we have assumed that the seasonal
chinook catches in each fishery (except for Alaska
troll and the ocean gill net and purse seine fish-
eries) are estimated within 15 percent of the true
value; i.e., the variance of the catch, V(C), is such
that one-half the width of the 95 percent confi-
dence interval, 2[V(C)]%, is 15 percent of the
estimated catch, C. We then have:
V(C)=(0.5%0.15XC)?
=0.0056 C=.

Where available (e.g., California troll), estimates
of the precision of the catches are well within
the assumed value.

In the Alaska troll fishery and the ocean net
fisheries, catches are reported in numbers of fish.
The variance of the catch and, therefore, the
second term in equation (4) is zero for each of
these fisheries.

Substituting these values of V(C) in equation
(4) and summing over the strata (ie., fisheries
and years) gives 357,000; 26,000; 13,000; 1,100;
and 2,300 as approximate variances for the esti-
mated numbers of Ad-RM, Ad-LV-RM, .LV-RM,
and RV-RM marks, respectively, in the total
catch. The resulting estimates of the 95 percent
confidence intervals for the numbers of marked
fish in the catch arve: Ad-RM 21,616+5.6 percent;
Ad-LV-RM 428575 percent; Ad-RV-RM
2,141£10.6 percent; LV-RM 174+37.9 percent;
RV-RM 266=+36.1 percent; where, for example,
the 5.6 percent refers to the estimated number of
Ad-RM marks (21,616) in the catch. Although
these confidence interval estimates are approxi-
mate, they illustrate the general level of precision
of the estimated total number of marks in the
catch.

ESTIMATED CATCH OF 1961-BROOD
HATCHERY FISH

In estimating the total number of marked hatch-
ery fish in the catch on the basis of an observed
number of mark recoveries and a sampling ratio,
as was done in the preceding section, we made
certain assumptions. These are assumptions 1, 2,
and 3, which dealt with the permanence of fin
marks, origin of -observed fish marked with the
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hatchery marks, and accuracy of age assignments.
Data presented in the preceding section supported
these assumptions.

Additional assumptions are inherent in the pro-
cedure for estimating the catch of unmarked and,
hence, total catch of hatchery fish. These are as-
sumptions 4, 5, and 6, which were listed previously.

From the distribution of mark recoveries it
appears that chinook salmon from Kalama and
Spring Creek Hatcheries had different ocean dis-
tributions, It is not likely, then, that the first part
of assumption 6 (same ocean distribution of fish
from each hatchery) is satisfied. This poses no
problem, however, provided the second part of
assumption 6 (same proportion of fish marked at
each hatchery) is satisfied. In this regard, it ap-
pears from appendix table 1 that with the possible
exception of Klickitat Hatchery, proportions of
Ad~-RM marked fish in the releases were much the
same at all of the hatcheries. Accordingly, we
consider that assumption 6 is reasonably satisfied.

Information to test the assumption (assumption
5) concerning the distributions of marked and
unmarked hatchery fish is limited. The distribution
of marked fish is available from the present study;
however, concurrent data for unmarked fish are
lacking. The only information available on this
subject is from a review by Cleaver (1967) of past
tagging experiments in the ocean. Of 290 tagged
fish recovered in the Columbia River from these
experiments (during 1925-52 in coastal areas from
northern Oregon to Cape Fairweather, Alaska),
only 13 were recovered in hatcheries. Twelve of the
13 recoveries, however, had been tagged in areas
off the west const of Vancouver Island, Canada—
an area of high concentration of marked hatchery
fish as shown by recoveries of the marked 1961
brood. Although this result is consistent with as-
sumption 5, it does not, of course, conclusively
support it. The assumption must, therefore, remain
an assumption.

The validity of assumption 4 (equality of ma-
turity schedules and survival rates between
marked (Ad-RM) and unmarked hatchery fish)
can be examined by comparing the ratios of marked
to unmarked fish at times of release and return.
The marked to unmarked ratios by type of mark
and age of fish for the 1961-brood hatchery returns
are given in table 14. Ratios for Elokomin (LV-
RM) and Oxbow (RV-RM) hatcheries are not
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presented because the number of recoveries was
small.

TaBLE 14, —Marked to unmarked ratios jor hatchery returns
of 1961-brood chinook salmon by type of mark and age
of fish

Age (years)

Mark Origin
2 3 4 5 All
ages
_________ Markedlunmarked. . _____
Ad-RM._..... All study hatcheries_.... 0.059 0.063 0.075 0.106 0.067
Ad-RV-RM___ Kalama__............... 0 L0186 046 092 047
Ad-LV-RM. .. Spring Creek - .046  ,038 .050 062 041
Ad-RM.._.... Selected hatcheries t___.. 0656 .067 .085 .0S1  .072

t Caseade, Oxbow, Little White Salmon, and Spring Creek Hatcherijes.

The increase in ratios with age seems to indicate
that marking had some delaying effect on the age
of maturity. This effect was much greater for fish
marked at Ilalama than for fish marked at
Spring Creek, although a similar type of mark
was used. From the standpoint of survival, the
ratios for all ages combined are smaller than
those at release (table 4), thus indicating lower
total survival for marked fish. The survival of
Ad-RM marked fish, for example, was (0.067/
0.1193)100=56.2 percent of that for the un-
marked fish.

If the differences between the ratios of marked
and unmarked fish at times of release and return
are interpreted as indicative of delayed maturity
or lower survival of marked fish, it is necessary
to assume that all unmarked fish returning to a
hatchery originated from that hatchery. It is
apparent that straying 3 (provided the probability
of straying is the same for marked and unmarked
hatchery fish) reduces the marked to unmarked
ratio for any given year of return. Thus, the indi-
cated survival of marked fish relative to the sur-
vival of unmarked fish is too small. Also, if the
probability that nonhatchery fish stray into a
hatchery changes each year or is related to the age
of fish, then the dilution of unmarked hatchery
fish by nonhatchery fish in the return is dispro-
portionate from year to year and the change in the
marked to unmarked ratios with age of return is
impossible to interpret.

Some of the hatcheries, such as Kalama Hatch-
ery, are located on streams in which natural

® The term “straying” is used here in the sense that fish spawn
or are spawned at a location other than their point of origin as
fingerlings. Indeed, straying intn a hatchery may be different from

straying into a natural spawning area where the fish are free to
leave again.

spawning occurs. In these cases, fish which are
spawned at the hatcheries and comprise what we
term “hatchery returns” are simply a selected
sample (of various sizes in proportion to the total
return) of adults returning to the stream.
Marked to unmarked ratios would, therefore, be
difficult to interpret in terms of the effects of
marking on survival and age of maturity.

Only 5 of the 12 hatcheries (Bonneville, Cas-
cade, Oxbow, Little White Salmon, and Spring
Creek) are on streams that do not support nat-
ural spawning populations. Marked (Ad-RM)
to unmarked ratios in the returns to four of these
hatcheries, Bonneville Hatchery excluded,® are
presented in table 14. The change in the ratio of
marked to unmarked fish with age is not as pro-
nounced as for the 12 hatcheries combined. In
addition, the ratio, 0.072, for all ages is somewhat
larger than it was for all 12 hatcheries, indicating
that survival of marked (Ad-RM) fish relative
to unmarked fish was (0.072/0.1193)100=60.4
percent.

Even for the four selected hatcheries, however,
straying of nonhatchery fish into hatcheries is a
possible source of error. Unfortunately, a direct
measure of the extent of this straying is not avail-
able. General indications of straying of nonhatch-
ery fish are obtained from observations of marked
fish straying away from the hatcheries. Recoveries
of specially marked fish released at Elokomin,
Kalama, Oxbow, and Spring Creek Hatcheries are
presented in table 15. Of the recoveries of marked
fish at hatcheries and on spawning grounds, 714,
6.3, 38.0, and 4.9 percent of Elokomin, Kalama,
Oxbow, and Spring Creek fish were recovered at
places other than the release site. The higher per-
centage of strays from Elokomin and Oxbow
Hatcheries may possibly be explained by the fact
that 75 percent of the fish released at Elokomin
and 30 percent of the fish released at Oxbow were
the progeny of fish spawned at Spring Creek
Hatchery.

Some indication that younger fish stray more
than older fish can be seen in table 15. Groves, Col-
lins, and Trefethen (1968) tagged two groups of
chinook salmon at Spring Creek Hatchery and
released them into the main stem of the Columbia

¢ Bonneville Hatchery is exeluded bhecanse it is immediately
helow Bonneville Dam, The potential for straying may be greater
if the fish are delayed in their upriver passage at fhe dam.
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TaBLE 15.—Escapement recoveries of marked chinook salmon of 1961 brood by location of release and recovery and age of
caplure, 1963-66

Release location !

Elokomin

Recovery location 2

Kalama Oxbow Spring Creek

Age

Age Age Age

(&]
w

Abernathy.
Toutle__...
Kalama ... _._____
T.ewis River (Speelyai)__.__
Washougal ._...._____.._.__.
Tanner Creek (Bonneville).
Eagle Creek (Cascade)..____
Herman Creek (Oxbow)_.__
Wind River._____________.__
Little White Salmon. .
Spring Creek_____
Blg White Salmon
Klickitat...
Total. .
Number of strays.
Percentage strays. ___._._____
Percentage strays (all ages)

! Elokomin: LV-RM; Kalama: Ad-RV~RM and Ad-RV; Oxbow: RV-RM; Spring Creek: Ad-LV-RM and Ad-LV.
2 Recoveries in tributary streams were adjusted on the basis of the appropriate sampling ratios. Recovery locations are airanged in upstream order (see

fig. 1).

River. A smaller fraction of the fish under S0 cm.
(3L.5 inches) long returned to Spring Creek than
did the group over 80 cm. long (3-year-old chinook
at Spring Creek average about 80 cm.).

These results offer an alternative explanation
for the observed increase in the marked to un-
marked ratio with age of return. That is, if the
probability of straying is greater for younger fish
than for older fish, as indicated above, then it is
likely that the marked to unmarked ratio would
increase with age even if marking had no effect on
maturation.

Additional information of the effect of marking
on maturation will be available later from the TM
50 marking experiment at Little White Salmon
Hatchery. For the present, we will assume that
marked and unmarked 1961-brood hatchery fish
had the same maturity schedule.

Another point of interest in table 15 is that the
fish generally strayed to areas near the hatchery
of origin. Except for the one marked fish from
Spring Creek recovered in the Kalama system all
marked fish recovered at any great distance from
the hatchery of origin were recovered upstream.
If the pattern of straying is the same for non-
hatchery fish, it is possible to obtain a maximum es-
timate of straying of nonhatchery fish into the four
selected hatcheries—Cascade, Oxbow, Little White
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Salmon, and Spring Creek. These hatcheries are
between Bonneville and The Dalles Dams (fig. 1).
Most of the fall chinook salmon return to these
hatcheries during the last week of August and
September. Spawning occurs between mid-Septem-
ber and mid-October but is generally concentrated
within a 2-week period. .

Most (about 70 percent in 1965) of the fall
chinook salmon that passed The Dalles Dam be-
tween August 26 and September 30 are generally
brightly colored and are thought to spawn as much
as a month later than the darker hatchery fish.™ $

Because of the short duration of spawning at the
four hatcheries, it is not likely that fish destined
for areas above The Dalles Dam would contribute
substantially to these hatchery returns. This gen-
erally agrees with the indicated “upstream” stray-
ing of the marked hatchery fish. That is, straying
probably comes primarily from populations of fish
that normally spawn near or downstream from the
four hatcheries.

78mith. Eugene M. 1966, Final report. A study to identify the
race of fall chinook salmon whose spawning grounds will be
inundated by the John Day impoundment on the Columbia River.
Fish Comnm. Oreg. Res, Div, (U.S. Army Corps Eng.. Walla Walla
Dist., contract DA-45-164—CIVENG-66-3). 53 pp. [Processed.]

8 McKee, Thomas B. 1966. Deschutes River adult fall chinook
holding study. 1965. Fish Comm. Oreg. Hes. Div. (U.S, Army
Corps Eng., Walla Walla Dist., contract DA-45-164-CIVENG-
G66-T7). 26 pp. [Processed.]
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The difference between fall chinook salmon
counts * at Bonneville and The Dalles Dams is an
estimate of the number of fish removed by the
fishery and spawning (aside from mortalities and
passage through navigation locks where they are
not counted) between the two dams.*®

By subtracting the number of returns to the four
selected hatcheries and the number removed by the
fishery from this estimate, we obtain a maximum
estimate of the fish that spawned between the two
dams at sites other than the four hatcheries—these
are the fish that did not stray into the four selected
hatcheries. The estimate is maximum because it
includes losses between the two dams and fish that
strayed from the four hatcheries. Finally, by ap-
plying age composition data and estimates of stray-
ing (from observed straying of fish marked at
Spring Creek Hatchery, table 15), we obtain esti-
mates of the number of 1961-brood nonhatchery
fish spawned at the four selected hatcheries (tahle
16).

An example of the information in table 16 fol-
lows. In 1963 an estimated 11,739 fall chinook
salmon spawned hetween the two dams but not at
the four subject hatcheries. An estimated 14 per-
cent, or 1,646, were 1961-brood fish. We assumed
that these fish are the (100~—8.7)=91.3 percent of
the nonhatchery fish that did not stray into the
four hatcheries. The 8.7 was the observed percent-
age of the 2-year-old fish straying from Spring
Creek Hatchery (table 15). It follows that. {1,646/
0.913)—1,646=157 nonhatchery fish strayed into
the hatcheries, Similar caleulations for 1964, 1965,
and 1966 give an estimated total of 2,126 non-
hatchery fish of the 1961 brood that were spawned
at the four selected hatcheries during the 4 years.

Total return of marked (Ad-RM and Ad-only)
and unmarked fish to the four hatcheries was 1,598
and 26,538 fish, respectively (appendix table 5).

e U8, Army, Corps of Bugincers. 1963-668. Annual fish passage
report : North Pacific Division, Bonneville, The Dallex, MeNary
and Iee Harbor Damg, Columbia and Snake Rivers, Oregon and
Washington, 1963-66. U.S. Army Eng. Dist., Corps Ing. Port-
land (Oreg.) and Walln Walla (Wash.), Various pagination.

1* In an analysis of fishway counts (1957—65) at Ronneville ana
The D:ialles Dums (among others). Fredd ® found that the dif-
ferences in enunts of fall chinook salmon generally exceeded
estimates of the munbers removed by the fishery and the numbhers
spawned in intermediate areus, He coneluded that counting errors
could not he a major contributor to the discrepaney, thus indicat-
ing a “loss™ of fish between the two dams,

1t Fredd, Louis C. 1966, Analysis of diffevrences In fish counts at
Columbia River dams, 1947—-65. Fish Comm, Oreg, (U.S. Army
Corps Eng. Portland Dist., contract DA-35-020-CIVENG-65-44),
47 pp. [Processed.]

TABLE 16.—Estimated nwmber of nonhatchery chinook
salmon of 1961 brood spawned al four halcheries ! between
Bonneville and The Dalles Dams, 1963-66

Year of run
Item Total
1963 1964 1965 1966

Count at Bouneville Dam 2_____ 121,184 154,534 134,469 135,095 545,282
Count at The Dalles Dam 2___. 7 5, 150 BT, 098 69,018 278,737
Hatchery returns ... _....... 12,025 31,023 95,834
Cateh 3 .. ... 25, 051 .00 73,972
Bonneville count minus The

Dalles eount minus hatchery

return minus cateh._ . _
Percent 1961 brood 4.
Number of 1981 broo¢

straying .-
Percent strayin
Estimated number of

brood fish straying into four

hatcheries ... ... ... ... 157 1,634 335 0 2,1%

10,207 28,046 96,739
66 9

1,646 36,377 6,796 2,524 47,343
4.3 4.7

L §pring Creek, Little White Salmon, Oxbow, and Caseade Hatcheries.

:8glillllgﬁl’:o;amugl:‘:‘\l&;ftﬁqﬁnﬁ?les:i‘l)l'f':l‘:(ﬁr’?f‘uﬁc Dalles Dams for period
August 26 to September 30. Sport cateh not included.

4 Estimated age composition from fishery samples.

s Estimates from Spring Creek mark (Ad-LV-RM), table 11, Assumed
0 for age 5 because of the sinall number of returns.
Subtracting the estimated number of nonhatchery
strays, 2,126, from the unmarked return, we found
the marked to unmarked ratio becomes 1,898/
24.412=078. Estimated survival of marked vel-
ative to the unmarked fish is then (.07S8/.1193)
100=65.4 percent.

This procedure for estimating the number of
nonhatchery fish entering the hatcheries is sub-
jeet. to error. If, for example, the percentage stray-
ing was as large as 10 percent (for each age
group), then the estimated total of 1961-brood
nonhatchery fish that entered the four hatcheries
would he 5,260; the estimate of the survival of
marked to unmarked fish would then be v4.G per-
cent. In spite of the inexactness, however, it seems
clear that the small value of the marked to un-
marked ratio observed in the hatchery returns rela-
tive to that in the hatchery releases cannot be
solely attributed to straying of nonhatchery fish.
Furthermore, it appears that the total survival of
marked (Ad-RM) relative to unmarked 1961-
brood-year fish could not have exceeded 70 percent.

In summary, it appears from the present data
that assumption 6 (equality of proportions marked
at each hatchery) is satisfied, but for the present
we must assume that marked and unmarked hatch-
ery fish have the same ocean distribution and ma-
turity schedules. In addition, we will assume that
total survival of marked fish was 70 percent of the
survival of unmarked fish—and further, that all
additional mortality of marked fish ocenrred dur-
ing their first year of life.
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On the basis of the preceding summary, esti-
mates of the total catch of 1961-brood hatchery
fish were made and are presented in table 17. These
estimates were obtained from equation (6) and
the estimated numbers of marked fish in the catch
(table 10). For example, estimated 1964 total catch
of hatchery fish (115,735) by the ocean commereial
fisheries was computed as follows. First, the
marked to unmarked ratio required in equation
(6) was estimated by the product of the marked
(Ad-RM) to unmarked ratio, 0.1193, at release
(table 4) and the assumed relative survival of
marked fish, 0.70. The catch of unmarked hatchery
fish (104,227) was then estimated from the ratio:
104,227=8,704/ (0.1193) (0.7) where 8,704 is the
estimated catch of Ad-RM marked fish (including
Ad-only). Estimated catches of the other marked
hatchery fish were 2,031, 618, 89, and 86 for the
Ad-LV-RM, Ad-RV-RM, LV-RM, and RV-RM
marks, respectively.’* The total catch of hatchery
fish in 1964 is then simply the sum of the catches of
marked and unmarked fish (i.e., 115,755=104,227
+8,704+2,031+ 613+ 89+ 86).

TaBLE 17.—Estimaled caich of haichery fall chinook salmon
of 1961 brood by type of fishery and year of capture,
196:3-66

Year of catch
1963 1964 1965 1966 Totul

Fishery type

.............. Number of fish__. . __.____
7,597 27,487 7,514 1,082
43 115,755 37,441 4,797 158, U36
o 33 0 305

32,349 48,275 2,739 85,305

175,863 93,263 %.618 297,326

Qcean sport
Ocean commareial . _....
Columbia River sport

Columbia River commereial.... .. 1,042

During the 4 years of sampling an estimated
287,326 fall chinook salmon that originated from
the 12 hatcheries were caught. This number com-
prised about 10 percent of the total catch (2,812,-
049) of 1961-brood chinook salmon in the fisheries
sampled. The fish from these hatcheries accounted
for 23, 11, 9, and 4 percent of the catches of 1961-
brood chinook salmon in 1963, 1964, 1965, and
1966, respectively.

An approximate interval estimate * (95 percent
confidence interval) for the total catch of hatchery

 Total estimates for LV-RM and RV-RM marks do not inelude
the corresponding partial marks.

13 Caleulated by assuming that the variance of the estimate of
the marked to unmarked ratio. (.1193)(0.7)=0.0835. in the
cateh is such that 2 times the standard deviation is eyual to
0.0835.
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fish is 258,593 to 316,059 (287,326==10 percent).
This estimate is rough and is presented solely to
indicate the general level of precision of the esti-
mated catch of hatchery fish (287,326) obtained
under the assumptions stated previously. Sources
of error other than sampling variation are in fact
more important at this time. For example, if sur-
vival of marked relative to unmarked fish was 60
or 100 percent, rather than the assumed 70 percent,
then the estimated catch of hatchery fish would
have heen 330,465 or 209,672, respectively. Both of
these values are well outside the interval esti-
mate. It should, therefore, be clearly understood
that the above estimated catch of hatchery fish
(287,326), although reasonable (but probably
minimal), is preliminary.

ESTIMATED VALUE OF CATCH FOR
1961-BROOD HATCHERY FISH

To determine the henefit to cost ratio of the 1961-
brood-year releases of fall chinook salmon from
the 12 hatcheries under study, estimates were made
of production cost for the 53.6 million tish released
and of the net value of the 287,326 fish caught by
the sport and commercial fisheries. In addition to
the release of 53.6 million fish from the 12 hatch-
eries, 3.86 million fish were released from Aber-
nathy, Speelyai, Toutle, Klaskanine, and Sandy
Hatcheries. By making certain assumptions it is
also possible to estimate the catch and value of
these releases.

The cost of producing fish released from the 12
hatcheries was estimated from 1962 fiscal year
costs at individual hatcheries. Costs were appor-
tioned between the brood year-species groups at
each hatchery on the basis of either estimated rel-
ative man-hours expended or relative size of each
group. At each hatchery costs were divided into
three categories:

1. Amortized and discounted capital invest-
ment

2. Fish food and drugs

3. Operational costs other than food

Capital investment in the hatcheries was
amortized over 50 years and was charged a simple
interest rate of 5 percent per annum,* which

-

amounts to 7 percent of the total capital invest-

¥ Amortization period and discount rate are from J. A. Cruteh-
field. Department of Economics, University of Washington,
Seattle, Wash, (personal commuuication).
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ment chargeable to each year's operation. This 7
percent was then apportioned among the broods
and species present by using the percentage of time
spent caring for each group of fish. Cost of fish
food and drugs during the fiscal year was appor-
tioned according to the pounds of each brood year-
species group produced.'® Operational cost other
than food and drugs was apportioned the same as
capital investment. This category includes per-
sonal services, travel, transportation of items, com-
munication services, rents and utilities, other con-
tractual services, equipment, supplies and ma-
terials, and administration.

Klickitat Hatchery is used as an example of the
above procedure. Table 18 shows the estimated cost
($68,773) to produce the 1961-brood fall chinook
salmon at Klickitat Hatchery.

TABLE 18.—Costs in rearing salmon ait Klickitat Halchery
Jor fiscal year 1962, by brood and species

Authorized Fish food Operational
and discounted  and costs other  Total
capital related than food
investment items

Brood and species

1981 fall chinook _.........__ $23,160.30  §4,950.82  §$40, 643. 85 $68, 772,97
960 eoho. .. ... ... 6,360.20  4,046.17 11,157.14 21, 563,51
1961 eoho. ... s 12 266.10  2,871.4%  21,517.33 36, 654.91
1960 spring chinook .- 908, 60 130. 52 1, 503. 88 2,633. 00
1961 spring chinook 2.725.80 1,044.17  4.781.63 8, 561. 60

Total.ooooooooooo... 45,430.00 13.052.16 79,698.83 138,175.99

Capital investment through 1962 fiscal year for
Klickitat Hatchery was $649,000. Seven percent,
or $45,430, of this total, was attributable to the
1962 fiscal year. Because an estimated 51 percent
of the man-hours was expended in caring for fall
chinook salmon during fiscal year 1962, $23,169.30
(0.51 x 45,430) was the portion of the capital in-
vestment cost assigned to the fall chinook.

Total cost for food and drugs during the year
at Klickitat Hatchery was $1‘3 052.16. As 38 per-
cent of the total weight of fish produced was fall
chinook salmon, an estimated $4,959.82 (.38 x 13,-
052.16) of the food cost was assigned to them.

Total operational costs (other than food) were
apportioned in the same manner as the capital
investment. Hence, 51 percent or $40,643.85 of
the yeur’s operational cost ($79,693.83) was as-
signed to fall chinook salmon.

Adding these costs gives $68,772.97 as the es-
timated total cost in rearing the 1961-brood chi-

1% Amount of food given to the various groups of fish at a
hatchery is generally proportional to their weight,

nook salmon at Klickitat Hatchery. Following this
procedure at each hatchery, we estimated the total
cost in rearing the 1961-brood chinook salmon
released at all hatcheries under study at $831,592,

To determine the benefit provided by the con-
tribution of these hatchery releases to the com-
mercial and sport fisheries, it is necessary to esti-
mate their net economic value.

For commercially caught fish, the gross eco-
nomic value was determined from estimated land-
ings and average prices paid to fishermen in
1963—66. The standard benefit-cost technique would
require the deduction of all associated costs, but
on the bhasis of arguments similar to those pre-
sented by Crutehfield, Kral, and Phinney," we
assumed that the capacity of present commercial
salmon fisheries in terms of vessels and gear is
such that additional catches can be made with
little increase in cost.

The above assumption is supported in part from
an examination of recent catch and etfort data
for the Washington and British Columbia troll
fisheries (table 19). The two fisheries accounted
for over 90 percent of the estimated ocean com-
mercial eatch of hatchery fish. Beginning in 1958,
the size (number of boats) of the troll fleet in-
creased considerably. The increase was not ac-
compzmied however, by a corresponding increase
in the catch of chinook and coho salmon (target
species of the troll fisheries). The average catch
per boat for 1955-62 was 390—40 percent less than
the average catch per boat of 650 for the preced-
ing period (1952-57). Even with the increased
catches during 196366, the average catch per boat
(assuming the number of boats was at least as
great as during 1958-62) was only about 550—
again, considerably less than the 1952-57 level.
It seems reasonably clear from these data that
the catch capacity of the troll fleet of Washington
and British Columbia is greater than their present
success. Larger catches could, therefore, he made
without investment in additional units of gear.

The assumption (excess fishing capacity) is also
indicated for the Columbia River gill-net fishery,
which together with the above two troll fisheries
accounted for over 95 percent of the estimated com-

1 Crutehfield. James A.. Kenneth B. Kral, and Llogd A, Phinney.
1965. An economie evaluation of Washington State Department of
Fisheries controlled natural-rearing program for eoho salmon
(Oncorhynchug kisutch), Wash, Dep. Fish., Res. Div. (U.8. Fish
Wildl. Serv. contract #14-17-0007-246, Part 1I). 26 pp.
[Processed. ]
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TaBLE 19.—Calch of chinook and coho salmon .and num-
ber of boals in commercial troll fisheries of Washington
and British Columbia, 1952-66

in fishing are effectively precluded from working
at other occupations during closed fishing periods
(Crutchfield et al.).*°

Thus, the gross economic value to the commercial

Year Catch  Boats? b i
of tish ! fisherman of additional catches of chinook salmon
Mdlions Number made possible by hatchery releases essentially
®  B®  constitutes a net benefit.

! Washington State Department of Fisheries (1968) and International
North Pacific Fisheries Commission (1952-66).

2 Cleaver (1967): data are actually muaber of licenses sold.
mercial catch of hatchery chinook salmon of the
1961 brood. To conserve the chinook salmon re-
source, fishing seasons have heen steadily short-
ened (Pulford, 1964). The length of the fishing
season has been decreased from 272 days in 1936
to 101 days in 1960 and SO days in 1966. It would
seemn, then, that the present fishery is capable of
making additional catches without increasing the
present number of fishing units.

We also assume that additional running ex-
penses of vessels and labor costs—attributed to the
contribution of these hatcheries to the salmon
resource—are negligible for the present fisheries.
Thig assumption is reasonable if one considers: (1)
the estimated catch of hatchery fish (287,000 fish)
is small compared to annual catches of salmon
(e.g., Washington and British Columbia troll
catehes, table 19), and (2) crews of vessels engaged

Estimation of net value for the catch of hatchery
chinook salmon by sport fishermen was made from
an assuned net value per fish of $8.87.17 This value
represents an estimate of the amount an angler is
willing to pay for the right to fish. It was ob-
tained by extrapolation from a 1962 survey of
Oregon salmon-steclhead anglers reported upon by
Brown, Singh, and Castle (1964).

Calculation of total net value ($1,917,003) of
the commercial and sport catch of fall chinook
salmon that originated from the hatcheries under
study is shown in table 20, Tle benefit to cost ratio
is obtained from the ratio $1,917,003/$831,522 and
is estimated as 2.3: 1.

This benefit to cost ratio applies, of course, only
to chinook salmon at the study hatcheries. As indi-
ated above for Klickitat Hatchery (table 18),
other species of salmon (principally coho) are
raised at these hatcheries. To fully use all pro-
duction facilities, the hatchery complex is now
managed on a multispecies basis. A more complete
and meaningful benefit to cost analyses of the
hatchery system must, therefore, await comple-
tion (1969) of the study of the contribution that
hatchery-reared coho salmon make to the fisheries.

17 U.8, Department of the Interinr, Bureau of Commercial Fish-

eriex, Division of Feonomies. 1966, An economic evaluation of
Columbia River anadromous fish programs, 58 pp. [Processed.)

TaBLE 20.—Estimated value of the caich of fall chinook salmon of 1961 brood that were released from study hatcheries, by type

of fishery
Fishery Age Fish Sample Average weight 1 Tota! weight 1 Value per Total
size unit cateh 2 value
Number
Number of fish Lbs. Ky. Lbs. Ky. Dollnrs Daollars
Sport. .. 43, 988 e 38870 300,147
Ocean commerelal . .. ... 2 43 27 4, () 1.81 172 = 380 65
115, 755 2,040 R. 45 3.83 978, 130 443, 84 435 425, 487
37, 441 638 15.29 6.4 572,473 254, 6563 610 344, 208
. . 4,797 56 18,71 £, 49 &, 752 40,712 650 58,339
Cclumbia River eommereial ... . __._______ : -1,442 22 6,11 277 11, 866 5, 381 360 4,272
32,344 |70 17,98 8.16 581,835 263, 838 360 208, 389
48,275 1,135 26.10 1184 1,250,978 571,528 36 453, 502
2,739 57 28.13 12.76 77,048 34, 950 344 26, 504
Motal . e B e U 1,917.003

I Wejghts for ocean ecommercial fisheries are dressed weights, and those for Columbia River fisherics are round weights. Original weights were in pounds
for Ad-RM marked fish. i

? Entries for commercial fisheries (dollars per pound) are based on prices paid for Washington State troll landings obtained frumn Dule Ward, Washington
Btate Department of Fisheries (personal communication).

3 Ree footnote 17 of text.
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It must further be understood that hatchery meth-
ods have changed significantly since 1962. This
change is reflected in the increased size of fish re-
leased from hatcheries. For example, the average
weight of fall chinook salmon released from Co-
lumbia River hatcheries operated by Washington
Department of Fisheries increased from 2.18 g. in
1962 to 3.89 g. in 1966.1* It is likely, therefore, that
survival of hatchery fish and, hence, the contribu-
tion of given numbers released has changed since
196:.

To estimate the value of the catch of 1961-brood
fall chinook salmon from all Columbia River
hatcheries, we must assume that the 5.86 million
fish released from hatcheries not included in the
study contributed to the fisheries in the same pro-
portion as the fish released (53.65 million) from
the hatcheries under study. On this basis the value
of the catch of these releases would be:

(3.86) (1,917,003)

(53.65)
or about $135,000. The value of the catch of fish
released from all hatcheries is then estimated as
$2,055,000. .

Because of the conservative nature of the esti-
mate of survival of marked fish relative to un-
marked fish, we believe that the estimated value
of the catch of hatchery fish, as well as the bene-
fit-cost estimate presented above, is minimal.

SUMMARY

1. During 4 years of marking at 12 hatcheries,
21.3 million fish (10 percent of the total produc-
tion of 213 million) were marked with an adi-
pose-maxillary mark. An additional 9.6 million
were identified with special marks unique to a
hatchery.

2. The 1961-brood release of 53.6 million fish
included 5.4 million (10.1 percent of the total re-
Jease) marked with a “common mark” (Ad-RM).
Fish with marks unique to a hatchery were re-
leased from Klokomin, Kalama, Oxbow, and
Spring Creek Hatcheries.

3. Auxiliary data collected suggested that the
quality of marking and the permanence of marks
(except possibly for the maxillary mark in the
1961 and 1962 broods) were reasonably satisfac-
tory.

137,832 =

B Harry Senn, Washington State Department of Fisherfes (per-
sonal communieation).

4. During the first 4 years of mark sampling
(1963-66), an average of 23 percent of the chinook
salmon catch was examined for marked fish.

5. Except for 1963, sampling for marked fish
was conducted in most chinook fisheries from Mon-
terey, Calif.,, northward to southeast Alaska. In
1963, sampling was limited to the Washington,
Oregon, and Columbia River fisheries.

6. A total of 9,573 marked fish from the 1961
brood of possible Columbia River hatchery origin
were recovered during the 4 years. The majority,
6,189, were recovered as age-3 fish in 1964.

7. Although marked fish were recovered in the
ocean fisheries over the entire range of sampling,
most. were recovered from landings made north of
the Columbia River mouth (Washington and west
coast of Vancouver Island fisheries),

8. Marked fish that originated from Ialama
Hatchery were the only ones (specific to a hatch-
ery) recovered in the southeast Alaska fishery. In
general, proportionately more of the Kalama fish
were recovered in the northern parts of the sam-
pling range than were the marked fish originating
from Klokomin, Oxhow, or Spring Creek Hatch-
eries.

9. An estimated total of 21,600 marked (Ad-
RM) fish that originated from the 12 study hatch-
eries were caught. An additional 3,400 escaped the
fisheries and returned to spawn.

10. The estimated average catch to escapement
ratio for the hatcheries under study was about
6:1. For marked fish from Elokomin, Kalama,
Oxbow, and Spring Creek Hatcheries this ratio
was 12:1,9:1,3:1, and 7:1, respectively.

11. The catch of Ad-RM marked fish from all
12 hatcheries in terms of the numbers released was
3.97 per 1,000 released. This quantity was 4.50 and
3.78 for Kalama and Spring Creek Hatcheries,
respectively. The contribution per 1,000 released
for Elokomin and Oxbow Hatcheries was at most
only one-half that for Kalama and Spring Creek.

12. By assuming that marked and unmarked
hatchery fish have the same ocean distribution and
maturity schedules and that survival of marked
fish was 70 percent of the survival of unmarked
fish, we estimated that the total catch of hatchery
fish (marked and unmarked) was 257,326,

13. The estimated catch, 287,326, of hatchery
fish comprised about 10 percent of the total catch
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of 1961-brood chinook salmon in the fisheries
sampled.

14. If snrvival of marked relative to unmarked
fish was 60 or 100 percent rather than the assumed
70 percent, then the estimated catch of hatchery
fish. would have been 330,465 or 209,672, respec-
tively. The latter value is considered too low:
it is not likely that the survival of marked fish ex-
ceeded 70 percent of the survival of unmarked fish.

15. The estimated cost of rearing the fall
chinook salmon of the 1961 brood released from
the study hatcheries was $831,5922. The estimated
net value to the fishermen of the catch of these
fish was $1,017,003. The benefit to cost ratio was,
therefore, 2.3 :1.

18. The estimated total value of the cateh of fall
chinook salmon of 1961 brood that originated
from all Columbia River hatcheries (inecluding
five hatcheries not participating in the marking
experiment) was $2,055,000.

17. We considered that the estimated catch of
hatchery fish, and, therefore, the value and benefit-
ratio, is minimum. '
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ArpENDIX TABLE l.—Estimatea numbers of fall chinook salmon fingerlings of 1981 brood released from Columbia River

halcheries

Fish released

Proportion of fish marked

Fish marked

Hatchery Troportion Standard deviation Total Standard deviation
Total Standard Ad-RM Special Ad-RM Special Ad-RM Special Ad-RM Special
deviation mark mark mark mark

Number Number Number Number Niwmber Number

Grays River. ... 803. 028 20,240 0.0051 ___ AR 0.00310 ... ... 84,927 _ceeaes A ¥/ R
(LV- )
Elokomin.. oo 1,575, (00 33, 888 . 0937 0, 3051 . 00232 0. 00366 147,578 180. 533 4,837 11,838
(Ad-RV-RM) _
Kalama.. .o ceam oo 4, 106, 84 55, 737 .1013 OMT . 00135 00133 497, 063 475, V64 9, 364 9, 165
Waszhougal.._.__. _ 2,314,940 46, k3 L0932 L. L0019 L 215,752 ... 6.21% ._______.._.
Little White Salmon_ . ____________ 12,077, 544 348, 5u8 L1060 L L0280 L. 1,281,459 . _...._._ 80,38% oo
(Ad-LV-RM)
Spring Creek ... ________. 10, 425, 933 229,319 . 1033 . 1037 . 00203 1,128,649 1,133,019 32, 404 32,659
Big White Salmon._ 3, 545, 865 133, 488 .(m47 . 00345 335,793 ... 17,650 coocoaa .

Kliekitat_ . _____ 3,177,458 133,217 5 . 00508 283,155 ol 2AL075 -
4, 549, 959 7, 95€ 00137 470, 466 450, 446 10,100 9, 762
4,842, 554 81,014 . 00132 491,519 . ________ 10,401 ____._____.
3,820,617 71, 368 00150 , 642 ____________ 0,472 .
1,013, li':_'l 25, 210 . 002u2 108,435 ______.____. 4,030 . ..
Total .ol 53, 653, 214 568, 071 1016 o= L00088 .. _________ 5,446,430 ______..._ .. 74,630 ____________

ApPENDIX TaBLE 2.—Estimaled numbers of fall chinook salmon fingerlings of 1962 brood released from Columbia River

haicheries
Proportion of fish marked Fish marked
Fish released
Hatchery Proportion Standard deviation Total Standard deviation
Total Standard Ad-LM  Special mark Ad-LM Special Ad-LM Special Ad-LM Special
deviation mark mark mark

Number Nimnber (LV-LM) Number Nuanber Number Number
Grays River_____ 1, 359, 761 27,825 0. 0936 0.1778 0. 00244 0. 00327 127,274 241, 444 4,273 8,
Elokomin...._. *3, 341, 214 61,000 - 145 223, 340
Kalama__.__.__ 4, 511, 326 102, 405 431, 206
Washougal .. ... - 3,315,613 3 316, 973
Little White Salmon_ ..........._. 11, 583, 405 171,575 1, 183, 865
Spring Creek. - .. __o......... 8, 408, 267 148, 575 17,521
Big White Salmon_ 3, 438, 25 55, 505 7,818
Klickitat._ 2, 624, 470 35, 540
Oxbow..... 4,916, 873 76, 396
Caseade____. 4,217,410 66, 14u . 00158 430, 640
Bonneville 4, 635, 279 73, 539 .. 527, 4
Big Creck. 974, 585 5,
Willard ** i

Total e 52, 470, 003

*Includes an estimated 169,000 fish not sampled at release.
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** Included in the release for Little White Salmon.
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AprpENDIX TaABLE 3.—Eslimaled numbers of fall chinook salmon fingerlings of 1963 brood releasea from Columbia River

hatcheries
Proportion of fish marked Fish marked
Fish released
Hatchery Proportion Standard deviation Total Standard devintion
’ Total Standard Ad-RM Special Ad-RM Special Ad-BM Special Ad-RM Special
deviation mark mark mark mark
Number Number Number Number Number Number
Grays River ... ... 1, 576, 680 20, 798 161,294 _.___.._.... 4,263 ________.__.
Elokomin.._...._................ 2,383,919 31,374 217.418 ... ... 5,179 ... ..
Kalama__ ... 4,883, 937 85, 028 482,176 10, 490 10, 119
Washougal . _.__ . 3,157,896 38,786 300, 928 8, 268
Little White Salmon. . 11,915, 503 186, 493 1, 115, 614 20, 208
Spring Creek. _______._._.._._._.. 7.467, 629 131, 916 770, 659 15,934
Big White Salmon. ............._. 2, 448, 904 49,017 244, 401 6, 768
2,888, 208 37,171 281, 311 8, 086
8, 124, (48 91,818 2, 083
5,734,238 75,382 10, 228
9, 515, 463 141,289 17,515
1, 985, 838 28, 781 4,987 10, 545
60, 112, 063 356, 945 . L00037 ooooo... 5,086,464 ._.._....... 42,071 ...

AprrPENDIX TABLE 4.—Estimaled numbers of fall chinook salmon fingerlings of 1964 brood released from Columbia River

hatcheries
Proportion of fish marked Fish marked
Fish released
Hatchery Proportion Standard deviation Total Standard deviation
Total Standard Ad-LM  Special mark Ad-LM Special Ad-LM Special Ad-LM Special
deviation mark mark mark

Number Nuamnber Number Number Number  Number
Grays River____ ... . ._____. 1,369, 522 28,017 128, 461
Elokomin. oo 2, 069, 739 32,740 193, 485
Kalama. ... ..o .. 3. 406, 560 67,730 347,248
Washougal . ____ .. ... 2,643,924 50, 114 265, 450
Little White Salmon_....__....... 8. 265, 570 120, 972 832,221
Spring Creek . ____. ... _....__. 6, 754, 455 86, 840 675, 493
Big White Salmon_____.__._.._____ 2,007, 409 32,925 175, 448
Klickitat ..o 2, 935, 065 54, 478 274,135
Oxbow. ... 1,200, 497 17, 367 122,518
Caseade _______ . ... ... 4.708, 551 72,825 491, 677
Bonueville.________ ... 9, 887, 575 121, 640 088, 974
Big Creok.. oo 1, 448, 676 19,111 143, 129
Total .. .o 46, 778, 5562 258, 073 4, 638, 237
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ArpENDIX TABLE 5.—Marked and unmarked returns of fall APPENDIX TABLE 5.—Marked and unmarked returns of fall

chinook salmon of 1961 brood year to Columbia River chinook salmon of 1961 brood year to Columbia River
halcheries and tributary streams hatcheries and tributary streams—Continued
Year of return 3 Year of return
Recovery location Group Recovery location Group
1963 1964 1965 1966 1963 1964 1965 1966
Number of fish Number of fish
Hateheries: Hateheries—Continued B
Grays River._....____.... Unmarked 0 35 34 0 Oxbow.____ . ... RV-RM 1 35 12 1
Ad-RM (] 0 1 0 RV 1 G &
Big Creek. - ooocomneooans Unmarked 103 902 =1 i} Big White Salmon_._..... Tnmnarked 17 Lo64 (%) ")
Ad-RM 5 33 20 ] Ad-RM 0 33 ™) (&)
Ad 1 i 3 0 Ad [ 4 ™) ™)
Lv 0 0 1 0 Ad-LV-RM 0 1 ™ )
Elokomin. . .coeceeaonnn Unmarked 11 414 B 0 Klickitat. ... ... Unmarked 15 334 38 0
Ad-RM 1] 3 0 ) Ad-RM 6 16 0 1
Ad ] 1 0 0 Toutle. . eceievmmnnaaas Unmarked *) @56 1,239 107
LV-RM 2 2 0 0 Abernathy.____ —--- Unmarked ') 1,797 66l 0
LV ] 7 0 0 Ad-RM *) 1 v 0
Kalana. oo oooaaae oo Unmarked 49 434 24m 411 Ly (8] 2 2 0
Ad-RM ] o0 134 47 Speelyai___.....__.._.... Unmarked * 1,202 2,084 0
Ad 0 2 2 0 Ad-RM * 0
Ad-RV-RM 0 7 111 38 Ad-RV-RM (441 5 0 0
Ad-LV-RM 1] 0 0 1 Tributary streams: !
Washougal ... Unmarked 14 53 12 3 Big Creck_ .. _.___._._... Unmarked *) 313 362 1
Ad-RM 1 2 0 0 Ad-RM ) 5 11 0
Bonneville__.. ... ... Unmarked 360 2,527 1,867 13 Ad ) 0 2 0
Ad-RM 13 157 4 1 LV-RM ) 0 2 0
Ad. 0 14 36 0 Kalama.. ... ..oo.._.... Unmarked ™ 6330 2,84 12
Ad-LV 1 1 1 0 AD-RM *) f) 151 14
Ad-RV 0 0 4 0 Ad *) 45 7 0
LV-RM 0 1 1 1] Ad-RV-RM (*) 0 56 7
Lv 0 0 1 0 Ad-RV *) 1] 4 0
RV-RM 1 12 5 0 Little White Salmon___._.. Unmarked * 30 34 4
RV 1 0 4 1} Ad-RM (*) 1 3 0
Little White Salmon______ Unmarked 197 3,420 2,035 45 Big Whitz Salmon___ __._. Unmarked... .. {*) 905 956 45
Ad-RM 9 158 139 1 Ad-RM *) 9 [ 2
Ad 1 45 41 0 Ad *) 1 0 [
LV [ 0 1 0 Ad-LV-RM *) 1 0
RYV-RM 2 3 4 0 Klickitat. . . .....-..... Unmarked (*) 12,496 3,907 ed
4 1 0 1 0 Ad-RM ] 370 162 0
Cascade Unmarked 156 2,010 1,078 33 Ad [§¢] a2 0 D]
Ad-RM ] 1z [} 1 Ad-LV-RM *) 0 4 0
2 1 13 0 Plympton. _.._.o.......- Unmarked...... (4] 333 172 1
Ad-LV-RM 2 & 0 0 Ad-RM (") -] 4 0
Ad-LV 0 1 0 0 Ad * 6 2 0
RV-RM (] 2 0 0 LV-RM *) 5 0 0
Spring CreeKa e oo o-.. TUnmarked 922 10,374 2,849 32 (€3S, Unmarked *) 87 36 0
Ad-RM 57 €41 190 6 Ad-RM (*) 0 2 0
17 130 ] 2 Washougal .. coeooaeooe Unmarked (] 333 172 16
Ad-LV-RM 3% 353 119 1 Ad-RM *) [} 4 0
Ad-LV 4 45 22 1 Wind_ ... Unmarked (84} 422 34 0
Ad-RV-RM 1] 1 1 0 Ad-RM *) 0 2 0
LV-RM 0 1 0 0 Lewis . o iciiniaicaa- Unmarked *) 643 160 1,835
LV 0 0 2 0 Ad-RM (4] 0 0 A
RV-RM 0 0 1 0 Ad-RV-RM * 0 0 2
RV 0 1 0 0 Ad-RV ™ [ 0 2
OXDOW e cmieaaacaae Unmarked 242 2,457 66h 8 Lv (*) 0 0 3
Ad-RM 4 116 47 0 Elokomin. . .o oooomano .0 Unmarked ") [\ 421 V]
Ad 3 16 8 0
Ad-L.V-RM 1 2 2 0
Ad-LV (] 4 0 0 *Not sampled
LV Q 1 0 ] 1 Total return of marked fish for tributary stream estimated from mark
recoveries.

See footnotes at end of tabla,
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