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EFFECTS OF OCEAN FISHING ON 1961-BROOD FALL CHINOOK 
SALMON FROM COLUMBIA RIVER HATCHERIESa 

Frederick C. Cleave@ 

Abstract 
Early returns from nearly 31 million fall chinook salmon (Oncorhynchus tshawytscha), marked and released 

as fingerlings in 1962-65 from 12 Columbia River hatcheries, provided an unusual opportunity to study the effect 
upon hatchery stocks of fishing at sea. All of the maior fisheries that caught these fish were systematically sampled 
in 1963-66. 

Size, growth, age at maturity, and ocean areas inhabited differed between hatcheries; consequently fish from 
different hatcheries had to be examined separately. Within hatcheries, the marked fish were smaller, matured 
later, and had much poorer survival than unmarked fish; results for marked fish could not be applied directly to 
unmarked fish. 

Incomplete estimates of marked fish caught at sea and of marked fish which entered the Columbia River for 
the first (1961) brood were used to study mortality and maturation rates with a general model that equated 
ocean catch and river entry with recruitment, mortality, and maturity. The yearly instantaneous natural mortality 
rate was estimated to be about 0.45. Instantaneous 6-month fishing rates varied from 0.20 to 0.85, depending 
on age and stock. Estimates of fishing mortality and proportions of stock maturing changed relatively little when 
large changes in natural mortality were used. Evidently less than 0.01 of all marked fish released were alive 
at the beginning of the third year, when most became available to the fisheries. 

At the large and important Spring Creek Hatchery, proportions of fish maturing at each age underwent a 
change. The 1961-brood fish matured earlier than did broods before 1954. Fishing pressure was partly responsible. 

Mortality rates for marked fish were used for unmarked hatchery fish, but the maturation rates were adjusted 
for delayed maturity of marked fish. The total catch of 1961-brood chinook salmon from Spring Creek and 
Kalama River hatcheries combined was estimated to exceed 830,000 kg. Ocean fishing apparently reduced the 
number of hatchery fish that returned to the Columbia River to about one-half and reduced the total yield of 
hatchery fish, in weight, by 19% (Kalama River) and 22% (Spring Creek). 
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Introduction 
This study investigates the effects of 

ocean fishing on the stocks of fall chinook 
salmon (Oncorhynchus tshawytscha) or  i g i- 
nating in the hatcheries of the lower Co- 
lumbia River. A better understanding of 
these effects has been long needed. At 
the Second Governors' Conference on Pa- 
cific Salmon (1963) considerable attention 
was given to the lack of information upon 
which to base management of the salmon 
resources. In his address to that meeting, 
Fry (1963) stated that mortality data were 
woefully inadequate and that knowledge 
was needed on the proportion of each year 
class that leaves the ocean to spawn and 
on the mortality caused by fishing. Lasa- 
ter (1963) stated that biological knowledge 
was still inadequate for the management 
of most salmon stocks for maximum sus- 
tained yield. Paulik (1963) treated the prob- 
lem of evaluation of artificial propagation 
of salmon. He emphasized the impossibility 
of judging the efficiency of propagation 
in the absence of knowledge of effect of 
fishing on the stocks; he suggested attrac- 
tive possibilities of d e v e l o p i n g  salmon 
stocks and cultural procedures to maximize 
the return from funds spent on hatchery 
operations. 

Chinook salmon are permanently re- 
moved from the ocean stocks by matura- 
tion, fishing, and natural mortality. Al- 
though far more chinook salmon are caught 
at sea than in rivers, the rate at which they 
are caught is unknown. Never has a man- 
agement agency been able to forecast ac- 
curately the effect of a proposed ocean 
regulation on the yield of chinook salmon 
-a reflection of the difficulty in estimating 
mortality of chinook salmon at sea. The 
associated problems of estimation have 
proved perplexing as well as interesting. 
Any attempt to estimate mortality rates 
must also incorporate estimates of the pro- 
portions maturing at each age. 

Distribution, Life History 
and Fisheries 

Chinook salmon are native to the Pa- 
cific coasts of North America and Asia. 
Along the west coast of North America, the 
southernmost of the major spawning areas 
is  in the Sacramento River system in Cali- 
fornia. The Yukon River is the northernmost 
American river in which chinook salmon 
are abundant. Various numbers spawn in 
intervening streams. 

Fall chinook salmon are spawned at 
the lower Columbia River  hatcheries 
mainly in late September and early Oc- 
tober. Incubation time depends on temper- 
ature; the eggs usually hatch in winter. 
At stations with relatively warm water and 
during unusually mild winters, the fry 
hatch in December. 

Upon reaching the sea, most of the 
young Columbia River chinook salmon ap- 
pear to move north along the coast. In 
the past, the presence of fish of all ages 
over the Continental Shelf led to the opin- 
ion that the ocean habitat of chinook salmon 
was over the Continental Shelf and near the 
coast. They are found feeding in the waters 
of Puget Sound and in the larger, par- 
tially enclosed waters of British Columbia 
and Alaska. 

More recently it has become clear that 
appreciable numbers of chinook salmon 
migrate to offshore feeding grounds (Ma- 
son, 1965). Mason's Figures 7-1 1 and 14-1 7 
show that chinook salmon have been caught 
throughout the Pacific Ocean and Bering 
Sea (between about 50' and 60' N. lati- 
tude) at stations far from the Continental 
Shelf. From his figures it appears that chi- 
nook salmon may be sparsely distributed 
in the open sea, but even a low density 
throughout about 3,500,000 square km of 
ocean could account for an important frac- 
tion of the chinook salmon in the sea. 

Chinook salmon return to spawn after 
living in the ocean a variable length of 
time, usually from 1 to 4 years. Fish that 
survive the sixth year of life are rare. Adults 
enter the Columbia River throughout the 



year, but mostly between March and Sep- km upstream at the Klickitat River; the up- 
tember. According to Pulford (1964, Table permost hatchery stream that is of concern 
I), the mean annual weight of chinook sal- here. 
mon taken in the Columbia River varied Ocean fishing regulations for chinook 
from 6.35 to 11.02 kg in 1951-61. salmon are uniform for Canada and the 

Chinook salmon are highly valued as United States. Fishing is prohibited from 
food fish; the flesh is of excellent quality November 1 through April 14; nets may 
and commands a good market price. Sport not be used at sea. Chinook salmon less 
fishermen find them exceptionally attrac- than about 66 cm, total length, must not 
tive because of the large size attained by be retained by commercial fishermen. Size 
some of the fish. Consequently, fishing of fish and bag limits at sea vary some- 
occurs throughout much of the ocean range what for chinook salmon caught by sport 
and in the Columbia River. fishermen. Seasons, gear regulations, and 

Historically, ocean fisheries have been size limits also vary for fish taken from 
pursued mostly from late April to October, internal marine waters of Canada and the 
but have continued throughout the year in United States. Most of the sport catch that 
some protected waters. Most of the marine is of concern here was taken off Wash- 
commercial catch is taken in the open ocean. ington, which has a 51 cm minimum size 

The main catch at sea is by commercial limit for ocean sport fishing. The regulations 

trolling, w h i c h  M i 1 (1964), Fry and in the Columbia River fisheries also vary. The 

Hughes (1951), Van Hyning (1951), and principal means of control have been Sea- 
others have described in detail. Fishing son and area limitations for commercial 
is in coastal waters, usually over the inner and sport fishing, and bag limits for sport 
Continental Shelf and often near submerged fishing. Regulations change from Year to 
reefs or peaks. The fishery extends from year, and the time allowed for ~ ~ m m e r c i a l  
central California to the Gulf of Alaska fishing has been steadily reduced (~ul ford,  
beyond Cape Fairweather (Figure 1). 1964; Wendler, 1966). 

A lesser catch at sea is by sport angling The catch of chinook salmon from ocean 
near suitable ocean ports from central Cali- waters north of the Columbia River increased 
fornia to Vancouver Island and in the more in 1946 to a level that was more or less 
~rotected waters of washington, British maintained until about 1958. The reported 
Columbia, and Alaska. Areas exposed to catch during recent years has been near 
the Open sea are fished from late April one million fish (Table 1). The ocean catch 
through September, whereas sheltered areas from waters north of the Columbia River 
are fished throughout the year. is about one-third of the North American 

Fish caught at are t ~ ~ i c a l l ~  a mix- catch. The remainder is taken by various 
ture of maturing and immature fish from fisheries of the inside waters from Oregon 
widely separated streams (Williamson. 1927, 

to Alaska and by ocean fisheries south of 
1929; Kauffman, 1951; Milne, 1957; Kirk- 
ness e t  al., 1953; Parker and Kirkness, 

the Columbia River. These fisheries caught 

1956; Van Hyning, 1951). A fish is con- an average of 750,000 chinook salmon each 

to be maturing if the development Year in 1960-b4. The troll landings south 

of its gonads indicates that it would have of the Columbia River are excluded from 

spawned in the year of capture. the table because few Columbia River chi- 
nook salmon are caught there. 

Columbia River chinook salmon are also 
taken by commercial and sport fishermen in Exact information regarding fishing ef- 
the Columbia River. Commercial fishing fort is not readily available for most of the 
with gil l nets produces most of the catch coast, and the number of vessels in the 
between the river mouth and about 280 ocean salmon fisheries is used here as an 
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Table 1 . Ocean Catch of Chinook Salmon North of the Columbia River and 
Total North American Catch in Number of Fish 

British 
Columbia@ 

Ocean 
~laska@ Total 

North America 
(all fisheries@ Year washington@ 

1965 242, 030 

1964 163, 618 

....................................... 1963 204, 178 

1962 ....................................... 159, 030 

....................................... 1961 182, 328 



Table 1. Continued 

Year 
British Ocean North America 

Washington@ Columbia@ ~laska@ Total (all fisheries)@ 

@Washington State Dept. of Fisheries Annual Report 1964. 

@From Milne (1964) for 1920-62 and Dept. of Fisheries Canada, 1963-64 converted by 10.75 Ibs. per fish. 

@ INPFC Statistical Yearbooks for 1952-64; 1906-51 from Parker and Kirkness (1956) converted from Ibs. by a 
factor of 1/20. 

@ INPFC Statistical Yearbook for 1962-64; 1920-61 Mason (1965; Table 3). 

@Considered by Milne to be greatly overestimated. 

@ Incomplete. 

approximation of effort (Table 2). The 
amount of time a trolling vessel spends 
fishing for salmon may vary greatly. The 
same vessel may be licensed and fish in 
more than one state in the same year; when 
fishing for salmon, a vessel may be seeking 
species other than chinook salmon. If the 
number of fishing vessels is proportional 
to rate of fishing, intensity evidently began 
to rise in 1942 north of the Columbia River. 
The number of vessels doubled between 
1930 and 1960. In addition, the fishing 
power of the vessels has increased appre- 
ciably. Milne's (1964) Table 1 suggests that 

more than two-thirds of the British Colum- 
bia vessels are based in southern British 
Columbia. 

The apparent increase in effort since 
1958 has not increased the total ocean catch 
of chinook salmon; it has been accompanied 
by a smaller catch. In the most recent years 
shown in Table 1, the British Columbia 
landings have been greater than those for 
Washington and Alaska combined; Alaska 
landings have usually been greater than 
those for Washington. The number of ves- 
sels engaged in fishing follows much the 
same trend. 



Table 2. Number of Boats in Commercial Troll Fisheries North of the 
Columbia River 

Wash- British Wash- British 
Year inaton@ Columbia6 Alaska@ Total Year inaton@ Columbia6 Alaska@ Total 

............ ........ 1964 ............ 1,280 .. . . -- - 1,208 1940 636 3,222 --- ----- 

............ ........ 1963 ............ 1,209 . . . . . -. . 1,080 1939 549 3,947 - --. -. . 

............ 1962 ............ 998 6,117 1,096 8,21 1 1938 438 3,453 1,097 4,988 

............ 1961 ............ 972 6,682 1,495 9,149 1937 441 3,162 1,043 4,646 

............ 1960 ............ 1,255 6,165 1,508 8,898 1936 512 3,511 1,056 5,079 

............ 1959 ............ 1,427 6,084 1,806 9,317 1935 481 3,107 1,039 4,627 

............ 1958 ............ 1,094 5,512 1,815 8,421 1934 626 3,099 965 4,690 

............ 1957 ............ 688 4,373 1,773 6,834 1933 441 2,880 899 4,220 

............ 1956 ............ 716 3,561 1,252 5,529 1932 569 3,033 899 4,501 

............ 1955 ............ 645 3,915 1,548 6,108 1931 681 3,115 1,070 4,866 

............ 1954 ............ 660 4,580 1,522 6,762 1930 628 3,l 15 999 4,742 

............ 1953 ............ 672 4,738 1,520 6,930 1929 780 2,630 999 4,409 

............. ........ 1952 ............ 707 5,272 1,763 7,742 1928 608 2,987 . --. .-.. 
........ ......-............. ---..... 1951 ............ 706 5,129 1,707 7,542 1927 3,094 

....-------.--...... ---..... 1950 ............ 648 4,853 1,606 7,107 1926 2,416 --. .- .. . 

-................... ........ ---..... 1949 ............ 611 4,921 1,458 6,990 1925 1,821 
-................... ... . 1948 ............ 710 4,828 1,630 7,168 1924 1,553 -..- 

-...........--...... .-.....- 1947 ............ 614 4,979 1,621 7,214 1923 1,446 --. . . . . - 
-...........--...... ........ ........ ........ 1946 .................... 5,727 1,017 1922 1,513 
-........-----...... ........ .--..... 1945 ............ 819 4,764 1,065 6,648 1921 1,452 

........ .................... 1944 ............ 679 4,483 1,077 6,239 1920 1,855 .- ----. . 

........ -......- .................... 1943 ............ 771 4,346 995 6,109 1919 2,260 

........ ---..... .................... 1942 ............ 557 3,843 973 5,373 1918 1,786 

.......- .--..... .................... 1941 ............ 605 3,080 1,064 4,749 1917 1,370 

@Number of licenses from Wash. Dept. Fish Ann. Rept. 1964 for years 1947-64. Number of vessels operated; 
from Fishery Statistics of U.S. for years 1928-45. 

6Milne (1964); number of licenses rather than number of boats. 

@Number of boats from Fisheries Statistics of U.S.; 1948-58 - number of hooks used converted to boats at 17.84 
per boat; 1927-47 - number of lines converted at 3.39 lines per boat. 

Materials and Methods 
Source of Data 

To forestall the decline in numbers of 
salmon, an extensive, publicly supported 
system of salmon hatcheries has been devel- 
oped. Fifteen of them, on streams tribu- 
tary to the lower 290 km of the Columbia 
River, produce fall chinook salmon, al- 
though Grays River, Elokomin, Toutle, Speel- 
yai, and Washougal hatcheries usually do 
not have large runs of this species (Table 
3). These five hatcheries are devoted to 
the culture of other salmon or have not 
yet succeeded in building a substantial re- 
turning stock. Abernathy Hatchery is a re- 

search installation. State and federal gov- 
ernments need evidence that the benefit 
derived from hatchery operation is great 
enough to justify the high expense of op- 
eration. 

The United States, through the Bureau 
of Commercial Fisheries, has provided most 
of the funds for evaluating the propaga- 
tion of fall chinook salmon at the lower 
Columbia River hatcheries. A cooperative 
study was undertaken in 1961 by the states 
of California, 0 r e g  o n, Washington, and 
Alaska, by the Bureau of Commercial Fish- 
eries and the Bureau of Sport Fisheries and 
Wildlife, and by the Fisheries Research 



Table 3. Fall Chinook Salmon Hatcheries on the Columbia Rivera 

Station Tributary A~ency 

Big Creek ....................................................... Big Creek ..................................................... Fish Comm. of Oregon 

Bonneville ...................................................... Tanner Creek ............................................... Fish Comm. of Oregon 

Cascade .......................................................... Eagle Creek ................................................. Fish Comm. of Oregon 

Oxbow ........................................................... Herman Creek ............................................. Fish Comm. of Oregon 

Grays River .................................................... Grays River .................................................. Washington Dept. of Fisheries 

Elokomin ........................................................ Elokomin River ........................................... Washington Dept. of Fisheries 

Toutle ............................................................. Toutle River (Cowlitz River) ..................... Washington Dept. of Fisheries 

Kalama@ ....................................................... Kalama River ............................................... Washington Dept. of Fisheries 

Speelyai ......................................................... Lewis River .................................................. Washington Dept. of Fisheries 

Washougal ..................................................... Washougal River ......................................... Washington Dept. of Fisheries 

Klickitat ......................................................... Klickitat River .............................................. Washington Dept. of Fisheries 

Abernathy ...................................................... Abernathy Creek ........................................ U.S. Fish and Wildlife Service 

Little White Salmon ..................................... Little White Salmon River ........................... U.S. Fish and Wildlife Service 

Spring Creek ................................................ Spring Creek ............................................... U.S. Fish and Wildlife Service 

Big White Salmon ......................................... Big White Salmon River ............................ U.S. Fish and Wildlife Service 

@Additional hatcheries handle small numbers o f  chinook salmon. Bonneville, Cascade, Oxbow, Kalama, Washou- 
gal, Little White Salmon, Spring Creek, and Big White Salmon hatcheries combined provide about 85 percent 
o f  the Columbia River hatchery releases of fall chinook salmon. 

@Two stations on the Kalama River. 

Board of Canada. The Fisheries Research pating hatcheries with a common program 
Board has supported the program, provid- mark, and a unique mark at each of four 
ing personnel, funds, and advice for the stations in the 4 years of release. Two of 
large part of the undertaking that concerns the hatcheries, Kalama and Spring Creek, 
Canadian fisheries. These organizations de- had a unique mark in all 4 years. Little 
veloped an evaluation scheme in which it White Salmon, Big Creek, Bonneville, Cas- 
was proposed to mark enough fish before cade, Oxbow, Elokomin, Grays River, and 
release from hatcheries to estimate the catch Klickitat hatcheries had a separate mark in 
of marked fish in the various fisheries from only one of the four years. Each year about 
samples taken at ports of landing. From 10% of the fingerlings released by each 
marked fish, the numbers of unmarked fish hatchery were random ly  selected and 
supplied by the hatcheries at various times marked with a common mark. The AD-RM 
and places could be estimated. mark was used in odd-numbered years and 

Fish were marked by combined ex- the AD-LM mark in even-numbered years. 
cisions of fins and the posterior part of a The RM or LM alternative was combined 
maxillary bone. Releases of marked fish with other marks to distinguish fish of odd- 
are listed in Table 4, which contains the and even-numbered brood years. One lot of 
following abbreviations: AD for adipose fin, 1964-brood fish, marked at Little White 
LV for left ventral fin, RV for right ventral Salmon Hatchery by feeding a tetracycline 
fin, LM for left maxillary bone, and RM drug (for evaluating the effect of marking 
for right maxillary bone. Marking began by mutilation), is omitted from Table 4. 
with the 1961-brood fish (progeny of au- Sampling for marks began in spring 
tumn 1961 adults), which were released 1963, when the 1961 brood began to enter 
in the spring of 1962, and was continued the ocean fisheries; but not all areas were 
with the next 3 brood years. The plan pro- sampled that year (Table 5). Few fish in 
vided for release of fish from all partici- their second summer were found in samples 

r 101 



Table 4. Number of Fall Chinook Salmon Fingerlings Marked in the Lower 
Columbia River Hatchery Evaluation Program 

Brood 

1961 1962 1963 1964 

Hatchery Mark@ Number Mark@ Number Mark@ Number Mark@ Number 

........... Big White Salmon 

.............. Total release 

- 

AD-LM 175,448 

2,007,409 

AD-RM 335,793 AD-LM 341,554 AD-RM 244,401 

3,545,865 3,438,295 2,448,904 

AD-RM 1,281,458 AD-LM 1,183,865 AD-RM 1,115,614 ......... Little White Salmon AD-LM 832,221 

RV-LM 797,345 

8,365,579 .............. Total release 

Spring Creek ................... 

12,077,844 1 1,588,405 1 1,915,503 

AD-RM 1,128,649 AD-LM 868,574 AD-RM 770,659 

AD-LV-RM 1,133,019 AD-LV-LM 866,892 AD-LV-RM 751,243 

10,925,933 8,408,267 7,467,629 

AD-RM 106,435 AD-LM 96,776 AD-RM 190,075 

RV-RM 579,967 

1,013,671 974,585 1,985,838 

AD-LM 675,493 

AD-LV-LM 600,593 

6,554,455 

AD-LM 143,129 

Total release .............. 

......................... Big Creek 

.............. Total release 

8onneville ........................ AD-LM 988,974 

LV-LM 957,110 

9,887,575 

AD-LM 491,677 

AD-RM 403,642 AD-LM 527,958 AD-RM 1,010,865 

Total release .............. 

Cascade ............................ 

3,829,617 4,635,279 9,545,463 

AD-RM 491,519 AD-LM 430,649 AD-RM 568,091 

RV-LM 541,158 

4,842,554 4,217,9 10 5,734,238 .............. Total release 

............... Oxbow Springs AD-RM 470,466 AD-LM 467,595 AD-RM 643,637 

RV-RM 450,446 

4,549,959 4,9 16,873 6,124,048 

AD-LM 122,516 

Total release .............. 

Elokomin River ................ 

1,290,497 

AD-LM 193,485 AD-RM 147,578 AD-LM 223,340 AD-RM 21 7,413 

LV-RM 480,533 

1,575,000 2,391,219 2,383,919 .............. Total release 

...................... Grays River AD-LM 128,461 AD-RM 84,927 AD-LM 127,274 AD-RM 161,294 

LV-LM 241,494 

893,028 1,359,761 1,576,680 Total release .............. 

........ Kalama River 

1,369,522 

AD-LM 347,248 

AD-RV-LM 3 19,412 

3,496,360 

AD-RM 497,063 AD-LM 431,206 AD-RM 482,176 

AD-RV-RM 475,964 AD-RV-LM 437,669 AD-RV-RM 456,158 

4,906,845 4,599,326 4,883,937 .............. Total release 

.................. Klickitat River AD-RM 283,156 AD-LM 233,315 AD-RM 281,311 

LV-RM 521,610 

3,177,958 2,624,470 2,888,208 

AD-LM 274,135 

Total release .- ........... 2,935,065 

AD-LM 265,450 

2,634,924 

............. Washougal River 

.............. Total release 

....... Total AD-RM (or LM) 

AD-RM 215,752 AD-LM 316,973 AD-RM 300,928 

2,314,940 3,315,613 3,157,696 

..................... Grand Total 

@AD-Adipose fin; LM-left maxillary bone; RM-right maxillary bone; LV-left ventral fin; and RV-right ventral 
fin. 
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Table 5. Numbers of Chinook Salmon Caught and Percentage Examined for Marks 
in Different Fisheries, 1963-650 

Fishery 1963 1964 1965 

Washington ocean sport 

Number caught ........................................................................... 103,747 133,182 146,177 
Percentage sampled .................................................................... 23.54 27.70 23.33 

Oregon ocean sport 
Number caught ........................................................................... 6,290 16,506 1 1,306 
Percentage sampled ................................................................... 38.39 25.48 33.66 

California ocean sport 
Number caught 101,296 60,233 ......................................................................................... 

Percentage sampled .................................................................... 0.0 20.69 25.93 

S.E. Alaska troll 

Number caught ...................................................................................... 356,568 21 1,158 
Percentage sampled ................................................................... 0.0 30.29 32.25 

British Columbia troll 
Number caught ...................................................................................... 667,634 696,867 
Percentage sampled ................................................................... 0.0 34.46 19.43 

Washington troll 
Number caught ........................................................................... 205,000 162,693 95,853 
Percentage sampled 28.54 30.27 29.97 

Oregon troll 
Number caught ........................................................................... 134,640 68,526 56,026 
Percentage sampled ................................................................... 32.94 37.85 40.01 

California troll 
Number caught ....................................................................................... 686,552 701,627 
Percentage sampled .................................................................... 0.0 19.53 17.66 

Columbia River sport 
Number caught ........................................................................... 5,274 5,507 5,065 
Percentage sampled .................................................................... 6.16 8.44 10.07 

Columbia River gill-net 
Number caught ........................................................................... 115,761 169,930 221,619 
Percentage sampled ................................................................... 27.15 31.80 28.27 

Miscellaneous@ 

Number caught ....................................................................................... 303,582 366,988 
Percentage sampled .................................................................... 0.0 9.07 3.71 

Total 
Number caught ........................................................................................ 2,671,976 2,572,919 
Percentage sampled ................................................................................ 25.98 19.77 

- - - 

@Catch data not available for 1966 and subsequent years at time of compilation. 

@ Includes Klickitat River dipnet; Alaska, British Columbia and Washington nonColumbia River gill-net; British 
Columbia purse seine and Puget Sound sport fisheries. 

of subsequent broods taken in later years 
from the fisheries of California, British Co- 
lumbia, or Alaska; thus it i s  unlikely that 
the incomplete sampling during 1963 led 
to serious error. Most fish of this age are 
below the minimum length for the troll 
fishery. Landings of fish in their second 
summer are a small fraction of the catch. 

In 1964-66, landings were sampled through- 
out the ocean fisheries. 

The proportion of the catch inspected 
for marked fish varied with locality and 
time. The plan provided for sampling 20% 
of the catch, and usually a substantial part 
was examined. Date, place of capture, 
weight, and fork length were recorded for 
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Figure 2. Map of Lower Columbia River, showing the six fishery management zones into which the river was 
divided for sampling of chinook salmon. 



each marked fish and scales were taken 
for later age determination. In addition, 
similar data were recorded for samples of 
unmarked fish. An interval of 2 years be- 
tween releases of fish bearing the same 
mark ordinarily permits allocation to the 
correct brood year on the basis of length, 
but age is useful as an independent means 
of assigning the returns. 

Sampling within the Columbia River fol- 
lowed a similar scheme. The river was di- 
vided into six fishery management zones 
(Figure 2). This subdivision was necessary 
because fish from Big Creek, for example, 
which is in Zone 2, would not be expected 
in Zone 6, but Spring Creek fish must enter 
all six zones. Independent samples were 
taken in Zones 1, 2, and 6, but Zones 3, 
4, and 5 were combined. The river zones 
are defined by the boundaries of the Wash- 
ington counties, numbered upstream from 
the ocean. 

Every fish which returned to the hatch- 
ery was counted. Scale samples and lengths 
were taken from all marked fish and from 
a sample of unmarked fish. To provide a 
complete record of returning fish, the num- 
bers spawning naturally in hatchery streams 
were estimated. Tagging experiments were 
used to estimate the numbers of stream 
spawners in the Kalama and Klickitat rivers. 
As many as possible were examined for 
marks; streams without hatcheries were 
searched for stray marked fish, but few 
were found except in streams with, or near, 
a participating hatchery. 

Each agency assembled the results of 
sampling and counting; they then forwarded 
the data periodically within the season to 
the Fish Commission of Oregon, where the 
records were checked and transferred to 
I.B.M. cards. A card was provided for each 
fish examined and for each load or lot 
sampled. Although the data are by no 
means complete (for example, sex cannot 
be determined from fish landed dressed, 
as most are), the following entries were 
used: (1) record number, (2) species, (3) 
year sampled, (4) fishery and gear, (5) 

watershed, (6) river zone, (7) buying sta- 
tion, port, or hatchery, (8) area of capture, 
(9) date bought, (10) date sampled, (1 1) 
sample type-random or selected, (1 2) scale 
number, (13) mark, (14) type of length 
measurement, (15) length, (16) type of 
weight-round or dressed, (1 7) weight, (18) 
sex, (19) age, (20) brood year, (21) flesh 
color, (22) assignment of mark, (23) type 
of scale, (24) recovering agency, and (25) 
sample number. 

From these cards the Fish Commission of 
Oregon prepared summary lists of sampling 
results. The Bureau of Commercial Fisheries, 
from summaries and reports furnished by 
each agency on the numbers of chinook 
salmon landed, estimated the numbers of 
fish with each mark landed at each port 
for the year. This estimate was made by 
simply weighting the number of marks 
found in sampling at a port during each 
2-week period by the ratio: total number 
landedlnumber sampled. The biweekly esti- 
mates were then summed for each year. 
This total provided a summary of sampling 
activities with an estimate of the total num- 
ber of fish from each marked lot which 
was caught or which spawned in each 
year. 

Scientists participating in the cooperative 
hatchery evaluation program kindly made 
available 240,174 data cards for the present 
study. Each card represented a fish from 
which measurements were taken; their an- 
nual distribution was as follows: 1963- 
20,952; 1964-68,597; 1965-73,443; 1966 
-77,182. Mark recoveries by area and time, 
total recapture, age composition, sampling 
activities, and catch were taken from sum- 
maries of the cooperative program. Means 
and standard deviations of fish lengths and 
weights by age, date, and area were cal- 
culated at the University of Washington 
Computer Center; machine time was pro- 
vided by the Computer Center and by the 
College of Fisheries. In the main, the XTAB 
computer programs for biomedical data pro- 
cessing by F. J. Massey (modified by R. 
A. Kronmal and S. R. Yarnall) were used. 
A linear regression program by Murray 



Amos and an analysis of variance program scales from marked fish .have been used to 
by Sueto Murai were also useful. test the accuracy of age determination: the 

Unless otherwise noted, the data are method is not completely reliable. The ac- 
from the cooperative hatchery evaluation tual amount of error and its effects, how- 

program. ever, are not known; the effect would be 
nil on marked fish. 

Sources of Error Weights and lengths have been con- 
Much of the material used (particularly verted from the English to the metric 

the estimates of total recapture of marked system. 
fish in the fisheries) is based on catch 
samples and is subject to sampling error. Approach 
No attempt has been made to provide con- Study of the effect of ocean fishing 
fidence intervals for any estimate, but gross upon the lower Columbia River hatchery 
inspection suggests that limits for the num- stocks of fall chinook salmon is approached 
ber of marks landed at a port would be by first examining the hatchery fish to see 
broad. how homogeneous they are with respect 

Because 1966 landings were not avail- to features which might affect the ocean 
able when this paper was prepared, I as- fishery for them. Next, the effect of mark- 
sume that the percentage of the catch that ing is studied to determine how the marked 
was sampled in 1966 was the same as in fish differ from the unmarked. The ocean 
1965. This assumption is approximately tor- distribution is then reviewed to see if the 
rect, but it introduces additional error. The oceanic migrations of marked fish are rea- 
error is accepted in order to complete the sonably similar to those of unmarked fish. 
estimates of recapture for the 1961 brood. Finally, the effect of fishing on marked fish 
Data for 1963, 1964, and 1965 are corn- is estimated and the results are applied to 
plete, and few recoveries are expected in the ur~marked hatchery stocks. 
1967. 

The 1961 brood was in itself a sample Differences in Chinook 
because its mortality rates and maturation In the Columbia River 
schedules might differ from those of other Differences in growth, migrations, and 
broods. Preliminary returns suggest that the age at maturity among the races of chinook 
1961 and 1963 broods survived better than salmon are pertinent to a study of mortality 
the 1962 brood, although the differences rates among the fist, from the lower co- 
could have been entirely in fresh water. lumbia River hatcheries. Unmarked fish 

When returns for the four broods marked taken at sea include stocks other than those 
are complete, it wi l l  be possible to examine originating in hatcheries, because effective 
variability between broods. rates are dependent upon those variables. 

The number of marked fish recaptured It is useful to anticipate variations. Fall 
in the fisheries is probably underestimated. chinook salmon returning to the hatcheries 
Although no study has been made of the have usually been regarded as a homo- 
proportion which are not detected in sam- geneous group. In some ways they are, 
pling, some must have been overlooked. but in important features they are not. Cer- 
No estimate of the size of this bias is tain variations markedly influence ocean 
available. life. This section discusses homogeneity in 

,-+dditional error arises from failure to Columbia River chinook salmon, particularly 

assign the correct age to unmarked fish. the fall fish. 

Even though care has been taken to stand- The scales of fall chinook salmon usually 
ardize scale reading methods among the differ from those that enter the river ear- 
participating f i s h e r y  organizations, and lier in the year. Adults which enter the 

[ 151 



river in spring and summer are mainly en- with a stock adapted to it, would lead one 
route to spawning areas in the headwaters to expect diversity in the races. Because 
of the larger tributaries. Their scales more the fall chinook salmon propagated in 
commonly record a year of fresh-water hatcheries are of principal interest here, 
growth; fish which will enter before July they are examined more closely than other 
usually can be identified at sea by this races. 
characteristic. Fish which enter the river Table 6 which mean weights by 
after June tend to have "ocean-type" scales, brood, age, and mark, is from 
reflecting migration to salt water during Samples taken from the catch in the Co- 
the first year of life. lumbia River. An appreciable portion of 

Separation of fish into groups according the landings were sampled for marked 
to late or early river entry by scale pattern fish; unmarked fish were sampled to a 
is not exact, but seems to be fairly reliable. lesser extent according to a separate ran- 
Rich (1925, Table 9), however, showed that dom schedule. Marked hatchery fish are 
a significant percentage of the fish which heavier at a given age on the average than 
entered the Columbia River in May had are unmarked fall chinook salmon, many 
ocean-type scales; about the same fraction of which are wild fish. The differences 
of scales from sampling in August and shown in Table 6 are striking, except for 
September were of the stream type. Rich small lots of marked fish returning to the 
and Holmes (1929, p. 259-260) found that Kalama River in their second and third 
young fish migrate to sea throughout the years. To the extent that marking impairs 
year, with the result that many scales are growth, the unmarked hatchery fish would 
not strictly stream type or ocean type, but be still heavier. The averages with which 
somewhere between. Holmes@ recovered the means for marked fish are compared 
marked adult fall chinook salmon from the also contain unmarked hatchery fish. The 
Columbia River fishery as early as May, greater weight of hatchery fish would thus 
but with the exception of fish from Oxbow be more pronounced if only wild fish were 
Hatchery, few were taken before August. compared with unmarked hatchery fish. 
The tendency for small numbers of "fall" In the tagging studies reported by Gal- 
chinook salmon to migrate into the river breath (1966), adult fall chinook salmon 
in late spring explains some of Rich's (1925) traveling to the various hatcheries appar- 
anomaly. ently enter the river at about the same 

which enter the CO- time. The peak migration is in the last week 
lumbia River after August 1 (fall chinook) of  st. The effect of ocean fishing on 
are migrating One of a areas individual hatchery stocks, therefore, should 
to spawn. According to Galbreath (1966) not vary due to the fish leaving the ocean 
these areas are mainly in the tributaries at different times. ~ ~ ~ h ~ ~ ~ h ~ ~ ~  fish enter 
to the lower miles of the Columbia the Columbia River at about the same time. 
River, in the Snake River, and in parts of 
tributary streams which join the Columbia Age at maturity of marked hatchery 
~i~~~ above its confluence with the Snake fish taken in the river fishery differs sig- 
River. In the lower Columbia River, repro- nificantly among hatcheries (Table 7). The 
duction takes in streams (Cowlit=, Kalama fish (AD-RV-EM) had fewer second- 
~ ~ ~ t l ~ ,  ~ ~ l ~ ~ ~ ,  Lewis, washougal, and and third-year fish and more fifth-year fish 
other rivers) and at a number of hatcheries. than the other marked stocks; Spring Creek 
~h~ diversity of spawning grounds, each had fewer fifth-year fish and more third- 

year fish. As is shown later, marking de- 
@ Holmes, Harlan B. Loss of salmon fingerlings in layed return, but because the marks were 

passing Bonneville Dam as determined by marking 
experiments. U. S. Bureau of Commercial Fisheries, difference among 
unpublished manuscript (August 16, 1966), 62 pp. should arise. 
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Table 6. Average Weight (Kilograms) of Marked Columbia River Hatchery Fall 
Chinook and Unmarked Fall Chinook in Columbia River Gill-Net Fishery@ 

Age 

2 3 4 5 

Average Average Average Average 
Brood Number Weight Number Weight Number Weight Number Weight 

Unmarked ........................... 
AD-RM ................................ 
AD-LV-RM ...................... 
AD-RV-RM ..................... 

1962 

Unmarked ........................... 
AD-LM ........................... 
AD-LV-LM ............................ 
AD-RV-RM ........................... 

........................... Unmarked 
AD-RM ................................. 
AD-LV-RM ........................... 

........................... AD-RV-RM 

Unmarked ........................... 
AD-LM ................................ 
AD-LV-LM ............................ 
AD-RV-LM ........................... 

@See Table 4 for explanation of abbreviations for marks. 

Differences in age at mafurity are also at each age were estimated for 1963-66 
illustrated by the return of unmarked fish (Table 8), and the percentage of the fish 
to the hatcheries (i.e., the fish not caught which returned in the second, third, and 
by the river fisheries). From age data for fourth year was calculated. Fifth-year values 
unmarked fish, the numbers which returned for the 1962 brood are not yet available. 

Table 7. Chi-square Test of Difference i n  Age of Return Among Marked Fish 
Recovered in the Columbia River Gill-Net Fishery, 1963-66 

Mark@ Observed Expected Observed Expected Observed Expected Observed Expected Total 

AD-RM (General) ............. 22 . .  918 913.98 1,137 1,144.45 53 71.57 2,130 

AD-LV-RM (Spring Creek) 6 195 171.21 195 21 4.38 3 13.41 399 

AD-RV-RM (Kalama) ......... 0 .... 9 64.79 108 81.31 34 5.07 151 

Total .......................... 28 . .  1,122 1,149.98 1,440 1,439.96 90 90.05 2,680 

Chi-square = 244.22 d.f. = 4 P < .O1 

@See Table 4 for explanation of abbreviations for marks. 



Table 8 . Percentage of Unmarked Fall Chinook Salmon of Different Ages that 
Returned to Columbia River Hatcheries 

Sampling year and 
hatchery 

Big Creek 

1963 ....................................... 

1964 ...................................... 

1965 ....................................... 

1966 ...................................... 

Average ............................... 

Number to 
station 

Number 
sampled 

Percentage 
sampled 

Percentage in sample of each age 

Kalama 

1963 ....................................... 

1964 ....................................... 

1965 ....................................... 

1966 ....................................... 

Average ................................. 

Average ................................. 

Little White Salmon 

1963 ....................................... 

1964 ....................................... 

1965 ....................................... 

1966 ....................................... 

Average ................................. 

Cascade 

1963 ....................................... 

1964 ....................................... 

1965 ....................................... 

1966 ....................................... 

Average ................................. 

Spring Creek 

1963 ....................................... 

1964 ....................................... 

1965 ....................................... 

1966 ....................................... 

Average ................................. 

Oxbow 

1963 ....................................... 

1964 

1965 ....................................... 

1966 ....................................... 

Average ................................. 



These percentages were used in a three- Differences in time of movement among 
way analysis of variance for Hatchery (rows), the stocks of juvenile hatchery fish are also 
~~k (columns), and Brood (treatments). The evident in unpublished data on beach sein- 
interaction term between Hatchery and Age ing provided by Carl Sims, of the Bureau of 
is of interest here (Table 9). With Hatchery Commercial Fisheries. During studies of the 
and Age fixed, Brood random, the three- distribution and migration of young chinook 
way interaction allows a test of the hypo- salmon in the Columbia River estuary in 
thesis of no interaction between Hatchery 1965, he caught marked 1964-brood fish 
and Age; the hypothesis is rejected. Age released in the cooperative hatchery evalu- 
distribution is not the same for all stations. ation program. The number of marked fish 

caught, the total number of 1964-brood 
Table 9. Analysis of Variance for Hatch- fish caught, and the number of seine hauls 

ery-Age Interaction made are shown in Table 12 (fish taken 
by trawl in June and July were included). 

Source S.S. d.f. M.S. 
The catches were influenced by the 

Hatchery X Age ...................... 5710.0 12 475.8 number of hauls made and probably by 
Hatchery X Age X Brood .......... 1208.7 12 100.7 the changing river flow. River discharge 

F = 4.725 P < .01 reaches an annual maximum in May and 

The lengths of unmarked fish returning 
to different hatcheries were also examined 
by one-way analysis of variance of the data 
shown in Table 10. (Groups of data with 
fewer than four length measurements for 
an age and brood were not used.) The hy- 
pothesis of no difference in the length of 
the fish between hatcheries is rejected, 

June, after snow melts at higher elevations. 
Marked Spring Creek fish (AD-LV-LM) were 
taken in abundance, however, only during 
April, May, and June. In contrast, marked 
Kalama (AD-RV-LM) fish were not found 
before May; the largest catch was made in 
July, and a number were present through 
September. The passage of fish from Bon- 
neville Hatchery (LV-LM) and Little White 

except for 1962-brood fish in their second Salmon ~atchery (RV-LM) resembled that of 
year (Table 1 1). Reasons for the differences, Kalama River fish. Fish bearing the common 
however, are not entirely clear; it is not mark (AD-LM) were caught from April to 
known, for example, how much of the vari- November; they originated from 12 dif- 
ation is due to the hatchery stock and how ferent stations, including those identified 
much arises from selective fishing in the by unique marks. If the beach seine samples 
Columbia River or at sea. Nonetheless, accurately reflect the passage of marked 
length of fish cannot be considered homo- fish through the estuary, the average time 
geneous between hatcheries. of arrival at the ocean was about 2 months 

Table 11. Analysis of Variance for Lengths of Maturing Unmarked Fall Chinook 
Salmon Returning to Columbia River Hatcheries, by Age and Brood 
Year, 1961-64 

Brood Year 
Year 

of 1961 1962 1963 1964 

Maturity F-value d.f. P F-value d.f. P F-value d.f. P F-value d.f. P 

Second .................... 7-2823 5 <.01 2.4607 2 >.05 44.9998 5 <.01 2.3237 6 <.05 
464 20 889 31 1 

........ Third ....................... 19.4481 6 <.01 10.1417 6 <.01 27.2308 7 <.01 
4,132 891 8,362 

............ Fourth ..................... 13.9855 6 <.01 2.6183 7 <.05 ............ 

3,158 1,035 
........................ ............ Fifth . . . . . . . . . . . .  . . . . . . . . . . . .  ............ 



Table 10. Average Lengths (Centimeters) and Standard Deviations for Marked and Unmarked Adult Fall Chinook 
Salmon at Columbia River Hatcheries 

Brood Year 

Num- Standard Num- Standard Num. Standard Num- Standard 
ber Mean deviation ber Mean deviation ber Mean deviation ber Mean deviation Hatchery 

Fish returning in their second year 
Big Creek 

Unmarked ................................................ 96 
A D  (or LM) ...................................... 5 
RV-RM .............................................................. 

Bonneville 

Unmarked ................................................ 138 
AD-RM (or LM) ...................................... 13 

Cascade 

................................................ - Unmarked 89 
A D  (or L M  ..................................... 5 

0 
u Oxbow 

Unmarked ....................................................... 
............................................... AD-RM (or LM) 

Kalama 

Unmarked ........................................................ 

Klickitat 

...... Unmarked ................................. 11 
AD-RM ...................................................... 6 

Little White Salmon 

............................................... Unmarked 47 
AD .................................................................... 
AD-RM (or LM) ..................................... 9 

Spring Creek 

Unmarked .............................................. 89 
AD ........................................................... 17 
AD-RM (or LM) ...................................... 57 
AD-LV-LM (or RM) .................................. 38 



Fish returning in their third year 

Big Creek 

Unmarked ................................................ 426 
AD-RM (or LM) ...................................... 33 
RV-RM .............................................................. 

Bonneville 

Unmarked ................................................ 463 
AD .......................................................... 14 

...................................... AD-RM (or LM) 157 
RV-RM ...................................................... 12 

Cascade 

Unmarked ................................................ 585 
AD .................................................................. 
AD-RM ...................................................... 11 7 

Oxbow 

Unmarked ................................................ 568 
AD ............................................................ 16 

n AD-RM ...................................................... 1 16 
RV-RM ...................................................... 35 

Y 

Kalama 

........................................................ Unmarked 
AD-RM ...................................................... 20 

................................................ AD-RV-RM 7 

Klickitat 

Unmarked ....................................................... 
AD-RM ............................................................ 

LV-RM .............................................................. 

Little White Salmon 

Unmarked ................................................ 643 
AD .......................................................... 45 
AD-RM (or LM) ........................................ 158 

Spring Creek 

Unmarked ................................................ 943 
AD .......................................................... 130 
AD-LV ...................................................... 45 
AD-RM (or LM) ..................................... 627 
AD-LV-LM (or . RM) ................................ 352 



Table 10. Continued 

Brood Year 

Hatchew 

1961 1962 1963 1964 

Num- Standard Num- Standard Num- Standard Num- Standard 
ber Mean deviation ber Mean deviation ber Mean deviation ber Mean deviation 

Big White Salmon 

Unmarked ................................................ 510 
AD-RM (or LM) ...................................... 33 

Big Creek 

Unmarked ................................................ 141 
AD-RM .................................................... 20 

Bonneville 

Unmarked ................................................ 739 
AD .......................................................... 33 
AD-RM (or LM) .................................... 81 - LV (or V - L M  (or R M  ...................... 5 

h) 
h) Cascade 
U 

Unmarked ................................................ 504 
AD-RM (or LM) ..................................... 64 

Oxbow 

Unmarked ............................................. 364 
AD .......................................................... 8 
AD-RM (or LM) ...................................... 41 
RV-RM .................................................... 12 

Unmarked ................................................ 795 
AD-RM (or LM) ..................................... 134 
AD-RV-RM .............................................. 102 

Klickitat 

Unmarked ....................................................... 
AD-LM ............................................................ 

Little White Salmon 

Unmarked ............................................. 365 
AD .......................................................... 41 
AD-RM (or LM) ...................................... 139 

........................ ........ 

........................ . .-. . --. 

Fish returning in their fourth year 



Spring Creek 

Unmarked ................................................ 257 

AD ......................................................... 64 

AD-LV (or RV) ........................................ 22 

AD-RM (or LM) ...................................... 190 

AD-LV-RM (or LM) ................................. 11 9 

Fish returning in their fifth year 

Big Creek 

................................................ Unmarked 3 

Bonneville 

Unmarked ................................................ 4 

Cascade 

Unmarked ................................................ 13 

- Oxbow 
td 

................................................ w Unmarked 4 
u 

Kalama 

Unmarked ............................................... 122 

AD-RM .................................................... 47 

AD-RV-RM .............................................. 38 

Klickitat 

Unmarked ................................................ 2 

Little White Salmon 

Unmarked ................................................ 8 

Spring Creek 
................................................ Unmarked 3 

AD .......................................................... 2 
AD-LV ....................................................... 1 

.................................................... AD-RM 6 

AD-LV-RM .............................................. 1 



Table 12. Beach Seine Catch of Marked Chinook Salmon of 1964 B r o o d  in 
Columbia River Estuary, 1965 

Month 

Mark March 

AD-LV-RM (Spring Cr.) ....... ~ . . ~ ~  .... 0 
AD-LM (General) ...~..~~.~~~ ...... 0 
AD-RV-LM (Kalama R.) . .  0 
LV-LM (Bonneville) ....... ~.~~~ -......-.. 0 
RV-RM (Lt. Wh. Salmon) ...~. . .. 0 
Total catch . .. .~~ ~~ ~.. . . 254 
Number hauls . . . .. . .  . 52 
Catch per haul ... ~ ~. . 4.9 

April 

27 
37 
0 
0 
0 

1,835 
1 29 
14.2 

June 

30 
171 
20 
15 
2 1 

3,078 
73 

42.2 

July Aug. Sept. Oct. Nov. 

earlier for Spring Creek fish than it was 
for fish from the Kalama, Bonneville, and 
Little White Salmon hatcheries. 

Part of the difference in timing may be 
easily explained. Winter water tempera- 
tures are relatively high at Spring Creek, 
the fish hatch early, grow rapidly, and are 
released sooner than at the other hatch- 
eries. The average weight at release was 
approximately the same at all of the sta- 
tions (about 2 gr) although it varied from 
year to year due to water temperatures, 
crowding, and other factors. 

Why Spring Creek fish were rather 
abundant for only 3 months, and Kalama 
River fish for 5 months i s  hard to explain. 
The persistence of Kalama River fish is 
partly due to the protracted release sched- 
ule; Kalama Hatchery releases extended 
over a 50-day period (May 19 to July 7, 
1965), whereas Spring Creek fish were re- 
leased over a 23-day period (April 12 to 
May 4, 1965). Kalama fish would be ex- 
pected to be present for 1 additional month, 
but not for 2. 

Differences in time of departure from 
the river might contribute to differences in 
growth. The later fish would have nearly 
missed the summer growing season at sea 
and might be somewhat smaller in subse- 
quent years than those which benefit 
from earlier ocean feeding. The weights of 
maturing fish shown in Table 6 support 
this view, as do the age data in Table 8. 

Marked Kalama River fish tended to be 
somewhat smaller through the fourth year 
and to mature later than those from other 
hatcheries. Differences in ocean distribution 
might also result. 

In summary, entry of adult fall chinook 
salmon into the river reaches a peak in late 
August and no differences in timing are 
apparent between hatchery and wild fish. 
Age and length at return differ among fish 
from the different hatcheries. The time of 
migration to sea for marked hatchery fish 
differs between hatcheries; the same must 
be partly true for the unmarked hatchery 
fish. The differences in age and length at 
return imply that conditions for ocean ex- 
istence are not identical for all hatchery 
stocks. The variation in age at maturity 
could result from differences in either ma- 
turity schedules or ocean mortalities. For 
the latter to be responsible, different dis- 
tributions in the ocean are implied. If age 
at maturity differs, some stocks must under- 
go longer exposure to loss at sea. Pooling 
data from different hatcheries to investigate 
ocean mortality and maturity is not justified. 

Effect of Marking by Mutilation 
It is  generally a g r e e d  t h a t  marking 

salmon and trout by the removal of fins 
has an adverse effect on growth and sur- 
vival. The return of marked sockeye salmon 
(Oncorhynchus nerka) to Cultus Lake, British 
Columbia, was repeatedly below the return 



expected from similar numbers of unmarked 
fish: For the 1925 year class, the ratio for 
the return of marked and unmarked fish 
was 1:2.83 (Foerster, 1934); for the 1926 
year class the ratio was 1 :1.39 (Foerster, 
1936a, 1936b). In addition to mortality, 
Foerster suggested that the values of these 
ratios could arise to some extent from mark 
regeneration or straying to other streams. 
Wales (1947), Shetter (1951), Cope and 
Slater (1957), and Ellis and Noble (1959) 
also found evidence of mortality in salmon 
or trout due to fin clipping. 

Fry (1 961 provided an excellent review 
of information on increased mortality in 
salmon as the result of marking. He pointed 
out that survival is usually impaired and 
that the degree of loss varies with the size 
of the marked fish at the time of marking- 
the smaller the fish, the greater the loss. 
He quoted an unpublished estimate by 
Charles 0. Junge of six times better sur- 
vival of unmarked than marked chinook 
salmon at Spring Creek Hatchery on the 
Columbia River. (Junge noted that the un- 
marked fish which survived were larger.) 
Fry also made a comparison of the survival 
at Waddell Creek, California, for marked 
and unmarked adult steelhead trout (Salmo 
gairdneri). Part of these fish have been 
marked as smolts. They matured, returned 
to spawn, and were counted a second time 
as they descended to the sea after spawn- 
ing. In subsequent spawning migrations, 
the proportion of marked fish was not less 
than at the time of migration as spent adults. 
He concluded that the loss of fins was no 
longer a handicap. Among adult steelhead 
trout, marked fish survived as well as un- 
marked fish. 

Shapovalov and Taft (1954) gave the 
length of Waddell Creek steelhead trout at 
first spawning as about 40 to 80 cm., or 
about the size of hatchery fall chinook 
salmon in the latter part of the second and 
the early part of their third year. If chinook 
salmon are affected by marking in the same 
manner as steelhead trout, one would ex- 
pect losses from marking to have ended 
after the second year of life. 

Fry estimated that careful removal of 
fins yields 90 to 100% "effective" marks 
with salmon and trout. (Effective marks are 
those which can be recognized later without 
difficulty.) Less careful clipping can result 
in a lower fraction of effective marks. Small 
or very active fish are difficult to mark. 
For one set of experiments, Fry reported 
a lot in which only 65% of the fish had 
an identifiable two-fin mark 11 months after 
marking. 

Marking by removal of fins may also 
impair growth. Although fish held in a 
hatchery may fail to show any adverse ef- 
fect, marked fish which have been released 
frequently do. In support of the statement 
of Junge (in Fry, 1961) that marked fish 
are smaller than unmarked ones among re- 
turning hatchery fish, Salo and Bayliff 
(1958) found that the marked coho salmon 
(0. kisutch)  returning to M i  n t e r Creek, 
Washington, were smaller than the un- 
marked fish. 

It is necessary, therefore, to examine 
the returns to the hatcheries to determine 
what the effect of marking may be on the 
experimental fish. The assumption that 
marked fish truly represent unmarked hatch- 
ery fish wi l l  almost certainly lead to error. 

Reduced Growth 
It was shown in Table 11 that the aver- 

age length of fish differs among hatcheries. 
Therefore, fish lengths from all of the 
hatcheries were not pooled to examine the 
effect of marking on length of fish at ma- 
turity. The number of fish, age, average 
length, and standard deviation for each 
mark at each hatchery was listed in Table 
10. 

Differences in length between unmarked 
and marked fish were analyzed for each 
brood year, age, and hatchery (Table 13). 
Of the fish returning in their second year, 
the lengths of marked and unmarked fish 
of the 1961 brood differ significantly at 
only one of six hatcheries. Few fish were 
available from the 1962 brood. For the 
1963 and 1964 broods, six of seven of 
the groups tested were probably hetero- 



Table 13. Analysis of Variance for Homogeneity in Length Between Marked and Unmarked Fish by Brood and by 
Age Within Hatcheries 

Brood Year 
- - 

1961 1962 1963 1964 

Hatchery F-value D.F. P F-value D.F. P F-value D.F. P F-value D.F. P 

Big Creek ........................ 0.45 

Bonneville ....................... 3.74 

Cascade ......................... 1.29 

Klickitat. .................. 27.67 

...... Little White Salmon 3.66 

Spring Creek ................ 1.89 

BigCreek ....................... 0.41 

Bonneville .................... 17.25 

Cascade ..................... 20.24 

Fish returning in their second year 

Fish returning in their third year 



Oxbow ........................... 1.67 

Kalama ............................ 2.43 

Little White Salmon ....... 5.01 

Spring Creek .................. 5.34 

Big White Salmon .......... 0.1 8 

Fish returning in their fourth year 

...... ...... ...... --.-.. ...... 
KJ v Big  creek..^ ..................... 1.66 
Y 

Bonnevie ....................... 1.90 

Cascade ........................... 0.21 

Oxbow ........................... 1.69 

a m  ............................ 9.53 

........ Little White Salmon 4.29 

................... Spring Creek 1.71 

................ Big White Salmon 
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Figure 3. Average Length Differences, 
by Age, Between Marked and 
Unmarked Fish at Time of 
Return to Columbia River 
Hatcheries, 1963-65. 

0  

0 0 0  
n A n  O .  

geneous. The marked and unmarked fish 
did not have the same length. In 22 of 27 
possible comparisons in T a b l e  10, the 
marked fish were the smaller in the second 
year. 

For fish returning at the end of the 
third year, the hypothesis that the lengths 
of marked and unmarked fish were the 
same upon return to the hatchery was re- 
jected 11 times and accepted nine times. 
The incidence of significance was similar 
to that for the second year returns, but in 
35 of 41 possible comparisons in Table 10, 
fish with one or more fins missing had 
a mean length less than that for unmarked 
fish. 

The null hypothesis was rejected for 
fish returning in their fourth year in only 
three of 13 comparisons (Table 13). Marked 
fish were smaller in 20 of 25 comparisons 
in Table 10. 

0 0  
r h o  

Fifth year fish were too poorly repre- 
sented to permit general comparisons. At 
Kalama, the two groups of marked fish 
were both slightly shorter than the un- 
marked. 

Fisher's (1944, p. 100) method of com- 
bining probability levels for individual tests 
was used with the data in Table 13. A 
probability value of less than 0.001 was 
obtained, although the sensitivity of the 
test was decreased because only p values 
to a maximum of 50 in Pearson's (1948) 
tables were used instead of the actual num- 
ber from Table 13, and natural logarithms 
of P smaller than 0.001 were taken as In 
0.001. The differences in length between 
marked and unmarked fish were significant 
when ages and hatcheries were combined 
in a single test. 

Figure 3 illustrates the distribution of 
differences between unmarked and marked 
fish by mark and age. For a given hatchery, 
deviations were calculated by subtracting 
the mean length of the unmarked fish of a 
particular age from the mean length of 
each marked group. Samples of less than 
1 1  marked fish were not used. Several 
features are evident: First, although the 
mean size of marked fish differs from that 
of unmarked fish, most of the mean devia- 
tions shown are only a few centimeters 
for the marks used. Second, the difference 
between marked and unmarked fish at the 
hatchery diminishes with age. From the 
second to fourth years, the mean deviations 
of marked fish were -2.71 cm, -1.97 cm, 
and -0.99 cm; second-year marked fish 
were about 4.5% shorter than unmarked 
fish, but fourth year fish were only 1.1 % 
smaller. There is little doubt that marking 
of fall chinook salmon by mutilation re- 
duced growth; the returning fish persistently 
tended to be smaller at a given age. Third, 
the effect of removing only the adipose 
fin did not differ consistently from the 
effect of removing the adipose fin and an 
additional fin or maxillary. The deviations 
for the adipose fin mark appear well dis- 
tributed in the third and fourth year returns, 
and lack any strong tendency for greater 

-7 - 6  -5  - 4  -3  -2 -1  0 I 2 3 4 5 6 7 
DEVIATION IN CENTIMETERS FROM 
M E N  LENGTH OF UNMARKED FlSH 



Table 14 . Age at Return to Hatchery of Marked and Unmarked 1961-Brood Fall Chinook Salmon by Mark 
and Hatchery 

HATCHERY 
and AaE 

M A R K  

AD-RM AD-RV-RM AD-LV-RM RV-RM AD AD-LV UNMARKED 

Per- Per- Per- Per- Per-  Per- Par- TOTAL 
No . cent No . cent No . cant No . cent No . cent No . cent No . cant NUMBER 

Big Creek 

Bonneville 

Cascade 

Oxbow 

2 ................................................................................................ 4 1.6 ........................ 1 0.4 3 1.2 ............ 242 96.8 250 

........................ . - .  3 ................................................................................................ 116 4.4 35 1.3 16 0.6 2, 457 93.6 2, 624 

4 ................................................................................................. 47 6.4 ........................ 12 1.6 8 1.1 ............ 666 90.9 733 

5 ................................................................................................ 0 0.0 ......................... 1 11.1 0 0.0 ............ 8 88.9 9 



Table 14 . Continued 

M A R K  

HATCHERY 
and AGE 

AD-RM .. AD-RV-RM AD-LV-RM RV-RM AD AD-LV UNMARKED 

Per- Per- Per- Per- Per- Per- Per- TOTAL 
NO . cent No . sent No . cent No . sent No . sent No . sent No . cent NUMBER 

Kalama 

2 ............................................................................................... 0 0.0 0 0.0 ................................................ 49 100.0 49 
3 20 4.3 7 1.5 434 94.1 461 ................................................................................................ ................................................ 

4 134 5.0 1 11 4.2 2, 429 90.8 2, 674 ............................................................................................. ................................................ 

5 47 9.5 38 7.7 41 1 82.9 496 ............................................................................................... ................................................ 

Klickitat 

0 
0 Little White Salmon 
Y 

Spring Creek 

Big White Salmon 

2 .......................................................................................... 0 0.0 ..................................................... 17 100.0 17 

3 ............................................................................................... 33 3.0 .......................................................... 1, 064 97.0 1, 097 



ther, if maturity depends upon size and 
marking decreases growth, the size inferi- 
ority of marked fish is not fully evident in 
the Columbia River because the smaller 
fish remain at sea. 

Delayed Maturity 
That marking by mutilation also caused 

fish to mature more slowly is demonstrated 
in Table 14 which contains the numbers 
of fish of the 1961 brood that returned to 
each hatchery, classified by mark and age. 
The percentages of returning fish that bore 
each of the marks released are plotted in 
Figure 4. Klickitat and Big White Salmon 
hatcheries were not used because of diffi- 
culties in estimating returns. Fish maturing 
in their fifth year were also omitted when 

lor 
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V) 

Figure 4. Change i n  Percentage  of uY 
Marked Fish, by Age, in 1961- 2 6 -  
Brood Fall Chinook Returns CJ 

to Columbia River Hatcheries $ 
(AD-RM, AD-LV-RM, AD- 9 5 -  
RV-RM, and RV-RM Marks 
Only). 

or smaller deviations. Actually, the aver- g 
age deviation for the adipose fin mark is  k5 3 -  slightly smaller than for adipose-maxillary 
or adipose-maxiliary-ventral. The difference $ 
is less than 0.5 cm and not impressive. The & 2 
effect of a mark is  small in comparison 5 

a 
with the variance associated with mean w 

length. 
a I -  

In addition to variation by brood year, 
age, hatchery, and mark, other circum- o 
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stances undoubtedly mask the effect of mu- AGE IN YEARS AT RETURN 
tilation. The gill-net fishery in the Columbia Figure 5. Percentage  of 1961-Brood 
River operates more heavily on fish in their Marked Fall Chinook, by Age 
fourth year than on those in the third year. and by Mark, in Returns to 
The amount of fishing varies with the dis- Kalama and Spr ing  Creek 
tance of the hatchery from the ocean. Fur- Hatcheries. 
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Table 15. Comparison of Rates of Return of Marked and Unmarked 1961-Brood 
Fall Chinook Salmon to Spring Creek and Kalama Hatcheries 

Releases 
and Spring Creek Kalama Spring Creek Kalama 

Returns AD-LV-RM AD-RV-RM AD-RM AD-RM 

Number marked released ................................................... 1,133,019 475,964 1,128,649 497,063 

Number unmarked released ................................................. 8,664,265 3,933,818 8,664,265 3,933,818 

Number marked returned ............................................... 51 1 156 894 201 

Number unmarked returned ....................................... 14,l 77 3,323 14.1 77 3,323 

Return of marked .............................................. .000451 ,000328 ,000792 .000404 

Return of unmarked .................................... ,00164 ,000845 ,001 64 .000845 

Marked/unmarked ...................................... ,275 ,388 ,483 ,478 

the line in Figure 4 was fitted; few were 
found except in the Kalama River. The per- 
centage of return to each hatchery that car- 
ried a particular mark was calculated by 
dividing the number of marked fish by the 
total return to that hatchery, marked and 
unmarked, of the same age. The regres- 
sion coefficient (1.160) for the least squares 
line is significantly different from zero 
(P<0.001). It is greater than 1.000 with 
P<0.1. The percentage of the returning 
fish that were marked increased 1 . I 6  times 
as fast as age. The only apparent cause for 
the progressive -increase in the proportion 
of the marked fish was delayed maturity. 
It is unlikely that the losses at sea were 
the same for marked and unmarked lots of 
fish, due to the extended sea life of marked 
fish. From Figure 4, it is clear that marking 
caused delayed maturation of the marked 
fish of the 1961 brood. 

Figure 5 illustrates a difference in delay 
for the Kalama and Spring Creek fish. The 
difference in s l o ~ e  between the curves of 
the two stations is clearly evident. The in- 
crease with age in return of marked Spring 
Creek fish was slight-much less than that 
shown for all hatcheries combined (Figure 
4). Although the size of fish returning was 
reduced as at other stations, return did not 
seem to be appreciably delayed. In contrast, 
the delay at Kalama was more pronounced 
than that for all stations combined. The re- 
turn with the adipose-right maxillary mark 
was consistently superior to that with the 
adipose-right (or left) ventral-right maxil- 

lary mark. Delay in maturation was about 
the same for fish with the right maxillary 
bone and one or two fins clipped; delay 
was more dependent upon hatchery than 
upon mark. 

Reduced Survival 
The severe effects of marks on survival 

to the Kalama and Spring Creek hatcheries 
are brought out by the data of Table 15. 
For the adipose-right maxillary mark, only 
0.478 as many marked as unmarked fish 
returned to Kalama and 0.483 as many re- 
turned to Spring Creek. For the adipose- 
right (or left) ventral-right maxillary mark, 
only 0.388 as many returned to Kalama, 
and 0.275 as many returned to Spring 
Creek. Marking evidently reduced returns 
to the hatcheries between 52% and 72%. 
Other marks would yield different values. 

The relative reduction in numbers of 
marked fish may be attributed to a com- 
bination of factors and not to marking alone. 
The proportion of marked fish among re- 
turns to a hatchery may be influenced by 
straying (i.e., returning to some spawning 
area other than the point of release), re- 
generation of marks to the extent they can- 
not be identified, loss attributable to longer 
ocean residence of marked fish (even if 
mortality rates were the same as for un- 
marked fish), and loss that might be caused 
directly by marking, such as increased pre- 
dation. 

So far as is known, marked and un- 
marked fish are equally likely to stray to 



other spawning areas, but straying still 
could lower the proportion of marked fish 
among hatchery returns. This could occur 
in the following manner: Should  both 
marked and unmarked fish stray from a 
hatchery and not be replaced by strays 
from other areas, the estimate of the sur- 
vival ratio between marked and unmarked 
fish would not be biased. If the probability 
of strays from other areas is equal to the 
probability of loss of fish from a given hatch- 
ery by straying, the lost marked' fish would 
be replaced by unmarked fish and the ap- 
parent survival of marked fish would be 
reduced relative to unmarked fish. 

Because hatcheries regularly report small 
numbers of marked fish originating else- 
where, the stock is increased as well as 
decreased by straying. Thus, straying tends 
to lower the survival estimate of marked 
fish when compared with the return of 
unmarked fish. If the rate of straying is 
independent of stock size, in otherwise com- 
parable circumstances, a station with a 
larger run will lose a greater number of fish 
and its apparent absolute return will be 
decreased to a greater extent. 

Of the adipose-left ventral-right max- 
illary marks of the 1961 brood from Spring 
Creek Hatchery,  4.2% o f  thqse t ha t  
spawned were found elsewhere, mainly at 
other hatcheries. For the comparable mark 
at Kalama, 6.4% were found in tributaries 
other than the Kalama River. Although these 
estimates are obviously biased, they cannot 
be easily adjusted for similar straying by 
unmarked fish or straying to areas where 
recovery would be unlikely. For use here, 
5% of the marked fish were considered 
to go elsewhere than the hatchery of origin. 
This estimate is used because information 
is lacking on the total number of fish that 
strayed or on the fraction of the total fall 
run fish that were examined for strays. It 
is probably too low. 

Table 16 contains a list of the marked 
fish that returned to Spring Creek on which 
part of the mark was thought to be obliter- 
ated by growth. Regeneration of tissue com- 
monly makes marks difficult or impossible 

to detect. Single fin marks could be from 
naturally missing or accidentally lost fins. 
These are probably insignificant, however, 
and the large number of fish with missing 
adipose fins may be attributed almost en- 
tirely to the marking program. Fish with 
only an adipose fin missing could have 
been originally either the AD-RM or the 
AD-LV-RM mark. The rema i n  der  of the 
marks, assumed to be regenerated, could 
have come only from the AD-LV-RM group. 
Because there is no way to partition the 
fish with missing adipose fins into the 
original groups, the individuals suspected 
to have regenerated marks were pooled 
with those with valid marks to calculate 
the percentage regenerated. On this basis, 
about 17% of the marks were regenerated, 
and this percentage was accepted as the 
average loss due to regeneration. 

Table 16. Numbers of Chinook of the 
1961 Brood that Returned to Spring 
Creek Hatchery with Recognizable 
Marks, Arranged According to Mark 
and Age at Recapture 

Marks 
Age (years) 

recognizable at recapture 
at recapture 2 3 4 5 Total 

Marks believed to be complete 

Adipose-Right Maxillary .... 57 641 190 6 894 
Adipose-Left Ventral- 

Right Maxillary ................ 38 353 119 1 51 1 

Marks believed to be partly 
regenerated 

Adipose ................................ 17 130 64 2 213 
Adipose-Left Ventral .......... 4 45 22 1 72 
Left Ventral-Right Maxillary 0 1 0 0 1 
Left Ventral 0 0 2 0 2 

Only four fish (adipose fin missing) 
which could be considered to represent re- 
generation of the AD-RM or AD-RV-RM mark 
were reported from the Kalama Hatcheries. 
The apparent loss of marks due to regenera- 
tion was about 1 % among the 1961 -brood 
marked fish. Some marks may have been 
regenerated so completely that they were 
not detected.. As noted by Fry (1961) and 
others, the proportion of marks which re- 
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generate is highly variable, depending on 
the fish marked, the skill of the markers, 
and the mark applied. 

If rate of death from a l l  causes was the 
same for marked and unmarked fish, the 
return to the hatchery of marked fish would 
be reduced due to the longer period at sea 
before maturing. In a later section of this 
paper (loss of marked fish due to delayed 
maturity), delayed maturity is estimated to 
reduce return to the hatchery by about 16% 
for fish with the Kalama mark, 10% for 
those with the general mark, and 4% for 
fish with the Spring Creek mark. 

The effect of straying, mark regenera- 
tion, and delayed maturity apparently re- 
duced the estimate of return of AD-LV-RM 
fish to Spring Creek by 24% (1-0.95 x 0.83 
x 0.96) and of the return of AD-RV-RM fish 
to the Kalama River by 21 % (1 - 0.95 x 
0.99 x 0.84). An unexplained loss of marked 
fish remains since the survival rate of marked 
compared to unmarked fish at Spring Creek 
for two differently marked groups was only 
27.5% and 48.3%, while at Kalama it was 
38.8% and 47.8% for two corresponding 
groups. To account for the remaining dif- 
ferences in returns between marked and 
unmarked fish, other causes of death must 
have operated at rates of about 51 % on 
the Kalama River (AD-RV-RM) fish and 64% 
on the Spring Creek (AD-LV-RM) fish; 51 % 
and 64% must be removed in addition to 
losses from straying, regeneration, and de- 
layed maturity to yield the observed returns. 

Incomplete adjustment for straying and 
regeneration   rob ably caused the overesti- 
mates of death rate due to marking. Returns 
of fish with the general mark (AD-RM) to 
different hatcheries were so inconsistent 
that release-return comparisons are hard to 
interpret. Because AD-RM returns were 
generally better than for more complicated 
marks, the unexplained loss presumably 
would be smaller than for the AD-LV (or 
-RV) -RM mark applied to the same lot of 
fish. 

If straying, regeneration, and delay in 
maturity were absent, the rate of return to 
the hatcheries of marked fish would still 

have been about 36% and 49% of that for 
unmarked fish. The lethal factors are un- 
known. The marked fish at release were ap- 
parently as vigorous as those not marked 
so that it is unlikely that iniury from mark- 
ing caused appreciable post-release death. 
The danger of marking unrepresentative 
fish was eliminated with a random sam- 
pling scheme that provided an unbiased 
sample of fish for the experiments (Donald 
Worlund, personal communication). Thus 
the lower returns of marked fish cannot be 
attributed to initially inferior fish. After 
marking, the fish were returned to their 
ponds and subsequently treated in the same 
manner as unmarked fish. Parker, Black, 
and Larkin (1963) reported a study from 
which they concluded that predatory rain- 
bow trout showed preference for marked 
pink salmon fry over unmarked fry when 
both were available. Thus the smaller rate 
of return for marked fish may have been 
caused by differential predation. It may be 
relevant that total r e l a t i v e  survival of 
marked fish when compared with unmarked 
fish at the same hatchery (Table 15) was 
similar at Kalama River and Spring Creek 
although the fish were exposed to differ- 
ent conditions. Spring Creek fish must pass 
Bonneville Dam and 270 km of river to 
reach the ocean. Kalama fish pass no dams 
and travel one-half as far to the sea. Yet 
the relative survival of AD-RM marked fish 
from both hatcheries was identical (0.48), 
and the relative survival was not greatly 
different for AD-LV-RM and AD-RV-RM 
marked fish. 

From the preceding data and discussion 
it is evident that mutilation affected the 
fish in several i m p o r t a n t  respects. The 
growth of marked fish was significantly 
poorer than that of unmarked, but the dif- 
ference tended to disappear in the fish 
which matured in their fourth and fifth 
years. This is consistent with Fry's (1961) 
conclusion that the deleterious effect of 
marking disappears among adult steelhead 
trout. Ricker (1 949) also found increased 
mortality among bass marked as finger- 
lings, but not among sunfish marked when 



Table 17 . Ocean Returns of Marked Fall Chinook Salmon from Columbia River Hatcheries@ 

No . British 
California Oregon Washington Vancouver l . Columbia Alaska 

Num- Per- Num- Per  Num- Per  Num- Per- Num- Per- Num- Per 
Age ber cent ber cent ber cent ber cent ber cent ber cent Total 

AD-LV-RM ........................................ 2 ...... ...... 0 0.0 23 

1961 brood .................... ... ..... 3 3 0.5 32 4.9 323 

Spring Creek .......................... 4 0 0.0 3 3.8 36 

5 0 0.0 0 0.0 0 

AD-RM ............................................ 2 ...... 17 16.8 84 

1961 brood .............................. 3 6 0.2 129 3.8 1, 444 

General 4 0 0.0 14 1.9 215 

5 1 1.2 0 0.0 24 

. 
AD-RV-RM ...................................... 2 ...... . 0 0.0 1 

Cn 1961 brood .............................. 3 0 0.0 5 2.2 75 
Y 

Kalama River ............................ 4 0 0.0 2 1.2 48 

5 0 0.0 0 0.0 4 

AD-LV-LM ............................. - ......... 2 0 0.0 0 0.0 5 

1962 brood ............................. 3 0 0.0 3 3.7 63 

Spring . Creek .......................... 4 0 0.0 1 3.0 13 

AD-LM .............................................. 2 0 0.0 6 7.6 56 

1962 brood ............................ .. 3 1 0.1 20 2.8 400 

General .................................... 4 0 0.0 4 1.5 72 

AD-RV-LM ........................................ 2 0 0.0 0 0.0 0 

1962 brood ............................. 3 0 0.0 1 1.8 20 

......................... Kalama River 4 0 0.0 1 2.4 7 

@ ~ c t u a l  returns only; not adjusted for landings . Data on 1961-brood second and fifth year fish and 1962-brood fourth year fish incomplete . 



older. Coble (1967) found little evidence 
that fish longer than about 90 mm were 
adversely affected by removal of fins in 
marking experiments; in fact, studies with 
larger perch, sunfish, and bass failed to 
show reduced survival or growth. 

Delayed maturity among marked fish 
exposes them to additional mortality at 
sea. After adjustment was made for loss 
due to longer sea life and for the effects 
of straying and mark regeneration, how- 
ever, a residual loss remained among 
marked fish which could not be attributed 
to any specific cause of death. When com- 
pared with unmarked fish, the unidentified 
loss among marked fish amounted to an 
additional 51 % to 64%. Survival and re- 
turn to the hatchery was 28% to 48% of 
that for unmarked fish. The adipose-ventral 
fin-right maxillary mark caused greater loss 
among marked fish than did the adipose- 
right maxillary mark at Kalama and Spring 
Creek hatcheries. 

Ocean Migrations of Columbia 
River Fall Chinook Salmon 

This section examines the distribution of 
Columbia River fall chinook salmon at sea 
and shows that: (a)-fish which mature at dif- 
ferent ages are found in different parts of 
the range, (b) marked and unmarked hatch- 
ery fish have similar distributions, and (c) 
ocean distribution is not the same for fish 
from a l l  hatcheries. These points need to be 
evaluated to explain variations in estimates 
of fishing mortality and to apply the results 
of studies with marked fish. 

Some Columbia River chinook salmon 
migrate great distances. One example is 
the recovery in a Columbia River tributary 
of a fish tagged south of Adak lsland in 
the Aleutian Archipelago; Hart (1962) re- 
ported that this fish traveled at least 3,860 
km, mainly in an easterly direction. Returns 
in the Columbia River of fish tagged at sea 
in the eastern Gulf of Alaska from Cape 
Fairweather to Warren lsland were reported 
by Parker and Kirkness (1951). Returns of 
fish tagged off Canada were reported by 
Williamson (1 927, 1929) and Milne (1957); 

Williamson was the first to establish clearly 
the long migrations of these fish. The means 
by which they accomplish their remarkable 
feats of navigation is scarcely better under- 
stood now than it was then. 

Dispersal at Sea 

First returns of fall chinook salmon of 
the 1961 and 1962 broods were age 2 fish 
(Table 17) taken in coastal waters from Ore- 
gon to Vancouver Island. The marked fall 
chinook salmon may have been distributed 
farther north and south, as well as farther 
offshore at that age. In the third summer, 
marked fish were in coastal waters from 
California to Alaska. 

Returns of marked fish shifted sharply 
northward with advancing age, as the pro- 
portions recovered from the Washington 
coast and southward decreased and the per- 
centage recovered off Vancouver lsland and 
northward increased (Table 17). Fry and 
Hughes (1 95 1) reasoned that Sacramento 
River fish released off northern California 
must have migrated north at a small size, 
because tagged fish (mainly longer than 
45 cm) showed little northward movement. 

Table 18. Numbers of Ocean Recoveries 
of Tagged Chinook S a l m o n  That 
Were Released off Barkley Sound in 
1949-50, Showing Direction of Move- 
ment@ 

Length at Recovered in year Recovered 

release of tagging@ following year@ 

(em.) South 0 North South 0 North 

@Data from Milne (1957). 

@Fish recaptured between Swiftsure light and Portland 
Point, Vancouver Island, a distance of about 45 miles, 
are considered to show no movement. 

Immature chinook salmon off southern 
Vancouver lsland apparently continue to 
move north in their third summer (Table 
18). The ocean returns listed by Milne 
(1957) for tagging off Barkley Sound are 
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Table 19. Age Composition (by Percent) of Chinook Sa lmon  Taken in the 
Troll Fishery, by Area of Capture 

Port 
Number in 

Year of life 

Year s a m ~ l e  2 3 4 5 6 7 

Astoria-llwaco .......................................... 1964 
Westport-Lapush ...................................... 1964 
a h  Bay ................................................ 1964 
Vancouver Island .................................... 1964 
Central B.C. ............................................ 1964 
Queen Charlotte Is. and N. B.C. ............ 1964 
Warren Is. to Cape Felix@ .................... 1950-52 
Sitka to Cross Sd.@ ............................... 1950-51 
Cape Spencer to Cape Fairweather@ .... 1950 

@Data from Parker and Kirkness, 1956. 

shown in Table 18 according to whether 
they were taken north or south of the point 
of tagging and are separated by year 
of recapture. Most of these fish were 
tagged in their third year. Returns in 
the year of tagging were from the tagging 
area or north of it. Returns in the year after 
tagging showed northward, southward, or 
no movement. These results are consistent 
with a gradual movement up the coast by 
immature fish, and a return migration of 
maturing fish a year or more later. The 
recoveries north of the tagging locality in 
the second year could well be of maturing 
fish returning from waters still farther up 
the coast, or of fish not yet mature. Alter- 
nately, Table 18 could be interpreted to 
mean a shift north in summer followed by 
a return movement in winter and another 
northward movement the following sum- 
mer. Possibly some immature fish remain 
near Vancouver Island and migrate no far- 
ther, but I believe it indicates a northward 
movement of immature fish up the coast. 

Pritchard (1940, Table V) showed that 
the age of chinook salmon taken in the 
troll fishery tended to increase with distance 
from the Columbia River to the Queen Char- 
lotte Islands. He found this also to be true 
for tagged chinook salmon released in the 
ocean off British Columbia and recaptured 
in the Columbia River. Pritchard explained 
the age distribution that he observed as the 
result of a slow outward migration and a 
relatively fast return journey. More recent 
data (Table 19) also show that fish caught 

farther north are older, although the aver- 
age age has been reduced throughout. The 
greatest proportion of older fish was found 
off southern Alaska. Between Cape Fair- 
weather and Cape Spencer, the fish were 
again younger. This situation might be at- 
tributed to addition of young fish from 
streams nearer Cape Fairweather, but the 
return of tags from the Columbia River 
(Parker and Kirkness, 1956) was greater 
than from tagging further south (36.8% 
as compared with 23.1 % and 24.3% for 
southeastern Alaska). The traditional pres- 
ence of older fish off the Queen Charlotte 
Islands and southeastern Alaska indicates 
that fisheries in these areas depend heavily 
on maturing salmon on their homeward 
migration. Caution must be exercised in 
comparing samples for 1964 with earlier 
years, because t h e  a g e structure has 
changed. 

Columbia River chinook salmon tagged 
off Barkley Sound and in the Cape Spencer- 
Cape Fairweather area in 1950-52 were 
caught in the Columbia River mainly in the 
first and second fishing seasons after re- 
lease (Table 20), and must have been im- 
mature when tagged. Fish released off Cross 
Sound to Cape Felix, however, must have 
been mainly maturing because most recov- 
eries were in the year of tagging. Immature 
Columbia River chinook salmon were ap- 
parently less well represented in the fishing 
areas between Cross Sound and Cape Felix 
than elsewhere. 

The recaptures in the Columbia River 



Table 20. Recoveries in the Columbia River of Chinook Salmon Tagged off British 
Columbia and Alaska 

Year of recovery 
following tagging 

Percentage recovered 
in Columbia River 

Area 0 1 2 3 in year of tagging 

Barkley Sound (1949, 1950)@ ...................... 1 8 7 - 1 1  

Southern Alaska (1950, 1951)@ ................... 20 3 1 - 83 

Cape Spencer-Cape Fairweather 
............................ (1950, 1951, 195210 

@ From Milne, 1957. 

@ From Parker and Kirkness, 1956. 

that immature fish in their third year are 
found farther north than are maturing fish 
at the same age. There was little difference 
in the proportion of fourth year fish that 
were maturing. J. M. Van Hyning also pro- 
vided maturity data which are included in 
Table 21 for later use. 
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Change in Length with Time, 
Area, and Age 

Relevant information on this subject ap- 
pears in graphs of mean lengths of fish 
landed by the troll fisheries at several ports 
(Figures 6 and 7) grouped into four main 
areas: (1) off the Columbia River and south- 
ern Washington, represented by samples 
from Astoria, Ilwaco, and Westport; (2) off 
northern Washington, Lapush and Neah Bay; 
(3) off Vancouver Island, Vancouver, British 
Columbia; and (4) off northern British Co- 
lumbia, Namu and Prince Rupert. To mini- 
mize the effect of time, the results are pre- 
sented in Figure 7 for each 2-week period 
for each age. Samples with fewer than 11 
fish are not shown. 

Several features of the figures were 
worth comment. First, the trend to smaller 
average lengths in the northern samples is 
reasonably regular for the 1961-, 1962-, 
and 1963-brood fish in their third year, and 
is consistent with the proposition that the 
faster growing and earlier maturing fish 
tend to remain in or return early to the 
southern part of the range. Between May 
1 and August 31 the average length of 
unmarked troll-caught fish taken near the 
Columbia River in their third year was about 

from tagging off Barkley Sound (Milne, 
1957) were predominantly in their third 
year when released. Parker and Kirkness 
(1956) reported that the fish recovered in 
the Columbia River from tagging in the 
Cape Spencer-Cape Fairweather area were 
mainly in their fourth year when released. 
Thus, the immature Columbia River chinook 
salmon tagged in the Cape Spencer-Cape 
Fairweather area were about 1 year older 
than those tagged off Barkley Sound. It 
is not clear whether the Columbia River 
fish tagged off Alaska represented fish that 
were off Vancouver Island a year earlier 
or whether they were fish that migrated 
northward more rapidly than those tagged 

1 I to the south. Because third-year fish were 

I i taken infrequently by the trollers in the 

I  

I  

I I  

I ~~~~ 
I I  

I 

I 
I 

I  

1 ,  

Cape Spencer-Cape Fairweather area, the 
former seems more likely; that is, the fish 
shifted gradually northward until maturity, 
and then returned rapidly. 

If nonmaturing fish continually move 
northward through the third year of life, 
there should be fewer immature fish of that 
age near the Columbia River, and the pro- 
portion should increase northward. Because 
the earlier maturing fish are the faster 
growing members of a year class, Columbia 
River fish should be larger nearer the river. 

Unpublished maturity data furnished by 

~~1 
P. K. Bergman of the Washington Depart- 
ment of Fisheries support this view (Table 
21). Bergman's data show a marked decline 
in proportion of fish maturing in their third 
year with increasing distance north of the 
Columbia River, and support the hypothesis 



Table 21. Incidence of Maturity in Chinook Salmon Caught at Sea 

Date 

From Columbia River to Westport, ocean type scaler only@ 

In second year In third year In fourth year 

Maturing Immature Maturing Immature Maturina Immature 

................................................ March-June 1954 1 29 78 48 11 

July-October 1954 ............................................... 10 3 13 2 0 

................................................. March-June 1955 5 38 86 6 1 64 

July-October 1955 ....................................... 2 19 7 29 8 9 

June 1962 ........................................................... 0 39 12 16 1 

T o t  ............................................................ 2 35 116 218 135 85 

From Washington coast, ocean type scales only@ 

In third year In fourth year 

Maturing Immature Maturing Immature 

Westport 

Number .............................................. 59 72 90 6 
PO ..................................................... .45 .93 

Lapush 

Neah Bay 

Number .............................................. 82 265 216 19 
PO .......................................................... .23 .91 

P is proportion maturing. 

@Unpublished data from J. M. Van Hyning, Oregon Fish Commission. 

@ Unpublished data from P. K. Bergman, Washington Dept. Fisheries, July and August, 1962. 

the same as that of the maturing fish taken 
in the Columbia River gill-net fishery in 
August and September. Inside the river, a 
sample of 2,948 unmarked 1961-brood fish 
in their third year had a mean length of 
73.5 cm; a sample of 891 unmarked 1962- 
brood fish had a mean length of 69.6 cm. 

Second, the size of marked hatchery 
fish was similar to that of the unmarked 
fish of unknown origin during the third 
year of life. If any difference exists, the 
marked fish are a bit larger. 

Third, the tendency for fish to be smaller 
in the more northern areas is lacking for 
fish in their fourth and fifth years. The older 
fish are at an age when most or all of them 
are maturing; it i s  likely that a large part 
of the fish taken in their fourth or fifth 

years off Washington and Vancouver Is- 
land were maturing migrants returning from 
areas farther north or west. 

From Figure 7, which shows average 
length by fishing area and time, it appears 
that chinook salmon grow little or not at 
all during their third summer. Samples of 
the 1961, 1962, and 1963 broods show 
that average length in the landings in- 
creased little from May to August. This 
lack of increase held for each of the four 
areas into which samples are grouped. Fig- 
ure 8 from Fiscusa demonstrates that the 
phenomenon also appears in fish in their 
second year. The sport fishery for chinook 

@ Fiscus, Hugh. The 1965 Columbia River (ocean) sport 
fishery, Part II. Biological observations, State of 
Washington, Dept. Fish. Res. Div., 1966, mimeo. 
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salmon off the Columbia River took fish by smaller fish growing into the size range 
in June with a mode of between 45 and retained in the catch. 
60 cm. The mode had not progressed by 
September. Figure 7 shows the increase in 
size through the summer for fourth and lo 

f ifth year fish that might be expected in 
growing animals. 

It is difficult to believe that growth is 
as small in the second and third summers as 2 

Figures 7 and 8 seem to imply. Size limits, o 
emigration of maturing fish and removal 

= l o  
JULY 12- 25 

of the larger fish by the fisheries offer more a 

reasonable explanations for the lack of in- g 
crease in average lengths. The minimum 
legal size limit most likely influences ap- 0 

preciably the average lengths derived from 
samples of commercial l a n d i n g s .  Neave ' O 

(1951, Table 3) reported that the average lo 

size of fish in their third year and with e 

ocean type scales increased from 62 cm. in 6 

May to 70 cm. in July 1949 off Vancouver 
Island; his samples contained the smaller , 
fish which the trollers do not include in 
the landed catch, and in July some were 40 so 60 70 eo so loo 40 so 60 70 eo so loo 

still less than 66 cm. long. Thus rejection FORK LENGTH (CM.1 

by the fishery of fish smaller than 66 cm. Figure 8. Length Distribution, by Time 
increases the average length in the catch Period, of Chinook Salmon in 
in May, June, and July. Departure of ma- the 1965 Sport Catch at the 
turing (larger) fish from the ocean on their Columbia River Mouth. (Data 
spawning migration, reduces the average from Fiscus-See footnote on 
length in the ocean in August. The fishery 
also is actively removing the larger fish 

Page 39) 

throughout the summer. The combined ef- ~h~ tendency for fish in their third year 
fect of those influences causes an under- to be smaller with increasing latitude, how- 
estimate of growth from samples of corn- ever, cannot be explained in the same way. 
mercial landings. Finally, Fraser's (1 91 7) Removal would have to increase with lati- 

Figure 14 indicates that the monthly growth tude and this does not seem to occur. ~h~ 
in length diminishes after May. Probably number of vessels (relative to the length 
the apparent lack of growth during the of coastline) increases northward to the area 
third summer can be accounted for by con- off northern Washington and southern Van- 
tinuing recruitment of small fish and by couver Island, then diminishes in northern 
removal of large fish during a period of British Columbia and Alaska. Insofar as 
decreasing growth. total catch reflects intensity, the same con- 

A similar explanation may apply to clusion is implied by landing reports (Table 
Fiscus' data in Figure 8. The lower end of 1 and Milne, 1964). 
the curve is near 51 cm., the minimum size Average lengths of chinook salmon in 
limit for sport-caught chinook salmon in the samples taken from ocean fisheries pro- 
ocean. Capture in the fishery and migration vide a poor estimate of growth rates as has 
to fresh water could remove the larger fish been shown, particularly in the second and 
during the second year as they are replaced third years of life. Selection and other fac- 
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tors produce serious bias. .In addition, dis- 
tribution and growth are correlated. The 
length of marked fish recovered in the 
third year decreased with distance north 
of the Columbia River. To measure growth 
accurately, it would be necessary to follow 
the progress of individual fish by tagging 
or by estimates from scales and then some- 
how to reconstruct the stock of interest. 

the ocean distribution of marked fish from 
a specific area of reproduction. 

Tagging experiments have shown rather 
well the coastwise distribution of "fall" chi- 
nook salmon-those taken in the Columbia 
River during August or later in the year. 
Races not associated with hatcheries are 
included. Parker and Kirkness (1956 p. 24) 
suggested that the Columbia River stocks 

From the r e c o v e r i e s  of tagged and of-concern to Alaskan fisheries originated 

marked fish and from coastwise changes in the upper river where no hatcheries 

in length and age of fish, it is concluded existed. Table 22 shows the month of re- 

that most hatchery salmon which mature capture in the Columbia River of fish tagged 

in their fourth and fifth years move farther in selected experiments in different years 

north than those which mature in the third and Parts of the Ocean. During 1925-521 

year. The more northerly distribution of Columbia River fall chinook salmon were 

older fish could be accomplished by mi- distributed north to northern British Co- 

gration to distant feeding grounds in the lumbia and Alaska. Recovery in the Co- 

second year of life, but dispersion probably lumbia River was mainly from fish which 

takes several years. All of the later matur- entered after July; thus earlier runs appear 

ing fish do not necessarily migrate to Alas- less vulnerable to ocean capture. 

kan waters. ~ i ~ h i ~ ~  pressure is unevenly Although not included in the table, smal- 

distributed along the coast and therefore ler "umbers of tagged chinook salmon have 

fishing mortality may vary with the age of been returned from the Columbia River after 

the fish. release in the ocean off California; Fry and 
Hughes (1951) reported four. Two were 
tagged in the ocean just north of San Fran- 

Distribution of Marked and cisco, and two off northern California. 
Unmarked Hatchery Fish Tagging experiments provide some in- 

Two kinds of information regarding formation on the location of hatchery fish 
the ocean migrations of fall chinook salmon at sea. Eleven of the 13 returns shown in 
from hatcheries are available: from tagging Table 23 were off Barkley Sound; one fish 
fish at sea and from marking fish at hatch- found at the Kalama River Hatchery was 
eries. (Both methods of tracing migration from fish released near Kyuquot. About 
may themselves affect the movements of one fish in 20 (Table 22), recaptured in 
the experimental fish.) Tagging at sea has the Columbia River and tagged in the 
the advantage that the outward migration Kyuquot-Barkley Sound area, was recovered 
has been partly or entirely completed be- at a hatchery. None of the 59 tags re- 
fore the fish is tagged. Unfortunately, few covered in the Columbia River from tagging 
fish can be expected to return to a particu- farther up the coast was reported from a 
lar spawning ground from an experiment; hatchery. Hatchery-reared fall chinook salm- 
neither is there any positive method of de- on apparently tend to stay closer to the 
termining which fish recaptured at sea were Columbia River than nonhatchery stocks. No 
enroute to their home streams. Detailed sure significance can be attached to these 
description of the ocean distribution for a numbers, but the 13 tag returns imply that 
single spawning unit thus becomes almost unmarked Columbia River fall chinook salm- 
impossible. Fish which have been marked on of hatchery origin are found mainly 
and released at hatcheries may not be dis- south of Kyuquot, Vancouver Island. 
tributed at sea in a normal manner, but The more numerous ocean returns of 
they can provide much detail concerning marks from the hatchery evaluation program 
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Table 22. Recoveries in the Columbia River of Chinook Salmon Tagged in the 
Ocean, by Month of Recapture 

Tagging area 
and year Feb. March April May June July Aug. Sept. Oct. 

Barkley Sound@ 
1925-26 .................................................... 2 0 0 3 13 25 55 62 8 

Barkley sound@ 
9 4 9 5 0  .................................................... 0 0 0 2 0 0 4 8 1 

Quatsinoa 
1949-5 1 .................................................... 0 0 0 0 0 0 1 1 0 

Hippa Island@ 
1925 ........................................................ 0 0 0 0 1 4 0 2 1 

Warren Is. to Cape Felix@ 
1950 .................................................... 0 0 0 0 0 1 1 4 0 

Sitka to Cross Sound@ 
1950-51 ................................................. 0 0 1 0 0 0 7 8 2 

Cape Spencer to Cape ~airweathera 
1950-52 .................................................. 0 0 1 3 0 2 6 9 0 

Total ................................................. 2 0 2 10 17 46 93 106 13 

@ From Williamson, 1927 and 1929. 
@ From Milne, 1957. 
@ From Williamson and Clemens, 1932. 
@ From Parker and Kirkness, 1956. 

I show a similar distribution. Table 17 lists the 
area of recapture at various ages for three 
marks and 2 brood years. Although the re- 

I turns listed have not been adjusted accord- 
ing to the amount of sampling in each area, 
in the main they reflect the total landings of 
marked fish. Even if returns were adjusted 
for intensity of sampling, they probably 
would not represent the true abundance 
unless also corrected for variation in fish- 
ing intensity. Recaptures of marked fall 
chinook salmon from California to Alaska 
match the range shown by tagged fish but 
94% of the ocean returns were from off 
Washington and Vancouver Island. The tag- 
ging and marking data both suggest that 
fall chinook salmon from Columbia River 
hatcheries are more concerltrated off south- 
ern Vancouver Island and Washington than 
off northern British Columbia and Alaska. 

The age composition at return to the 
hatchery of unmarked Kalama fish (Table 
8) included far more fourth and fifth year 

fish than at Spring Creek. Judging from the 
age frequency in the catch at various places 
north of the Columbia River, one would 
expect to find more Kalama fish north of 
Vancouver Island. The expected distribution 
of unmarked Kalama fish on this basis is 
similar to that for marked fish. 

Table 23. Recoveries at Columbia River 
Hatcheries of Fall Chinook Salmon 
Tagged at Sea 

Off 
Barkley Off N. Off 

Hatchery Year Sound@@Oregon@ K~U~UOI@ 

............ Big Creek 1949 1 .... -... 
................ Kalama 1925-27 4 1 .-.. 

Bonneville ............ 1926 1 -... 

Lit. Wh. Salmon 1925-26 4 .... .-.. 

Big Wh. Salmon .. 1926 1 .... 1 

@ From Milne, 1957. 
@ From Williamson, 1927 and 1929. 
@ From Van Hyning, 1951. 
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Differences in Distribution of salmon from d i f f  e re  n t Columbia River 
Marked Fish hatcheries are not uniformly distributed at 

Chinook salmon from different streams sea. Kalama fish tend to be distributed 

seem to be distributed differently in the farther north than Spring Creek fish. 

ocean. Table 17, for example, contains evi- Table 24. Recoveries of Tr oll-Caught 
dence that Spring Creek and Kalama River Columbia River Fa l l  ,-.hinook b y  
fish have different ocean distributions. Only Mark, Port and Age 
10 Spring Creek marks were returned from 
northern British Columbia and none from General Spring 

Alaska. Although Spring Creek fish were Area mark Creek Kalama 

about twice as numerous as Kalama fish 
1961 brood, third year fish at sea, 53 Kalama marks came from the 

same samples, including 10 Kalama fish British Columbia and north 1,588 300 149 

returned from Alaskan waters. Marked Ka- Neah Bay .......................... 224 49 22 
lama fish tended to to more north- Lapush ................................ 109 27 3 
ern waters to a greater degree than did Westport ........................... 467 110 13 

marked Spring Creek fish. In contrast to the and south 366 90 20 
............ 

superior return of Kalama marks from north- Chi-square = 51.220 d.f. = 8 P < 0.001 

ern waters, Spring Creek marks were more 1961 brood, fourth year fish 

common (826:432) off Washington and Van- British Columbia and north 519 41 111 

couver Island. South of the Columbia River, Neah Bay and Lapush ...... 52 7 9 

Spring Creek marks were relatively more Westport and south .......... 82 16 26 

abundant. Three Spring Creek but no Ka- Chi-square = 10.236 d.f. = 4 P < 0.05 

lama marks were returned from California. 
Thirty-nine were returned from waters off Estimates of Ocean Mortality ~~t~~ 
Oregon, but only nine Kalama marks were ~~d ~ ~ t ~ ~ i t ~  schedules for 
returned. 

Chi-square tests support the thesis that 
Marked Fish 

the fish with different marks were differ- Several fishery scientists have been con- 

ently distributed at sea. In Table 24, the dis- cerned with the difficult problem of measur- 

tribution of marked fish of the 1961 brood ing natural mortality rates of salmon during 

is shown to differ significantly along the ocean life. Estimates for the salmon of the 

coast for fish in their third and fourth years. west coast of North America are listed in 

A similar test for fish in their fifth year Table 25. 

failed to show any difference but was based Parker and Kirkness (1956) and Parker 
on only the Kalama and the general mark. (1960) used the results of tagging experi- 
Spring Creek fish, which differed most from ments with chinook salmon to develop esti- 
Kalama, were no longer present in appre- mates for the later years of life. Estimates 
ciable numbers. Also, the returns of the by Parker (1962a) are based on comparisons 
general mark (AD-RM) probably were fish of ocean survival of   ink and chum salmon. 
enroute mainly to the Kalama River in the Parker (1962b) used known numbers of sea- 
fifth year, since few were recovered at ward migrants and returning adults to par- 
other hatcheries (Table 14). Tests with the tition marine mortality of pink, chum and 
marked fish of the 1962 brood with data sockeye salmon into: (1) that acting initially, 
from Table 17 provide similar results. Chi- (2) a constant rate for most of the period 
square values were 62.200 with 4 degrees at sea, and (3) a separate rate for returning 
of freedom (P<0.001) for fish in their third adults in coastal waters. Ricker (1962) used 
year and 5.588 with 2 degrees of freedom the numbers of marked fish released and 
(P about 0.05) for fish in their fourth year. the adults that returned from them to esti- 
Evidence is strong that marked fall chinook mate the rate of loss for sockeye salmon. 
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Table 25. Estimates of Ocean Mortality of Pacific Salmon from Causes 
Other than Fishing 

Author 

Parker and Kirkness (1956) ................................................................................. 

Parker (1960) ....................................................................................................... 

Parker (1962a) ..................................................................................................... 

Neave (in Parker, 1962a) ................................................................................... 

Parker (1962b) .......................................................................................... 

Ricker (1962) ............................................................................................. 

....................................................................... Fredin (1964) (Third year smolts) 
.................................................................... (Fourth year smolts) 

Fredin (1  965) .............................................................................................. 

Species of salmon 

Chinook 

Chinook 

Pink 

Pink and chum 

Various 

Sockeye 

Sockeye 
Sockeye 

Sockeye 

@ Instantaneous mortality rates on yearly basis. 

@Mortality after initial period of loss in coastal waters 

Fredin (1964) used similar data in his calcu- 
lations with this species. Ricker and Fredin 
considered their estimates, shown in Table 
25, to be maximal for later years of ocean 
life; natural mortality in the first few months 
of ocean life was believed to be high but 
was incorporated in a single estimate of 
natural mortality at sea. Fredin (1965) used 
two methods to calculate ocean mortality 
rates for sockeye salmon. One was based 
upon the numbers returning at different 
ages, together with estimates of proportion 
maturing. The other was based on changes 
in relative abundance of two groups of fish 
observed at sea as immature fish and in 
Bristol Bay as maturing fish. 

The range of estimates (0.18 to 0.535) 
is surprisingly narrow considering the di- 
versity of years, species, areas, and meth- 
ods. Parker (1962a) concluded that after the 
initial period of high loss, ocean mortality 
is relatively constant and is about 0.32 an- 
nually for all species of Pacific salmon. 

Maturity has an effect that is similar to 
mortality from the standpoint of the number 
of fish of an age group that survive at sea. 
The effect of maturity differs in that it 
operates over a short time, rather than the 
entire year. Chinook salmon stocks in the 
ocean are reduced by the fish which mature 
in their second and subsequent years. These 
fish spawn and die. Little has been pub- 
lished on the proportion of chinook salmon 

which mature at each age, but Parker and 
Kirkness (1956), who provided estimates 
for fish taken in Alaskan waters, found con- 
siderable variation with area. Between Cape 
Spencer and Cape Fairweather, probably 
more than 80% of the fish under 4-years 
old were immature. Off southeastern Alaska, 
more than 80% of the samples in their 
third year and older were maturing. All of 
the fish taken at sea in their fifth year were 
maturing. 

General Model 
Release of marked fish from a hatchery 

offers an opportunity to trace the reduction 
from various causes of a unique group. The 
marked fish differ from wild fish in many 
important respects, and may even be dif- 
ferent in growth, distribution, and survival 
from unmarked fish originating at the same 
hatchery. The material developed by par- 
ticipants in the hatchery evaluation program 
includes estimates o f  t he  numbers  of 
marked fish taken in ocean fisheries and 
river fisheries and escapements to spawn. 
Table 26 summarizes the estimated recap- 
tures of marked fish from experiments with 
the 1961 brood. Ocean catch and river catch 
include the total estimated numbers o f '  
marked fish caught in the sport and com- 
mercial fisheries. N u m b e  r spawning in- 
cludes marked fish that returned to the 
hatchery from which they came, the num- 



Table 26. Estimated Total Recapture of Marked F a1 1 Chinook of the 
1961 Brood 

- 

Year of 
life 

Ocean River Number- River Grand 
catch (C) catch spawning total (E) Total 

AD-RM (General mark) 5,446,439 released; 0.40 percent recaptured 

2 .............................................................. 375 72 100 172 
3 .............................................................. 9,447 2,158 1,695 3,851 
4 .............................................................. 2,785 3,544 1,036 4,580 

5 ............................................................. 384 188 78 - -. 266 
- 

Total 12,991 5,962 2,907 8,869 

LV-RM (Elokomin) 480,533 released; 0.04 percent recaptured 

2 ............................................................ 0 0 2 2 
3 .............................................................. 100 7 8 15 
4 .............................................................. 30 28 4 32 

0 5  .............................................................. 7 0 0 
- -. 

0 
- 

Total ............................................................... 137 35 14 49 

RV-RM (Oxbow) 450,446 released; 0.07 percent recaptured 

2 .............................................................. 11 0 4 4 
3 .............................................................. 147 24 52 76 
4 .............................................................. 33 20 22 42 

0 5  .............................................................. 8 4 1 - -. 5 - 
T o t  .............................................................. 199 48 79 127 

AD-LV-LM (Spring Creek) 1,133,019 released; 0.36 perrent recaptured 

2 89 19 41 60 
3 .............................................................. 2,083 453 365 81 8 
4 286 608 125 733 

0 5  .............................................................. 8 11 2 
- -. 

13 
- 

T o t  .............................................................. 2,466 1,091 533 1,624 

AD-RV-RM (Kalama) 475,964 released; 0.47 percent recaptured 

2 .............................................................. 17 0 0 0 
3 .............................................................. 651 32 13 45 
4 .............................................................. 680 377 173 550 

0 5  .............................................................. 122 121 53 
- -. 

1 74 
- 

Total .............................................................. 1,470 530 239 769 

@Estimated by assuming same proportion sampled at each- port in 1966 as in 1965. 

ber estimated to have spawned naturally 
in hatchery streams, and fish found to have 
strayed. By far the greater part of the 
spawners returned to the point of release. 
River total is  the sum of the number esti- 
mated to have been caught and the num- 
ber which spawned; it includes only fish 
on which the complete mark was readily 
recognizable. Total recapture in 1966 was 
estimated by assuming that the proportion 
sampled at each port was the same as in 
1965, which I believed to provide a good 
approximation. Estimates of mortality and 
maturity which follow are based mainly on 

data from the 1961 brood. After initial trials, 
the LV-RM and RV-RM marks are not used 
because of the small number of returns 
and because part of the marks taken in the 
fisheries could have originated from the 
more numerous AD-LV-RM and AD-RV-RM 
marks upon regeneration of the adipose 
fin. ~ l s o ,  maxillary damage from hokking 
is common among returning fish and, in 
combination with naturally missing ventral 
fins, could give spurious LV-RM and RV-RM 
marks at sea. 

The nature of the data w o n  which the 
following estimates are bas'ed should be 



stressed. This paper is a first attempt at 
estimating maturity schedules and mortality 
rates with the program data. Of the four 
brood years from which fish were marked, 
only its returns from the 1961 brood were 
nearly complete when the estimates were 
made. Returns for the last year of this brood 
are roughly estimated; the system of solu- 
tion is not very sensitive to variations in 
fifth year returns (except for Kalama fish). 
The results are about the same for the 
AD-LV-RM mark (Spring Creek) when the 
fifth year returns are omitted (few were 
taken). Variations in distribution at sea or 
other factors may cause the estimates of ma- 
turity and mortality for subsequent broods 
to be different. Confidence intervals for the 
estimated total number of marked fish taken 
were not calculated, and the estimates were 
assumed to represent the actual number of 
marked fish recaptured. 

Natural mortality rates for chinook salm- 
on at sea are increased due to death from 
hook wounds or fatigue. Williamson (1927) 
reported fatal injury to fish which had 
escaped from the hook; Milne and Ball 
(1956), Parker (1960), Fulmer and Ridenhour 
(1967), and others have considered this mat- 
ter. Apparently the rate of loss is inversely 
related to size and is much higher for chi- 
nook salmon in their second year of life 
than it is later. No careful estimate is ob- 
tainable of the number of young fish which 
are hooked and discarded. The estimates of 
natural mortality for chinook salmon which 
follow are inflated to some degree by death 
from fishing that is not represented in the 
landings. 

A mortality model was developed from 
the data in Table 26. The young fish enter 
the sea in their first summer and are re- 
duced in number by deaths; for convenience 
in partitioning mortality, survivors were con- 
sidered to be recruited to the second year 
of life on October 1, about 12 months after 
their parents spawned. These recruits are 
subjected to natural loss throughout the 
second year. In summer they begin to enter 
the ocean fisheries. A small proportion, 
mostly males, mature at the end of the 

second summer. The survivors enter their 
third year in October and may provide the 
greatest number to the catch during the 
third summer. Natural mortality, fishing 
mortality, and maturation continue until the 
brood is extinct. This process can be stated 
more formally as follows: 
c = subscript for a mortality rate that is 

constant at several ages. 
n = subscript for year of life. n = 2,3,4,5. 

Cn = ocean catch (in nth year). 
En = number entering the river to spawn. 

(Many are caught in the river 
before they can spawn.) 

F, = instantaneous ocean fishing mortality 
rate. 

M, = instantaneous ocean natural mortality 
rate. 

P, = proportion of survivors maturing. 
R, = recruits to nth year of life, considered 

to begin October 1. 
2, = total instantaneous mortality. 

Then: 

and Cn= Rz n e-zl (1-Pi) I i = 2  

The part of the right hand side of 
equations (1) and (2) in brackets adjusts for 
loss of fish from the ocean before year 
n. The remainder of (1) accounts for death 
at sea in year n and the proportion of the 
survivors that mature. In (21, the part out- 
side the brackets determines the fraction 
of the loss that was caught and landed by 
the fisheries. The general model permits 
different assumptions regarding values of 
F, M, and P but incorporates the assump- 
tion that all parts of a group of marked fish 
are equally available to a common fishery 

3 I 



in year n. This assumption cannot be strictly C5 = R2e-(Zz + Zzc) (1 - P2)(1 - P3) 
true because of evident variations in fish- 
ing and in the distribution of fish of differ- 

F c  

Fc + Mc 
(1 - e-Zc) 

ent ages for example. The bias produced by 
(6) 

failure of this assumption is difficult to as- 
sess and estimates of F are therefore in a E 2 =  Rze-Za Pz (7) 
sense "average." E3 = Rze-(Za + Zc)  (1 - Pz) P3 

I (8) 
Estimates with the Assumption that 
F and M Are Constant 

s From these expressions a system of 
soluble equations is developed with certain 
assumptions. Because fish rarely return to 
the hatcheries after the fifth year and are 
uncommon at sea, P5 must be about 1. The 
assumption that fishing and natural mor- 
tality was constant for all ages is obviously 
unsupportable for the second year, when 
few were landed; they are still small enough 
to be suitable prey for a host of predators 
that might be less effective in catching the 
older fish. The assumption that fishing and 
natural mortality were reasonably constant 
after the second year has some intuitive 
arguments in its support. The fish are large 
enough to enter the fisheries-fish in their 
third year are usually much more common 
in the landings that those younger or older. 
Third year fish in market samples have an 
average weight (dressed) of roughly 3.63 
kg and are large enough to be free of the 
smaller predators. As is shown, however, 
the assumption that total annual mortality 
is constant in later years cannot be sup- 

Equations (3) through (10) provide a sys- 
tem of eight equations in eight unknowns. 
R2 and e-Zz can be eliminated by division; 
further manipulation shows: 

c5 1 
e-Zc=- - and 

C4 1 - P4 

The following estimates of P4 were de- 
rived for the AD-RM, RV-RM, AD-LV-RM, 
and AD-RV-RM marks. Because E5 = 0 for 
the LV-RM (Elokomin Hatchery) mark, equa- 
tion (12) cannot be used. 

AD-RM (General) P4 = 2.376 
RV-RM (Oxbow) P4 = 2.033 
AD-LV-RM (Spring Creek) P4 = 1.579 
AD-RV-RM (Kalama) P4 = 0.556 

ported. 
The first three values for P4 are impossible. If we accept P5 = 1, M3 = M4 = M5 
The proportion maturing in the fourth year 

f M2 and F3 = F4 = F5 f F2, a series of 
cannot be greater than 1.0, and in that case equations soluble for P2t P3, P 4 r  F3, F4, F5, 
no fish would remain at sea into the fifth M3, M4, and M5 can be formulated. 

F z  C5 E4 
(1 - e-Zz) (3) year. Taking P4 = - - < 1, then Cz = R2 

F2 + M2 
C4 E5 - 

E4 C4 
F c  

- < -. Because C4 and C5 are assumed 
C3 = R2e-22 (1 - Pz) (1 - e-ZC) (4) E5 - C5 

FC + Mc to be the same fraction of the fish present 
where c denotes a constant mortality in the at sea in 2 successive years and E4 does 
third, fourth and fifth years not include all of the remaining fish in the 
C4 = Rze-cZ2 + 2.1 (1 - Pz) (1 - P,) fourth year, but E5 is, assumed to be all of 

the remaining fish after C5, the ratio be- 
F c  (1 - e-Zc) (5) tween successive catches must be greater 

FC + MC than the ratio between successive escape- 
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Table 27. Age Composition (Percentage) of Troll-Caught C h i  n o o k S a 1 m on, by 
Year, for Three Different Areas 

Location 

Number 
of Age 

Year f i s h 2  3 4 5 6 7 8 9 

W. Queen Charlotte Islands .......................... 19290 326 0.0 0.9 7.7 31.0 47.9 11.6 0.6 0.3 

19300 145 0.0 0.7 2.1 56.6 37.9 2.8 0.0 0.0 

19640 2,186 0.2 42.3 46.4 10.8 0.3 0.1 0.0 0.0 

19650 1,330 0.8 41.9 39.0 8.2 0.1 0.0 0.0 0.0 

S.W. Vancouver Is. ............................................ 1926@ 1,117 3.2 28.4 50.0 17.5 0.9 .................. 

19640 9,285 3.3 60.5 32.6 3.5 0.1 .................. 

19650 7,284 4.8 57.6 34.1 3.4 0.1 .................. 

Off Columbia River .......................................... 1919-200 1,200 16.1 43.4 30.4 9.5 0.7 .................. 

.................. 19640 933 3.1 81.1 15.2 0.5 + 
19650 . 4.6 69.6 23.4 2.3 0.1 .................. 

0 From Pritchard, 1940. 
@From Columbia River Hatchery Evaluation Program. 
@ From Mottley, 1929. 
0 From Rich, 1925. 

ments. E4 depends on P4, for which no as- 
sumption was made. E5 depends on P5 = 1, 
assumed to be a valid assumption. There- 
fore the assumptions that F 4  = F g  and 
M4 = M5 are suspect. The most likely cause 
is that F4 was smaller than F5.@ As is shown 
later, large changes in M, produce much 
smaller changes in estimates of P4. Because 
fish in their fourth and fifth years were 
large (mean length greater than 75 and 80 

@Dr. Gerald Paulik (Personal communication) observed 
that P4 may also be viewed as the ratio of two ratios; 
that is, the ratio of ocean catch to river entry in 
year 5 divided by the ratio of ocean catch to river 
entry in year 4. Let u be the rate of exploitation, N4 
the number of fish alive at the start of year 4, 
P5 = 1, and s be the survival in each year 

Because P5 = 1, C5 / E5 is the ratio of the exploita- 
tion rate to the survival rate and is equal to u5 / s, 
and C4 / E4 is equal to ug / sPp Thus, if P4 is too 
large, u must be larger in year 5 than in year 4 
(s constant). 

cm, respectively, one would expect the loss 
from causes other than fishing to be about 
the same. 

A difference in F4'and F g  could arise 
from lower fishing intensity in 1965 than in 
1966 or from errors in estimating numbers 
caught, which cannot be examined at pres- 
ent. In equation (12), P 4  depends heavily 
on E5 and C5 which are represented by 
smaller numbers of fish and which have 
been roughly estimated. Differences could 
also arise because the later maturing fish dis- 
persed into areas of lower fishing intensity 
or beyond the coastal troll fisheries. Those 
maturing in the fourth year would have mi- 
grated into areas of heavier fishing as they 
came south to the Columbia River. The re- 
mainder would be fished at a lower rate, 
thus decreasing the aver_age rate for that 
age. All of the fish would enter the more 
intense fisheries in their fifth year. These, 
arguments do not apply to fish in their 
third year. 

Examination of the 1964 and 1965 
catches does not suggest that intensity was 
low in 1965. The ocean catch for Washing- 
ton, British Columbia, and Alaska (Table 



1) was nearly the same in the two years; 
i f  it is assumed that the catch is a consistent 
measure of intensity, then the intensity 
should have been similar in the 2 years. 
Nor is there evidence of abnormal condi- 
tions which resulted in the capture of an 
unusually small number of fish in their 

t 

fourth year. The age composition data in 
Table 27 show a higher percentage of 

ri 
fourth year fish for 1965 than for 1964 in 
the samples taken off the Columbia River 
and southwest Vancouver Island (actually 
the Vancouver Island samples were about 
the same in the 2 years). As is shown later, 
the estimated fishing mortality in the fourth 
year was also lower than in the third year, 
except for Kalama River fish. 

Three of the four P4 values calculated 
for the 1961 brood show evidence of lower 
catch rates in the fourth year. Catches of 
marked Kalama River fish (AD-RV-RM) ex- 
hibit a further difficulty. The ocean catch 
in the third year was somewhat less than in 
the fourth year, which would be impossible 
if the mortality rates were constant. This 
phenomenon differs from the other marks 
for which catches of fish in their third year 
were much greater than in the fourth year. 
The best explanation seems to be that all 
marks were not equally available for cap- 
ture, and that no single mark was subjected 
to a constant fishing rate during the last 3 
years of life. 

The assumption that fishing and natural 
mortality are constant in the third, fourth, 
and fifth years is therefore invalid, both 
within a group of marked fish from a hatch- 
ery and between fish from different hatch- 
eries. Evidence from investigations cited 
earlier tends, however, to support the as- 
sumption of a nearly constant natural mor- 
tality in later years; however, distributional 
data show that part of a brood may be in 
areas with little or no fishing. Consequently, 
it is  reasonable to attribute the discrepancies 
mainly to variations in F. 

Although it appears that F4 should be 
lower than F5 for the Kalama River (AD- 
RV-RM) fish also, it is worthwhile to exam- 
ine the estimate of P4 (0.556) further. With 

equation (1 I), e-zc is estimated to be 0.41 2 
(2, = 0.887). Dividing (6) by (10) gives an 
equation that can be solved to give Fc = 
0.434; Zc - Fc = Mc = 0.452. If F4 is less 
than F5, the estimates of P4 and Mc are 
biased; P4 will tend to be too large and Mc 
will tend to be too small. 

Because F is not constant in the last 3 
years in the ocean, no unique set of solu- 
tions exists for equations (3) to (10) for any 
of the lots of marked fish. There are eight 
equations in 10 unknowns, or for the last 
3 years-six equations in seven unknowns, 
and for the last 2 years-four equations in 
five unknowns. The solution requires addi- 
tional means of estimating R,, F3, F4, F,, 
Mc, P3, or P4. 

Effect of Arbitrary Values of 
M on F and P 

Other assumptions may be used to ex- 
amine the nature and limits for PI F, and 
2. If, as before, P5 is considered to be 1 but 
M is assumed to be 0, maximal values of 
e-Zn, P,, F, and minimal values of 2, 
can be calculated either by assigning indi- 
vidual subscript values to P and F in equa- 
tions (1) and (2) or by simple arithmetic, 
using the values in Table 27. For AD-RM as 

E5 - 
266 

an example, e-Zs= - -  
GI + E5 650 

= 0.409, and 

Under the assumption M = 0, e-Z"s in 
error to the degree that natural mor- 
tality removed fish in the fifth year; that 
is, the expression above fails to include a 
term in the denominator to account for 
natural deaths. When e-za is calculated, 
however, terms to account for natural mor- 
tality in the second, third, fourth and fifth 
years are omitted. Consequently e Z 6  is 
nearer the true value than is e-Zd, e-Z4 is 
nearer the true value than e-Za, and e Z 8  is 



nearer the true value than e-22. The same 
systematic error is found in the estimates 
of P. Because the denominators are too 
small, the estimates of e-Z and P are all max- 
imal. 

The results with the data from Table 26 
for the AD-RM (General), RV-RM (Oxbow), 
AD-LV-RM (Spring Creek), and AD-RV-RM 
(Kalama) marks are given in Table 28. 
Values of e--Z and P vary considerably 
between marks. Mortality was estimated 
to be at least 38% to 61 % in the fifth year, 
27% to 45% in the fourth year, and 30% to 
53% in the third year. This approach also 
indicated that loss may have been lower 
in the fourth than in third or fifth years, 
except for Kalama River fish. Similarly, the 
maximum values of Fp (Z4) are lower than 
8'5 and FS (except Kalama). 

Table 28. Maximal Values of e--Z and P, 
and Minimal Values of Z from 1961- 
Brood Data, Assuming M = O@ 

Mark 

AD-LV-RM 
Values AD-RM RV-RM (Spring AD-RV-RM 

(General) (Oxbow) Creek) (Kalama) 

OZ, values are also maximum possible values of F,. 

The maximal values for Pq are much 
higher than for P3 (0.65 to 0.97 compared to 
0.029 to 0.441). For P2 they are very small. 
The proportion which matured in their 
second year could be omitted without 
markedly influencing the results of most 
calculations. If estimates of P2 were used in 
calculating M, F, or P, a small error would 
be important. 

Estimates of P, can also be obtained 
empirically. The data in Table 21 are from 
fish with ocean type scales and are mainly 
from fall races of chinook salmon. Chinook 
salmon in the area samples are believed to 
be predominantly from the Columbia River, 
but may not be predominantly from hatch- 
eries. As shown earlier, there is good reason 
to believe that immature members of an age 
group are distributed farther north of the 
Columbia River than are maturing fish of 
the same age. Samples taken off the Wash- 
ington coast are likely to be biased and to 
overestimate the proportion maturing. 

The estimates of PR from Van Hyning's 
and Bergman's data (Table 21) are prob- 
ably too high for Columbia River fall chi- 
nook salmon as a whole. The empirical 
averages (0.23 to 0.45) have a greater range 
than those for the marked fish (0.33 to 
0.46) in Table 28. The estimates of P, 
should also be maxima. Although the two 
kinds of maxima are from different sources, 
they suggest that about one-third of the 
fall chinook salmon mature in their third 
year, and that more than two-thirds of the 
fish remaining at sea mature in their fourth 
year. 

The proportions maturing at each age 
in Tables 21 and 28 appear to be too bi- 
ased to warrant their use as average P 
values. 

With M, = 0, some extreme estimates 
of P,, F,, and S, (survival) were obtained. 
Assuming that Ma = M4 = M5 and P5 = 1, 
arbitrary values of Mc were next used to 
investigate relationships between P,, F,, 
and M, and to see how great would be the 
effect of error in M, upon estimated values 
of P, and F,. For this series of calculations, 
instantaneous yearly values of Mc were 
taken as 0.24, 0.45, 0.48, 0.72, and 0.96. 
Each year of life was taken to begin on Oc- 
tober 1. From October 1 to March 31, only 
natural mortality was assumed to be effec- 
tive; from April 1 through September 30, 
both natural and fishing mortality were con- 
sidered to operate on the fish at sea. Mor- 
tality rates were assumed to be constant 
through the 6- or 12-month period. 



Table 29. F, P, and R Values for Marked Fish of the 1961 Brood; M Is Summed for 
12 Months and F Is Summed for 6 Months 

M F 5  F h  F~ "I, " 3  " 2  R5 Rh '4 
Spring Creek (AD-LV-RM) 

M = 2 .......................... .460 .305 .660 .966 .385 .Ol 1 26 1,309 5,244 
M = 4 .......................... .441 .289 .576 .959 .338 .009 32 1,604 6,760 

r M = 4 8  ......................... .438 .287 .565 .957 .331 .009 33 1,651 6,991 
M = .72 .......................... .417 .270 .473 .948 .283 .006 40 2,076 9,545 
M = .96 .......................... .397 .253 .389 .936 .236 .004 50 2,646 13,388 

General (AD-RM) 
b M = .24 ..-....................... .876 .399 .493 350 .274 .006 81 1 10,246 29,174 

M = .45 .-.-...-.........--....... .846 .372 .415 .825 .233 .004 971 12,652 39,256 
M 4 8  ................. . .  .840 .368 .405 .821 .228 .004 996 13,048 40,881 
M = 7 .......................... .804 .338 .326 .789 .I87 .003 1,220 16,655 58,704 
M = 9 ......................... .774 .308 .257 .753 .I51 .002 1,508 21,604 86,152 

Kalama River (AD-RV-RM) 
M = 2 .......................... .51 1 .533 .265 ..599 .022 ...... 369 1,986 3,358 
M = .45 .......................... .489 .482 .205 .556 .018 ...... 441 2,511 5,000 
M = .48 .......................... .489 .472 .I97 .545 .017 -..... 459 2,619 5,239 
7 .................... .464 .413 !144 .492 .013 ------ 569 3,481 8,349 
M = 9 .......................... .442 .356 .lo3 .438 .009 ...-.. 707 4,701 14,241 

If equations (4) to (10) are rewritten in 
terms of monthly instantaneous rates we 
have: 
C - R  - 2 8  -12MZ-6Fz(l-P2)e-6Mc 

The following equations were derived 
from (1 3) to (1 9). The value 6F e-(3M+3F) . . 

F was used as an approximation of- 
F + M  

( 1  -e-('jM + 6 F ) )  t o  f a c i l i t a t e  cornpu- 
tations. The approximation overestimated 
F, by less than 5 %  and underestimates 
P, by less than 2% for the values of M  
used. Equations (20) to (25) are in order of 
sequential solution for F, and P,. 

C5 
- - - 6 F5e3 Mc + 3 F6 solve for F5 

E5 (20) 

E5 
- - - e-12 M C  - 6 F6 (1  - P4) solve for P4 

E4 (21) 
C4 6 F4e3 M c  + 3 F, 
- - - solve for F4 

E4 P4 (22) 
E4 e-l2 ' c  - 6 ( 1  - Pg) P4 solve for P3 - - - 

E3 p3 (23) 
E4 = R2&2 Ma - 6 Fz e-12 Me - 6 Fa C3 6Fae3Mc+3Fa 

- - - solve for F3 
e - 1 2 M ~ - ~ ~ ~ ( l - P ~ ) ( l - P ~ ) P ~  (18) PT, (24) . . 

E5 = R2e-12 M. - 6 Fa e l 2  MC - 6 Fa 

c12 Mc - 6 Fb e l 2  Me - 6 FS ( 1  - P2) E3 e12 MC - 6  Fs 
- - 

A 

( 1  - P2) P3 solve for P2 

(1  - P3) (1  - P4) (19) E2 p2 (25) 
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M = lnstontoneous noturol morlolity 
F = lnstontoneous lishinq mortality 
P = Proporlion molurinq 

Figure 9. Change in F, and P, with Ar- 
bitrary Values of M, (AD-LV- 
RM, Spring Creek). 

The data in Table 26 on the 1961 brood 
were again used with equations (20) to (25). 

M = lnstonloneous nolurol morlolity 
F = lnstontoneous fishing morlolity 

0.6 P = Proportion maturing 

The results are given in Table 29 and 
Figures 9 to 11. Me is shown as a yearly 
rate; F, is summed for a 6-month fishing 
season. In the figures it is apparent that the 
changes in F, and P, are nearly linear with 
change in M for the range of values used. 
In no case does the change in F, or P, 
equal the change in M. With the exception 
of F5, the values for the general mark 
(AD-RM) are intermediate between those for 
Spring Creek and Kalama. The last two seem 
to represent extremes in age at maturity 
and ocean distribution among the marked 
hatchery fish. Because the general mark in- 
cluded a mixture of Spring Creek and Ka- 
lama fish with those from other hatcheries, 
the result might be expected, and suggests 
that the errors in estimating are not great 
enough to obliterate effects of racial dif- 
ference for F, and P,. 

M = lnstontoneous nolurol morlolity 
F = lnstontoneous fishing mortolily 
P : Proportion maturing 

0.8 

Figure 11. Change in F, and P, with Ar- 
bitrary Values of M, (AD- 
RV-RM, Kalama). 

I 
I 

0.1 - 
Because of the relatively slow change 

0 -  P? with M,, the estimates of F5 for values be- 
I 0 2 0.i 0.; 0.5 0.; 0.; 0:8 O.b 1.0 tween Me = 0.24 and M, = 0.72 have 
1 1  

M 

I ~i~~~~ 10. change in F, and P, with ranges of less than 0.08 (AD-RM, 0.876 - 
Arbitrary Values of M, (AD- 0.804). The range in estimate of F,,iis, not 

i RM, General). greater than 0.1 2 (AD-RV-RM, 0.533 - 



0.413) for any of the marks and the range 
in F3 is less than 0.19 (AD-RV-RM, 0.660 - 
0.473). The extreme range for any mark for 
P4 is 0.1 1 (AD-RV-RM, 0.599 - 0.492); for 
P3 it is about 0.10 (AD-LV-RM 0.385 - 
0.283). A modest error in estimating M will 
not have a serious effect on the other esti- 

r 
mates. The magnitude of the error in M, 
will be diminished in F, and P,. 

3 Table 29 shows that although M may 
be constant for the last 3 years, F is not 
constant either from age to age or from 
hatchery to hatchery for marked fish. Varia- 
tion in F may be strongly related to ma- 
turity and ocean distribution: one race or 
age may inhabit a more intensively fished 
area; no rate of fishing can be given, there- 
fore, which is generally applicable to a l l  
races and ages. 

It may be hypothesized that for races 
which tend to remain south of the middle 
of Vancouver Island, the rates shown for 
AD-LV-RM (Spring Creek) are suitable. For 
those races which range farther north, the 
rates for AD-RV-RM (Kalama) seem better. 

The values shown for F, and P, at 
Mc = 0.45 are presently considered to be 
the best estimates. From the evidence avail- 
able, Mc = 0.452 as calculated from AD- 
RV-RM (Kalama) data under the assumption 
of constant F and M, appears acceptable 
as a common rate of natural mortality at 
sea for the different lots of marked fish 
of the 1961 brood in their third, fourth, 
and fifth years. The estimate of M is in- 
fluenced by sampling errors which may be 
large due to the relatively small numbers 
of marked Kalama fish taken at sea in their 
fifth year; it is influenced further by the 
rough method of estimating the fraction of 
the catch that was sampled in the fifth 
year. Estimating errors do not seem large 
enough to cause a marked deviation from 
the general level of M shown in Table 25. 
In fact, the value for Kalama is fairly close 
to that of Parker and Kirkness (1956) for 
chinook salmon. 

Although the assumption that F and M 
were constant during the fourth and fifth 
year was clearly untenable for the AD-RM 

(General), RV-RM (Oxbow) and AD-LV-RM 
(Spring Creek) marks, the same may not be 
true for the AD-RV-RM (Kalama) mark. 
Table 29 shows that for a l l  of the arbitrary 
values of M, F4 was smaller than F5 for 
fish marked with the Spring Creek and 
General marks. For Kalama River fish, how- 
ever, Fq was greater than F5 at values of 
M lower than about 0.4; at higher values 
of M, the difference between F4 and F5 
was much less than for other marks. If 
natural mortality for chinook salmon at sea 
is within the range of values of M given 
in Table 25, bias in M due to inequality in 
F5 and F 4  is probably well within the esti- 
mating error for marked Kalama River fish. 
The relationship between P4 and Mc makes 
it generally difficult to estimate M precisely 
from P (or from F). 

The foregoing model divulges nothing 
concerning mortality during the first year 
of life at sea. The term (RZe-(F2+ M2)) 
cannot be solved for Rz, FS, or Mz. From 
the number of marked fish released (Table 
5) and the number recruited to the third 
year of life (Table 29), it appears that sur- 
vival in the first 18 months after liberation 
was 0.01 1 or less. 

Some data pertinent to survival from 
hatchery to sea are available. From March to 
November 1966, Carl Sims (personal com- 
munication) experimentally followed the mi- 
gration of young chinook salmon through 
the estuary of the Columbia River to the 
ocean. He took samples with a beach seine 
at various sites in the estuary and marked 
part of the fish caught. His catches included 
141,094 fish in their first year which were 
considered to be progeny of fall chinook 
salmon; of these, 37,914 were given a 
unique mark and 319 (0.841 %) were sub- 
sequently recaptured among the fall chi- 
nook salmon fingerlings in the estuary. If it 
is assumed that the 141,094 fish caught 
were 0.841 % of the total, 16,776,000 fall 
chinook salmon fingerlings passed the Sam-- 
pling sites. The estimate includes the pro- 
geny of wild fish as well as those released 
from hatcheries. In the spring of 1966, 
55,956,723 fall chinook salmon fingerlings 



Table 30. Change in Rate of Survival of Troll-Caught Chinook S a 1 m on  Between 
Two Time Periods, by Area@ 

Survival rate from one age to next 

Area and ~er iod Aaes: 2 to 3 3 to 4 4 to 5 5 to 6 6 to 7 

Queen Charlotte Is. 

1929-30 .................................................. 
1964-65 

Ratio 1964-65/1929-30 ................................. 

S.W. Vancouver Is. 

1926 ......................................................... 
1964-65 .................................................. 

Ratio 1964-65/1926 ............................... 

Off Columbia River 

1919-20 ...............................-.............. 
1964-65 .................................................... 

Ratio 1964-65/1919-20 ................................. 

@Values greater than 1 reflect incomplete recruitment to fishery. 

were released from the Columbia River 
hatcheries. If all chinook salmon fingerlings 
caught in the estuary are assumed to have 
been of hatchery origin, survival to the 
estuary is estimated to have been 0.30. 
Thus, the estimated survival is probably too 
high. Fall chinook salmon fingerlings from 
sources other than hatcheries also migrated 
to sea, and inflate estimated survival. It is 
possible that much less than 30% of the 
1965-brood fish reached the sea. 

The above data suggest that less than 
30% of the marked 1961-brood fish may 
have reached the sea and that the greatest 
loss in numbers of fish takes place within 
the river. This estimate is for unmarked 
fish. Presumably the loss of marked fish 
would have been greater. 

On this basis more than 70% of the 
marked fish of the 1961 brood may have 
been lost before reaching the sea; perhaps 
no more than 1 % survived to enter the 
fisheries in their third year (Table 29, last 
column). 

in age of chinook salmon caught in the 
fisheries. A pronounced shift occurred to- 
ward capture of younger and smaller fish, 
and all of the comparisons tend to show 
fewer older fish in recent catches (Table 
27). Off the Queen Charlotte Islands, fish 
in their fifth and sixth years formed the 
most numerous groups in 1929 and 1930. 
In 1964 and 1965, however, fish in their 
third and fourth years were most numer- 
ous. Off Ucluelet, the modal age decreased 
from 4 to 3 years. Off the Columbia River 
the modal group is formed of fish in their 
third year in both periods, but the propor- 
tion of fourth and fifth year fish is smaller 
in recent years. The amount of change di- 
minishes from north to south and is least 
near the mouth of the Columbia River. 

Rich's data (1925, Table 9) for fish taken 
inside the Columbia River in 1919-20 sug- 
gest that maturing fall chinook salmon 
were mainly in their fourth and fifh years. 
Similar data collected for the Hatchery Eval- 
uation Program in 1964 and 1965 show the 
river catch in those years to be mainly fish 

Estimate Based on Changes in Age in the third and fourth year. The average 
Composition of the Catch weiqht of the individual fish enterinq the 

Estimates of mortality rates might also rive; decreased significantly between 1 9 1  8 
be derived from changes in age compo- and 1961 (Pulford, 1964). 
sition from year to year or over a period The increased fishing intensity suggested 
of years. Comparisons between more recent by changes in catch and effort (Tables 1 
and earlier periods show marked changes and 2) would tend to reduce the numbers 



Table 31. Estimates of Proportion Maturing (P,) for Unmarked Fish and Re- 
duction in Numbers Entering the Columbia River Due to Delayed Maturity 

Estimated 
Survival number Estimated 

Number in river entering Adjusted actual 

Age unmarked fishery river P (unmarked) E, (marked) E, (marked) 

AD-LV-RM Spring Creek 

2 ..................................... 922 .68 1,356 .008 53 
3 ..................................... 10,374 .45 23,053 .389 940 
4 ..................................... 2,849 .17 16,759 .970 682 
5 .................................... 32 .15 213 ...... 9 

- - - 
T o t  ................................. 14,177 ..-~-~ 41,381 .~~~~~ 1,684 1,624 

............... Percentage loss of marked fish due to delayed maturity 3.6 

AD-RM General 

2 ..................................... 2,038 .58 3,514 ,008 229 
3 ..................................... 24,171 .44 54,934 .303 4,986 
4 .................................. 11,205 .23 48,717 375  4,413 
5 ................................ 553 .29 1,907 .-.--~ 172 

- - - - 
T o t  .................................. 37,967 ...... 109,072 ...... 9,800 8,869 

Percentage loss of marked fish due to delayed maturity ................ 9.5 

AD-RV-RM Kalama 

...... ...... 2 .................................... 49 1 .oo --.--- 
3 ..................................... 434 .29 1,497 .049 128 
4 ..................................... 2,429 .3 1 7,835 .688 668 

...... 5 ..................................... 41 1 .30 1,370 118 

Percentage loss of marked fish due to delayed maturity ............... 15.9 

surviving to older ages through the 40-year 
period. Many races were destroyed by 
water use and water development projects; 
other races were reduced in numbers. The 
longer lived races may tend to be among 
those damaged most by conflicting water 
use. It is also reasonable to believe that 
changing mortality rates and conditions of 
reproduction may have been selective for 
a genetic shift toward earlier maturity. 
Hatchery practices have been directed to 
rather strong selection of breeding stock 
where possible. Material developed later is 
useful in examining the reasons for change 
in age at maturity among chinook salmon. 

It seems possible to estimate the in- 
crease in ocean mortality in the past 40 
years or so by comparing the declines in 
age of the catch. Total mortality here in- 
cludes F,, M,, and P,. Table 30 has been 
derived from Table 27. First, average sur- 
vival rates from one age to the next were 

calculated separately for the earlier sam- 
ples and for the 1964-65 samples. Next, the 
average survival rate during a year of 
life in 1964-65 was d i v i d e d  b y  t he  
s u r v i v a l  ra te  for the same age from 
earlier samples to calculate the reduction 
in survival during the intervening period. 
Ratios greater than 1 indicate that the 
younger age group of a pair was not fully 
recruited into the fishery, and were not 
used. This restriction eliminates almost all 
of the earlier Queen Charlotte Island sam- 
ples, as well as comparisons of the second 
and third years. 

From the third to the fourth year, sur- 
vival off the Columbia River decreased to 
0.37 of the 1919-20 value; from the fourth 
to the fifth year, 1964-65 values averaged 
0.23 of those for earlier years. The average 
annual survival in 1964-65 was 0.30 of that 
in 1919. The change off Vancouver Island 
for the fourth to fifth year is about the 



same. Change in survival may reflect change 
in death or maturity rate which are in- 
cluded below in Z. 

- e-z'ga.ffi - 0.30 e-Zlglg-m 9 

-Z1964-6:, = In 0.30 -Zl919-26 and 
-Z1964-as + Zieie-2s = -1.204 

By rough calculation, then, the total 
yearly instantaneous rate of loss of fish 
from the ocean increased by 1.2 between 
1919 and 1965. This figure is substantially 
greater than any estimate of F' in Table 29; 
thus not all of the decreased survival can 
be explained by increased F. Because the 
marked fish inhabited the area from which 
the samples were taken and where fishing 
is most concentrated, it seems reasonable 
to expect that unmarked fish experienced 
similar mortalities. The data suggest then 
that both P and M could have increased in 
the stocks of fish taken off S.W. Vancouver 
Island and the Columbia River. (Evidence 
that P increased at Spring Creek and pos- 
sibly at other hatcheries is given later.) 
Also, hooking loss must have increased in 
the 40 or more years covered by the data. 
Mortality inflicted by predators other than 
man or unknown causes could have in- 
creased, but I found no data on this ques- 
tion. Beyond an indication that factors other 
than F have also changed, comparison of 
age samples separated in time thus offers 
little information regarding F,, M,, and P,. 

Loss of Marked Fish Due to 
Delayed Maturity 

In the section of this paper that dis- 
cussed the effect of marking on chinook 
salmon, an estimate was given of the effect 
of delayed maturity on survival. This esti- 
mate can now be calculated with values of 
M, F, and P from Table 29: the reduction 
in numbers of marked fish returning to the 
hatcheries due to delayed maturity can be 
estimated by adjusting Pn and calculating 
the numbers that would have returned had 
there been no effect of marking on matura- 
tion. Results are shown in Table 31. It was 
necessary first to estimate P, for unmarked 

fish; this was done by first calculating the 
number of unmarked fish from Spring 
Creek, Kalama, and the combined hatch- 
eries (Table 14) that entered the river; the 
number of fish of each age which returned 
to a hatchery was adjusted for fishing loss 
in the Columbia River by using the river 
survival proportions calculated for marked 
fish (from data in Table 26), thus providing 
estimates of En for unmarked hatchery fish. 
P, was then estimated for unmarked fish 
from equations (211, (23), and (25) with 
M, = 0.45 and F', from Table 29. Estimates 
of P, for unmarked fish from Spring Creek, 
Kalama, and the major hatcheries taken 
together are shown in column 5 of Table 
31. As expected, most values are greater 
than for marked fish. Only P2 for Spring 
Creek fish shows no increase. 

The appropriate R3 for M = 0.45 was 
then used to calculate En for marked fish, 
by the same equations, F,, and M values, 
but with P, for unmarked fish. The totals 
for adjusted En are listed with estimated 
total entries into the river from Table 
26. When compared with the estimated 
actual return of marked fish (Table 31), it 
appears that the additional time at sea 
caused a reduction of 16% or less at the 
hatchery. Loss due to delayed maturity for 
the three lots of marked fish increases with 
age at return, which is to be expected. 
Marking caused little change in P, at Spring 
Creek, a result anticipated from inspection 
of Figure 6. 

Change in Maturity Schedule 
At this point it is convenient to com- 

pare the maturity schedules of the 1961 
brood for Spring Creek with those of earlier 
years. Comparison was made in two ways. 
First, the data for marked fish of the 1961 
brood were adjusted for fishing losses at 
sea, and the estimated numbers that would 
have entered the river at each age with 
no ocean fishing were compared with the 
numbers recovered in the Columbia River 
from the (AD-LV) 1922-brood fish marked 
at Spring Creek. This comparison assumes 
the same natural mortality for the two 



Table 32. Comparison of Estimated Total Return to River of Marked 1922- and 
1961-Brood Fall Chinook Salmon from Spring Creek Hatchery 

Estimated river total 
River total River total 1961 brood 

1922 brood@ 1961 brood F = O  

Age Number Percent Number Percent Number Percent 

(AD-LV) (AD-LV-RM) (AD-LV-RM) 

............................................... 1 3 78 17.9 818 50.4 1,460 44.1 

4 .......................................... 266 61.2 733 45.1 1,746 52.7 

5 ......................................... 87 20.0 13 0.8 48 - -. 1.4 

...... Total .......................................... 435 1,624 3,314 ~-~ -~ 

(AD-LV) (AD-RM) (AD-LV-RM) 

3 . . ~ ~  ........................................... 78 17.9 1,437 53.8 2,573 47.1 

4 ............................................ 266 61.2 1,111 41.6 2,666 48.7 

5 ............................................. 87 20.0 39 1.5 146 
- - 2.7 

...... ...... Total ............................................. 435 ...... 2,670 5,468 

@From Rich and Holmes, 1929. 

broods and complete, or equally biased, 
estimates of numbers entering the river 
(Table 32). Second, maximum possible P, 
values were derived for the 1922 brood. 
Ocean mortality was assumed absent after 
the first year. The maximum P, values thus 
obtained were compared with estimated 
river entry for (AD-LV-RM) Spring Creek 
fish of the 1961 brood (Table 33). 

In the first type of comparison, total 
river returns of marked (AD-LV) fish from 
Rich and Holmes (1 929) for the 1922 brood 

creased between 1922 and 1961, a river 
return at each age was esitmated for both 
of the 1961 marks with M = 0.45 and P 
for that level of M from Table 29 under 
the assumption that F = O.@ The estimates 
shown in Table 32 may overcompensate 
for increased fishing intensity between the 
1920's and 1963-66 because the ocean fish- 
ery on the 1922 brood was appreciable. 

The difference in age at return between 
the 1922 and 1961 broods is highly signifi- 
cant (chi-square for AD-LV-RM was 1 169.166 

are given in Table 32 with total estimated 
@ I t  was necessary to calculate new P, and Rn values 

return to the river of the AD-LV-RM and for the AD-RM fish from Spring Creek, because the 
AD-RM fish from Spring Creek. The latter Spring Creek fish are not the same as the mixture of 
is calculated on the assum~tion that the fish marked AD-RM. TO make this calculation, equa- 

same proportion was taken 'in the river at tions (21)' (23), and (25) were used to get P, values; 
(17). (la), and (19) were solved for R,; M was taken 

each age as estimated for (Table to be 0.45, and the F, values were those shown for 
31). Because the ocean fishing intensity in- AD-LV-RM in Table 29. 

Table 33. Comparison of Maximum P, Values at Spring Creek for 1922 Brood 
(AD-LV) with 1961 Brood (AD-LV-RM) 

Year "2 pa "4 P5 

1922 brood ............................ .009 .I81 .754 1 .OOO (Assuming ocean M = F = 0) 
1961 brood ............................ .009 .338 .959 1 .OOO (Assuming M = .45) 



Table 34. Percentage Age Composition, by Brood Year, of Marked Hatchery Fall 
Chinook Salmon Caught in the Columbia River Fishery@ 

Return vear 

Brood year Mark 2 3 4 5 6  Number 

Spring Creek Hatchery 

1939 AN-RV and AN-LV .......................... .OO '33 .42 .24 .OO 33 

1942 ................................ AD-RV and AD-LV ........................... .OO .12 .70 .17 .OO 673 

1943 ................................. AD-LP and AD-RP ............................ .OO .15 .68 .17 .OO 47 1 

Ave. 1939-43 ............................................................................... .OO .14 .68 .17 .OO 1,177 

1922 ................................. AD-LV ............................................. .O1 .15 .66 .18 .OO 349 

1961 ................................. AD-LV-RM ........................................ .07 .69 .23 .OO .OO 51 1 

Oxbow Hatchery 

.......................... 1939 ................................ A D  and A D  .OO .19 .69 .1 1 .O1 418 

1940 ................................. AD-LV and AD-RV ........................... .OO .27 .58 .14 .OO 353 

1941 ............................... AD-LV and AD-RV ........................... .OO .22 .60 .18 .OO 106 

Ave. 1939-41 .............................................................................. .OO .23 .63 .13 .OO 877 

.... 1961 ................................. RV-RM ............................................. .OO .50 .42 .08 48 

@ 1922 brood data from Rich and Holmes (1929); 1939-43 brood data from Holmes, H. 8. Loss of salmon finger- 
lings in passing Bonneville Dam as determined by marking experiments. Unpublished manuscript. Averages for 
1939-1943 and 1939-1941 are weighted by numbers recovered from each brood. 

and for AD-RM, 561.850-each with 2 de- 
grees of freedom). Both lots of marked fish 
from the 1961 brood matured earlier than 
did those from the 1922 brood. The propor- 
tion of fish entering the river in their third 
year is now much larger, whereas the pro- 
portion in their fourth year is smaller, and 
few enter in their f ifth year. Apparently 
this change cannot be entirely explained by 
increased fishing. 

The results are similar if we consider 
the limiting case for the 1922 brood and 
estimate maximal P values as was done 
for the 1961 brood in Table 28. The com- 
parison of 1922 with 1961 is shown in 
Table 33. The best estimates (or for that 
matter, any of the estimates in Table 29) 
for P3 and P4 for the 1961 brood are well 
above the maximum possible for the 1922 
brood. Increased total ocean mortality can- 
not account for the divergence. We con- 
cluded that P3 and Pq have changed in the 
Spring Creek Hatchery stock. 

The change evidently came after the 
1943 brood. Data from Holmes which are 
in Table 34, show that the age composi- 
tions of returns for marked Spring Creek 

fish from the Columbia River gill-net fish- 
ery for the 1939, 1942, and 1943 brood 
were very close to the age composition for 
the 1922-brood fish, but that the 1961 
brood had relatively fewer fourth and fifth 
year fish. Returns from the fishery were 
used because the conditions of Holmes' ex- 
periment did not permit satisfactory re- 
covery at the hatchery. Data for 196 1-brood 
AD-LV-RM fish are included. In the lower 
part of the table, data from Oxbow Hatch- 
ery are shown for the 1939, 1940, and 1941 
broods, along with data on the 1961 brood. 
Returns to the Oxbow Hatchery from the 
1939-41 broods also contained fewer third 
year fish and appreciably more fourth and 
fifth year fish than did returns from the 
1961 brood. The shift to younger fish is 
not as pronounced as at Spring Creek, but 
nevertheless is evident. The change in ma- 
turity schedule that took place after 1943 
does not appear to be limited to Spring 
Creek fish. The reasons for decreased pro- 
portions of older fish may not be the same 
at the Spring Creek and Oxbow hatcheries, 
but in both places older fish are fewer. 

Junge and Phinney (1963, p. 4) noted a 



change in age at return for the progeny 
of the 1955 and 1956 spawners at Spring 
Creek Hatchery. Earlier, fish in their fourth 
year had formed the most numerous group. 
Beginning with the 1955 brood, third year 
fish have tended to predominate. The 
change was mainly among the females; the 
factors responsible may be in some way 
connected with the sex of the individual. 

Not all of the changes at Spring Creek 
can be attributed to increased fishing. The 
change in maturity schedule could conceiv- 
ably be due to improved growth conditions. 
Hatchery techniques are steadily improving 
so that the fish at release are generally be- 
coming larger, stronger, and better nour- 
ished. Presumably such fish can take better 
advantage of opportunity for growth and 
mature earlier. Spring Creek Hatchery fish 
not only mature earlier, but also attain a 
substantially larger size than the average 
fall chinook salmon in the Columbia River 
at the same age. 

Effect of Ocean Fishing on 
Unmarked Hatchery Fish 

Determination of the effect of the fish- 
eries on unmarked hatchery fish is ham- 
pered by their heterogeneity and by dif- 
ferences from the marked fish for which 
estimates were made. Estimates have been 
made of rates of fishing and other mortality 
for marked hatchery fish of the 1961 brood. 
Abundant evidence demonstrates, however, 
that marked and unmarked fish of the same 
hatchery differ with respect to total sur- 
vival, maturity schedules, and growth; they 
may differ as well in ocean distribution and 
in natural and fishing mortality. Certainly 
differences in growth, maturation, and 
ocean distribution occur between Kalama 
River and Spring Creek fish, and probably 
among those from other sources. Estimates 
for marked fish cannot be applied directly 
to unmarked fish, nor can estimates for 
Kalama be applied to Spring Creek. For- 
tunately these two stations seem to repre- 
sent extremes among the fall chinook salm- 
on hatcheries. Kalama fish grow more 
slowly, mature later, and range farther 

north than most. Spring Creek fish appear 
to grow as fast as any, mature earlier, and 
few have been recovered north of Van- 
couver Island. 

For the present it is assumed that ocean 
migration and (for the last 3 years of life) 
natural mortality rates are the same for 
marked and unmarked fish. It is not possible 
to test these assumptions, but evidence 
exists that they are reasonable. The earlier 
discussion of returns to hatcheries of fish 
tagged at sea showed that unmarked hatch- 
ery fish were relatively abundant as far 
north as Vancouver Island (Table 23). The 
marks found beyond Vancouver Island were 
mainly of Kalama fish, which did not appear 
to be numerous in Alaskan waters. By far 
the greatest part of the return of marked 
fish from the 1961 brood was from waters 
between the Columbia River and central 
British Columbia. If the distance migrated 
north is related to rate of growth, the 
marked fish would have tended to be some- 
what farther away from the Columbia River 
than the unmarked fish. A moderate shift 
in distributidn might not be evident when 
compared with the few tagged fish that 
were released at sea and recovered at a 
hatchery, but marking caused no massive 
change in the ocean distribution of marked 
hatchery fish. 

If mortality from causes other than fish- 
ing is an inverse function of size, the rates 
should be less for unmarked fish because 
they grow faster. The estimate of M = 0.45 
is based on Kalama fish, which grow more 
slowly than Spring Creek Fish. These con- 
siderations imply that M for unmarked fish 
might be lower at a given age. Should 
additional death due to marking be present 
throughout life, the bias would be increased. 
Because the adult marked fish were about 
the same size as the unmarked fish, at least 
at the hatchery, it is considered that M was 
also similar. Fry's (1961) comments which 
were cited earlier suggest similar natural 
mortality rates between the larger marked 
and unmarked chinook salmon. 

If marked and unmarked fish have 
about the same size and distribution, F 



Table 35. Estimated Ocean Catch in Number and Weight (Kilograms) from 1961- 
Brood Unmarked Fall Chinook Salmon from Spring Creek and Kalama River 
Hatcheries@ 

Estimated ocean catch 

Spring Creek Kalama River 

No. of Average Number Total No. of Average Number Total 

Age fish weighed weight fish weight fish weighed weight fish weight 

2 ....................... 6 3.88 2,179 8,453 0 (3.88) 204 792 

3 - - ~ ~  ................... 315 9.92 52,408 51 9,887 139 7.13 7,964 56,738 

4 .................... 41 21.10 3,9 22 82.754 90 15.39 8,164 125,644 

5 .................. 2 25.60 130 - - - 3,328 18 23.25 1,015 23,599 
- - - -  

Total ....................... ...... 58,639 61 4,423 ...... . .  17,347 206,8 1 8 

@Seasonal average weights of marked (AD-LV-RM and AD-RV-RM) troll caught hatchery fish landed at Vancouver, 
Canada, used for third, fourth and fifth year fish. Averages for Washington sport fisheries used for second year 
fish because the capture was mainly by those fisheries. Weight of troll caught fish adjusted by 100/85 to 
compensate for loss in dressing. 

should be similar for each. Should delay 
in maturity cause an abnormally high dis- 
tribution of marked fish to areas of lower 
fishing intensity, F3 values for unmarked 
fish would be higher. 

Assuming that within each age, distri- 
bution patterns and mortality rates are uni- 
form for a hatchery stock, it is possible to 
estimate the ocean catch from unmarked 
Spring Creek and Kalama hatchery stocks, 
in addition to the returns to the river in 
the absence of an ocean fishery. Because 
the P, values calculated for marked fish 
are too low, values for unmarked fish from 
Table 31 are used instead. 

Estimated Ocean Catch 
Estimated ocean catches for only the 

unmarked chinook salmon of the 1961 
brood from the Spring Creek and Kalama 
hatcheries are given in Table 35. The esti- 
mates were derived from equation (1 7) to 
estimate R3 for fish which were released 
unmarked; R3 is equivalent to R2 e-Zz 
(1 - Pa) and was substituted for the latter. 
P, values were taken from Table 31, M 
was accepted as 0.45, and the appropriate 
F values for the AD-LV-RM and AD-RV-RM 
marks were taken from Table 29. Equa- 
tions (13), (141, and (15) were solved for 
C,. C2 for unmarked fish was estimated 

from the ratio (C2 unmarked) / (Cz marked) 
= (R3 unmarked) / (R3 marked). 

The estimated ocean catch of unmarked 
hatchery fish was greater than the esti- 
mated number of adults that entered the 
Columbia River. The numbers of unmarked 
adults that entered the river (Table 31) were 
estimated to have been 41,381 from Spring 
Creek and 10,722 from the Kalama River 
hatcheries. The respective catches at sea 
were estimated to have been 58,639 and 
17,347 fish. 

Estimated Returns in Absence 
of Ocean Fisheries 

Estimates of the numbers and weights 
of the unmarked 1961-brood fish from 
Spring Creek and Kalama hatcheries that 
would have returned to the Columbia River 
in the absence of ocean fishing are given 
in Tables 36 and 37 for several values of 
M. Numbers entering the river were calcu- 
lated from En = R, e-Zn P,, sta r t i n g 
with n = 3. The R3 values were derived 
from equation (17) as shown above. Then, 
Rg = R3 e-Zs (1 - P3); R5 was obtained 
in the same manner. R3 and P a  for un- 
marked fish were used to estimate Rz 
e-Zz in R3 = R2 e-Zz (1 - P2) before 
estimating E2. Estimated returns with 
M, = 0.45, F = 0 were then used to 



Table 36. Estimated Number and Weight of Unmarked 1961-Brood Spring Creek 
Fall Chinook Salmon that would Have Entered the Columbia River, Assuming 
F = O  

Values of Age 

F and M 2 3 4 5 Total 

Number 
I 

Actual 1,356 23,053 16,759 21 3 41,381 
F O M . 2 4  ....................................... 1,177 44,647 53,547 1,325 100,696 
F = 0, M = .45 .................................. 1,337 41,131 40,038 784 83,290 

............................ 1. F=O,M=.72 1,576 36,924 27,479 397 66,376 
F=O,M=.96 ....................... 1,841 34,009 19,868 225 55,943 

Weight i n  kilograms@ 

Actual ....................................................... 4,041 189,726 197,756 2,886 394,409 
F=O,M=.24 .................................... 3,507 367,445 631,855 17,954 1,020,761 
F=O,M=.45 ...................................... 3,799 338,508 472,448 10,623 825,563 
F = 0, M = .72 ....................................... 4,696 303,885 324,252 5,379 638,212 
F = 0, M = .96 ....................................... 5,486 279,894 234,442 3,049 522,871 

@Average weights from Table 6 for 1961-brood fish. 

calculate the differences in yield due to 
ocean fishing. 

Estimates of catches of 1961 -brood 
Spring Creek and Kalama fall chinook in 
the Columbia River fishery in the absence 
of an ocean fishery were also made and 
are given in Table 38. 

For this table, numbers spawning were 
taken from Table 14, average weights from 
Table 6, and rate of river fishery on each age 

group from Table 31. Historically, the fishery 
for fall chinook salmon in the Columbia River 
has tended to remove a larger fraction of 
the fish returning in their fourth and fifth 
years than of fish in their second or third 
year (Table 31, column 3; 1922 brood in 
Tables 32 and 34). Also, marked fish from 
the Kalama River (which is nearer the ocean 
than Spring Creek) evidently were subjected 
to Jess fishing in the river than were Spring 

Table 37. Estimated Number and Weight of Unmarked 1961-Brood Kalama Fall 
Chinook Salmon that Would Have Entered the Columbia River, Assuming 
F = O@ 

Values of Age 

F and M 2 3 4 5 Total 

Number 

Actual ............................................................. 1,497 7,835 1,390 10,722 
F = 0, M = .24 ............................................. 1,896 20,193 7,236 29,325 
F = 0, M = .45 ........................................... 1,856 15,956 4,615 22,427 
F = 0, M = .72 ............................................ 1,711 1 1,057 2,443 15,211 
F = 0, M = .96 ............................................ 1,673 8,462 1,461 1 1,596 

Weight in  kilograms@ 

Actual ........................................................ 9,192 82,111 20,211 11 1,514 
F = 0, M = .24 ............................................ 1 1,641 21 1,623 105.21 1 328,475 
F = 0, M = .45 ............................................ 1 1,396 167,219 67,102 245,717 
F = 0, M = .72 ........................................... 1 0,506 1 15,877 35,521 161,904 
F = 0, M = .96 ........................................... 10,272 88,682 2 1,243 120,197 

@ ~ v e r a ~ e  weights from Table 6 for 1961-brood fish. 

[651 



Table 38. Comparison (in kilograms) of Estimated Columbia River Catch of Unmarked 1961-Brood Spring Creek 
and Kalama River Hatchery Fish with Potential Catch, Assuming no Ocean Fishery 

Hatchery 
and 

Age 

Estimated kg with F = 0 
M = 0.45 

Average Number Est. kg Catch Col. 7 
Number weight x in 1961 run in river Minus 

spawning (kg) weight to river (kg) Return to river Cot. 4 

Spring Creek Hatchery 

2 ...................................................... 922 2.98 2,748 4,041 1,293 3,984 1,236 

3 ..................................................... 10,374 8.23 85,378 189,729 104,351 338,508 253,130 - 4 ...................................................... 2,849 11.80 33,618 197,753 164,135 472,448 438,830 
0. 
0. 5 ...................................................... 32 13.55 434 2,893 2,459 10,623 10,189 
U 

Total ........................................................ 14,177 ...... 122,178 394.416 272,238 825,563 703,385 

Apparent reduction in yield due to ocean fishing (703,385 - 272,238 - 278,714)/703,242 = 0.217 

Kalama River Hatcheries 

5 ......... J .......................................... 417 14.54 

Total ........................................................ 3,280 ...... 

Apparent reduction in yield due to ocean fishing (21 1,533 - 77,332 - 93,766)/211,600 = 0.191 



Table 39. Weight (kilograms) of Marked 1961-Brood Fall Chinook from Spring 
Creek and Kalama River Hatcheries Taken by the Ocean and River Fisheries. 

Ocean Average Total River Average Total 
number weight weight number weight weighi 

Spring Creek AD-LV-RM 

4 ..................................... 286 9.57 2,737 608 11.80 7,174 

5 ..................................... 8 11.61 93 11 13.55 149 .- 
Total ....................................... 2,466 ...... 12,361 1,091 ...... 11,108@ 

@Other marks = 2.31 x AD-LV-RM = (12,361 + 11,108) x 2.31 = 54,213 kg. total yield to fisheries of marked 
fish is then 12,361 + 11,108 + 54,213 = 77,682 kg. 

Kalama River AD-RV-RM 

3 ..................................... 651 3.23 2,103 32 6.14 196 

4 ................................... 680 6.98 4,746 377 10.48 3,95 1 

5 ..................................... 122 10.54 1,286 121 14.54 1,759 

T o t  ................................... 1,470 --~~-. 8,165 530 ..--.. 5,9060 

@AD-RM = 1.29 x AD-RV-RM = (8,165 + 5,906) x 1.29 = 18,152 kg. Total yield to fisheries of marked fish 
is then 8,165 + 5,906 + 18,152 = 32,223 kg. 

Creek fish. The estimated catch under the 
condition of no ocean fishery (Table 38, 
column 8) assumes that the number escap- 
ing to spawn would remain constant. Yield 
is the return with no ocean fishery less 
the weight of 1961 -brood spawners. 

These tables have several points of in- 
terest. At M = 0.45 and no ocean fishing, 
more than twice as many maturing fish 
would have returned to the river as were 
calculated to have actually entered (Tables 
36 and 37). The number of unmarked 
hatchery fish of the 1961 brood would 
have been 2.01 times as large for Spring 
Creek and 2.09 times as large for the Ka- 
lama River hatcheries. The river survival 
rates from Table 31 lead to the estimate 
that the returns to the hatcheries would 
have increased 2.09 times at Kalama River 
and 1.86 times at Spring Creek Hatchery. 
The larger proportion of third year fish 
escaping the river fishery lessens the change 
at Spring Creek. The calculated potential 
increase in the weight of the fish entering 
the Columbia River under the assumption 

of no ocean fishery is greater than the 
increase in numbers. For Spring Creek, the 
weight of fish entering the river is 2.09 
times as large; for the Kalama Hatcheries 
it is 2.20 times as large. The greater age 
(and weight) at maturity at Kalama is re- 
flected in the estimated increase with no 
ocean fishery; with M = 0.45, 'the ocean 
fisheries reduce total yield in weight about 
19% for Kalama River and 22% for Spring 
Creek fish (Table 38). 

The estimated catches are considered to 
be too low because weights of marked fish 
ret~~rning to the Kalama River and Spring 
Creek were used. The weights were not 
available for the unmarked fish. Further, 
only loss due to capture was considered; 
no adjustment was made for hooking losses 
which tend to increase M. 

M, would need to be about 0.72 for 
Spring Creek fish if the total yield in weight 
were to be equal with and without an ocean 
fishery. The catch of unmarked 1961-brood 
fish was estimated to have been 550,952 kg 
(Table 35, column 9 plus Table 38, column 



6). The estimated catch with M, = 0.72 
and with no ocean fishery was 638,212 kg  
(Table 36, column 6) less weight of spawn- 
ers (122,178 kg from Table 38, column 4) 
or 516,034 kg. 

These calculations can be used to esti- 
mate yields from hatchery fish which are 
the sum of river and ocean catches of 
marked and unmarked fish. The catch in 
kg of marked hatchery fish is in Table 39. 
Numbers of fish caught were taken from 
Table 26, and average weights were taken 
from Tables 6 and 35. Because origins 
for fish with AD-RM and regenerated marks 
were not identifiable in the catch, they were 
considered to have been taken at the same 
rates as AD-LV-RM or AD-RV-RM. The weight 
taken was then estimated by 

weight of other marks caught - - 
weight of AD-LV (or RV) - RM caught 

number of other marks at hatchery 

number of AD-LV (or RV) - RM at hatchery 

The numbers of marked fish that returned 
to the hatcheries are from Table 15. It was 
estimated that the fisheries caught 77,631 
kg of marked Spring Creek fish and 32,233 
kg of marked Kalama River fish. The river 
catches of unmarked fish were estimated 
to have been 272,238 and 77,332 kg; the 
ocean catches were estimated to have been 
278,714 and 93,766 kg, respectively, for 
Spring Creek and Kalama River hatcheries. 
Thus the total estimated yield to fisheries 
from the 1961-brood fingerlings released 
at Spring Creek was 628,583 kg; the finger- 
lings released at the Kalama River Hatch- 
eries are estimated to have ~ i e l d e d  203,33 1 
kg 'to the fisheries. 

Of interest also is the potential yield 
from the 1961 brood at these stations had 
no fish been marked and had there been 
no death from marking. If the catch in 
the fisheries of unmarked fish for each 
station is adjusted to account for the num- 
bers marked, the catch of unmarked fish 
from the Spring Creek Hatchery would be 
multiplied by 1.261 and the Kalama River 
Hatchery's yield by 1.247. The potential 
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yields become 694,750 and 213,359 kg. 
On this basis, the cost of the marking pro- 
gram in terms of lost yield from the 1961 
brood included 66,116 kg of Spring Creek 
fish and 10,038 kg of Kalama fish. 

Effect on Maturity Schedules 
A probable further effect of fishing is on 

the stock itself. At  Spring Creek Hatchery 
the maturity schedule changed between the 
1943 brood and the 1961 brood. This 
change could have resulted from changes 
in rearing techniques, but available infor- 
mation suggests that it reflects alteration 
in the genetic makeup of the fish instead. 

The age and size of Columbia River chi- 
nook salmon at maturity in the wi ld state 
must be the result of selective pressures 
that led to the development of large adults 
at an average age somewhat greater than 
other Pacific salmon. The species adapted to 
its environment in ways that afforded the 
best chance of survival and increase in num- 
bers. Some of the races that developed 
were used for the initial hatchery stocks; 
for these fish the environment changed. 
Factors which had been important disap- 
peared, and hatchery rearing imposed im- 
portant restrictions on survival. The female 
spawners no longer required strength and 
size to deposit eggs in large gravel, for 
example. Chinook salmon in natural circum- 
stances prefer larger streams and tend to 
spawn in deeper water with coarser sub- 
strate than do other species of Pacific salm- 
on. Burner (Figure 5a, 1951) showed that 
in 143 redds examined in the Kalama River, 
41% of the gravel was more than 15.24 
cm in diameter. The strength and weight re- 
quired to dig a nest in the Kalama River 
may have caused selection for the large 
(and somewhat older) females. 

Fishing has placed new selective pres- 
sures on chinook salmon. First, river fish- 
eries developed which were selective for 
larger (older) fish. Later, expansion of ocean 
fisheries, lowered survival with time at sea. 
From the obvious environmental changes, 
fresh water and marine, a shift in the age 
of the hatchery fish toward younger fish 



would be expected if the species is capable 
of making this adiustment. 

Age at maturity and growth rate can 
be made to vary experimentally. Donaldson 
and Menasveta (1 96 1) reported that return- 
ing progeny of 3-year-old parents returned 
earlier than usual for the stock from which 
they came; most of the progeny of unse- 
lected stock returned in their fourth year. 
From parents selected for early maturity, 
438 were in the third year and only 135 
in the fourth. The early return might to 
some extent have been the result o f  good 
early growth, for Donaldson and Menas- 
veta reported that the fish were released 
in May at an average weight of 4.66 g, 
which is perhaps double the weight of fish 
usually released at Columbia River fall chi- 
nook hatcheries. Thus, a change similar to 
that observed at Spring Creek between 
1943 and 1961 was produced in one gen- 
eration by Donaldson and Menasveta. Don- 
aldson (1963) further reported a change in 
four generations from 1.7% to 65.2% ma- 
turity at age 2 in hatchery rainbow trout. 
The diversity in growth and age at maturity 
that continues to exist among Columbia 
River fall chinook salmon is also evidence 
of flexibility of the species in these respects. 
The marked 1961-brood fish from the Ka- 
lama River contained a higher proportion 
of fish in their fourth and fifth years than 
did the marked 1922-brood fish from Spring 
Creek (Tables 26 and 32). 

The present d i f f e r e n c e s  in hatchery 
stocks may have been caused by the se- 
lection of breeding stock and pressure of 
fishing. Ordinarily the hatchery operators 
select as well as they are able for large, 
healthy parent stock. Most fish returning in 
the second year are small males which are 
not used for breeding, yet small males of 
the same age persist among wild spawners 
in Kalama River. The average length of 
four unmarked 2-year-old Kalama River fish 
was 46.8 cm, which is close to the 40 to 45 
cm that is suggested by Rich's (1925) Figure 
14 for 1919 data taken from mixed stocks. 
At Spring Creek which has no natural 
spawning area, the average length of 326 

unmarked 1961-brood fish in their second 
year was 59.4 cm. No small males are 
spawned, and even the youngest are large. 
The eggs are taken from all females which 
return to the hatcheries, but only the larger 
males are used. The age of the males is 
seldom known. Fewer males are needed, 
so genetic factors producing large size, in- 
cluding a tendency for later maturity, might 
persist at low survival rates. Nevertheless, 
the effect of selective pressure toward older 
fish at the hatcheries appears to be over- 
come by lowered river and ocean survival, 
and the net result is in the direction of ear- 
lier maturation. Greater age decreases the 
probability that a female will spawn and 
older males are no more likely to be chosen 
for reproduction than are younger large 
males. 

The change in age at maturity at Spring 
Creek, as has been brought out, was ac- 
companied by fishing and natural mortality 
which may have reduced the survival of 
older fish enough to alter the gene pool so 
that early maturing fish, even with selec- 
tion of large males at the hatchery, have 
become more common. The likelihood of 
survival to spawning was compared for fish 
maturing at 3, 4, and 5 years between 
Spring Creek and Kalama River fish (Table 
40). Mortality rates as estimated for marked 
fish were assumed equal for maturing and 
immature members of an age group. Results 
may underestimate ocean survival for older 
fish, but nevertheless illustrate that later 
maturing Kalama River fish would have 
better survival with the mortality rates used 
than would Spring Creek fish at the same 
age. The last column in Table 40 suggests 
that the advantage of later maturity must 
be greater to compensate for the additional 
loss after the third year. For Kalama, the 
chance of a third year recruit to survive 
to spawn if it matures in its fifth year is 
0.024; for Spring Creek, it is only 0.010. 
The additional fishing pressure on Spring 
Creek fish in the Columbia River makes sur- 
vival less than half of that at Kalama for 
the older fish. The low survival rates for fish 
maturing in the fourth and fifth years should 



Table 40. Expected Survival to Hatchery for Fish Alive at Beginning of Third 
Year of Life@ 

Survival Third year Fourth year Fifth year Survival 
in river survival survival survival to 
fishery at sea at sea at sea hatchery 

Spring Creek 

3 ..................................... 0.45 0.357 ...... ...... 0.161 

4 .................................. 0.17 0.357 0.477 ...... 0.029 

5 ................................. 0.15 0.357 0.477 0.41 1 0.010 

Kalama 

3 .............................. 0.29 0.522 ...... ...... 0.151 

4 ................................. 0.31 0.522 0.395 ...... 0.064 

5 .................................... 0.30 0.522 0.395 0.391 0.024 

@River survival from Table 31; ocean survival with M = 0.45 from Table 29 with instantaneous valves converted 
to annual values. 

force replacement in the stock by younger 
fish more rapidly at Spring Creek than at 
Kalama. 

The relative numbers of eggs produced 
by 3- and 4-year-old females also favor 

I replacement by younger adults. Mature 3- 
year-old fish are about 82 cm long; mature 

I 4-year-old fish are about 92 cm long. Gal- 

I breath and Ridenhour (1964, Figure 2) gave 
an expression that may be used to calcu- 
late the number of eggs in fish taken in 
the Columbia River in August; 82 cm fe- 
males are estimated to have 4,959 eggs, 
and 92 cm females are estimated to have 

I 
5,834. After a 12-year period, beginning 
with one female of each age, assuming 
equal survival from egg to returning adult 

I of 0.001 and assuming that one-half of the 
progeny are females, fish maturing on a 3- 
year schedule would provide 15.24 adults 
to the hatchery but fish maturing on a 4- 

I year schedule would provide only 8.51 fish. 
After 12 years, fish which matured at 3 
years of age would produce 1.79 times as 
many fish for spawning as would a strain 

I 
which matured at 4 years. 

Other evidence supports a hypothesis 
I that change in maturity schedules of chinook 
I salmon is widespread. A decline in survival 
I to older ages is a certain consequence of 

increased fishing mortality, if other mor- 
tality remains constant. However, the de- 

clines in survival from one age to the next 
for data taken between 1919 and 1965 
(shown in Table 30) cannot be readily ex- 
plained by increased fishing. The data admit 
the possibility of a shift to earlier maturity 
schedules for the combined stocks in the 
ocean. The alternate explanation requires 
a substantial increase in natural mortality 
for fish in their third and fourth years. Such 
an increase is possible, but there is no rea- 
son at this time to believe that it exists. 

The data from Van Hyning and Berg- 
man, shown in Table 21, also point to a 
widespread change in maturity schedules. 
The average percentage of mature fish from 
Van Hyning's data (taken mainly in 1954 
and 1955) are lower than the comparable 
averages from Bergman's 1962 data. Only 
Bergman's Westport area samples of fish in 
the third or fourth year may be compared 
with Van Hyning's data. Among the latter 
-and included in the average-are some 
fish taken in June 1962. The frequency of 
maturity for these fish was much higher 
than in the 1954 and 1955 samples. The 
sampling error for Van Hyning's and Berg- 
man's data is unknown. Nevertheless, the 
average ages in Table 21 suggest a change 
to earlier maturity between 1955 and 1962. 

In review, fishing has affected the yield 
and nature of hatchery-reared fall chinook 
salmon. Under the assumptions made, the 



effect of the ocean fishery upon the 1961- 
brood fish from Spring Creek and Kalama 
River hatcheries was to reduce the return to 
the river by half and to reduce the total yield 
in weight by at least 22% and 19%, 
respectively. The combined yield to all fish- 
eries from Spring Creek and Kalarna River 
hatcheries is e s t i m a t e d  to have been 
831,914 kg for the 1961-brood chinook 
salmon; without marking loss, the yield 
would have been 908,109 kg. Failures to 
detect marks, the use of weights from 
marked fish (which are smaller than un- 
marked fish). and similar biases lead to . . 
the opinion that the yields are most likely 
underestimated. The total number of fish 
taken was larger with ocean fishing than it 
would have been without, but the catch 
was com~osed of smaller fish. The differ- 
ence between hatcheries in yield reduction 
by ocean fishing is attributed to the longer 
ocean life of Kalama River Hatchery fish. 
Had there been no ocean fishing, natural 
losses would have removed a larger pro- 
portion of the Kalama fish at sea than 
would have been lost from the earlier ma- 
turing Spring Creek fish. 

Ocean fishing has contributed selective 
pressure to alter the hereditary age at return 
of fish in the Spring Creek stock, as well 
as the age of return for other hatcheries 
and of wild fish. Fishing intensity from all 
sources is so unfavorable for the ~ersist- 
ence of large numbers of older iish at 
Spring Creek Hatchery that the genetic 
makeup of the fish is believed to have 
changed after 1954. Although selection of 
brood stock and altered fresh-water environ- 
ment were necessary to the change, low 
survival of fish maturing in the fourth and 
especially the fifth year of life seems chiefly 

The results of this study emphasize the 
changes that have taken place-in the en- 
vironment of Columbia River fall chinook 
salmon. Ocean environment has obviously 
changed in that death rates from fishing 
are much higher than they were before the 
develo~ment of ocean fisheries. Fresh-water 
enviroriment has changed in essential re- 

spects for hatchery fish; it has also changed 
for wild fish but not in the same manner. 
Thus the wild races and the hatchery races 
are confronted with the need to adapt to 
quite different circumstances, which must 
tend to develop variations in vital charac- 
teristics. 

Summary 
The objective of this report was to esti- 

mate the effect of ocean fishing on the 
hatchery stocks of fall chinook salmon in 
the Columbia River. Releases and returns 
of marked fish of the 1961 brood were the 
principal source of data. Before the problem 
could be attacked, it was necessary to ex- 
amine the different hatchery stocks for uni- 
formity and to examine the effects of mark- 
ing on the experimental fish. A scheme was 
devised to estimate natural mortality, fishing 
mortality, and the proportion of a brood 
year that matures in each year of life. These 
estimates, however, were based on incom- 
plete data. When the cooperative hatchery 
evaluation program is completed, returns 
for all ages will be available and better 
estimates can be derived. The main results 
of this study are listed below. 

1. Fall chinook salmon which return to 
the hatcheries of the lower 290 km 
of the Columbia River, although sim- 
ilar in many respects to wild fish, 
are generally larger at a given age. 

2. Differences are striking among the 
stocks at the va r i ou  s hatcheries. 
Spring Creek Hatchery fish left the 
river earlier, grew faster, and ma- 
tured earlier than did Kalama River 
Hatchery fish. 

3. Marking has a profound effect on 
growth, maturation and survival. 
Growth and maturation are slower 
and percentage return to the hatch- 
ery of marked fish is much lower 
than for unmarked fish. Survival de- 
creases with increasing mutilation. 
Returns of fish marked by removal 
of the adipose fin and the posterior 
end of the right maxillary bone 
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were only 0.48 as high as those 
of unmarked fish. When the ventral 
fin was also removed, returns were 
only 0.28 (Spring Creek) and 0.39 
(Kalama River) as high as for un- 
marked fish. 

The loss of marked fish is partly ex- 
plained by straying, mark regener- 
ation, and delayed maturity. After 
adjusting for these effects, the re- 
turn of marked fish (adipose-ventral- 
maxillary mark) was estimated to be 
0.36 (Spring Creek) and 0.49 (Ka- 
lama) of that for unmarked fish. 

Marked fall chinook salmon from 
the Columbia River hatcheries were 
recovered in the ocean fisheries 
from California to Alaska, but were 
not abundant south of the Columbia 
River or north of Vancouver Island. 
Fish in their third year were smaller 
as distance north of the Columbia 
River increased. The older marked 
fish tended to be farther north. 

The distribution at sea of marked 
1961-brood fish was not the same 
for a l l  hatcheries. Kalama River fish 
were farther north than Spring Creek 
fish with comparable marks. 

Yearly instantaneous natural mor- 
tality of marked fish at sea was esti- 
mated to be 0.45 for fish in their 
third, fourth, and fifth years. 

Estimated instantaneous rates of fish- 
ing varied considerably with mark, 
hatchery, and age, as did the pro- 
portion maturing. 

It was estimated that less than 30% 
of the 1965-brood h at  c h e r y fish 
reached the ocean. About 1 % of the 
marked 1961-brood fish released 
from the hatcheries survived to be- 
gin their third year of life. 

Under the assumptions made, the 
ocean fishery reduced the return to 
the Columbia River of unmarked Ka- 
lama River and Spring Creek Hatch- 

ery fish by about one-half. The esti- 
mated reduction in potential yield 
in weight of fish was about 19% 
for Kalama fish and about 22% for 
Spring Creek fish. 

11. The estimated yield of the 1961 
brood to a l l  fisheries (adjusted for 
marking loss) would normally have 
been more than 213,359 kg from 
Kalama R i v e r  Ha tcher ies  a n d  
694,750 kg f r o m  S p r i n g  Creek 
Hatchery. 

12. The maturity schedule of tlie Spring 
Creek Hatchery stock has changed 
since 1954. The fish now mature 
earlier. 

13. Fishing pressure appears to have 
caused an adaptation of the hatch- 
ery stocks to earlier maturity. 
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