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A study of the population ecology of Columbia River fall chi- 

nook salmon, Oncorhynchus tshawytscha (Walbaum), was made in an attempt 

to determine the cause of a serious decline in this run which occurred 

in the early 1950's. Fluctuations in abundance of major salmon runs 

the North Pacific were examined to detect any coastwide. pattern. 

Only chinook salmon in Cook Inlet, Alaska, and chum salmon from 

Oregon to southwestern Alaska showed a similar trend. The following 

life history stages broken down into pre- and post -decline years 

were examined: (1) marine life including distribution and migration, 

growth and maturity, survival rate, oceanography, and commercial 

and sport fisheries; (2) upstream migration including river fish- 

eries, gear selectivity, size and age composition of the run, es- 

capement, and influence of dams, diseases, and water quality; (3) 

reproduction and incubation including spawning areas and spawning 

and incubation conditions; and (4) downstream migration which in- 

cluded predation, dams; and reservoirs, diseases, flow, turbidity and 

(C+( 

of 



temperature, and estuary life. Salient points of the analysis were: 

(1) a change in the maturity and survival pattern based on tagged 

and fin -clipped fish recovered before and after 1950; (2) a signifi- 

cant negative correlation between sea -water temperature during a 

year class' first year at sea and subsequent survival; (3) a large 

increase in the ocean fisheries coincident with the decline in the 

run; (4) catch -effort statistics of the ocean fishery show a near 

classic example of the effect of overexploitation; (5) estimates of 

the contribution of Columbia River chinook to the ocean fisheries 

based on tag recoveries could be underestimates rather than over- 

estimates; (6) a significant inverse correlation between estimated 

ocean catch of Columbia River fall chinook and numbers entering the 

river; (7) size and age composition of the ocean and river catches 

decreased coincident with the decline in the run; (8) the gill -net 

fishery shows little size selectivity by age, size, or sex in the 

dominant group; (9) fluctuations in abundance of hatchery stocks 

are related to differences in survival between fingerling and adult; 

(10) hatchery, lower river, and upriver populations fluctuate in 

abundance in much the same pattern; (11) optimum escapement is be- 

tween 90,000 and 100,000 adults, a value that was exceeded during 

most years; (12) a highly significant negative correlation between 

numbers of spawners and return per spawner; (13) most of the early 

dams had no direct effect on fall chinook and the decline in pro- 

ductivity occurred when river conditions were relatively stable; 

(14) temperatures at time of migration and spawning for fall 

chinook have not increased enough to be a serious mortality factor; 



(15) little relationship between flow, turbidity, and temperature at 
time of downstream migration and subsequent return was evident ex- 

cept that high temperatures and high flows (and turbidities) tended 

to produce poorer runs during certain time periods; and (16) predation 
and delay of smolts in reservoirs are largely unknown factors, but cir- 

cumstantial evidence suggests that they were not important in regula- 
ting fall chinook numbers during the period of the study. 

Finally, variables that appeared to bear some relationship to 

fluctuations in abundance of fall chinook were submitted to multiple 

regression analysis. For the predecline period (1938 -46 brood years), 
sea -water temperature and ocean troll fishing effort were significant 

variables (R2 = 0.74). For post decline years (l947 -59 broods), troll 

had the most influence on total return with ocean temperature and es- 

capement having lesser effects. For the combined years, troll in- 

tensity and ocean temperature were the significant variables (R2 = 
0.572). Entering interaction of river flow at downstream migration 
with the other variables brought R2 to 0.754 which means that 75% of 
the variability in the returning run could be accounted for by these 
three factors. Return per spawner was so heavily influenced by 

numbers of spawners that the other factors assumed negligible im- 

portance. Equations were derived that predicted the returning run 
in close agreement with the actual run size. Substituting a low 
and constant troll fishing effort in the equation resulted in the 

predicted run maintaining the average predecline level. 

The increase in ocean fishing was the main contributor to 

the decline of the Columbia River fall chinook run as shown by 



correlation, by analogy, and by the process of elimination. To demon- 

strate why other chinook runs have not shown similar declines, it was 

shown that due to several unique features in Columbia River fall 

chinook life history they are exposed to much more ocean fishing than 

other populations. It was emphasized that these conclusions should 

not be extrapolated to the future or to other species or runs of 

salmon. 
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FACTORS AFFECTING THE ABUNDANCE OF FALL CHINOOK 
SALMON IN THE COLUMBIA RIVER 

INTRODUCTION 

The fall run of chinook salmon, Oncorhynchus tshawytscha (Walbaum), 

in the Columbia River supported a large and important commercial fish- 

ery for many years. In the early 1950's, this stock of fish declined 

rather suddenly and drastically and has remained at a low level of 

abundance since that time. This decline is dramatically depicted by 

Figure 1, which shows the commercial landings of chinook salmon in the 

Columbia River for the fall fishing season (August -December) during the 

period 1928 -63. The fishery maintained itself at a high level of pro- 

duction at about ten million pounds per year for many years and even 

appeared to be improving in the early 1940's. In 1949, a sharp de- 

cline began which continued through 1953; then the catch leveled off 

and has now stabilized at two to three million pounds per year. 

Many opinions have been offered for the cause of this decline; in- 

deed, there are as many different theories as there are groups par- 

ticipating in the fishery on the resource. The gillnetters blame the 

offshore trollers, sportsmen, and pollution; the trollers blame the 

gillnetters; sportsmen blame the commercial fishery. Some blame preda- 

tors and natural causes and others the Japanese fishery. That water 

temperature in the Columbia River has risen several degrees due to the 

dams and atomic energy activity is frequently mentioned. Perhaps the 

most frequently heard argument from all quarters is that dams have 

flooded spawning grounds, killed downstream migrants, and created slack 



1930 1940 1950 
Figure 1. Commercial landings of fall chinook salmon in the 

Columbia River, 1G2ú -64. 

1960 

20 

cn 

D 15 o a 
LL. o 

10 
Z o 
J 

5 

o 

o 

E 



3 

water areas which harbor great numbers of scrap and predator fishes. 

However, no one has made a study of the factors affecting the abundance 

of the stock, attempted to prove or disprove any of the hypotheses, 

or suggested a probable order of importance to possible causes of the 

decline. 

The purpose of this thesis is to bring together and analyze all 

available information on the life history and ecology of fall chinook 

salmon in an attempt to learn the possible cause or causes of the de- 

cline. Particular emphasis will be placed on the effect of the ocean 

fishery because preliminary research in this area indicates that it 

may shed light on the dynamics of the population. 
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LIFE HISTORY AND RACIAL IDENTIFICATION 

Life History of Chinook Salmon 

The literature, both scientific and popular, on chinook salmon is 

voluminous, and I will attempt here only a summary, with emphasis on 

studies in other river systems, in order to provide background for the 

more detailed information to follow. This species is commonly called 

king salmon in many areas and spring salmon in British Columbia. 

The chinook salmon is found from Monterey, California, around the 

circumference of the North Pacific Ocean to northern China (Jordan, 

Evermann, and Clark, 1930). It was first described in 1768 from the 

rivers of Kamchatka Peninsula. Based on recent information, Mason 

(1965) gives its range as from Ventura River, California, north to the 

Chukchi Sea in the North American Arctic, and from Hokkaido north to 

the Anadyr River in the Asian Arctic. 

The eggs are spawned typically in the fall of the year, but with 

a considerable range between late summer and early winter. Slater 

(1963) describes a winter -run chinook in the Sacramento River that 

spawns from April into July. 

The spawning act is typical of other salmonid fishes as has been 

described by Burner (1951). The female digs a nest or redd in a suit- 

able gravel bar in the chosen stream. The depth of the redd may vary 

from two to 48 inches, averaging about ten. As the female deposits 

eggs in the redd, they are fertilized by the male. The female then 

covers the deposited eggs with gravel as redd building proceeds up- 

stream. Practically all chinook salmon die after spawning, although 



5 

Robertson (1957) found that precociously mature male parr (less than 

one -year old) which have never been to sea can survive after spawning 

and continue to grow normally. 

The length of time required for eggs to hatch depends on the tem- 

perature of the water. At an average temperature of 50 F they will 

hatch in about 50 days and the fry will absorb the yolk sac in about 

three weeks (Hagen, 1953). The newly hatched larvae or alevins live 

in the gravel of the redd and gradually absorb the food in the ab- 

dominal yolk sac. In the late winter or early spring they emerge from 

the gravel. They are termed fry until they have completely absorbed 

the yolk sac, the abdominal wall is closed, and they assume the typical 

juvenile salmonid form at which time they are called fingerlings. 

Yearlings are those fish which have spent a full summer and winter in 

fresh water and are actually in their second year of life. 

The length of fresh -water residence and the time of downstream mi- 

gration varies greatly. Generally the majority of fingerlings will 

begin their downstream migration in the spring within a short time 

after hatching; the others will remain in fresh water a full year and 

migrate to sea in the spring of their second year as yearlings 

(Gilbert, 1914; Rich, 1920 and 1925; and Clark, 1929). In large rivers 

there is some migration at all seasons of the year. 

The age terminology proposed by Gilbert and Rich (1927) is used in 

this paper. Two numbers are used in this system. The first number 

indicates the year of life of the fish at capture and the second number 

(a subscript) indicates the year of life at seaward migration. The 

subscripts 1 and 2 correspond to the characteristic ocean and stream 



6 

nuclei, respectively, of Gilbert (1914) and Rich (1925). Brood year 

refers to the fall of the year the eggs were spawned; e.g., fish of 

the 1955 brood were spawned in the fall of 1955, but did not emerge 

from the gravel until the spring of 1956. A fish in its fourth year 

at capture in 1960 and which has spent one complete year of fresh- 

water or limnetic life would be designated or or "four sub -two," and 

would be from the 1956 -brood year A fish in its third year that mi- 

grated to sea in its first year would be termed 31. A 31 fish, having 

two annuli, would be in age class II or designated 2+ by some authors 

(Koo, 1962). All reference to age in this report will be to year of 

life (ordinal number), not the number of annuli or cardinal age. 

Almost nothing is known of the young fish in the estuarine and 

marine environments until they are of sufficient size to be taken in 

the fisheries. During their stay at sea they grow rapidly, feeding 

voraciously on the larger planktonic organisms and pelagic fishes. The 

fish enter the ocean sport and commercial fisheries at about 15 to 20 

inches in length during their second year of life (for the sub -ones), 

but are generally released because of size limit regulations. Some 

males will mature as 21's and enter the rivers. These precocious males 

are called "jacks." The rest of the fish will mature at three, four, 

five, or six years varying with race and area. Figure 2 shows a four - 

pound jack (in second year) and a 43 -pound adult (in fifth year) fall 

chinook taken in the gill -net fishery. 

The fish at sea are exposed to the commercial troll fishery, which 

operates from central California through southeastern Alaska and to an 

ocean sport fishery principally off California, Oregon, and Washington. 

42, 



Figure 2. Columbia River fall chinook salmon; a four - 
pound jack and a 43 -pound adult. (Astoria 
gill fishery, August 21, 1964.) 
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Chinook salmon migrate great distances at sea and return to their 

stream of origin to spawn. The home stream theory as applied to 

Pacific salmon hardly needs defending. Rich (1939) defends it on the 

basis of tagging at sea and return of marked (fin clipped) fish to 

the area of release: "The evidence also shows clearly that the Pacific 

salmon return from their life in the sea predominantly to their home 

streams thus justifying acceptance of what is known as the 'home stream 

theory'." Thompson (1951) states: "I do not know the sensory or physi- 

ological basis for this homing, only the fact. This homing habit is 

usually spoken of as a theory, but it is proper to speak of it now as 

a demonstrated fact." 

The mature fish enter the streams mainly from March through 

September, depending on race and area, although there are probably a 

few chinook entering such streams as the Columbia and Fraser every 

month of the year (the Sacramento River has a winter run as noted pre- 

viously). In the northern latitudes the run is much more compressed 

in time -- chinook enter the Taku River in southeastern Alaska in May and 

June (Weberg and Garceau, 1956), while the Yukon River run begins the 

first of June and is over in three weeks (Gilbert, 1922). Commercial 

gill -net fisheries operate in the estuaries of several streams, and 

Indians and anglers seek the jacks and adults in the rivers virtually 

to the spawning beds. Those fish that enter in the spring travel to 

the higher mountain streams and spend the summer in resting holes 

before spawning in the late summer or fall. 

8 
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Runs and Races of Columbia River Chinook Salmon 

The terms "run" and "race" are often used interchangeably, but the 

definitions of Mason (1965) will be used in this paper: "....a 'run' 

is defined as a seasonal appearance of chinook in a coastal or river 

area, first in small numbers which usually increase rather rapidly to 

a peak and then decline, with small numbers sometimes continuing to 

appear for extended periods of time. A traced is defined as a popula- 

tion of chinook salmon which will spawn in a particular river or tribu- 

tary at a particular time of the year. A single race may make up all 

or only part of a run." 

The concept of individual self- sustaining groups of salmon that 

spawn in a particular area and at a definite time has become familiar 

to us. Cobb (1911) was perhaps the first to mention runs in the litera- 

ture although he probably did not appreciate their biological signi- 

ficance. He recognized two runs of spawning fish in the Sacramento 

River: the first or spring run beginning in April, continuing through 

May and June, and spawning in cold -water tributaries such as the 

McCloud and Fall Rivers; and the second or fall run occurring in 

August, September, and October, and spawning in the main river and 

lower tributaries. He also mentions a December run. Fry (1961) con- 

firmed Cobb's segregation of spring and fall runs in the Sacramento 

River and in addition considered the winter fish to be a small but 

separate run. Cobb mentions the Eel and Mad Rivers as having only a 

late or fall run, the Klamath River both spring and fall runs, Smith 

River only a spring run, Rogue River both spring and fall runs, and 



10 

the Umpqua River only an "early" run. "The Columbia River has three 

runs, the first entering during January, February, and March and spawn- 

ing mainly in the Clackamas and neighboring streams. The second, which 

is the best run, enters during May, June, and part of July spawning 

mainly in the headwaters. The third run occurs during late July, 

August, September, and part of October, and spawns in the tributaries 

of the lower Columbia." Cobb stated the chinook run in the Fraser 

River occurs from March to August and other northern rivers have only 

one run of chinook in May and June. However, Gilbert and O'Malley 

(1921) noted two groups of chinook in the Yukon River which were dis- 

tinguished by time of appearance and quality. Even the northern rivers 

may have separate runs or races which could be recognized by careful 

examination of adequate catch and biological statistics. 

Gilbert (1915) recognized the existence of races of sockeye salmon 

in the Fraser River which were identifiable by the number of rings in 

the nuclear area of the scale: "These are most marked, perhaps, be- 

tween salmon inhabiting different watersheds, but undoubtedly exist, 

if in less degree, between those that live for a year or more in 

different lakes belonging to the same river basin. If any possible 

responses are made to these diverse conditions, such may record them- 

selves in the nuclear area of the scales, and if records are made which 

are distinctive in the different districts of a single watershed, or in 

any of these districts, the fish so marked may be recognized when cap- 

tured at maturity whether along the migration routes or on the spawning 

beds." This concept forms the basis for management of the Fraser River 
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fishery (Henry, 1961): each race or spawning population is a separate 

management problem and has its own requirements for maximum production. 

A racial study of Columbia River chinook is needed to aid in the 

management of the fishery. The problem is much more complex than on 

the Fraser River, however, where a relatively few major lakes produce 

the bulk of the fish. On the Columbia the innumerable small natural 

and hatchery populations would provide a complex of scale patterns that 

could well defy distinction. 

Cobb's (1911) description of Columbia River runs still fits fairly 

well, but with the following minor changes: (1) the first run actually 

spawns in upper Willamette River tributaries as well as the Clackamas 

River (the Willamette River run is considered part of the spring run 

although it enters earlier than the main Columbia River spring run);, 

(2) he apparently considered the spring and summer runs as one, as in- 

deed they may have been at that time; and (3) the fall run spawns in 

the main stem of the Columbia and Snake Rivers as well as the lower 

tributaries. The nature of the run segregation can best be shown by 

an examination of Columbia River dam counts. Figure 3 (from U. S. Army 

Corps of Engineers, 1963) shows how the run is segregated temporally at 

Bonneville Dam into what are termed the spring (April -May), summer 

(June -July), and fall (August- September) runs. Figure 3 also shows 

that this segregation is maintained and the runs maintain their iden- 

tity during the migration from Bonneville to McNary dams (147 miles). 

Although the Columbia River chinook population can now be segre- 

gated into three distinct runs, Thompson (1951) presents evidence to 

show that in the early days of the fishery there may have been only one 
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Figure 3. Daily counts of chinook salmon at Bonneville and IcNary Dams, 1963. 
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continuous sustained run from late April into August. He examined sta- 

tistics from cannery landings as given by Smith (1895) to arrive at 

this conclusion, viz., average daily catches for 11 gill -net fishermen 

at one cannery in 1876 and average catch per boat for four gillnetters 

in 1892-93. In those years, fishing was carried on only to August 10 

so the fishery sampled only the earliest arrivals of the fall run as 

we know it today. Thompson (1951) further showed how the June -July run 

declined and by 1919-20 (Smith, 1921) the August run was of over- 

whelming importance. Thompson believed this was due to the intensive 

exploitation of the unprotected summer run while the fall run received 

the benefit of a closure to fishing from August 25 to September 10; in 

addition, the fish were not in market demand until later. Likewise, 

the early spring run was protected by a March -April closure and main- 

tained itself. Even though the individual runs were not distinguish- 

able in the early fishery, they undoubtedly existed, but were masked 

by overlapping timing. It was not until the great summer run was de- 

pleted that the spring and fall runs became clearly recognizable. 

The fall run is here defined as those chinook entering the 

Columbia River from July 29 through November and passing Bonneville 

Dam from August 16 through November. There is some overlap with the 

summer run in late July although the numbers of fish involved are 

small. 

Undoubtedly, the fall run could be subdivided into races spawning 

in particular streams or areas, but the subject of racial identifica- 

tion has not been studied and is little known. One complicating 

factor has been the large artificial propagation program with its 
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promiscuous transplanting of eggs and fingerlings between hatcheries 

and streams. I suspect that the chinook found in lower Columbia River 

tributaries are now largely a homogenous population with identifying 

racial characteristics lost through forced interbreeding. 

Persons faimilar with the Columbia River fishery recognize two 

groups of fall Chinook -- bright fish and dark fish or "tules." Bright 

fish are, as the name implies, bright and silvery or just beginning 

to acquire a greyish tinge when they enter the river. Dark fish or 

tules are already dark when they enter the river or even when taken 

in the ocean off the mouth of the Columbia. They have a character- 

istic brown coloration and the males have a humped back and hooked 

snout with enlarged teeth. Figure 4 shows a bright chinook (bottom) 

and two tules taken in the gill -net fishery. It is generally believed 

that the bright fish spawn in the upper Columbia and Snake Rivers 

above the reservoir of The Dalles Dam while the tules spawn in tribu- 

taries below that point. Observers at McNary Dam note that some 

fall chinook are still bright at that point, and are undoubtedly 

destined for the upper reaches of the system, while others are dark and 

probably spawn in that locality. There may actually be three major 

races of fall chinook: (1) the bright or upper river race spawning 

in the upper reaches of the Snake and Columbia Rivers; (2) the race 

which spawns in the main stem of the middle Columbia and Snake; and 

(3) the tule or lower river race which spawns in the tributaries below 

The Dalles Dam. 
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Figure 4. Bright (lower) and dark (upper two) Columbia River 

fall chinook. (Astoria gill -net fishery, August 21, 

1964; gill -net marks are plainly visible on the 

fish.) 
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The dark fish or tules are notably poorer in quality than the 

bright fish, having low oil content and pale flesh, and are often 

sorted from the fishermen's catches and paid for at a lower rate. 
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REVIEW OF POPULATION FLUCTUATIONS IN OTHER SALMON RUNS 

We will briefly review the trends of abundance of other salmon 

runs before examining in detail the Columbia River fall chinook run. 

This review has two purposes: (1) to see if there is any detectable 

pattern to fluctuations of Pacific salmon populations or if other runs 

or races have histories similar to that of Columbia River fall chinook, 

and (2) to learn what factors other biologists may have proposed as 

being responsible for fluctuations or declines in abundance. 

I am indebted to the Fish Commission of Oregon, Washington Depart- 

ment of Fisheries, California Department of Fish and Game, Alaska 

Department of Fish and Game, and U. S. Bureau of Commercial Fisheries 

for various unpublished reports, statistical data and fish counts, 

and for permission to use them. Some of the interpretations of the 

data presented are from these reports, but most are my own. Other 

sources of information are noted. 

Only a few of the more significant trends can be presented here, 

but in the course of the study I graphed or examined most of the 

available statistical data on North American salmon runs. An attempt 

was made to use actual counts or indices of population abundance, 

where available, rather than catches. The pertinent figures are 

plotted on semi -log paper to dampen the rather large fluctuations and 

show the trends more clearly. The year 1938 was chosen, rather arbi- 

trarily, to begin the series, as that was the year fish counting began 

at Bonneville Dam and good enumerations of Columbia River salmon became 

available. 
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Chinook Salmon 

The Sacramento -San Joaquin River system of California is the 

southern -most drainage containing chinook salmon in significant 

quantity. The salmon canning industry had its beginnings here about 

a century ago and the river commercial fishery produced catches up 

to ten million pounds in the early days. There were periods of high 

abundance from 1880 -83, 1907 -10, 1917 -20, and 1944 -47 followed by 

varying periods of low abundance. As late as 1945 and 1946, over 

five million pounds were landed, but in many years less than one 

million pounds were caught and, after increasing restrictions, the 

fishery was closed completely after 1957. Figure 5B shows the annual 

poundage landed in this fishery for the period 1938 -57 (Pacific Salmon 

Inter -Agency Council, PSIAC, 1966). Rather violent fluctuations exist 

but, except for the final year (when the fishing area was severely 

limited), no particular decline is evident for the period shown. 

It is interesting to read Clarkts (1929) review of the Sacramento - 

San Joaquin salmon fishery. At that time it had declined steadily 

from about six million pounds in 1918 to about one -half million pounds 

in 1928 and he states: "The catch in California has fallen off very 

rapidly in the last few years and will doubtless continue to decrease 

in the years to come." "It is a foregone conclusion that the salmon 

fishery of the Sacramento -San Joaquin rivers is depleted. The facts 

brought forth in this paper prove and strengthen the case. The great- 

est single cause, and certainly the most important, is without doubt 

the extensive overfishing during the last fifteen or twenty years. 
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The salmon fishery has been carried to the ocean without sufficient 

regulation or control." Clark presented data on egg takes at the 

hatcheries which had declined greatly since 1905. Some people had sug- 

gested artificial propagation as one of the causes of depletion, but 

he dismissed this: "There is no evidence on either side conclusive 

enough to warrant making a definite statement as to the success or 

failure of artificial propagation." Although Clark lists overfishing 

as the principal cause of depletion he also notes that, even then, 

obstructions had cut off 5,500 miles of suitable and available spawn- 

ing grounds, reducing the spawning area 80% to about 500 miles. The 

decline that Clark was witnessing lasted another 15 years, then, in 

spite of Clark's dour prediction, increased to over six million pounds 

by 1946. Fry (1949) attempted to explain the improvement: "There have 

been some successes in the numerous battles against the unwanted by- 

products of civilization, but these victories have not been enough to 

explain any great increase in the numbers of salmon. The most logical 

answer would seem to be that there has been a period of unusually 

favorable conditions in the ocean and that these conditions have per- 

mitted the survival of an unusually high percentage of the young fish." 

The ocean catch off California in numbers of fish (combined sport 

and commercial) is shown in Figure 5C (PSIAC, 1966). A healthy level 

of production is indicated. Fry and Hughes (1951) showed that the 

California ocean fishery was largely dependent on Sacramento -San 

Joaquin stocks. 

The estimated escapement of fall chinook into the Central Valley 

of California is shown in Figure 5D (PSIAC, 1966). Again there was 
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great fluctuation but no persistent decline, although the short term 

trend shown does not allow conclusions to be drawn. 

Several California coastal streams have important runs of chinook 

but good measures of their abundance are not available. The PSIAC 

(1966) gives the counts for the Klamathon Rack on the Klamath River 

(Figure 51; it is believed that most of the chinook spawn above this 

point) and at several other dams, but spawning below the racks, fluc- 

tuating water levels, and changes in rack locations have affected the 

other counts to varying degrees. 

The commercial river fishery on Oregon coastal streams was grad- 

ually reduced over the years and finally eliminated after 1956. Spawn- 

ing ground counts in fall chinook per mile on selected index areas 

(Figure 5M, Isaac, 1966) suggest a slight increase in abundance since 

1953. 

Counts of spring chinook at dams on the Rogue and Umpqua Rivers 

are given by the Oregon State Game Commission, Fishery Division Annual 

Reports, and are shown in Figure 5G and 5J. Umpqua spring chinook have 

increased since 1946, while Rogue River spring chinook declined from 

the early 19401s to the late 1950's, but now appear to be increasing. 

The Columbia River has long been noted as having the largest run 

of chinook salmon in the world. Annual catches of 20 to 40 million 

pounds were taken from 1875 into the mid- 19201s when a decline in pro- 

duction started that has continued to the present. The decline was in 

part due to the loss of major spawning areas of the spring and summer 

runs. Many spawning streams in the upper Columbia and Snake river 

basins were completely lost to production during this time because of 
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dams which had little or no fish passage facilities. Overfishing was 

also an important factor, especially when compounded with a decreasing 

environment. Detailed information on the status of each segment of the 

run has been available since 1938 when fish counting began at Bonneville 

Dam. This count plus the commercial catch below Bonneville is con- 

sidered a reasonable estimate of the run size for those populations 

spawning mainly above Bonneville. The following information on 

Columbia River runs is taken from a joint Fish Commission of Oregon - 

Washington Department of Fisheries (FCO -WDF) report "The 1966 Status 

Report of the Columbia River Commercial Fisheries" January 1967. 

The trend of the upper Columbia River spring chinook run was 

sharply upward from 1944 to 1952 with a leveling off since then 

(Figure 6). This stock appears to be holding its own in the face of 

increasing adversities, due partly to the fact that the majority of 

the fish spawn in the upper reaches of the watershed, often in isolated 

areas. The Willamette River, Oregon, supports a run of spring chinook 

averaging about 50,000 annually. The size of the run shown in Figure 6 

is computed by summing the sport catch in the lower Willamette and the 

count at Willamette Falls fishway. This run appears to be maintaining 

itself despite poor passage facilities, pollution problems, and loss of 

spawning areas. The Columbia River summer chinook run (Figure 6) was 

seriously reduced by overfishing in the late 1930's and early 1940's. 

A closure in late May and early June increased the escapement, and 

subsequently the run increased until it reached a peak in 1957. Since 

1957 the trend has been steadily downward. The Columbia River fall 

run is shown here merely for comparative purposes and will be 
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discussed in great detail in other sections of this study. Obviously 

its trend bears no relationship to the other runs; in fact, the up- 

river spring and summer runs were increasing while the fall run was 

decreasing. 

The chinook fishery in Grays and Willapa Harbors, Washington 

(Figure 5H, combined Washington coastal river landings from Robison, 

Ward, and Palmen, 1965), appears to be maintaining itself and has shown 

no decline in recent years. These figures include estimates of the 

Indian catches in Olympic Peninsula streams. Spawning ground index 

counts (from PSIAC, 1966) in fish per mile (Figure 5L and N) show a 

decline since 1956 for Grays Harbor, but a level trend for Willapa 

Harbor. 

The commercial chinook fishery in Puget Sound is complicated by 

various types of gear, by changing and generally increasing restric- 

tions, and by increasing sport and Indian fisheries. The escapement 

index in fish per mile is shown in Figure 5K and indicates a level of 

escapement considerably above Oregon and Washington coastal streams 

(PSIAC, 1966). 

Only three rivers in southeastern Alaska produce chinook salmon 

in any quantity --the Alsek, Taku, and Stikine Rivers. Annual catches 

by the Taku River gill -net fishery from 1907 -27 and 1945 -58 are given 

by Weberg and Garceau (1956) and Alaska Department of Fish and Game 

(1958). No evidence of depletion is revealed by these statistics. 

The chinook run in Cook Inlet has shown a drastic decline since 1951; 

from a catch of 188,000 fish in 1951 to 20,000 in 1961 (Figure 5F, 

from International North Pacific Fisheries Commission, INPFC, 1962, 
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and Kasahara, 1963). In 1964 this decline resulted in a complete clo- 

sure for both commercial and sport fishing in the entire Cook Inlet 

area. Yancey and Thorsteinson (1963) give further information on the 

Cook Inlet chinook run and show the catch to have built up slowly to 

a peak in 1951 followed by a rapid decrease and, from an analysis of 

catch -effort data, the decline in catch to be due to decreased abun- 

dance of fish and not to restricting regulations. The authors are 

rather cautious about ascribing a cause to the decline in abundance, 

but state: "The personal -use and sport fisheries are important fac- 

tors affecting king salmon runs. ", and "The pattern of spawning run 

behaviour, that of schools splitting into smaller and smaller groups 

into smaller and smaller streams, may be linked to the present de- 

cline." It is difficult to see any connection between Cook Inlet and 

Columbia River chinook even though they show similar trends. The two 

areas are separated by some 1,800 miles of coastline and the fish 

differ greatly in life history. Yancey and Thorsteinson (1963) found 

that Cook Inlet chinook migrate to the ocean during their second year 

of life, mature largely at four, five, and six years, and enter the 

streams during May and June (we would term them spring chinook). 

Columbia River fall chinook, on the other hand, leave fresh water 

during their first year, mature predominantly at three and four years, 

and return to the river during August and September. In addition, Cook 

Inlet stocks are not exposed to an ocean troll fishery like those from 

the Columbia River. 
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In the Yukon and Kuskokwim Rivers the commercial fisheries are in 

the initial stages of exploitation and chinook landings are increasing. 

Milne and Godfrey (1964) give the catch of chinook salmon in the 

British Columbia fisheries. Of primary interest in this analysis is 

the catch of the gill -net fishery which should reflect to some extent 

the numbers of fish entering British Columbia rivers. Pertinent data 

graphed in Figure 5E show a steady trend for the total Canadian gill - 

net landings. However, the fishery of the Fraser River alone shows a 

steady decrease from 1945 to 1962 (Figure 5A). The fishing effort on 

the Fraser River is severely restricted at times due to management 

needs of the much larger sockeye and pink salmon runs. Fishermen's 

strikes also influence the catch. It is difficult to say from these 

data whether there has been any real change in the abundance of the 

stock. 

The catches of the ocean troll and sport fisheries north of 

California will be discussed in detail later as these fisheries affect 

and are affected by the abundance of Columbia River fall chinook. In 

summary, the status of most North American chinook stocks in recent 

years is surprisingly good considering the loss of spawning and rear- 

ing areas, dam problems, and the deterioration of the environment with 

the advent of civilization. Of course, the large runs produced by 

streams in their primitive state which were typical of the early 

fisheries on the Sacramento, Columbia, and coastal rivers will prob- 

ably never be realized again. Nevertheless, at the present levels of 

abundance and during the time period analyzed, most runs seem to be 

holding their own, if rather precariously at times. Two notable 
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exceptions are the Columbia River fall run (and those offshore fish- 

eries dependent on it) and the runs to Cook Inlet, Alaska. The 

Columbia River summer run also has been the cause of some concern in 

recent years. 

Coho Salmon 

Coho salmon (O. kisutch) are generally of minor importance in 

California and the troll landings are maintaining a level trend. 

Counts at dams and racks on the Mad and Eel Rivers show declines, but 

the counts are affected by water conditions and spawning below the 

counting facilities (Fry, personal communication, 1964). Oregon troll 

production (Figure 7B) has maintained a fluctuating, but generally 

level trend. Very recent landings (not shown) have exceeded the high 

values of the early 1930's (Cleaver, 1951). Van Hyning (1958) showed 

that this fishery was largely dependent on Columbia River and Oregon 

coastal river coho stocks. Commercial gill -net landings in Oregon 

coastal rivers declined during the period 1945 -56; increasing re- 

strictions played an important part in the decline of the river fish- 

eries, but there still appeared to be a true decrease in the coho 

populations from the levels affording the high landings of the 1930's 

(Cleaver, 1951 and Gharrett and Hodges, 1950). The fishery was closed 

in 1957, except for Tillamook Bay. Spawning ground counts since 1950 

show a steady trend (Figure 7J, from Isaac, 1966). 

The coho fishery for the Columbia River declined rather steadily 

from 1938 to 1959, but after reaching a low point shows a strong re- 

covery in recent years (Figure 7C). This coho population is 
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undoubtedly affected by the large troll and sport catch off the mouth 

of the Columbia and hatchery production has made an important contri- 

bution to the run, especially in recent years. Escapement counts on 

early -run coho indicate a decrease since 1952 (not shown) while late - 

run fish show a more or less level trend since 1948 (Figure 7L, from 

FCO -WDF, 1967). 

Combined Grays and Willapa Harbors commercial gill -net landings 

of coho (Figure 7G, from Robison et al., 1965) show a slight decline 

in production since 1952 while two indices of escapement (PSIAC, 1966) 

reveal a somewhat conflicting pattern. Coastal Indian catches are not 

included in these statistics. The Washington troll fishery (Figure 7A, 

Robison et al., 1965) has evidenced a fluctuating but generally level 

trend through the period 1938 -64. 

As with chinook, the analysis of Puget Sound commercial catches 

of coho are complicated by varying gear, fisheries, and restriction, 

but have remained relatively constant since 1935. Escapements as 

indicated by index area counts, (Figure 71, PSIAC, 1966) since 1951 

have not yet shown a definite trend. 

Milne and Godfrey (1964) state that British Columbia troll coho 

catches have increased and remained at a high level and catches by 

gill nets and purse seines have been constant. Figure 7D (taken from 

their Table 11 for the total catch) confirms this statement; however, 

their Table 12 shows a decline in District 1, the Fraser River. No 

explanation is offered. Larkin and Ricker (1964) consider the resource 

to be in satisfactory condition, but no increase in yield is likely. 
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The Alaska troll fishery for coho fluctuates greatly and shows 

considerable decline since 1950. Likewise, the total fishery, both 

net and troll, in southeastern Alaska shows a severe decline between 

1938 and 1964 (Figure 7E, from Kasahara, 1963 and PSIAC, 1966), but 

with some evidence of recent recovery. 

In Cook Inlet (Figure 7F, from INPFC, 1963) the coho catch has 

fluctuated greatly, but did not decline like the chinook catch. 

In summary, the status of coho salmon is somewhat variable. 

Stocks in Oregon and Washington coastal rivers and the Columbia River 

are apparently depressed from the early years, but are maintaining a 

satisfactory level of production and escapement, with substantial 

increases in some cases. Puget Sound and British Columbia stocks are 

generally considered to be healthy, while southeastern Alaska catches 

have declined rather sharply since 1951, but now appear to be recover- 

ing. The Cook Inlet catch shows no decline. An important factor in 

the coho picture is the sport catch after 1950. With two exceptions 

it has been increasing: these are Puget Sound and British Columbia, 

where increases in size limits occurred and probably reduced the catch 

of small coho. In Washington the percentage of the sport catch to the 

total catch increased to 25% and in British Columbia to 8.5% (Milne 

and Godfrey, 1964). 

Chum Salmon 

Chum salmon (O. keta) are of particular interest since some of 

their life history patterns and habitats are similar to fall chinook. 
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Tillamook Bay, Oregon, is the southernmost area having a commercial 

fishery for chum salmon; however, the run in this area has virtually 

disappeared as a. commercial entity (Figure 8D). Landings declined 

from 2.6 million pounds in 1942 to 12,000 pounds in 1960, and spawn- 

ing escapements declined simultaneously. The fishery was closed in 

1962 and has not been reopened because of the low run. Henry (1953) 

found a relationship between chum landings and the minimum stream 

flow between January 15 and March 20 three years previous. His study 

did not include the period of decline, however. Oakley (1966) found 

no evidence demonstrating that overfishing had occurred in Tillamook 

Bay and the fishery was not the primary cause for the decline. He 

showed the similarity between several areas and concluded "...that some 

factor or factors affecting the Tillamook Bay stocks are also influ- 

encing the larger populations to the north." Destruction of spawning 

habitat in Oregon is thought to have contributed to the decline. 

The situation is very similar on the Columbia River where the 

catch declined from 5.2 million pounds in 1942 to 15,000 pounds in 

1960 (Figure 8C). November, the month of greatest chum production, 

was closed to fishing in 1959, so only the earliest arrivals are 

presently harvested. 

Escapement counts have increased somewhat on both river systems 

(Figure 8L and J), with the virtual cessation of commercial fishing, 

but this has not as yet resulted in any improvement in the run. 

The cause of the decline in Columbia River chum is not known, but it 

has been suggested that some widespread, probably oceanic, factor has 

affected the stock. The similarity between the trends of Tillamook 
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Bay and Columbia River chum salmon is striking. Chum landings in Grays 

and Willapa Harbors have shown some decrease in recent years (Figure 8G, 

from Robison et al., 1965, Indian landings are not included), but 

nothing approaching the catastrophe on the Columbia River and Tillamook 

Bay. Escapements since 1951 in Grays Harbor have also shown some 

decline (Figure 8K), but none is evident for Willapa Bay (Figure 81, 

PSIAC, 1966). 

The Puget Sound chum fishery (Figure 8F) is considered depressed 

in comparison to former years, and the low abundance has necessitated 

severe restrictions in fishing seasons and open areas (Robison et al., 

1965). It is interesting to note that the peak catches generally cor- 

respond in Tillamook Bay, the Columbia River, Grays and Willapa Harbors, 

and Puget Sound, although they have become depressed or nonexistent in 

recent years on Tillamook Bay and the Columbia River. 

Total chum catches in British Columbia (Figure 8E, plotted from 

Kasahara, 1963) have declined considerably since 1954. Larkin and 

Ricker (n.d.) state: 

and 

"Most chum salmon stocks are not today at a satisfactory 

level of yield, in relation to their past performance. 

The problem is principally one of maintaining adequate 
seeding of nursery streams. In particular, chum salmon 

stocks seem unable to withstand a double fishery --once on 

their migration route, and again near the mouths of their 

spawning rivers where they often assemble in large schools 

awaiting favourable water conditions." 

"While an unfavourable marine environment may have con- 

tributed to recent poor supplies, there is a pressing 

need for larger seedings of the spawning beds in most 

parts of the province." 
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I might point out that Columbia River fall chinook also endure a double 

fishery --on the high seas and again in their spawning rivers. 

Chum catches have decreased since the early 1950's in southeastern 

Alaska (Figure 8B, from Kasahara, 1963), but not in central and west- 

ern Alaska (Figure 8A). In order to avoid overlapping and confusing 

lines, the Alaska catches are shown on a different scale and are not 

comparable with the other trends; actually the southeastern Alaska 

catch closely approximates the British Columbia catch. The individual 

components of central and western Alaska -- Prince William Sound, Cook 

Inlet, Kodiak, Chignik, and the Alaska Penisula --all show a level or 

increasing trend. 

It is generally believed that the Asian catch of chum salmon is 

declining. Figure 8H (plotted from Kasahara, 1963) indicates that such 

is the case, at least since 1955. Since the annual catches are in the 

magnitude of 30 -50 million fish, the scale has been changed to permit 

their inclusion on the graph. This picture is complicated by the de- 

cline of the fisheries during World War II and the advent of the 

Japanese mother -ship fishery later. Semko (1961) shows a drop in 

total Asian chum salmon production, in the average catch of the 

Kamchatka stock, and in the escapement to the Bolshaia River ( "a 

typical spawning area "). He believes that this is due to the Japanese 

ocean fishery: "Without going into detail concerning climatic changes 

in the region inhabited by the Pacific salmons, I will point out only 

that shifts in climatic conditions of a sort that might cause the ob- 

served reduction in abundance of salmon have not as yet been observed. 

This further emphasizes the fact that at the present time the scale and 
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intensity of the salmon fishery represents the basic factor in the 

decrease in survival rate of these fish." 

In summary, chum salmon runs from Oregon through southeastern 

Alaska have generally declined, some rather severely and all quite 

uniformly, beginning in the early 1950's. Asian catches have also 

decreased in recent years. Only stocks in central and western Alaska 

have not declined. This suggests that an environmental change --most 

likely marine because of its widespread nature --has affected the 

species adversely. Note that the steepest slope in the trend line 

occurs at the southern limit of its range -- Tillamook and Columbia-- 

where the species might be least adapted and where conditions might 

be marginal for the population to thrive under stress. 

Overfishing cannot be ruled out as a cause of the declines, 

but it is difficult to conceive of a situation whereby all the runs 

are overfished simultaneously after a considerable period of satis- 

factory production. Perhaps the unfortunate combination of a series 

of unfavorable years for reproduction, or marine survival, coupled 

with a moderately intense fishery, depressed the populations to low 

levels from which they are having difficulty in recovering. Their 

niche may now be occupied by some other species, a classic example 

of which is the Pacific sardine (Sardinops caerulea) and northern 

anchovy (Engraulis mordax) as described by Murphy (1966). 

Pink Salmon 

Pink salmon (O. gorbuscha) are native to streams from Puget 

Sound northward, but are taken at times in the offshore troll fishery 

along the Washington and Oregon coasts. This species exhibits erratic 

and generally unpredictable fluctuations by cycle and area. 
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Since 1915, Puget Sound pink salmon runs have had three periods 

of abundance and decline. They run predominantly in odd years and 

only those are shown in Figure 9E (from Robison et al., 1965). A long 

period of decline may have ended with the excellent 1963 catch. 

Larkin and Ricker (n.d.) give British Columbia pink catches in 

pounds, averaged over four -year periods (Figure 9B). This procedure 

smooths out the extreme fluctuations and the overall trend is slightly 

upward. They state: While the trend of British Columbia total pink 

salmon production has been remarkably steady for a long period of time, 

this average picture conceals important changes and variability within 

individual years." They feel that production could be increased in 

some areas if adequate spawning stocks could be restored. 

The pink salmon fishery in southeastern and central Alaska has 

fallen steadily since the 1940's (Figure 9C and D, from Kasahara, 1963). 

An important component of the central Alaska picture is Prince William 

Sound, for which estimated total run figures are available from the 

Alaska Department of Fish and Game (Figure 9E, unpublished report, 

1964). This run appears to be recovering from a low period of abun- 

dance in the 1950's. 

Royce (1962) presents an account of pink salmon fluctuations in 

Alaska from the beginning of the fishery until 1960. Present Alaska 

production is only about 20% of the level once sustained- -a decline 

from about 240 million pounds in 1922 -42 to about 50 million annually 

in recent years. His figures show catches in southeastern Alaska in 

the 1920's and 1930's greatly in excess of those in Figure 9. Royce 

notes a trend toward production later in the season and states: 
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"Consequently, it appears that the earliest runs were subject to the 

heaviest fishing pressure and these have declined most severely in 

production. This fact alone is a positive link between heavy fishing 

and declining runs. Apparently the process which started around 1920 

of fishing later and later runs continued until there were no more late 

runs to harvest. Then came the great decline." It is apparent that 

Royce considers overfishing the primary cause of the decline of Alaska 

pink salmon. 

Asian production (Kasahara, 1963; Figure 9A) shows a lower level 

of production prevailing since about 1945 than prior to that time but 

the drop is not as pronounced as in North American stocks. Semko 

(1961) considers this to be a result of Japanese ocean fishing, the same 

as for chum. 

In summary, the coastwide United States catch of pinks, dominated 

by Puget Sound and Alaska, has been decreasing since the late 1940's, 

but a rising trend is shown in recent years. Other areas, such as 

British Columbia and Asia, exhibit little decline. The causes for the 

fluctuations are not apparent, but overfishing, according to some ex- 

perts, played an important part. 

Sockeye Salmon 

Sockeye salmon (O. nerka) are found from the Columbia River north- 

ward through Bristol Bay. Sockeye have a different life history from 

chinook in that they use a lake for juvenile rearing and often show 

strong cyclic dominance. The Columbia River run is presently of small 
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magnitude since the bulk of the spawning and rearing areas were lost 

with the construction of Grand Coulee Dam. No definite trend appears 

in the run size since 1938 (Figure 10D). 

An Indian fishery on the Quinault River (Figure 10E, Robison 

et al., 1965) on the Washington coast shows some evidence of decline, 

although variations in fishing effort may be partly responsible. 

The history of the Fraser River sockeye fishery is well known 

and need not be repeated here. A long period of serious depletion 

began in 1910, but through fishway construction and scientific manage- 

ment the runs are now going through a sustained recovery period. 

Larkin and Ricker (n.d.) state: "When the present phase of poor marine 

survival is past, new record catches may be expected." The Skeena 

River in British Columbia has experienced a decline which they attri- 

bute to overfishing during 1915 -35, forest fires, and a rock slide in 

1951 which blocked spawning runs. "Skeena River sockeye successfully 

overcame the effects of two years' stoppage by a rock slide, but poor 

marine survival has as yet prevented really large harvest from this 

area. Other sockeye areas continue at near- average levels of produc- 

tion." 

Sockeye salmon have been declining in abundance along with the 

four other species in southeastern Alaska (Figure 10B, from Kasahara, 

1963). On Kodiak Island, the sockeye runs show a continued downward 

trend. Figure 10C shows the Karluk River run, which accounts for 

nearly half the Kodiak Island landings; it was much greater prior to 

the period shown on the graph. The PSIAC (1966) says: "In spite of 

a long research program there is still no clear explanation for the 
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extended severe decline. It is known that the fishery impact was very 

intense in the early part of the century, but more careful management 

in later decades has not restored the earlier productivity. There is 

good reason to believe that the red salmon racial composition has 

been radically changed affecting basic fecundity." Rounsefell (1958) 

made a thorough study of the Karluk River sockeye run in an attempt 

to define the factors causing the decline. He states in his abstract: 

"The general decline in abundance can be ascribed to a lower survival 

rate from spawner to returning adults in recent years. There is 

evidence that this lowered survival rate results partially from sea- 

sonal distribution of escapement and partially from heightened mor- 

tality of the young during fresh -water residence. At least a portion 

of the general decline is tentatively ascribed to heightened predation 

in recent years since destruction of the former cyclic character of 

the runs has lessened natural control of predators through a reduced 

amplitude of the oscillations in number of spawners." He ruled out 

climatic factors since there was no general change, and could not 

confirm a drop in lake fertility. Thus, he hypothesized that fishing 

and the management process of favoring a constant high escapement in- 

directly was a factor by destroying the high and low cycles. Ward and 

Larkin (1964) suggest that a predator -prey relationship is responsible 

for cyclic dominance in Adams River sockeye. 

The Bristol Bay sockeye runs are tremendously large and too com- 

plex to cover in this brief survey. Total landings as shown in 

Figure l0A indicate a downward trend. The following statement is made 

by the PSIAC (1966): "In spite of the large peak Bristol Bay runs in 
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1960, 1961 and 1965 recent years have demonstrated runs fluctuating 

more widely in abundance and on a lower average than in the earlier 

years of the fishery." 

In summary, the total production of sockeye salmon over the his- 

tory of the fishery has been downward, particularly in the northern 

part of the range. Production has increased in Puget Sound and 

southern British Columbia, largely due to restoration of the Fraser 

River. 

Summary 

Although there have been many instances of declining runs, par- 

ticularly over the long -term trend, the decline in the Columbia River 

fall chinook run has little parallel among Pacific salmon stocks. 

Other large runs have declined for a time, then built back to at least 

reasonably satisfactory levels if not to their historical highs; e.g., 

Columbia River spring chinook and coho, Fraser River sockeye, and 

Prince William Sound pinks. Others, such as Tillamook Bay and Columbia 

River chum , Kodiak Island sockeye, and several species in southeastern 

Alaska have declined and show little sign of recovery. Based on avail- 

able statistics, the runs which evidence the greatest similarity to 

Columbia River fall chinook are Cook Inlet chinook, Tillamook Bay and 

Columbia River chum, Puget Sound chum, and southeastern Alaska pink, 

chum, and coho. 

There appears to be little pattern to the fluctuations in abun- 

dance. Southeastern Alaska species are universally depressed, but 
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areas to the north and south may or may not be. Chum stocks in both 

Asia and North America generally are declining and, because of the 

widespread nature of this occurrence, changing oceanographic con- 

ditions have been blamed. Semko (1961) however, regards the heavy 

Japanese ocean fishing as a major cause. Japanese scientists, of 

course, disagree and I might point out that the southern North 

American stocks, which are also declining, are not exposed to an ocean 

fishery. 

Frequent reference is made to dams, logging, pollution, civiliza- 

tion, irrigation, and overfishing as having detrimental effects on 

salmon populations. There can be little question that these factors, 

separately or combined, have adverse effects on stocks, particularly 

chinook and coho in California, Oregon, and Washington, but their 

relative importance has never been assessed except on a local, limited 

scale, and is the source of controversy between various water and re- 

source users. Since much of British Columbia and most of Alaska is as 

yet unaffected by civilization, environmental disturbances are not 

applicable there, yet some of their runs are declining. Many chinook 

and coho runs are less productive than in former years, but apparently 

have stabilized at a lower level and have shown no marked decrease in 

recent years. 

Cooley (1963) presents an exhaustive review of the decline in 

Alaska salmon. Without going into the economic, political, and social 

discussions, the crux of his argument centers around the belief that 

overfishing was the primary cause. Little attention is paid to bi- 

ological considerations --all species, races, and fishing areas are 

A 
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lumped in showing the great drop in the canned pack from the peak years 

in the mid- 1930's to 1959. Trends of escapement are ignored. He shows 

that in contrast to the declining yield the numbers of fishermen and 

boats increased. Obviously the catch -per -unit declined, but the price 

of canned salmon continually improved so that more fishermen could 

catch fewer fish. 

"It is apparent from this analysis that the level of fishing 

effort and hence the extent of overexploitation in the Alaska 

salmon fishery has depended as much on economic factors affect- 

ing costs and prices as on biological factors affecting physical 

yield. The salmon resource would not have been so heavily over- 

fished if cost -price relationships had been less favorable. If 

the demand for salmon had leveled off in the 1920's, for example, 

it is possible that production would have stabilized at around 

three to four million cases, which may be somewhere near a level 

of maximum sustained yield. But with rising demand, exploitation 

was carried far beyond that point. The core of the problem can 

be traced back to the peculiar common -property status of the 

resource. As long as fishing is regarded as accessible to anyone, 

the only way of preventing serious overfishing is to limit 

efficiency of men and gear in various ways." 

Cooley showed that this limiting was not done because of pressures 

on the regulatory agency. It is difficult to refute Cooley's analysis, 

at least for the great pink salmon runs of southeastern Alaska and 

the sockeye of Kodiak Island and Bristol Bay which account for much 

of the overall decline. 

Royce (1962) believes overfishing to be a major factor in the de- 

cline of pinks in southeastern Alaska. The decline in sockeye in the 

Bristol Bay and Kodiak areas is still somewhat of a mystery; it has 

been suggested that the early intense fishery may have altered the 

productivity of the runs. 

Thompson (1951) theorized that intensive fishing on the summer run 

of Columbia River chinook and the central portion of the Karluk River 
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sockeye run resulted in a decline in midseason runs and the building 

up of those at the first and last of the season which had received 

protection. The most productive part of the season had been least 

protected and suffered most, resulting in an overall drop in pro- 

ductivity. Rounsefell (1958) showed that only one population exists in 

the Karluk system and Thompson's hypothesis could not be substantiated. 

Regarding Columbia River summer chinook, increased escapement when the 

run was very low resulted in a rapid buildup, followed by a decline 

under this same high escapement level. Mortality associated with dams 

is probably involved in the latter decline (Junge and Oakley, 1966). 

Another species of anadromous salmonid not yet discussed is the 

steelhead trout (Salmo gairdneri). In the Columbia River there are two 

runs-- winter and summer. No good measure of abundance is available for 

the winter run as they spawn largely below Bonneville Dam, but sport 

catches have generally been increasing. Almost all summer -run steel - 

head spawn above Bonneville Dam and the estimated number of summer 

steelhead entering the Columbia has held rather steady at between 

200 -300 thousand fish per year since 1938 (FCO -WDF, 1967). 

The U. S. Army Corps of Engineers (1963, plates 13-22) presents 

graphs of counts over Bonneville Dam for the period 1938 -63 and have 

computed least squares regression lines for each run. Spring chinook, 

summer chinook, sockeye, and steelhead trout show positive slopes while 

fall chinook and coho show negative slopes. The total count of all 

salmon and steelhead gives a virtually level trend line. 

Further comparison of the status of salmon runs will be made in 

subsequent sections of this paper dealing with various phases of life 
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history. Conspicuously rare in the literature is a carefully docu- 

mented decline with data available and analyzed to show the factors 

responsible. I hope that the present study will be able to accomplish 

this as biological and environmental data have been collected before, 

during, and after the decline. 
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MARINE LIFE OF CHINOOK SALMON 

Range and Migration 

Tagging 

The pioneer fisheries biologists believed that the young salmon 

after leaving a river system stayed in the immediate vicinity of their 

stream of origin throughout their marine existence. This belief was 

shattered in 1925 when Canadian scientists tagged chinook salmon from 

trollers off the west coast of Vancouver Island and the preponderance 

of the tagged fish recoveries were made in the Columbia River 

(Williamson, 1927). Subsequently a number of other tagging experiments 

have been conducted along the Pacific Coast to show the origin and mi- 

gration of fish found in various areas. I will discuss these, begin- 

ning in the south, in order to trace the oceanic distribution of 

Columbia River chinook salmon. Figure 11 shows the areas referred to 

in the following text. 

Clark and Hatton (1942) tagged 2,986 chinook off the California 

coast in 1939 -41, and made 127 recoveries; none are shown for the 

Columbia River. Fry and Hughes (1951) summarize these recoveries and 

add information about 1942 tagging; they likewise show no Columbia 

River recoveries for those years. In 1948 and 1949, Fry and Hughes 

(1951) tagged 1,497 chinook off California and recovered 250, only 

four in the Columbia River. Most of the recoveries were in the 

Sacramento -San Joaquin system and other California rivers. Columbia 

River chinook appear to migrate to California only in very small num- 

bers. 
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Since 1948 the Fish Commission of Oregon has tagged salmon in the 

troll fishery off the Oregon coast. The 1948 and 1949 experiments have 

been published (Van Hyning, 1951), but not the later ones which will be 

presented here in addition to the 1948 and 1949 results. 

From 1948 -58 the tagging was done by accompanying commercial 

salmon trollers on their regular fishing trips and purchasing the fish 

we wished to tag at the market price. In addition, small chinook below 

the legal length limit could be obtained at little or no cost. Be- 

ginning in 1959, boats were chartered for the express purpose of tag- 

ging salmon, and all salmon in viable condition were tagged. From 

1948 through 1952, Petersen disc tags fastened with nickel, stainless 

steel, or German silver wire were used. Nickel was discarded when 

Calhoun, Fry, and Hughes (1951) showed that nickel pins deteriorated 

due to corrosion. German silver proved unsatisfactory because of its 

softness and tendency to wear completely through. Plastic vinyl 

spaghetti tags have been used since 1959 with little or no evidence 

of tag loss or deterioration. 

The fish were measured when tagged and a scale sample for age 

analysis was taken about midway between the dorsal fin and lateral 

line. Various types of length measurements were taken, but for this 

report all have been converted to fork length to the nearest lower 

inch. 

The Oregon coast can be conveniently divided into three areas 

(Van Hyning, 1951): (1) the southern or Coos Bay area extending from 

the Oregon -California border to Heceta Head; (2) the middle or Newport 
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area from Heceta Head to Cape Lookout; and (3) the northern or Columbia 

area from Cape Lookout to the entrance of Willapa Bay, Washington. 

From 1948 -51, 787 chinook were tagged by Fish Commission of Oregon 

personnel in the Coos Bay area. Not a single recovery was made in the 

Columbia River. Likewise 25 chinook were tagged in 1958, 56 in 1959, 

and 35 in 1962, with no Columbia River recoveries. Thus the Oregon 

fishery in the southern Oregon area, as California, can be considered 

to be of negligible importance in the Columbia River chinook picture. 

Heceta Head seems to form a dividing line; Columbia River chinook 

have been tagged there but few farther south. Chinook were tagged in 

the Newport area from 1948 -51 (196), in 1959 (18) and in 1962 (19) for 

a total of 233 (one was tagged in May 1955, not included); 43 re- 

coveries have been made and are shown in Figure 12. The solid dots 

represent fish that were recovered the same year as tagged while the 

open circles represent those that were recovered in years following 

tagging. Fish from the Fraser, Columbia, and Sacramento Rivers, as 

well as smaller Oregon and California coastal streams, were represented 

in the area. Those recovered off the mouth of the Columbia River and 

San Francisco Bay could probably be assigned to the Columbia and 

Sacramento -San Joaquin systems, respectively, but one cannot be sure 

and it would be difficult to know where to draw the line. When com- 

puting the proportion of Columbia River fish in a certain oceanic 

area, one must consider the relative recovery chance in the different 

river systems. In the period 1948 -51 the Sacramento River and a 

number of Oregon coastal streams were still open to commercial gill - 

net fishing, thus the chance of recovering tags was greater and more 
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Figure 12. Recoveries from 233 chinook salmon tagged in the 
Newport area, June -September 1948 -62. 
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comparable with the Columbia. For this reason the period 1948 -51 gives 

a better measure of the relative contribution of the various river 

systems. For the nine fish recovered in the Columbia River from the 

Newport tagging, six were fall chinook, two spring chinook, and one un- 

designated. All were taken in the lower river commercial fishery ex- 

cept for one caught in the Indian fishery at Celilo Falls. For the 20 

stream recoveries, six were assignable as Columbia River fall chinook 

which with we are concerned. Thus 28% of the fish of known origin were 

Columbia River fall chinook. 

A number of tagging experiments have been completed in the Columbia 

area through the years 1948 -62. For convenience in handling, they can 

be grouped into three periods: (1) 1948 -52 and 1955; (2) 1958 and 1961- 

62; and (3) 1959 -60. Objectives, time of tagging, and size of fish 

varied in the different experiments. 

Beginning with the first period, from 1948 -50 mostly small chinook 

were tagged while accompanying commercial trollers, but some medium - 

sized (over eight pounds) and large ones were also purchased (131 

tagged). In 1951 and 1952 all sizes were tagged (most of the fish were 

tagged during these two years --612) and in 1955 only sublegal fish 

(under 26 inches total length) were tagged (132), in conjunction with 

a maturity study. 

The tagging was carried out roughly in proportion to actual fishing 

operations off the mouth of the Columbia during April -July, and I 

believe the size of fish tagged was a representative sample of those 

being caught. Unfortunately, during August when maturing chinook are off 

the Columbia and are caught in substantial numbers at times, relatively 

. 
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few were tagged. This is a source of error which should be recognized, 

but in recent years with the decline of the fall run, the August catch 

has not been large. This lack of large fish tagged in August would 

tend to minimize the contribution of the Columbia River to this area. 

Fish recovered the same year as tagged during 1948 -52 and 1955 

are shown in Figure 13 and recoveries made in years following tagging 

are shown in Figure 14. Obviously chinook from the Columbia dominate 

this area, with the Sacramento -San Joaquin, Alsea, and Fraser rivers 

also showing returns. Of the 50 river recoveries, 40 were from the 

Columbia and 36 were fall chinook. Distribution of the Columbia River 

fall chinook recoveries was: gill net --ten, Celilo Falls- -four, sport- - - 

nine, Bonneville Hatchery- -four, Oxbow Hatchery- -five, Spring Creek 

Hatchery- -two, and one each at Big Creek and Wind River hatcheries. 

The proportion of Columbia River fall chinook in the Columbia area, 

based on tag returns is 72 %. 

Of the nine gill -net recoveries during the fall season that could 

be identified as to date of capture, only one was caught in August, 

the rest in September and October. This indicates that the late - 

running or lower -river fish were predominant in the sample tagged, al- 

though the Celilo recoveries suggest that early or upper -river fish 

were also present; there was no means of recovering them on the 

spawning grounds. In most years, August gill -net landings greatly 

exceed September, although a fishermen's strike in August 1952 biased 

returns towards September. 

Both mature and immature Columbia River chinook are found in the 

Columbia area from April through September. The large number of 
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Figure 13. Recoveries, by month of tai ?giná, from chinook salmon tagged in the Columbia area, 1948 -52 and 1955, recovered same year as tagged. 
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TAGGED: APRIL MAY JUNE -JULY AUG.-SEPT. 

Figure 14. Recoveries, by month of tagging, from chinook tagged in the Columbia area, 1948 -52 and 
1955, recovered in years following tagging. 
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recoveries one or more years after tagging shows that many fish were 

immature when tagged. The large ocean catch of tagged fish, and the 

relatively few taken in the river in years following tagging is note- 

worthy. The June -September tagging was largely of small, immature 

fish. They show a predominant northward movement along the coast with 

a later return to spawning streams -- principally the Columbia. 

In order to show more clearly the migration patterns of a popula- 

tion of predominantly Columbia River fall chinook, the April and May 

1951 tagging in the Columbia area has been combined, and analyzed by 

month of recovery (Figure 15). A random sample of a population tagged 

and released as they were caught, early in the season, enables us to 

follow by tag recovery the migration and fate of a group of chinook 

salmon as they complete their life cycle. By the first month after 

tagging, most of the fish had moved a short distance north of the 

tagging area, one as far as Cape Elizabeth and another returning to 

the Fraser River. By July and August they had scattered north and 

south, from the northern part of Vancouver Island to California. Num- 

bers were taken along the Oregon coast in July- August which were 

probably headed for the Sacramento -San Joaquin system as shown in the 

September -November 1951 graph and from the results of Oregon coastal 

tagging. During September -November they were scattered along the 

coast with the mature fish having entered the Columbia and Sacramento 

Rivers. During the following spring (March -May 1952) the tagged fish 

were back again in the same area in which they were tagged the previous 

year. During June -July the majority moved north and numbers were taken 

off the northern Washington coast and southern Vancouver Island. 
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Relatively few chinook are found in the ocean off the Columbia River 

during June and July as shown by catch statistics. In August -December 

fish were shown returning to the Columbia and Sacramento Rivers. In 

1953 a few still remained at sea and were recovered in the troll fish- 

ery and Columbia and Sacramento Rivers. 

An interesting example of annual migration can thus be demon- 

strated. A logical hypothesis is that fish gathered during the winter 

in the area between the Columbia River and Grays Harbor. This is the 

only locality in Oregon and Washington that supports an early spring 

troll fishery of any magnitude. As the season progresses most of the 

fish move north on a feeding migration while the remainder turn south 

towards the Sacramento -San Joaquin system. In the fall the mature fish 

enter the rivers leaving the immatures scattered along the coast. Evi- 

dently during the winter, the remaining fish again regroup in the 

Columbia River -Grays Harbor area and again make a northward migration 

in the spring and summer. This repeated cyclic migration is, of course, 

typical of birds and is not without precedent in marine fishes. The 

Pacific sardine (Sardinops sagax) formerly migrated into northern 

waters each summer and back to California during the winter, as well as 

several species of sole (Eopsetta jordani and Microstomus pacificus) that 

gather to spawn in certain "deeps" and return winter after winter to 

the same area. This type of behavior may be associated with an in- 

stinct in the fish to return to the place of birth, or area where they 

entered the ocean, even though not fully matured. As will be pointed 

out later, some stocks or genetic groups of chinook do not show this 

.. 
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pattern. These leave the Columbia River area at an early age and do 

not return until mature. There is also a suggestion that cyclic mi- 

gration does not occur every year -- perhaps certain oceanographic 

conditions are necessary. This type of annual migration exposes the 

stock to an extended period of intense fishing while they move from 

the mouth of the Columbia, past the large sport and commercial fleets 

fishing out of Grays Harbor, to the feeding banks off Cape Flattery 

and Vancouver Island where American and Canadian trollers operate. 

This migration pattern is also shown by returns of fin -clipped fish as 

will be discussed later. 

Ninety -five chinook were tagged in May and June 1951 in the Grays 

Harbor area while accompanying an Astoria fisherman (88 tagged in June 

and seven in May). The recoveries are shown in Figure 16A. Five of 

the eight stream recoveries were Columbia River fall chinook (62%); 

two recoveries were in the gill -net fishery and one each at Bonneville, 

Spring Creek, and Little White Salmon Hatcheries. 

The 1958 and 1962 tagging can be combined, as only sublegal fish 

were tagged incidental to other studies. One- hundred fourteen fish 

were tagged in June and September off the Columbia River and in June 

off Grays Harbor. The 14 recoveries (Figure 16B) showed a distribution 

similar to previous experiments. The three Columbia River recoveries, 

all fall chinook, were taken by sport and gill -net fishing and at 

Oxbow Hatchery. The Fraser and Wilson (tributary of Tillamook Bay) 

Rivers were also represented. 

During the period March 15 -April 15, 1959 and 1960, the Washington 

Department of Fisheries and the Fish Commission of Oregon conducted a 
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Figure 16. Recoveries from chinook tagged: A in the Grays 
Harbor area, May -June 1951 (97); B in the 
Columbia and Grays Harbor areas, 1958 and 1962 
(114). 
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cooperative tagging program in the waters between the Columbia River 

and Grays Harbor. Bergman (1963) briefly summarized the results which 

will be discussed in more detail as they pertain to the problem at 

hand. Since 1956 the opening of the trolling season has been delayed 

from March 15 to April 15. Earlier studies had shown that Columbia 

River fall chinook were predominant in this area and the closed season 

was designed to afford some protection in the ocean to this stock. 

The main purpose of the tagging was to assess the effect of the clo- 

sure in increasing or augmenting the fall chinook stock in the 

Columbia, and secondarily to sample the abundance and size of fish 

in order to answer repeated requests that the season be reopened at 

the earlier date. Additional information of interest would be ob- 

tained on the destination and fate of the fish that were protected. 

In this discussion, results by the two agencies will be combined. 

Biologists accompanying two expert troll fishermen, one fishing out of 

Astoria, Oregon, and the other out of Westport, Washington, tagged 422 

chinook in 1959 and 343 in 1960. Distribution of returns from the 

1959 experiment is shown in Figure 17. Certain similarities with 

previous tagging can be seen --the predominant northward movement, with 

some going south, and the large numbers entering the Columbia River- - 

and one striking difference, few were taken in years following tagging. 

The Sacramento -San Joaquin system, Tillamook Bay, Columbia, and Fraser 

Rivers were noted as the streams of origin. The Columbia River re- 

coveries were divided as follows: spring run 16; fall run 33, of which 

10 were taken in the gill -net fishery, 4 in the sport fishery, 12 at 
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Figure 17. Recoveries from 422 chinook salmon tagged in the Columbia -Grays Harbor 
areas, March -April 1959. 
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Spring Creek Hatchery, 6 at White Salmon Hatchery, and 1 at Cascade 

Hatchery. 

Returns from the 1960 experiment are shown in Figure 18. In 1960 

there was less dispersion from the tagging area --fewer fish were re- 

covered off Cape Flattery and Vancouver Island and California and more 

in the fisheries off the Columbia River and Grays Harbor. Again, few 

recoveries were made in the years following tagging and the rivers of 

origin were similar. The distribution of the Columbia River recoveries 

was as follows: spring run, 18; summer run, 2; fall run, 27, including 

16 in the gill -net fishery, 1 in the sport fishery, 9 at Spring Creek 

Hatchery, and 1 at Little White Salmon Hatchery. As would be expected 

at this early time and in this area, spring chinook were an important 

component of the returns during both years. 

In late May and early June 1961, a group of 168 chinook tagged 

between the Columbia River and Tillamook Head yielded an exceptionally 

high return. Only fish in good condition were tagged and they were 

mostly in their second and third years of life. The distribution of 

the recoveries is shown in Figure 19. During the two months following 

tagging, some of the fish stayed in the vicinity of the Columbia but 

the center of abundance shifted to Grays Harbor with a return to the 

Columbia area in August and September. There was also a southern mi- 

gration, but none went north of Cape Flattery even in the year follow- 

ing tagging. Only the Columbia, Sacramento, and Wilson Rivers were 

represented. Obviously this population was fished rather intensively 

off and in the Columbia River and off Grays Harbor. The composition 

of the Columbia River recoveries presents an interesting picture. 
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Figure 18. Recoveries from 343 chinook tagged in the Columbia -Grays Harbor areas, March -April 1960. 
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Figure 19. Recoveries from 168 chinook tagged in the Columbia area, 
Nay -June 1961. 
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Especially noteworthy is the presence of Columbia River summer -run 

chinook (one recovery each in June and July), few of which have been 

recovered in the Columbia from recent offshore tagging. The fall -run 

recoveries were composed of fish from the early run (eight August gill - 

net recoveries), late -run (three September- October gill -net recoveries), 

lower -river spawners (two in the Cowlitz and Lewis Rivers and ten at 

hatcheries), and upper -river spawners (one at Oxbow Dam on the Snake 

River). In essence, this group of fish found in a small area over a 

short time period, contained representatives of all the components of 

the fall run. 

Kauffman (1951) gives the results of tagging experiments by the 

Washington Department of Fisheries in 1948 -49. The recoveries from 

200 chinook tagged near Umatilla Reef in June, July, and September 

1948 -49 are shown in Figure 20A. The six Columbia River recoveries 

were all fall chinook and they comprised 50% of the 12 stream recover- 

ies (one Puget Sound salt -water recovery included). Other areas 

contributing fish to this sample were the Sacramento, Willapa Bay, and 

Puget Sound. Kauffman concludes: 

"...the absence of recoveries from the vicinity of the tagging 
area in the face of heavy fishing intensity seems to indicate 
that the area around Umatilla Reef has a transient type of 
chinook population that is moving predominantly southward and to 
a lesser extent into the Strait of Juan de Fuca." 

The tagging in the Swiftsure -Lennard Island area, in effect southern 

Vancouver Island, is shown in Figure 20B and C. The large number of 

fish retaken in the vicinity of tagging the same year and the year after 

is striking. This area is obviously a major feeding ground where the 

fish remain for extended periods. Of the 15 stream recoveries, seven 
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Figure 20. Recoveries from chinook tagged: A, in the Umatilla Reef area, June, July, and 
September 1948 -49 (200 tagged); B, in the Swiftsure -Lennard Island area, May, 
June, and September 1948 -49 (403 tagged), recovered same year as tagged; C, in 
the Swiftsure -Lennard Island area, recovered in subsequent years. rn 
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were from the Columbia (all fall chinook, including two from Celilo 

Falls) or 47 %. If all recoveries in Puget Sound and the Straits of 

Georgia are considered fish nearing or destined for streams in that 

area, then the total "stream" recovery totals 19 and the proportion of 

Columbia River fall chinook drops to 37 %. 

In the period 1925 -30 there was international impetus to tag 

salmon in the offshore fisheries of the Pacific Coast. The Canadians 

carried on a large program during this time, and, to their eternal 

credit, published an excellent series of reports on the results 

(Williamson, 1927 and 1929; Williamson and Clemens, 1932; Clemens, 

1932; Pritchard, 1934; and others of a summary nature). The tag used 

was an aluminum band clamped over the caudal peduncle, now considered 

one of the poorest tags and placed in the worst possible place due to 

the constant motion of the tail region. Although tag loss was prob- 

ably high in these experiments, many fish were recovered the second 

year after tagging. A total of 6,457 chinook were tagged off British 

Columbia during this period and 761 or 12% were recovered. 

Results of the 1925-30 tagging off southern Vancouver Island are 

shown in Figure 21A and B. Table 1, Part A, indicates the streams of 

recovery and the overwhelming importance of the Columbia River to this 

area. During this period an efficient trap fishery operated in salt 

water in Puget Sound and many tagged fish probably destined for the 

Fraser and Puget Sound Rivers were recovered in this gear. If we lump 

all recoveries inside Puget Sound (arbitrarily those taken inside a 

line drawn between Sooke and Port Angeles) and the Fraser River 

we arrive at Part B of Table 1, which presents the recoveries 



Figure 21. Recoveries from chinook tagged off Barkely Sound, Vancouver 
Island: 1925 -30 (2,478 tagged), A - recovered same year as 
tagged, B - recovered in subsequent years; and 1949 -50 (912 
tagged), C - recovered same year as tagged, D - recovered in 
subsequent years. 



TABLE 1. COMPARISON OF EARLY AND RECENT TAGGING OF 
VANCOUVER ISLAND BASED ON STREAM AND AREA 

1925 -30 
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CHINOOK OFF 
OF RECOVERY. 

No. 
Recoveries 

1948 -51 

No. 

% Recoveries % 

TAGGED OFF SOUTHERN VANCOUVER ISLAND 

A. Stream of Recovery 

Fraser River 18 8 18 40 
Puget Sound and Vancouver Island 20 9 1 2 

Columbia River Spring and Summer Runs 45 20 4 9 

Columbia River Fall Run 137 61 21 47 

Other 5 2 1 2 

225 100 45 100 

B. Area of Recovery 

Fraser River -Puget Sound Complex 87 32 26 50 
Columbia River Spring and Summer Runs 45 16 4 8 

Columbia River Fall Run 137 50 21 40 

Other 5 2 1 2 

274 100 52 100 

TAGGED OFF NORTHERN VANCOUVER ISLAND 

C. Stream of Recovery 

Fraser River 1 2 5 45 
Puget Sound and Vancouver Island 8 11 0 - 

Columbia River Spring and Summer Runs 21 29 0 - 

Columbia River Fall Run 34 47 5 45 
Other 8 11 1 10 

72 100 11 100 

D. Area of Recovery 

Fraser River -Puget Sound Complex 20 24 8 57 
Columbia River Spring and Summer Run 21 25 0 - 
Columbia River Fall Run 34 41 5 36 
Other 8 10 1 7 

83 100 14 100 
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on an area of recovery basis. Even though purse seine, gill -net, and 

sport fisheries still exist in Puget Sound proper, recent tagging shows 

relatively few recoveries in these gears of fish tagged in outside 

waters. Large numbers of fish entered both Puget Sound and the Columbia 

River the same year as tagged, but in subsequent years more returned to 

the Columbia. This suggests that both mature and immature Columbia 

River fish were found in this area, but the Puget Sound -Fraser River 

stocks off southern Vancouver Island were largely mature, the immatures 

apparently being elsewhere. 

Tagging in the same area in 1949 -50 is summarized by Milne (1957) 

and shown in Figure 21C and D and Table 1. Returns show a pattern 

similar to the Washington Department of Fisheries tagging in 1948 -49 

(Figure 20B and C), as well they should, since the tagging was done in 

the same area and at approximately the same time. Washington and 

Canadian tagging and fresh -water recoveries for this area are combined 

in Table 1, Part A. If we combine the recoveries in Puget Sound, the 

Fraser River, and inner Vancouver Island the results are given in 

Table 1, Part B. 

The change in recoveries from a preponderance of river returns 

in the early period to more ocean returns in the latter is striking, 

and the inference is clear that the large numbers recaught in the area 

of tagging resulted in fewer reaching the rivers. Again is noted the 

tendency for Columbia River stocks to be more immature than the Fraser 

River -Puget Sound stocks found in this area. The greatly intensified 

fishing on immature, three -year fish resulted in a greater decrease 

between the two periods for Columbia River returns than for Puget Sound. 
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Tagging was also conducted off northern Vancouver Island (Kyuquot 

and Quatsino) during the early and recent periods (Figure 22 and 

Table 1). In 1925 -30 the Columbia River fish found here were largely 

mature, while Puget Sound fish were mostly immature. The number tagged 

in 1949 -51 was small and also the size of the fish tagged was small 

resulting in more immature ones being tagged. A comparison of the 

spawning area recoveries for the two periods is shown in Table 1, 

Part A. A slight decline in the contribution of Columbia River fall 

chinook is indicated. No spring or summer run chinook were recovered 

in the later period. A larger sample probably would have revealed 

some, but there is little doubt that they were reduced in numbers. 

Tagging 436 chinook along northeastern Vancouver Island during 

April, May, and June 1930 resulted in 28 recoveries or 6.4 %, only one 

(4 %) of which was a Columbia River fall chinook. 

In June- August 1930, 302 chinook were tagged in the Fitzhugh and 

Millbank Sounds area. Sixteen or 5.3% were recovered, of which 15 

appeared associated with some river system. Two or 13% were Columbia 

River fall chinook. 

In February-June 1927 -28, 552 chinook were tagged along the east 

coast of Vancouver Island principally in the Nanaimo area. Of the 46 

tagged fish recovered, only one was from the Columbia River. Thus 

Columbia River chinook do not penetrate to any extent into the inside 

waters of British Columbia, which for practical purposes can be omitted 

from further consideration. 

Tagging around the Queen Charlotte Islands was accomplished in 

June -July 1925 and April- August 1929 -30, including the west and north 
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Figure 22. Recoveries from chinook tagged off northern 
Vancouver Island: A, March- September 1925 -30 
(571 taped); B, May -July 1949 -51 (121 tagged). 
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coasts and Stephans Island in Heceta Strait (2,117 tagged). Recover- 

ies are combined and shown in Figure 23. Those which appeared re- 

lated to a river system are listed in Table 2. 

The northern rivers are entering the picture and the Fraser 

River and Puget Sound are dominant. Of interest is the large number 

of Oregon coastal recoveries- -this is the only area where chinook 

from Oregon coastal rivers have been found in quantity. 

In 1951, 64 chinook were tagged off the Queen Charlotte Islands. 

Five were recovered off Vancouver Island and the Washington coast, 

one in Puget Sound, and one in the Fraser River. Little can be de- 

duced from this small number of recoveries. 

Milne (1957) emphasizes the decrease in numbers of Columbia River 

fish and increase in the contribution of the Fraser and other 

Canadian rivers to the Canadian troll fishery as shown by the numbers 

of tagged fish recovered in the respective areas from the early (1925- 

30) and recent (1949 -51) tagging. Percentagewise in total recoveries 

from the west coast of Vancouver Island tagging, the Columbia decreased 

from 60 to 16 and the Fraser increased from five to 12, while total 

United States recoveries dropped from 82 to 29 and Canadian recoveries 

increased from 16 to 71. The great increase in ocean recoveries in 

recent years, however, makes this type of analysis questionable. The 

greatly increased ocean fishing reduces the number of fish that sur- 

vive to reach fresh water. After considering the increased ocean 

recovery, in addition to the tagging of smaller and more immature 

fish in recent years, Milne (1957) concludes: "For these reasons, 

the present contribution from the Columbia River is higher than that 
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Figure 23. Recoveries 2,117 from chinook tagged in the Queen 
Charlotte Island area, 1925 and 1929 -30. 
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TABLE 2. RECOVERIES FROM CHINOOK TAGGED OFF THE 
QUEEN CHARLOTTE ISLANDS AND SOUTHEASTERN 
ALASKA. 

Recovery Area 

Queen 
Charlotte 
Islands 
(1925 -30) 

Southern & 
Middle 

S.E. Alaska 
(1950 -51) 

Northern 
S.E. 

Alaska 
(1950 -52) 

No. % No. No. -I% 

Coastal Alaska 5 3 1 1 3 10 

Coastal B.C. 24 10 0 0 1 3 

Puget Sound - 
Fraser River 95 39 32 46 3 11 

Washington Coast 11 4 7 10 1 3 

Columbia River 
spring and 
summer runs 

27 11 2 3 6 21 

Columbia River 
fall run 

46 19 22 31 15 52 

Oregon Coast 35 14 6 9 

245 100 70 100 29 100 

°,G 

- 
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indicated by the tagging results, probably about 30 %, and the contri- 

bution from the Fraser River is probably about 20 %." 

Only tag recoveries that can be related to some spawning stream, 

as shown in Table 1, should be considered in attempting to compute 

the contribution of a production area to a fishery. Using the area of 

recovery concept as being more realistic than individual stream re- 

coveries, for southern Vancouver Island the percentage of Columbia River 

fall chinook dropped from 50 to 40 and for northern Vancouver Island 

from 41 to 36. Most of the decrease has been in the spring and summer 

runs. Furthermore, relative maturity should also be considered. 

Columbia River fish tended to be immature while Fraser -Puget Sound 

stocks were mature. Immature fish would be reduced more by fishing be- 

fore they could return to their home stream than the mature fish, thus 

underestimating the apparent importance of the immature stock of fish 

to the area. 

At the same time as the early Canadian tagging, some fish were 

tagged in the troll fishery off Alaska, but few details are available. 

Rich and Ball (1933) report 382 chinook were tagged off the west coast 

of Baranof Island in 1927 and 38 recaptured, 22 from the Columbia River 

(58 %). The proportion of spring, summer, and fall chinook is not 

given. 

The more recent tagging of chinook salmon off Alaska has been well 

summarized by Parker and Kirkness (1956). They divided the fishing 

grounds off southeastern Alaska into three areas which I term the 

southern (off Prince of Wales Island), middle (Baranof and Chichagof 

Islands), and northern (Cape Spencer to Cape Fairweather). The stocks 
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in the southern and middle areas were found to be biologically similar 

and will be combined in this discussion. Eighty per cent of the fish 

in these areas were considered to be mature. In the two combined 

areas, 553 chinook were tagged in May to September 1950 and June 1951 

and 100 were recovered (18 %). Tag returns from southern and middle 

southeastern Alaska are shown in Figure 24. 

Using only fresh -water recoveries, the percentage of Columbia 

River fall chinook is 39. However, it seems more realistic to consider 

the recoveries in the inside waters of Alaska, British Columbia, and 

Puget Sound as stream recoveries. This tends to equalize the differ- 

ences in recovery rates between the different areas- -many small rivers 

in British Columbia and Alaska do not have fisheries in the rivers 

themselves but the populations are fished in the straits and canals as 

they approach their home stream. This procedure makes these recoveries 

more comparable with the Columbia and Fraser Rivers where the stocks 

are taken in the rivers. Considering those fish taken in the inside 

waters of Alaska, British Columbia, and Puget Sound as returning to 

near their home stream, the areas of origin shown in Table 2 are as- 

signed. 

In May -August 1950 -52, 365 chinook was tagged off the northern 

part of southeastern Alaska --Cape Spencer to Cape Fairweather. The 57 

recoveries (16 %) are shown in Figure 25. In contrast to the southern 

area, these fish were largely immature and consisted of a higher pro- 

portion of Columbia River fish, of which a larger percentage were of 

the spring and summer runs. The stream -area recoveries are given in 

Table 2. 
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Figure 24. Recoveries from 553 chinook tagged in the southern and 
middle areas of southeastern Alaska, 1950 -51. 
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Figure 25. Recoveries from 365 chinook tagged in the northern area of 
southeastern Alaska, 1950 -52. 
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Parker and Kirkness note: "The recovery of tags by locality sug- 

gests that the stocks Alaska is concerned with are of upriver (above 

Bonneville Dam) origin. Of 37 recoveries in the fall run, 12 were 

recovered at The Dalles or at Celilo." In our tagging off the 

Columbia River and Washington coast many recoveries were in the lower 

river, especially the lower river hatcheries. No Alaska tags were 

recovered at hatcheries. 

Considerable tagging in the inside passages of southeastern 

Alaska revealed only one Columbia River recovery. The majority of 

the inside fish were found to originate in Alaska and northern British 

Columbia rivers (Alaska Department of Fisheries, 1952 and 1953). 

Cape Fairweather is for practical purposes the northern limit of 

the troll fishery, although farther trips are occasionally made and a 

sporadic fishery occurs around Middleton Island in the Gulf of Alaska. 

It is interesting to speculate that the northern Gulf of Alaska may 

be a feeding area for certain races of chinook where they grow for 

several years almost unmolested. As maturity approaches they strike 

southeastward along the coast. They are fished as they travel south 

and most of them return to the Fraser and Columbia Rivers. This specu- 

lation is reinforced by several factors: (1) from middle Vancouver 

Island 'north there is little northward movement of tagged fish; 

(2) from middle Vancouver Island north to Cape Spencer the fish are 

largely mature and are on a southern migration; and (3) large numbers 

of fish in their fourth and fifth year (especially off southeastern 

Alaska as reported by Parker and Kirkness) suggest that little ocean 
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fishing has occurred on these stocks. Since there is no northern 

migration of Columbia River chinook to southeastern Alaska as shown 

by tagging, it must follow that the young fish that migrated there, 

did so before they reached catchable size. The area between the 

Columbia River and middle Vancouver Island seems to be dominated by 

fish which migrate back and forth in this area. 

From studies of the offshore distribution and abundance of salmon 

conducted under the auspices of the International North Pacific 

Fisheries Commission, chinook were found scattered across the North 

Pacific from 41 °N latitude to the Aleutian Islands and into the Gulf 

of Alaska (Mason, 1965). The scattered catches did not permit any con- 

clusions about seasonal changes or migration. Even a sparse distri- 

bution over many thousands of square miles of ocean could account for 

a large number of fish. It is well known that chinook swim deeper 

than other salmonids and the fishing gear might not have sampled them 

adequately. About 94% of the chinook tagged by United States research 

vessels in the Gulf of Alaska were estimated to be immature. From 800 

chinook tagged by Japanese and American scientists from 1956-60 there 

have been only seven returns, including one from the Yukon River and 

one spring chinook from the Columbia. Several others were taken west 

of the tagging area, probably enroute to an Asian stream. Scale sam- 

ples from the Japanese mother -ship fishery in the Aleutians showed 

only stream or sub -two type early growth. This indicates that pri- 

marily fish from the northern rivers or early runs from the southern 

rivers are present in this area. The limited tagging data supports 

this conclusion. Little research fishing was done along the northern 
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fringes of the Gulf of Alaska, most effort being expended in the mid - 

Gulf and along the Aleutian Islands. The area from Cape Fairweather 

around to Kodiak Island would be interesting to study to prove or dis- 

prove the hypothesis that immature chinook arrive at an early age and 

live in this vicinity until the spawning stimulus sends them south 

along the Pacific Coast. 

Marking 

Marking or fin clipping is another method of showing the migra- 

tion of salmon at sea. Groups of hatchery -reared fingerlings are 

distinctively marked and the fisheries along the coast are sampled to 

recover the marked fish (Figure 26). If enough marks are recovered 

and certain assumptions satisfied, it is possible to follow populations 

through their life cycle showing the areas where they were caught, . 

survival back to the point of origin, etc. The marking of Columbia 

River salmon has been carried on for many years and sporadic recoveries 

of marked fish were made in various areas, but it was not until the 

late 1940's that a concerted effort was made on a ccastwide marking and 

recovery program. Beginning with the 1949 -brood year several hundreds 

of thousands of fingerling chinook were marked at various places along 

the coast and recoveries were made by sampling the fisheries at the 

principal ports in 1952 -54. This program was coordinated by the Pacific 

Marine Fisheries Commission. Generally 10m20% of the fish landed were 

examined and the ratio of marked -to- unmarked fish was extrapolated to 

the total landings in each area to arrive at an estimate of the total 

numbers of each mark recovered. Junge and Bayliff (1955) discuss some 



Figure 26. A 1961 -brood fall chinook with adipose fin and right max- 
illary bone removed, recovered in gill -net fishery in 
August 1964. 
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of the statistical aspects of this program. Without going into great 

detail, where sampling was carried on consistently through the season 

at around the 20% level and a reasonable number of marks recovered, 

confidence limits were satisfactorily small (California, Oregon, and 

Washington). However where sampling was, sporadic and /or a small 

proportion of the catch was sampled they were wide (British Columbia 

and Alaska). The 1949-brood marking was moderately successful and 

numbers of marks were recovered. The program was repeated with the 

1951 brood but, in contrast, very few marks were recovered from this 

year class. A few other experiments of a local nature have been con- 

ducted since that time. 

Beginning with the 1961 brood the U. S. Fish and Wildlife Service, 

Bureau of Commercial Fisheries, in cooperation with the states of 

Oregon and Washington began an evaluation of Columbia River hatchery 

production. Ten per cent of the production from each hatchery was 

marked for a period of four years and a very comprehensive recovery 

program is underway. A wealth of valuable information will be avail- 

able when it is completed. 

Pulford (1964) has summarized all the Fish Commission of Oregon 

marking experiments for the period 1946 -63. Actual ocean troll re- 

coveries of unduplicated, multiple -fin fall chinook experiments totaled 

215, divided by area as follows: California 3, Oregon 16, Washington 

176, British Columbia 20, and Alaska O. Calculating the total numbers 

taken by area from sampling and landing data he presents the informa- 

tion shown in Table 3. These results must be viewed with some caution, 

however, as sampling in British Columbia was not carried out each year 
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that marks were available and in other cases the small proportion of 

the fishery sampled resulted in wide variance in the estimates. On a 

temporal basis, recoveries were fairly evenly distributed from April 

through August. 

TABLE 3. CALCULATED TROLL RECOVERIES OF FISH COMMISSION OF 
OREGON MARKED FALL CHINOOK SALMON, BY AREA (FROM 

PULFORD, 1964). 

Area Number Per cent 

San Francisco 8 1 

Crescent City 4 1 

Newport 16 2 

Columbia 47 7 

Grays Harbor 299 45 

Neah Bay 137 21 

Vancouver Island 149 23 

660 100 

Analysis of recoveries of marked 1949 -brood fall chinook from the 

Washington Department of Fisheries Kalama River Hatchery is presented 

by Heyamoto and Kiemle (1955). A total of about 200,000 fingerlings 

was marked by the removal of the adipose and both ventral fins and 

released in June 1950. Recoveries were made in 1952 as three's and 

in 1953 as fouros. Actual mark recoveries numbered 492 which yielded 

a calculated total of 1,364. Distribution of the calculated ocean re- 

coveries by port of landing and month is shown in Figure 27. Results 

of this study show a general confirmation of the tagging information 

with a dispersion of fish from the mouth of the Columbia northward; 

only a few were recovered south of the Columbia. In the spring the 

threes (recovered in 1952) were mostly in the Columbia -Grays Harbor 

1 



MAR. -APR. MAY JUNE JULY AUGUST SEPT. -OCT. 

1952 RECOVERIES 

1953 RECOVERIES 

o o o o o o o o o o 
NUMBERS OF RECOVERIES 

Figure 27. Calculated ocean recoveries of marked 1949 -brood Kalama 
River fall chinook. 
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area and by July- August they were mostly in the Neah Bay- Vancouver 

Island area. The four's show the same migration pattern but with 

possibly a faster departure from the southern grounds. None of these 

marked fish was taken in northern British Columbia or Alaska even 

though sampling was done there. The fish from the Kalama experiment 

were rather unusual because they matured almost exclusively at four 

years of age rather than at a variable age of from two to five. A 

similar experiment was conducted at the Oxbow Hatchery of the Fish 

Commission of Oregon with about 200,000 fingerlings of the 1949 brood 

marked anal -left ventral. Actual recoveries numbered 266 which 

calculated to the total commercial catch totaled 536. The Oxbow 

fish matured at three and four years. 

Preliminary results from the 1961 -brood Columbia River hatchery 

evaluation program are available. Cleaver (1967) presents a review 

of the program and preliminary results. Over seven and one -half 

million fingerlings of this brood year were marked out of the total 

production of over 54 million at 12 principal hatcheries. Estimates 

of the numbers of marked fish taken by the various fisheries in 1963, 

1964, and 1965 based on ratios between marked fish found in the 

samples and total number landed, have been given in three Bureau of 

Commercial Fisheries reports (1964, 1966a and b). I calculated num- 

bers taken in 1966 fisheries by assuming that 25% of each fishery was 

sampled. This assumption is approximately true based on previous 

sampling and the small number of five -year fish taken would not 

influence the results. Figure 28 shows the number of marked fish 

estimated to have been taken by the combined ocean sport and troll 
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Figure 28. Calculated ocean recoveries of marked 1961 -brood Columbia 
River fall chinook. 
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fisheries along the coast. The two -year fish in 1963 were only taken 

by sport fishermen and they tended to have a center of abundance 

around the Columbia River. Three -year fish in 1964 were present off 

the Columbia in April and May, then virtually disappeared until August. 

The Washington coastal area (principally Grays Harbor) had peak num- 

bers of marked fish in June, but with some present from April through 

August. Vancouver Island apparently had Columbia River fish all sea- 

son, but with a peak in July; numbers remained into September and 

October. Four -year mark recoveries do not show a well- defined pattern. 

This age group was found all season off Vancouver Island and to a 

lesser extent off Neah Bay and the Washington coast, but none appeared 

off the Columbia River until August. The few marked fish recovered in 

northern British Columbia and Alaska tended to be mainly four's and 

five's. So few marked fish were taken off the Oregon and California 

coasts that they can be disregarded. The northerly progression of 

three -year fish along the Washington coast is again demonstrated, 

but with the modification that apparently considerable numbers of fish 

stay in the Vancouver Island area during their third and fourth years 

without making a southerly migration back to the Columbia area during 

the winter. This northward shift of the population in summer and a 

southward movement in winter appears to be characteristic of salmon 

in the North Pacific. Manzer, Ishida, Peterson, and Hanavan (1965) 

show it for sockeye, chum, pink salmon and suggest a response to 

seasonal warming of the surface waters and by differences in distri- 

bution patterns between immature and maturing individuals. They also 

note that coho and chinook prefer warmer temperatures than the other 
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species. Figure 28 illustrates the tendency for younger fish to be 

centered near their home stream while the older members of a year class 

are distributed to the north. It is interesting to note that no five's 

were taken in the Columbia area even though they had to pass through 

this area to enter the Columbia River. This is no doubt due to a 

slowing of feeding activity as maturity becomes more pressing; they 

are still actively feeding in the northern coastal areas. 

In comparing ocean migration patterns as shown by tagging and 

marking, certain similarities and dissimilarities are noted. Columbia 

River fall chinook are found principally north of the Columbia River. 

Large numbers of marked fish were taken along the Washington coast 

and Vancouver Island and tagging in these areas showed a predominant 

migration to the Columbia River to spawn. But tagging in northern 

British Columbia and Alaska also showed large numbers of Columbia River 

fish but few marked Columbia River chinook have been recovered in this 

area. This apparent dilemma can be explained if one recalls that 

Parker and Kirkness (1956) noted that upper river fall chinook are 

most important in the Alaska troll fishery, while local Oregon and 

Washington tagging showed lower river races to be predominant, and 

that hatcheries handle (and thus mark) only lower river stocks. Thus 

the lower river (hatchery) populations must confine their ocean mi- 

gration largely to the area between the Columbia River and Vancouver 

Island while the upper river stocks go north into Alaska. Some upper 

river fish may not make the long northward migration but stay in the 

local area throughout their life. There may be more lower -river fish 
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in the northern waters than mark returns suggest. Although only small 

numbers of marked fish have been found in the northern areas, the fish- 

ery is less intense and the areas much greater so that a low apparent 

abundance may actually represent an important fraction of the chinook 

population. 

Cleaver (1967) found marked fish from the Kalama River to be 

distributed farther north than Spring Creek fish and suggested that 

some marked fish enter unfished areas of the ocean. He also noted that 

fish in their third year were smaller as distance north of the Columbia 

increased and that older marked fish tended to be farther north. 

Growth and Maturity 

Salmon are noted for their rapid growth at sea, and chinook are no 

exception. Rich (1925), in a classic early study, took periodic samples 

in 1919 from the troll fishery off the mouth of the Columbia River and 

after aging the fish, plotted the change in size with time for each age. 

There was a general increase in mean length from May 1 to September 30 

and he computed least - square regression lines for each age and life 

history group. In spite of much scatter around the regression line, 

undoubtedly due to the numerous races of fish present, different year 

classes, and varying maturity, he fitted smooth curves to the computed 

points and these are shown in Figure 2. He concluded that there was a 

rapid increase in length from May through September with little growth 

during the winter; sub -ones or ocean -type fish were considerably larger 

at each age than sub -twos, but the difference decreased at the older 

ages. Rich studied the maturity of the females by measuring egg 
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diameters, but did not consider males or the effect of maturity on his 

growth curve. Recent work on growth in several species of fish has 

shown that growth and maturity are closely related: the males and 

faster growing fish of each year class mature earlier than the females 

and smaller fish. 

Single points in Figure 29 are overall mean lengths of samples 

taken during July, August, and September 1947 from the troll fishery 

landings at Astoria and Newport (Van Hyning, 1951). The size of the 

second and third year fish agrees well with Rich's data, but fourth 

and fifth year fish in 1947 were considerably smaller. Since 1948, a 

26 -inch size limit has excluded almost all the two -year and the smaller 

three -year fish from the troll landings and has made growth studies 

from observations of the landings of this fishery impractical. 

Parker and Kirkness (1956) give calculated Lengths at the com- 

pletion of each annulus for the fish they tagged off middle and northern 

southeastern Alaska. The middle area showed consistently larger aver- 

age sizes at each age than the northern area. Both these values are 

plotted in Figure 29 at the date of March 1 each year, corresponding 

approximately to the time of annulus completion. The points plotted 

are the calculated size at the completion of the last annulus for each 

age group sampled. If back calculations past the last annulus are 

used, smaller values are realized. A curve through the points would 

obviously be much lower than Rich's. Although Columbia River fish were 

well represented in this sample, the presence of other, perhaps slower 

growing races, could have depressed the growth rate, or perhaps Columbia 

River fish grow slower in the northern area than off the Columbia. 
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Parker and Larkin (1959) further analyzed the ocean -type scales from 

the middle area and concluded: (1) the fastest growing fish matured 

at the earliest age; (2) significant differences in growth rate exist 

between life history types; (3) the Walford or von Bertalanffy growth 

equations oversimplify and underestimate the growth of a hypothetical 

"average" fish; and (4) each component group should be weighted ac- 

cording to its actual abundance in the population, necessitating a 

schedule of mortality rates related to growth rates. 

The increase in size with age of ocean -type chinook taken off the 

west coast of Vancouver Island is given by Milne (1964) and shown in 

Figure 28 by triangles. His data agree fairly well with the Alaska 

samples, especially the older fish, suggesting perhaps that many of 

these fish came from the north. 

Coho salmon growth rates vary from year to year probably due to 

variations in marine ecological conditions, since there was no ap- 

parent relationship with population size, genetic factors, or the 

fresh -water environment (Van Hyning, 1955). 

As can be seen, the pattern of growth of chinook salmon is 

exceedingly complex and much more work needs to be done before it can 

be used in yield equations. A possible approach would be to subsample 

random scale collections of fish taken in the Columbia River over a 

period of years, compute length at each annulus for each age at 

maturity, and follow the growth of separate year classes. This would 

reduce the tremendous variability inherent in ocean samples. 

In a generalized sense, the average ocean -type chinook grows to 

about 10 to 14 inches in length (1 to 1 -1/2 pounds in weight) the 
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first summer and winter at sea, 19 to 23 inches (4 to 7 pounds) by the 

end of their second winter, from 25 to 31 inches (8 -3/4 to 16 -1/4 

pounds) at the end of the third winter, and 31 to 36 inches (16 -1/4 to 

25 pounds) at the end of the fourth winter. Those remaining spawn in 

the fall of their fifth year at from 35 -40 inches (23 -34 pounds). An 

average stream -types chinook stays in fresh water its first growing 

season and shows relatively little growth. It is 16 -18 inches in 

length (2 -1/2 to 3 -1/2 pounds) at the end of its second winter; 24 -28 

inches (7 -1/2 to 11 -1/2 pounds) at the end of the third winter; and 

from 29 -33 inches (12 -3/4 to 18 -1/4 pounds) at the end of the fourth 

winter, at which time most mature. Superimposed on this growth curve 

is a maturity schedule in which the largest fish of each group mature 

and leave the ocean. 

Reference has been made to the relative maturity of stocks in 

various areas in connection with the tagging results. Another way of 

looking at maturity is to examine the tagging data on size at tagging 

and year of recovery. Fish recovered in a stream the same year as 

tagged were obviously maturing at time of tagging, and those recovered 

in both ocean and river fisheries in years following tagging were ob- 

viously immature when tagged. Nothing can be determined from those 

recovered in the ocean the same year as tagged and they are ignored in 

this analysis. An obvious source of error is that the immature fish 

are subject to an additional period of tag loss and natural mortality, 

thus reducing their numbers in relation to the mature fish. This 

would maximize the estimate of percentage maturity but does not affect 
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the value of these data for comparative purposes. Figure 30 compares 

maturity - length curves for the periods 1948-52 and 1957 -62 for the 

Columbia -Grays Harbor area tagging. (Per cent mature is the percentage 

of total recoveries, excluding first -year ocean recoveries, made in 

fresh -water areas the same year as tagged.) Obviously, there has been 

a change in the pattern of recovery between the two time periods. The 

1948 -52 period was characterized by having about 20% of the 14- to 16- 

inch fish mature, a drop to 0% mature at 18-20 inches, a slow rise to 

20% at 26 inches and a rapid rise to 100% mature at 30 inches. In 

1957 -62 the curve rises immediately from 14 inches in a linear manner 

to 90% at 24 inches were it levels off. A change in maturity might 

not be the sole cause of such a phenomenon. A very high rate of tag 

loss or mortality between years in the 1957 -62 tagging could also pre- 

sent a similar picture. That is, only the fish maturing the same year 

as tagged survive to be recovered in a stream. Another possibility 

is that immature fish are no longer present in former numbers in the 

Columbia -Grays Harbor area, or that a stock of fish that mature at a 

small size have become dominant. 

Tags and tagging technique have constantly improved and a higher 

tag loss than during the earlier period seems extremely unlikely. This 

possibility can be explored however. Although most fish in the later 

period were tagged with spaghetti tags, some had Petersen discs. In 

1955, Fish Commission of Oregon personnel tagged 91 small chinook with 

spaghetti tags and 41 with Petersen tags. Recoveries of spaghetti tags 

were four (4 %) the same year as tagged and 17 (14 %) in subsequent years; 

of Petersen tags none were recovered the same year and four (10 %) the 
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following years. In May -August 1957 the Washington Department of 

Fisheries (Heyamoto, 1963) tagged 71 chinook off the Columbia River 

with Petersen discs and had 11 recoveries- -seven (10 %) in 1957 and 

four (67.) in 1958. Although everything caught was tagged, the majority 

of the fish were below troll legal size (24 inches fork length). In 

the 1959 spring tagging the Washington Department of Fisheries tagged 

57 chinook with dart tags and 54 with Petersen discs. Recoveries were 

12 (21 %) and eight (15 %), respectively, the same year as tagged and 

zero and one (2 %) in subsequent years. Recoveries were poorer than 

from the 311 tagged by the Fish Commission of Oregon at the same time 

with spaghetti tags which yielded 88 (28 %) returns the same year as 

tagged and ten (3 %) in subsequent years. The pattern of first and 

second year returns was very similar. Although there was considerable 

variation, depending on the size of the fish tagged and the time of 

year, in general the spaghetti tags yielded a greater total return and 

the relationship between the same and subsequent year recoveries was 

similar. In addition, observations on the recovered spaghetti tags 

showed them to be in good condition with only a few showing any sign of 

deterioration or ill effects on the fish. This contrasts with earlier 

tagging with Petersen discs where many tags were recovered in various 

stages of degeneration. We can thus conclude that there has been a 

real change in the maturity or survival pattern of the chinook found 

from the Columbia River to Grays Harbor between the periods 1948 -52 and 

1957 -62. 

In an attempt to explore further the relationship between age, 

size, and maturity, the length distributions of tagged fish recovered 
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as Columbia River fall chinook by age and maturity were plotted for two 

comparable periods, April -July 1948 -52 and March -June 1959 -61 (Fig- 

ure 31). Insufficient recoveries of immature fish in the later period 

precluded a comparison of immatures, but the mature recoveries showed 

that numbers of 19- to 23 -inch two -year fish and 24- to 27 -inch three - 

year fish are now maturing whereas in the earlier years they did so 

only to a limited degree. The possible reasons for this change will 

be discussed in later sections of the report. 

The relationship between maturity, age, and size can also be 

studied from random samples of the fish at sea. Unfortunately, since 

the troll catch is landed dressed and the smaller sizes are discarded, 

this information can only be obtained by accompanying the trollers and 

examining the fish as they are caught. Maturity was determined by 

graphically comparing gonad weight with fish length and also by gonad 

weight- frequency distributions. In the late spring and summer both 

immature and mature males and females could be easily separated, but 

in March and April there was only a slight size difference. By working 

backward from the more distinct groups later in the season, I was able 

to assign them without too much difficulty, recognizing, however, that 

there may be some error in the overlapping gonad size ranges. 

Figure 32 shows the results of such sampling in 1954 -55 between 

Grays Harbor and Newport. Because of the difficulty of obtaining large 

enough samples to give adequate frequency distributions, years, months, 

and areas are grouped. These are, of course, mixed populations, but 

Columbia River fall chinook probably are the dominant population repre- 

sented. Although the sampling extended from March to October most was 
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done in the spring and early summer, so the 21es are not as well 

represented as they are later, and the other ages are somewhat smaller 

in size than if sampled later in the year. Also four-year fish are 

better represented in this sample thin in the usual late summer and 

fall fishery. 

Two-year fish ranged from 15 to 23 inches and a few of the larger 

males were maturing. Three-year fish were the best represented age 

group, with most ranging in size from 21 to 30 inches. The larger 

fish of the age group were maturing, more so in the males (44% mature) 

than females (15% mature). Four -year fish (and a few fives) were 

mostly between 25 and 35 inches. Some of these would not have matured 

for another year, especially the smaller females. Maturity appears 

to be more a function of size and sex than age. Clearly an intense 

ocean fishery could alter the age and sex structure of the population 

as it enters the Columbia River. Almost one half of the three-year 

males were maturing and would not be available to the fishery as four- 

year fish, but only 15% of the females were maturing and the remainder 

would be available for another year of fishing. This would in effect 

reduce the numbers of four -year females entering the river (and males 

also, but they are less important) and increase, relatively, the num- 

bers of three-year males. 

Variation in Survival Rate 

The return or recovery of fish that have been marked or tagged 

affords some measure of their survival if allowances are made for 
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changes in tagging, marking, and recovery techniques, size of fish, 

and fishing intensity. 

Tagging Experiments 

The purpose of this section is to examine ocean tagging experi- 

ments on chinook to determine if any gross changes in marine survival 

can be detected. The tagging results discussed in the previous pages, 

while primarily illustrating the migration and origin of the fish, 

showed a striking change in maturity pattern of the stocks found be- 

tween the Columbia River and Grays Harbor. This resulted from the 

early period (1948 -52) having many second -year recoveries, while the 

latter period (1957 -62) had few. It was shown that the change in type 

of tags used could not account for this difference and it was sug- 

gested that there has been a change in maturity schedule or a high 

mortality rate between years in the latter period. 

A summary of pertinent ocean tagging experiments is given in 

Table 4 which shows the number tagged and number and percentage re- 

covered the same year as tagged and in subsequent years. Unlike the 

preceding section on maturity, first -year ocean recoveries are in- 

cluded. A perusal of the table shows that except for tagging off 

the Columbia River and Grays Harbor in 1959, 1960, and 1961 nearly all 

experiments have yielded total returns of between 10 and 20 %. The 

three exceptions gave recovery rates of 28 to 47 %. In contrast to 

this relatively constant total recovery, regardless of area or time, a 

distinct change in the pattern between years can be shown. This is 

particularly evident in the series of taggings between the Columbia 



TABLE 4. RETURN OF CHINOOK SALMON TAGGED IN THE OCEAN, BY YEAR OF RECOVERY. 

Area 
Tagged 

Newport 

Columbia 

Month 
and 
Year 
Tagged 

Col. -Grays Hbr. 

II 

Grays Harbor 

June -Sept. 
1948 -51 

June -Aug. 

1959 -62 

April -May 
1948 -52 
June -Sept. 
1948 -51 
April 

1955 
May -Aug. 
1957 

May -June 
1961, 

June -Sept. 
1958 -62 
March -April 
1959 
March -April 
1960 

May -June 
1951 

Number 
Tagged 

Recovered 
Same Year 
As Tagged 

Recovered in 

Years Follow- Y 
Tagging 

Total 
Re- 

covered 
Remarks No. % No. % No. 

196 18 9.2 20 10.2 38 19.4 

37 4 10.8 1 2.7 5 13.5 

575 70 12.2 62 10.8 132 23.0 

168 2 1.2 21 12.5 23 13.7 Mostly small fish. 

132 4 3.0 17 12.9 21 15.9 All sublegal, most 
tagged in Sept. 

71 7 9.9 4 5.6 11 15.5 HeYamoto, 1963, 82% 
sublegal when 
tagged. 

168 67 39.9 12 7.1 79 47.0 

114 5 4.4 9 7.9 14 12.3 All sublegal when 

tagged 
422 108 25.6 11 2.6 119 28.2 

343 103 30.0 4 1.2 107 31.2 o 

97 14 14.4 5 5.2 19 19.6 

ing 

II 

,, 

% 

- 



TABLE 4. (COMM) 

Month Recovered Recovered in Total 

and Same Year Years Follow- ,Re- 

Area Year Number As Tagged ing Tagging covered 

Tagged Tagged Tagged No., % No. % No. % Remarks 

Umatilla Reef June -Sept. 200 12 6.0 8 4.0 20 10.0 Kauffman, 1951 

1948 -49 

Swiftsure May -Sept. 403 36 8.9 33 8.2 69 17.1 1/ u 

1948 -49 

S. Vancouver Island Mar. -Sept. 2,478 216 8.7 90 3.6 306 12.4 Pritchard, 1934 

1925 -26 
n May -Sept. 912 36 4.0 73 8.0 109 12.0 Milne, 1957 

1949 -50 

N. Vancouver Island Mar. -Sept. 571 80 14.0 14 2.4 94 16.4 Pritchard, 1934 

1927 -30 
11 May -July 121 16 13.2 8 6.6_ 24 19.8 Milne, 1957 

1949 -51 

Queen Charlotte April -Aug. 1,839 194 10.5 22 1.2 216 11.7 Pritchard, 1934 

Island 1929 -30 

Southern & Middle May -Sept. 553 94 17.0 6 1.1 100 18.1 Parker and 

S.E. Alaska 1950 -51 Kirkness, 1956 

Northern S. E. June -Aug. 365 19 5.2 38 10.4 57 15.6 11 

Alaska 1950 -51 

r 
O 
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River and Grays Harbor. Contrast April -May 1948 -52 (12% recoveries 

first year: 11% subsequent years) with March.April 1960 (30:1) and 

June -September 1948 -51 (1:12) with May -June 1961 (40:7). The Newport 

area also shows a similar pattern (9:10 in early period, 11:3 in later 

period). The instances cited are roughly comparable with regard to 

tagging locality and season and size of fish tagged. May -June 1951 

(14:5), May -August 1957 (10:6), and June -September 1958 and 1962 (4:8) 

do not fit the pattern, but in the first instance the tagged fish were 

exceptionally large and in the latter two, very small. 

In order to explore this change further, an examination of the 

size of the fish tagged and recovered in the two time periods is in 

order. For example, size of fish tagged and recovered from the 

Columbia River -Grays Harbor experiment in April -May 1951 might well 

be compared with March -April 1960, being approximately similar in 

area and time, and with adequate numbers of fish handled. (March - 

April 1959 could also have been used, but the two experiments gave 

very similar results.) Likewise, combined tagging in June -July 1948 -51 

can be compared with the May -June 1961. 

The 1951 and 1960 comparison is shown in Figure 33. The fish 

tagged in 1960 were slightly larger than in 1959 (A), but the 

total recoveries the same year as tagged were almost identical in 

size the two years (B). Breaking down the same year recoveries into 

ocean (C) and river (D) shows the size distribution of the ocean re- 

coveries for the two periods again to be similar, but the river re- 

coveries are different. In 1951, 63% of the stream recoveries were 

from fish 28 inches in length and over, while in 1960 only 39 %. Fish 
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Figure 33. Length- frequency distributions of April -May 1951 and 
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recovered in years following tagging (E) in 1951 were considerably 

smaller than those recaptured in a stream the same season as tagged, 

but only slightly smaller than same year ocean recoveries. Second - 

year recoveries in 1960 were too few to be meaningful. Clearly, the 

1960 tagged fish matured at a smaller size than in 1951. 

A comparison of June -July 1948 -51 with May -June 1961 is shown in 

Figure 34. The size of fish tagged was very similar in the two 

periods and covered a large size range with no pronounced peak. The 

first -year recoveries in the early period and second -year recoveries in 

the latter period were too few to give a good graphical presentation by 

ocean and river recovery, but it is noticeable that only one fish (11 %) 

smaller than 23 inches was recovered in the early period in fresh water 

the same year as tagged whereas in 1961, 55% of the first -year river 

recoveries were 23 inches or smaller. An additional observation is 

that in 1948 -51, larger fish were recovered the same year as tagged in 

proportionally greater numbers than smaller fish, whereas in 1961 re- 

covery seems to have been fairly equal over most of the size range. In 

general terms, small fish were not recaptured the same year as tagged 

in 1948 -51, but in 1961 they were. 

One must conclude that there has been a real change in the be- 

havior, survival, or maturity of chinook salmon stocks found between 

the Columbia River and Grays Harbor in the spring and early summer. 

One might conclude that the majority of chinook now becoming avail- 

able to the ocean sport and commercial fisheries in this area, and re- 

maining there, are either caught, or mature and enter the river the 

same year. A few facts will be presented which tend to bear out this 
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hypothesis. Table 5 is a composite of previously mentioned tagging 

experiments showing the recovery by size, year, and whether taken in 

the ocean sport, ocean commercial fishery, or in a river. The river 

recoveries include both fishery and hatchery returns. The size cate- 

gories are rough approximations of the size limits in effect on the 

fisheries: the sport size limit has varied from nothing to 22 inches 

total length (20- inches fork length) while the commercial limit has 

been 26 inches (24- inches fork length) for many years. The smallest 

size group would generally not be available to the sport fishery at the 

time of tagging, but many would grow large enough by midsummer; the 

middle size group would be fully available to the sport fishery but not 

the commercial fishery until some growth had been made, while the 

largest would be fully available to both fisheries. Assuming that tag 

loss the first year is not serious for either period, certain conclu- 

sions can be drawn from this table. Particularly striking is the 

increase in sport returns the same year as tagged from 0.7 to 10.0% 

of the number tagged- -over a ten -fold increase. Troll recoveries 

increased from 5.0 to 8.8 %, and same year river returns from 4.3 to 

14.3 %. The increase in ocean fishing intensity was proportionally 

greater on the smaller than larger size group, and the same was true in 

river returns. In 1948 -51 the small fish under 24 inches were lightly 

exploited in the ocean (12/438 _ 2.7% return) while in 1960 -61, at 

least 18.2% of those available were taken during the fishing season. 

Subsequent year recoveries were less for the later group in all 

categories. Making certain estimates regarding tagging mortality and 

unreported tags, it is possible to make a comparison between the tagged 



TABLE 5. RECOVERY OF TAGGED CHINOOK SALMON BY SIZE, APRIL -JULY 1948 -51 AND MARCH -JUNE 1960 -61. 
(PER CENT RECOVERED OF NUMBER. TAGGED IN PARENTHESIS.) 

Fork - 

Length 
(Inches) 

No. 
Tagged 

Recovered Same Year As 
Tagged 

Recovered in 

Subsequent Years 
Ocean 
Sport 

1 

Ocean 
Commercial 

1 

River 

1 

Ocean 
Sport 

2 

Ocean 
Commercial 

15 

River 

5 

April -July 
1948 -51 
12 -20 205 

(0.5) (0.5) (0.5) (1.0) (7.3) (2.4) 

21 -24 233 0 10 3 4 27 4 

(0.0) (4.3) (1.3) (1.7) (11.6) (1.7) 

25 -37 277 4 25 27 3 11 3 

(1.4) (9.0) (9.8) (1.1) (4.0) (1.1) 

Total 715 5 36 31 9 53 12 

(0.7) (5.0) (4.3) (1.3) (7.4) (1.7) 

March -June 
1960 -61 

12 -20 87 10 2 7 2 8 2 

(11.5) (2.3) (8.0) (2.3) (9.2) (2.3) 

21 -24 122 15 11 15 0 0 1 

(12.3) (9.0) (12.3) (0.0) (0.0) (0.8) 

25 -37 302 26 32 51 0 2 2 

(8.6) (10.6) (16.9) (0.0) (0.6) (0.6) 

Total 511 51 45 73 2 10 5. 
(10.0) (8.8) (14.3) (0.4) (2.0) (1.0)í., 
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fish actually available during the two periods. Using a tagging (hook- 

ing) mortality rate of 30% (within the range suggested by Parker and 

Black, 1959, for chinook; and Loeffel, 1961, unpublished data for coho), 

and assuming a constant natural mortality and that 30% of the tags 

taken in the ocean fishery are not turned in (probably minimal) and 

that 50% of the tagged fish entering a river are caught and reported 

(probably maximal) the calculation shown in Table 6 can be made. 

Although the assumed values are used for comparison purposes 

only, and are valid only if they did not change, this example shows 

that increased ocean fishing intensity and greater numbers of fish 

maturing at a smaller size, could account for the paucity of second - 

year recoveries in the later period. Note also in Table 5 that the 

12- to 20 -inch group gave approximately the same subsequent year 

return in 1960 -61 as in 1948 -51, the only category to do so. This is 

illustrated in Figure 33, showing that in 1961 only the 17 -, 18 -, and 

19 -inch fish survived into subsequent years in significant numbers. 

Most of these would be below the legal or desirable size for the ocean 

sport fishery, had not yet reached the 50% maturity point (see 

Figure 30), and thus were not caught the same year as tagged. 

Similar results from tagging Dungeness crabs (Cancer magister), 

including an assumption of 30% unreported tags, have been used to 

calculate that 80 -90% of the legal -sized crabs were taken by the fish- 

ery in a fishing season (Cleaver, 1949; Jow, 1965). With natural 

mortality virtually no survivors were left the second season. 

The hypothesis that the majority of chinook becoming available 

to the fisheries between the Columbia River and Grays Harbor will be 
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TABLE 6. HYPOTHETICAL RETURN OF TAGGED CHINOOK SALMON BASED 
ON ASSUMED TAGGING MORTALITY AND UNREPORTED TAGS, 
1948 -51 AND 1960 -61. 

1948 -51 1960 -61 

Number tagged 

Less tagging mortality (30%) 

Tags recovered in ocean, year 1 

( +30% unreported) 

"Ocean fishing mortality" year 1 

Number left after ocean fishing 
year 1 

Number entering river fall of 
year 1 (double the tags 
actually recovered) 

Available for year 2 

Recovered in year 2 

715 

501 

59 

12% 

442 

62 

380 (53% of 
original 
number tagged) 

74 (20% of 
available) 

511 

358 

137 

38% 

221 

146 

75 (15% of orig- 
anal number 
tagged) 

17 (23% of 

available) 
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caught or mature thus does not seem unrealistic. It should not be con- 

strued, however, that this situation applies to other chinook stocks, 

but only to the study area which may be a unique situation. Without 

corrections for tagging mortality, tag loss, and unreported tags, 

returns of from 28 to 47% in recent years from troll- caught chinook 

indicate they are subjected to an intense fishery. 

The Vancouver Island area offers a comparison between two differ- 

ent periods, viz., 1925 -30 and 1949-51. For Barkely Sound, off south- 

ern Vancouver Island, total recovery during the two periods was almost 

identical, 12 %, but the proportions of first and subsequent year re- 

coveries reversed (Table 4). There was a great difference in the age 

of the fish tagged between the two periods (Milne, 1957), making a 

comparison as in the previous discussion difficult. A sample in 1926 

showed the percentage of two -, three -, four -, and five -year fish as 3, 

28, 50, and 18 while in 1949 -50 the percentages were 3 -17, 78 -84, 5 -13, 

and O. Obviously in 1926 most of the four- and five -year fish were 

maturing and first -year recoveries would be expected to predominate, 

while in the recent period, with about 80% three -year fish in the 

catch, more subsequent year recoveries would be expected. For northern 

Vancouver Island which has a more migratory, mature population the 

return ratios were not greatly different. Milne comments on the 

smaller and younger fish tagged in the 1949 -51 period and the increase 

in the numbers retaken off Vancouver Island: "In the 1950 experiment 

all the fish were small but the relatively high return suggests that an 

intensive fishery must have exploited these immature fish throughout 

much of their ocean life." It is unfortunate that no tagging has been 
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done off Vancouver Island in the 1960's to see how the return compares 

with the populations tagged off the Columbia River in recent years. 

These tagging experiments illustrate the increase in ocean fish- 

ing as one factor in the poor survival between years, but the phenom- 

enon of increasing numbers maturing at the smaller sizes is still 

perplexing. 

Marking Experiments 

Survival back to the river or hatchery of fish marked and liber- 

ated as fry or fingerlings gives a measure of their stream, estuary, 

and marine survival. Pertinent marking experiments are summarized 

in Table 7. Only double fin marks of fish that were not transferred 

out of the area of their home hatchery were used in this analysis. The 

objectives of the many experiments varied as did the methods of re- 

covery. Prior to 1949, marks were recovered from the river fishery 

by paying the cannery butchers a reward for each combination of fins 

submitted to a fishery agency representative. This probably resulted 

in most of the fish taken in the fishery being reported, but it would, 

of course, give a minimal estimate. In recent years, the reward system 

has been discontinued and marks are recovered by sampling a portion- - 

usually 20 to 50 % --of the catch. These recoveries are shown in Table 7 

as well as an extrapolated estimate of the number in the entire com- 

mercial catch. The latter estimate is subject to sampling error. 

Holmes (1952) did not attempt to recover fish at the hatcheries, but 

in recent years most of the marked fish appearing at the hatchery racks 

have been recorded. There is some straying of marked fish to unracked 

streams, however. 



Location 

Little White 
Salmon Hatchery 

Big-White Salmon 
Hatchery 

TABLE 7. RETURN OF MARKED HATCHERY- REARED FALL CHINOOK. 

Recoveries Calcu- 
Release lated 
Site Per cent 

Survival 
to River 

Actual Fishery 

Commercial 
Number River 
Marked Fishery 

Brood (Thou- Calcu- 

Year ,sands) Actual lated 

1919 24` 

Per Cent 
Survival 
to River 
Fishery 
and Re- 
lease Site Reference 

31 31 12 0.13 0.18 

1922 100 349 

Spring Cr., Oxbow, 1938 -43 1,212 3,549 3,549 

Bonneville, and 

Little White 
Hatcheries 

Oxbow and Kalama 
Hatcheries, 

Kalama Hatchery 

Bonneville & Oxbow 
Hatcheries and 
Gnat Creek Weir 

Klickitat, Kalama, 
and Toutle 

Hatcheries 

1949 402 109 

1951 305 5 

1952-57 1,246 67 

86 0.35 0.45 

m 0.29 

288 241 0.07 0.13 
(Oe29)?/ (0.45) 

0 0.003 0.003 121 

159 362 0.01 0.04 
(0.02) (0.06) 

1952 -57 1,571 134 3181/ 109 0.02 0.03 

Rich &- Halve, (1929) 

n n 

Holmes (1952) 

Pulford (1964); 
Heyamoto and Kiemle 
(1955) 

Kiemle (1962) 

Pulford (1964) 

Kiemle (1962) 

349 

- 



TABLE 7. (CONTID) 

Location 

Recoveries Calcu- Per Cent 

Commercial Release lated Survival 

Number River Site Per Cent to River 

Marked Fishery Survival Fishery 

Brood (Thou- Calcu- to River and Rem 

Year sands) Actual lated Actual Fishery lease Site Reference 

All Columbia River 1961 7,515 3,078 7,895 3,859 0.10 0.16 Bureau of Commercial 

(0.22) (0.40) Fisheries (1964 
and 1966a and b) 

1/ Based on same ratio as used by Pulford (1964). 

2/ Figures in parenthesis are computations of number surviving if all marked fish calculated to have 

been caught in ocean fishery had returned to river. 
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The best comparison of survival can be made from the fish captured 

by the commercial river fishery, however, this is subject to changes 

in the proportion of the run removed by the fishery. In the 10 -year 

period 1938 -47, an average of 79% of the fall run was captured, while 

in 1953 -62 this decreased to 58% (FCO -WDF, 1967). The differences in 

recovery between the two periods are far greater than can be accounted 

for by changes in fishing rate, however. A perusal of Table 7 shows 

that average return to the river fishery for the brood years 1919-43 

was 0.29% while for 1949 -57 it was 0.02 %. Even including hatchery 

returns in the later period, which should include the bulk of the 

surviving fish, the survival rate is only 0.04 %. Obviously there was 

a catastrophic reduction in the survival of marked hatchery- reared 

fall chinook during the period of study. 

There exists a great, and largely unexplained, variability in 

survival in different lots of fish. An extreme example is the Kalama 

River 1949 and 1951 broods. For the 1949 brood, 198,000 were marked 

Ad -By and released in June 1950. They produced what was considered *a 

good return with 254 actual ocean recoveries and 238 in the river 

(Heyamoto and Kiemle, 1955). The experiment was repeated with the 

1951 brood, 305,000 were marked DBV and released in May 1952. Only 

15 were recovered in the ocean and five in the river (Kiemle, 1962). 

Whether the difference was due to the condition of the fish or en- 

vironmental changes is unknown. If we take calculated ocean recoveries 

for the 1949 -brood experiments and, for the sake of discussion, assume 

that if the fish had not been caught at sea they would have all re' 

turned to the river, we can arrive at survival rates of 0.29% for the 
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river fishery and 0.45% for the total return -- remarkably similar to the 

1922 and 1938 -43 broods. This approach does nothing for the 1952 -57 

broods, however, and their return is still far lower than for preceding 

years. The difference then in survival between the 1949 brood and 

earlier years can be partially accounted for by the increased ocean 

catch, assuming that the early troll fishery had a negligible effect 

on survival and return to the river. 

Returns from the 1961 -brood fall chinook contribution study are 

complete enough to offer substantiating information. Calculated total 

mark returns are available through 1965 and 1966 returns are estimated 

by assuming a 25% sampling rate in all fisheries. Return to the river 

for this brood is low (0.16% of the number released) but adding in 

ocean recoveries brings the survival up to the magnitude of early 

years. 

Preliminary returns from marking experiments on the 1961 and 1962 

broods show differences in survival of consecutive brood years. Actual 

mark returns for the 1961 brood through their fourth year were 13,528, 

while the 1962 brood gave only 3,454. The same level of sampling was 

maintained and numbers of fish marked in both years were approximately 

the same. At this rate of recovery, total survival will only be about 

0005% compared to O14 for the 1961 brood. 

Pulford (1964) found that the rate of mark recovery from the 

early period (1914 -21 broods) was significantly higher than from the 

later period (1947 -58 broods) for Willamette River spring chinook. 

He notes that during the later period disease was having a serious 

effect upon the survival of hatchery salmon and undoubtedly played 
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an important role in the low survival of marked salmon from some ex- 

periments. 

Tuberculosis in salmonid fishes was first observed in the 1952 

run of fall chinook at Bonneville Hatchery (Wood and Ordal, 1958). 

Subsequently it was found that a high proportion of hatchery- propa- 

gated runs had this disease, and it was believed that this influenced 

the ability of salmon to survive during their earlier stages. Dis- 

semination of the disease was due to the feeding of infected car- 

casses and viscera to young fish. Since 1957 the use of salmon car- 

casses in Fish Commission of Oregon hatcheries has been discontinued, 

and recovery rates should improve if disease were the primary cause of 

low survival. Naturally produced runs showed a very low incidence of 

tuberculosis (Wood and Ordal, 1958; Ross, Earp, and Wood, 1959). Al- 

though disease undoubtedly caused reduced survival rates of hatchery 

fall chinook, the period of low survival for hatchery stocks coincided 

with the general decline in Columbia River fall chinook stocks. 

Hatchery Returns 

The numbers of adult salmon returning to a hatchery from known 

or estimated numbers of juveniles released is a measure of their 

survival. Here again, river, estuarine, and marine survival cannot be 

differentiated and the data gathered through the years has at times 

been only rough estimates of numbers of fish released and returning. 

Other complicating factors are the variable age at maturity and the 

straying of adults into other than hatchery streams. 
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Junge and Phinney (1963) made a thorough study of the return of 

fall chinook to the U. S. Fish and Wildlife Service Spring Creek 

Hatchery a few miles above Bonneville Dam. Spring Creek is unique in 

that the run is believed to be entirely artificially produced and is 

considered to be the most successful hatchery in the Columbia River 

system. The study was primarily concerned with isolating the factors 

influencing the relatively high return of fish to Spring Creek. It 

was rather surprising to find "...that survival rates since 1950 have 

been greatly reduced. When the pounds of fingerlings released are 

taken into consideration, even the large returns in 1958 and 1959 do 

not exhibit survival rates comparable to those maintained in the 

19401s." The high production of adults at Spring Creek has been 

maintained by large increases in the pounds of fingerlings released, 

but the return per pound released has decreased. The authors con- 

sidered the incidence of tuberculosis and coagulated yolk disease, 

increased crowding, and change in diet without coming to any firm 

conclusion as to the cause of the decrease. 

Wallis (1964a) reviewed the records of the FCC Bonneville 

Hatchery just below Bonneville Dam which also showed a high level of 

production for the 1945 -46 broods followed by a decline, a very low 

level for the 1951 -55 broods, then an increase beginning with the 

1956 brood but not up to the 1945 -46 level. The Spring Creek and 

Bonneville indices in return of adults per thousand pounds of finger- 

lings released are shown in Figure 35. Both are based on a four -year 

lag, and are adjusted for the changing rate of exploitation by the 

gill -net fishery, but Spring Creek includes only females while 
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Bonneville includes both sexes and also estimates the total number 

of Bonneville fish returning to the Columbia River, not just to 

the hatchery. Considering this, Spring Creek fish return at a much 

higher rate than Bonneville's, but the striking factor is the almost 

perfect superimposition of the two curves during the period of de- 

cline. Most certainly, the same factor or factors affected both 

stocks. Wallis (1964a) comments that the period of low production 

was associated with broods in which disease was very serious. He 

also notes: "The numbers of adults handled at the hatchery during 

the period 1949 -60 have shown trends of abundance similar to that 

noted on the spawning grounds and the escapement over Bonneville 

Dam. This suggests that the numbers of adults returning to the 

hatchery have been influenced by factors controlling general 

abundance as well as by hatchery operations." This suggestion will 

be discussed in detail in another section. 

Wallis (1964b) also reviewed the records of the FCO Oxbow 

Hatchery on Herman Creek above Bonneville Dam. He does not dis- 

cuss rate of return, but the potential egg takes show a gradual 

increase up to the 1947 brood, a sharp decline for the 1948 -50 

broods, a low level from 1951 -53, and then an increase. This agrees, 

in general, with the trend for Spring Creek and Bonneville hatcheries. 

Wallis again notes: "The number of adults handled at the hatchery 

since 1948 have shown the same trends of abundance as noted on 

the spawning grounds and in counts over Bonneville Dam. This 

suggests that similar factors are involved in the survival of the 

fish returning to Herman Creek and in the total run, and that 

hatchery operations have had little influence on the trends of 

abundance." Using a slightly different approach, I took Wallis' 

Oxbow Hatchery data on fingerling liberations by brood year and 
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potential egg take four years later, converted egg take into numbers 

of females (5,000 eggs per female), and computed an annual survival 

rate for females (Figure 36). This shows an increase in survival rate 

for the 1935 -47 broods, then a sharp decline followed by an increase 

with the 1954 brood. Except for the phenomenal return of the 1954 

brood, the results are quite similar to Bonneville and Cascade Hatch- 

eries for comparable years. There is a suggestion that the survival 

rate for the 1943 -45 broods was exceptionally high at both Spring 

Creek and Oxbow compared with both early and later years. In more 

recent years, the survival rate has increased to a level somewhat 

intermediate between the very high and very low levels of former years, 

but is more erratic. A similar pattern is given by return of adults 

as a percentage of fry and fingerlings released at all hatcheries in 

the Bonneville area (from Maltzeff and Zimmer, 1963). This figure in- 

cludes both sexes and does not correct for fishing in the lower river. 

The survival rate of both marked and unmarked hatchery chinook, 

from both above and below Bonneville Dam, apparently declined during 

the early 1950's. Hatchery biologists are quick to ascribe the cause 

to disease, but the fact remains that wild stocks, found to be rela- 

tively free of disease, also decreased during the same period. That 

disease was the primary or only cause for the change in survival rate 

of hatchery stocks is questionable. Clearly some other factor was 

also controlling the size of the population. 

Ecology 

General Oceanography 

The purposes of this section are: (1) to describe the oceanog- 

raphy of the region inhabited by young Columbia River chinook as it 

relates to their ecology, and (2) to examine, in an exploratory manner, 

several serial measurements of ocean conditions to determine if there 

exists any correlation with survival. 
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The following works have been used in arriving at a generalized 

description of the oceanography of the study area: Sverdrup, Johnson, 

and Fleming (1942); Fleming (1955); Barnes and Paquette (1957); 

Dodimead, Favorite, and Hirano (1963); Lane (1962 and 1963); Budinger, 

Coachman, and Barnes (1963); Stefansson and Richards (1963); Anderson, 

Barnes, Budinger, Love, and McManus (1961); and Burt and Wyatt (1964). 

The range of chinook salmon is well shown by Fleming's (1955) Figure 1 

and termed the American Coastal Region, but we will confine our atten- 

tion to the area between the Columbia River and mid -Vancouver Island 

where Columbia River fall chinook predominate, and where they spend the 

early formative months of their ocean life. In addition, only surface 

waters will be considered as chinook are seldom taken below 100 meters, 

although there is a suspicion that they may be below this depth in 

winter and at certain other times. 

The main current system of the eastern North Pacific is called 

the Aleutian, Subarctic, or West Wind Drift, a combination of the 

Kuroshio (warm) and Oyoshio (cold) currents off Japan, which mix and 

flow directly east. Before reaching the Pacific Coast, this current 

divides and sends one branch north into the Gulf of Alaska. The major 

branch, known as the California current, turns south. The latitude 

at which this split occurs varies from about 43° N in winter to 50° N 

in summer. Since the Columbia River is at 46° N, there would be ex- 

pected northerly currents offshore in the winter and southerly in 

summer, with a transition in spring and fall. In winter the Davidson 

current develops; this is a subsurface countercurrent which breaks to 

the surface and flows north inshore during November, December, and 

January. The exact effect of the major offshore current system on 

coastal oceanography is not clear from the literature; most authors 

indicate the region of division as "well offshore," 300 miles in one 

case. How close inshore the Alaska gyral and California current come 
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and the latitude of the division would appear to have an important 

effect on water temperature and direction of current at some particular 

location. Undoubtedly the effect is often masked by local variations. 

The surface current velocity in the area of division is weak and vari- 

able, but there is some increase shoreward from 0.7 to about two to 

four miles per day. Average values of 2.5 miles per day are given by 

some authors. 

The oceanographic features of the coastal domain vary from one 

area to another because of local variations in runoff, heating and 

cooling, winds, and tides. The prevailing southerly winter winds and 

northerly summer winds play a dominant role in the formation of cur- 

rents along the coast. They help produce the well -known northward 

flowing current in winter and vice versa in summer. The exact time of 

change from a northerly to a southerly current in the spring off the 

mouth of the Columbia River would be of interest in the light of salmon 

migrations. 

The discharge of the Columbia River in winter lies north along the 

coast for about 100 miles. In summer a plume of dilute water can be 

detected in a southwesterly direction as far as 200 miles from the 

mouth of the river, the inshore boundary departing from the coast some 

50 miles south of the mouth. Movement of the plume depends on local 

circulation and wind stress. 

Knowing the direction of the plume during the spring downstream 

migration period of salmon would be of interest. We may speculate that 

a delay in downstream migration of fingerlings (as could occur at a 

dam) might put them at the mouth of the river at a time when the south- 

erly current and southwest plume would direct them far out to sea in 
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what would appear to be an inhospitable environment. This might also 

apply to hatchery fish reared beyond the time of usual migration. 

Possibly, currents in the spring are so vague and variable that the 

young salmon do not use them for orientation and are not displaced, 

but instead head north through some other sense. 

The Columbia River accounts for 91% of the mean runoff between 

the Strait of Juan de Fuca and the Umpqua River, varying from 66% 

in winter to 98% in late summer. Thus it would not be difficult for 

a returning Columbia River salmon to find Columbia River water to home 

on. The fishery for salmon off the Columbia in the fall is concen- 

trated in a southwesterly direction from the south jetty out to the 

Lightship, suggesting that mature salmon coming in from the north 

continue south until they strike the Columbia River plume and then turn 

into the river. In the early spring, the fishery for spring -run 

chinook takes place north of the river, again perhaps correlating with 

Columbia River water being north at this season. 

The classic pattern of aquatic migration, downstream for the weak - 

swimming young and upstream for the strong adults would appear to be 

exemplified by the salmon- -the young drift downstream in the river 

with the current and the adults breast the current to return to spawn. 

This behavior might be expected to extend to the ocean. Likely, the 

young are carried north by a current, but the adult fall chinook re- 

turn from the north in August and September when the current is running 

south. Thus, they would again swim with the current on their return 

journey. Navigation is then not related to the simple mechanism of 

returning back against the current on which they had passed down three 
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or four years earlier, nor does following an olfactory trail, or other 

type of cue, appear to be involved since there would be little or no 

Columbia River water north of its mouth. When they enter the river, 

the fish must change their behavior and swim upstream against the cur- 

rent. 

The paper by Burt and Wyatt (1964) is of particular interest in 

regard to currents off the Oregon coast and Columbia River at various 

seasons. By drift bottle returns they show a predominent northerly 

current in the winter from October through March, variable in April and 

May and September, and south from June through August. Only the down- 

stream migrants entering the sea in the latter period would be faced 

with no alternative but to go south. Even those, although swept south 

for a time would encounter northerly currents early in the fall and 

lasting all winter, so the net transport favors a northerly displace- 

ment. Drift bottles released at about the same time in the spring 

and in the same general area were sometimes recovered both north and 

south of the release point, suggesting that young salmon might have a 

choice of currents to select. Some striking movements were shown- - 

many bottles were recovered along the British Columbia coast, two 

near Ketchikan, Alaska, and one as far as Afognak Island. The latter 

recoveries confirm that young salmon from the Columbia River could 

be transported into the northern Gulf of Alaska. 

The hydrography of the Washington coast is not well known. The 

University of Washington Department of Oceanography has been making 

extensive cruises in this area in recent years but their data have not 

been published in a form which shows seasonal changes in currents and 
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distribution of Columbia River water. A cursory review of the data re- 

ports from these cruises in May and June 1961 showed an indefinite 

spread of low- salinity water both north and south of the river; by 

July the southerly plume was well developed. 

Anderson (1964) found that primary production of phytoplankton 

in the area covered by the Columbia River effluent was higher than in 

the ambient water but was low in comparison with some other areas. 

The best production was directly off the river's mouth and there was 

a large spring bloom which should provide abundant zooplankton for the 

young salmon when they enter the sea --a period which might be con- 

sidered critical from a physiological standpoint. Indeed, Frolander 

(1962) found a maximum volume of zooplankton in Washington coastal 

waters in May. Volumes were similar to those recorded in the Gulf of 

Alaska, but less than in some other coastal waters. Samples were 

dominated by copepods which should be a good food source for finger- 

ling salmon. 

The oceanography of the west coast of Vancouver Island has been 

well documented, but the finer details are still sketchy. In March - 

April, wind direction is variable with a change from dominant southeast 

to northwest. This results in a relaxation of convergence and allows 

brackish surface waters to extend seaward. The upper waters are 

isothermal at about 48 -50 F. In May -July, when Columbia River chinook 

would be expected to arrive in the area, there are freshets in the 

large rivers which reduce the salinity of the surface waters and 

produce a distinct halocline at about 25 meters. A thermocline is 

also present with surface temperatures around 54 F. Predominant winds 
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are moderate from the northwest and with some divergence. During July - 

October, land drainage is at a minimum and the halocline weakens. Tem- 

peratures increase from shore to seaward and a well- defined thermocline 

is present. 

The circulation off Vancouver Island is influenced to a large ex- 

tent by flow from Puget Sound and Georgia Straits out through the Strait 

of Juan de Fuca. In the winter a water movement to the north exists, 

while coastwise currents in summer are small or absent. Summer cur- 

rents out of the Straits tend to turn northward due to Coreolis force, 

but are opposed by the northwest wind, and form an offshore counter- 

current or eddy. Upwelling occurs at times along the Vancouver Island 

coast and at the approaches to Juan de Fuca Strait. Less upwelling 

occurs along the Washington coast, but it again appears along the 

Oregon coast and to the south. The area off the Strait and along 

southern Vancouver Island is an important feeding ground for salmon 

from the Columbia as well as other rivers, while the fish found along 

the Washington coast are for the most part a transient population en- 

route to and from feeding and spawning areas. In contrast to some 

other coastal areas of the world, the oceanography of this region is 

not dominated by oceanic influences, but instead is determined by the 

relative influence of the estuarine discharge, variable winds, surface 

cooling or heating and strong tides, as well as the location of 

separation of the West Wind Drift. Short term variations may be as 

great as seasonal or yearly variations. 
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Oceanography and Salmon Ecology 

The warming trend of the North Pacific Ocean from 1957 -59 is well 

known. This was caused by the trans -Pacific drift veering north, 

allowing warm water to intrude northwards Because of the warm water, 

most of the 1958 Fraser River sockeye salmon run entered the Straits 

of Georgia from the north through Queen Charlotte Sound rather than the 

usual route through Juan de Fuca Strait (Royal and Tully, 1961). The 

inference is that the salmon encountered the warm water intrusion 

while approaching land from their offshore feeding grounds and avoided 

it by going inshore to the north. Favorite (1961) suggests however 

that the seaward extent of dilute surface water may determine the 

location where homeward bound salmon enter coastal waters. He shows 

a tongue of dilute water extending farther offshore from Queen 

Charlotte Sound in 1958 than in 1959 (when the run was normal). As 

in most biological phenomena, the result is probably an interaction 

of two or more processes and both temperature and salinity may be 

involved in determining the area of landfall. Certainly the differ- 

ence in temperature was much more conspicuous than the difference in 

salinity. The excursion of local runoff as clearly defined tongues 

caused Favorite to suggest the absence of any appreciable current 

along the British Columbia coast during the summer. 

Royal and Tully (1961) also noted that the 1958 run was about 

ten days later than usual, and they ascribed this to the displace- 

ment of the sockeye to more distant feeding grounds, or to a cir- 

cuitous migration path to avoid the warm water intrusion. Interest- 

ingly, the 1958 fall chinook run to the Columbia River was the latest 
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on record, with counts peaking at Bonneville Dam on September 15, com- 

pared with the usual peak around September 5 or 6. 

Many fluctuations or declines in abundance of salmon runs have 

been blamed on changes in marine survival, but little is known about 

the mechanisms involved. Marine survival rates of Fraser River sockeye 

have varied from 4 to 18% in recent years (Royal and Tully, 1961). 

Henry (1961) found a significant relationship between first -year marine 

growth and marine survival, suggesting that conditions favoring good 

survival also favor good growth. Sockeye spend a year or more in a 

lake before migrating to sea, and are better able to fend for them- 

selves upon entering the marine environment than are pinks and chum 

which enter the sea soon after hatching and would appear to be at the 

mercy of currents and predators during their first few months of life. 

Most fishery biologists working on these two species feel that the 

success of a year class is determined to a large extent by the con- 

ditions it encounters in the estuary and coastal waters. 

Vernon (1958) examined the factors affecting the abundance of 

pink salmon in the Fraser River and found that the mean April- August 

temperature in Georgia Straits was closely and inversely correlated 

with abundance. Mean salinity was also correlated, but this was due to 

an association of salinity with temperature. He tentatively concludes 

that the early marine environment of Fraser River pinks is important 

in determining adult abundance. Whether the water temperature has a 

direct or indirect relationship to survival will not be known until the 

underlying mechanisms of population control are better understood. 



135 

Birman (1964) also noted that the warming of Asiatic coastal water by 

the Kuroshio current caused decreased numbers of pink salmon. 

Chum salmon stocks have decreased since the early 1950's over the 

eastern North Pacific. The widespread and consistent nature of the 

decline has caused biologists to suggest oceanic factors as the cause 

of the decline, although this is pure speculation as no one has at- 

tempted any correlations of marine factors with abundance. Chums are 

not unlike fall chinook in some respects since they both go to sea 

shortly after hatching and most mature in their third and fourth years. 

Levanidov (1964) states that Asiatic chums spend their first year in 

coastal waters before departing offshore. Chinook presumably spend 

most of their entire life in coastal waters, thus they would be ex- 

posed to the same critical factors in their early life history. Ac- 

cording to the Russian workers, pinks go offshore during their first 

year, Birman (1964) concluded that hydrological conditions were not 

responsible for the decline of Asian chum salmon although they may 

cause some fluctuations. 

Application to Columbia River Fall Chinook Salmon 

With this brief introduction to the oceanography of the coastal 

eastern North Pacific and the effect of marine conditions on some 

other salmon populations we may explore the relationship between 

oceanic conditions and the abundance of Columbia River fall chinook. 

As mentioned earlier these fish migrate downstream shortly after 

hatching, but since they often hatch far up the river, the trip may 

take weeks or even months. May is probably the month when most fall 
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chinook arrive at or near the mouth of the Columbia River, with con- 

siderable migration extending into June (refer to section on down- 

stream migration). Varying times of downstream migration and 

weather conditions suggest that the time of arrival of the young 

fish at sea may be quite variable and they may encounter differing 

conditions depending on this timing. Unfortunately little is known as 

to how long the downstream migrants may remain in the estuary or the 

conditions they encounter there that might affect survival. 

As will be described in detail later, the survival of a brood 

year or year class of salmon is the actual number of adults returning 

to the river of that brood. Return per spawner is the production of 

a brood year divided by the numbers of spawners that produced it. 

A study of ocean temperatures off the mouth of the Columbia River 

during the first May and June of the life of a given year class should 

reveal any relationship between water temperature and survival. Un- 

fortunately, serial water temperature data are scarce, but an excellent 

series of air temperatures are available for the North Head Lighthouse 

(U. S. Weather Bureau Climatological Data) located about five miles 

north of the river and facing directly on the ocean. Several authors 

have commented on the similarity of sea and air temperatures in such 

situations (Robinson, 1961; Roden, 1961: "The coherence between sea 

and air temperature anaomalies is moderate to good for well exposed 

stations, and there exists a direct relationship between them. ") and 

in fact Marr (1950) used North Head air temperatures in studying the 

abundance of pilchards off Oregon and Washington. Weather records 

at this station were discontinued in 1953, but in 1949 water 
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temperatures began to be taken at the Seaside Aquarium about 17 miles 

south of the mouth of the Columbia River (Kujala and Wyatt, 1961). The 

observations are of the surf at high tide each day. Considerable 

Columbia River water, as evidenced by low salinity, is present during 

the flood period, but this should not affect the analysis as these data 

are representative of actual temperatures and salinities the young 

salmon encounter in leaving the river. 

Figure 37 shows the trend of fall chinook abundance and return per 

spawner for the brood years 1938 -59, the monthly mean North Head air 

temperatures for April, May, and June for the 1938 -51 broods and 

Seaside water temperatures and salinities for the 1948 -59 broods. 

Examining the North Head temperature data, there is a suggestion of 

better runs with lower temperatures in May and June; however, a calcu- 

lated correlation coefficient for the years 1938 -46 of r= -0.396 was 

nonsignificant (r.05=0.666 with 7 d.f.). 

Seaside water temperatures are interesting in showing the pro- 

nounced warm temperatures in 1956 -58 characteristic of the North 

Pacific. These data also suggest that perhaps warm years produce 

poorer runs than cold years. The correlation coefficient was 

r= -0.360 (r =0.576 
.05 

with 10 d.f.). The Seaside data cover a period 

when the run has stabilized at a low level. Salinity at Seaside seems 

to be the inverse of temperature with no obvious relationship with 

salmon abundance. 

The next available series of water temperatures is from Neah 

Bay, Washington, near the tip of Cape Flattery (Coast and Geodetic 

Survey, 1962). May, June, and July mean water temperatures at this 
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location were plotted, but showed much fluctuation with no apparent 

relation to salmon abundance or to other temperature records. The 

sheltered location of this station, along with strong tidal currents, 

may account for the variability. 

The Fisheries Research Board of Canada has maintained tempera- 

ture and salinity records at a number of light stations on the 

British Columbia coast for many years (Hollister, 1964). Amphitrite 

Point is particularly good for many purposes because records go back 

to 1934, it faces the open ocean, and is in an area inhabited by large 

numbers of Columbia River chinook. Pickard and McLeod (1953) note 

that Amphitrite is representative of the water of the open coast. The 

possible disadvantages of this area is that the young salmon are 

probably two or three months or more old when they arrive, have prob- 

ably passed the critical stage, and can seek a favorable environment 

if necessary. 

June, July, and August mean temperatures for Amphitrite Point are 

shown in Figure 38 and a relationship can be seen between the peaks and 

troughs in June and July and salmon abundance. The water temperature 

trends are somewhat similar to those at Seaside (Figure 37). Also 

shown are the anomalies for Amphitrite in May and June using the 

classification scheme of Hollister (1964). Some of the peaks in the 

abundance curves can be related to troughs in the May anomaly curve. 

Plotting a scatter diagram of total salmon returns by brood year with 

June Amphitrite temperatures (Figure 39) separately for the early good 

runs and more recent poor runs reveals à significant inverse correla- 

tion at the 5% level in the early years (r=- 0.754, r.050.666 with 
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7 d.f.). A negative, but nonsignificant, relationship is observed 

for recent years. Taking return per spawner, 1938-46 gave r= -00583 

(r.o5= .666 
with 7 d.f.) and 1947-59 gave r- -00517 (r =0.553 

.05 
with 

11 d.f.), both almost significant. 

In summary, this exploratory examination of marine factors that 

could affect the abundance of chinook salmon has revealed a correla- 

tion between ocean water temperature during a brood's first spring 

and survival. The mechanism involved is not known, but rather than 

a direct effect, higher temperature may reflect a northward extension 

of the West Wind Drift. This might produce a persistent southerly 

current off the coast which would carry the young fish into areas un- 

favorable for survival. 

Ocean Fisheries 

Commercial Troll Fishery 

The history of the Pacific Coast ocean troll fishery for salmon 

and the gear used has been well documented by Parker and Kirkness 

(1956), Milne and Godfrey (1964), Kauffman (1951), and Van Hyning 

(1951). Typical trolling vessels are shown in Figure 47. When 

fishing the outrigger poles are lowered and usually six lines with 20 

or more baited hooks or lures are trolled. After it was found in the 

early 1900vs that feeding chinook and coho salmon could be readily 

taken at sea by trolling lures or bait, the fishery spread rapidly 

along the coast. World War I created a demand for fish and further 

influenced its growth. By 1919 there were an estimated 2,000 trollers 
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fishing off the mouth of the Columbia River, 30 off Grays Harbor, and 

500 off Neah Bay (Smith, 1921). Many of the trollers off the Columbia 

were also gillnetters who pursued both modes of fishing depending on 

weather, fish runs, etc. The early boats were small and operations 

were confined to a few miles from port. Larger boats and more power- 

ful engines soon developed which permitted trips of a week or more to 

offshore banks. Development of the albacore tuna (Thunnus alalunga) 

fishery after 1936 resulted in a significant change in salmon trolling. 

The large trollers were ideally suited for tuna and they began to fish 

for them during late July, August, and September when the tuna appeared 

off the northwest coast on their seasonal migrations. The extra in- 

come allowed the development of a fleet of boats which the salmon 

fishery alone probably could not support. The large trollers shifted 

their salmon activity to the spring and early summer; during seasons 

when albacore did not appear, however, they fished for salmon all 

summer. The presence of coho also affects the chinook fishery. Coho 

do not appear in numbers until mid -June or early July. After July, 

fishing emphasis switches to coho, but to a large extent the two 

species intermingle and are caught on the same gear. Though fishing 

primarily for coho in late summer, fishermen do not pass up an 

opportunity to catch the more valuable but less abundant chinook. 

After World War II, electronic devices became available which 

greatly increased the efficiency of the troll fleet. These included 

radios, depth finders, and Loran which allowed communication between 

fishermen as to fish concentrations, navigation in foggy weather, and 

precise fishing ability at certain depths and areas. Mechanical reels 
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(gurdies) and wire line were early innovations, but widespread use was 

a gradual process. These permitted the use of heavy sinkers to get the 

hooks down to the deeper depths frequented by chinook at certain times. 

Regulation of the early troll fishery consisted of size limits to 

give some protection to immature fish and prevent the landing of a poor 

quality market product. Size limits for chinook have varied from 20 to 

28 inches (total length) through the years, but since 1957 a 26 -inch 

limit has been general in the outside waters of the Pacific Coast. In 

1949 a March 15 to November 1 open season for chinook trolling was 

enacted by Oregon and Washington. In 1956 the opening date was short- 

ened a month to April 15, primarily to protect Columbia River fall 

chinook. British Columbia and Alaska followed within a year or two, 

so that now the April 15- November 1 season is standard on the Pacific 

Coast. Certain exceptions exist on the inside waters of British 

Columbia and Alaska, but they are of little consequence to Columbia 

River stocks. 

Since Columbia River fall chinook are taken primarily from central 

Oregon north through southeastern Alaska the following discussion will 

be confined to that area. Data on pounds of troll -caught chinook 

salmon landed are available from records of fishery agencies, but 

these landings are a composite of salmon from many rivers and races. 

As noted, however, Columbia River fall chinook dominate most areas and 

production statistics give at least an index of the take of this stock. 

Numbers of fish are given in some records, but these are usually con- 

verted from pounds, using a constant conversion factor or sampling 

data, both subject to error. The figures given are in pounds round, 

,,/1 

A 



145 

converted from the weight of the dressed fish as landed by the troller, 

or as landed weight with viscera and gills removed. 

Figure 40 shows production figures since 1935 for Newport and the 

area off the Columbia River (Cleaver, 1951; and unpublished FCO data); 

Washington coastal landings at Grays and Willapa Harbors and LaPush 

and Puget Sound ports (principally Neah Bay; Robison, Ward, and 

Palmen, 1965); off the west coast of Vancouver Island and northern 

British Columbia (Milne and Godfrey, 1964); and southeastern Alaska 

(Parker and Kirkness, 1956; Simpson, 1960; and Chitwood, 1961 -,64). 

The northern British Columbia and Alaska figures required some 

adjustment. Milne and Godfrey give total chinook landings for the 

northern district for 1949 -62, but these include some gill -net and 

seine landings. Annual British Columbia catch statistics issued by 

the Canadian Department of Fisheries beginning in 1951 give detailed 

statistics by gear and area and show that for 1951-63 an average of 

59% of total landings were made by trollers. This figure was used to 

adjust the 1945 -50 figures; the other years were taken from the annual 

publication. Little information on northern Canadian landings is 

available prior to 1945, but Milne and Godfrey state that the catch 

appeared to have decreased by half from 1934 to 1940, remained level 

during the war, then increased to a peak in 1946. Silliman (1948) ob- 

tained some troll landings for the Queen Charlotte Islands area from 

the Canadian Department of Fisheries for 1932-45. These figures, 

however, did not include Hecate Straits, an important trolling area, 

which has a high percentage of Columbia River fish, Using 1945 as a 

reference point, Sillimanas figures were adjusted to include the other 



9 

8 

7 

6 

5 

4 

3 

2 

z 

CC 

t!) 

0 

Ó0 a 
6 

o 
z ó5 
J 
J_ 

4 

OUTSIDE S. E ALASKA 

/E BRITISH COLUMBIA t . v \ _ I i \ 

7 1 ./ \` / 
vI / ` 

2 

II 

I 

I I 

WEST COAST 
VANCOUVER ISLAND 

NEAH BAY, 

1 1 " 
',I/it 

I 1I\ I 
I I 

--1 
I 6 \ I \ l l 

1 I I \ I 
LJ \\VJ \V I 

. . \J 

O 

3 

2 

COLUMBIA -----> 

.\ I 

Q l 

1935 40 45 50 55 60 

Figure 40. Troll- caught chinook landings from various 
areas, 1935 -63. 

146 

1 

tL 

I 
/1 

I 

) 
` 

I,\ (1 I ` 
, 1 

I I 

I I I I I 

1 

I I ' 

V 

v 

1. . \/ Iv, 

- NEWPORT 

WASHINGTON 
COAST 



147 

trolling areas. This correction, along with the previous adjustment, 

causes the 1935 -44 figures to agree reasonably well with Milne and 

Godfrey's statement. Published Alaska troll figures include chinook 

caught in both outside and inside waters. Since we are not concerned 

with the fish caught in the straits, canals, and river mouths of south- 

eastern Alaska they should be eliminated from consideration. The only 

published breakdown of Alaska fishery statistics by gear and area is 

by Simpson (1960) for the years 1951 -59. Offshore trolling areas ac- 

counted for between 41% and 63% of the total Alaska troll catch, with 

the trend for individual years following closely the total catches. 

The total annual figures for 1935 -50 and 1960 -63 were reduced by the 

average (53%) to give an estimate of the actual offshore catch. For 

1951 -59, Simpson's data were used. Silliman (1948) estimated outside 

troll landings by studying industry records of mild -cure and frozen 

salmon processed at Ketchikan, Sitka, and Pelican. His values for 

1935 -42 are one to two million pounds higher than those shown and for 

1943 -45 the same amount lower. The figures given by Parker and Kirkness 

(1956) are used here although there is some variance with other sources. 

Regardless of source, a very severe decline is indicated for Alaskan 

troll catches. 

No clear picture is presented; some areas have shown increasing 

landings, others decreasing, and all with severe fluctuations. Central 

Oregon landings showed an upward trend until 1957 then a sharp decline. 

Landings from the area off the Columbia River (Oregon and Washington 

'combined) exhibited a rising trend until 1952 then a gradual decline to 

a very low level. The Washington coastal area showed a rapid increase 
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until 1955 then a sharp decline. Washington landings at Puget Sound 

ports for the area off Cape Flattery and the west coast of Vancouver 

Island show a long -term downward trend while Canadian landings for 

the west coast of Vancouver Island show a striking increase to 1948, 

a high level of production until 1959 then a drop to former levels. 

Both northern British Columbia and southeastern Alaska show long -term 

declines, rather spectacular for Alaska. 

Rationalization of this diverse picture is difficult. It can be 

noted that three geographically related areas -- Newport, Columbia, and 

Washington coast- -show a similar trend of gradually increasing landings 

then a decline. The increase occurred during a period of advancing 

technology in which most of the trolling fleet adopted electronic and 

other devices and greatly increased their fishing ability. In addi- 

tion, albacore were scarce or absent in northwest waters during 1952 -55 

(Ayers and Meehan, 1963), causing the fleet to concentrate on salmon. 

Since market demand is always good for ocean -caught chinook, economic 

factors cannot be blamed for the subsequent drop in landings. It 

might be suggested that stocks in this area were unable to sustain 

the high level of take that developed in the early and mid- 1950's. 

The contrast between the American and Canadian fishery off Cape 

Flattery and Vancouver Island is striking. Washington landings show a 

gradual decline while Canadian landings increased rather spectacularly. 

Personal familiarity with the fishery brings to mind the fact that many 

Washington fishermen found good fishing along the Washington and Oregon 

coasts during the years 1951 -57, leaving the Canadians to work the 

Vancouver Island grounds with less competition and increasingly 

efficient gear. 
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Northern British Columbia troll landings exhibit a gradual down- 

ward trend; it would have been more pronounced if 1933 and 1934 had 

been shown. Milne and Godfrey (1964) state: "The low catch and effort 

expended in recent years (1955 -57) suggest a decline in the abundance 

of chinook salmon in this area, which is associated with the recent 

decline in Columbia River stocks." 

Alaskan troll catches since 1937 evince a very sharp downward 

trend. Parker and Kirkness (1956) showed how some formerly important 

trolling grounds, such as Cape Ommaney and the west coast of Prince of 

Wales Island, have ceased to be productive: "We are able to see, then, 

the virtual disappearance of important king salmon trolling grounds 

during a period of exploration, expansion, and technological develop- 

ment. It is not remarkable that such events should occur in almost 

perfect correlation with the destruction of the Columbia River spawn- 

ing grounds." This seems a logical conclusion, but other explanations 

must also be considered. During the period of greatly reduced catches 

from 1935 to 1950 the Columbia River spring and summer runs were de- 

clining, but not the fall run. This presupposes then that the spring - 

summer runs were of prime importance to the Alaskan fishery during that 

time. There are some data to support this supposition: 1925 -30 Queen 

Charlotte tagging (Figure 23) showed 11 and 19 %, respectively, of 

Columbia River spring - summer and fall chinook; Alaskan 1927 tagging 

showed 58% Columbia River recoveries, but undesignated as to run; and 

the northern Alaska area in 1950 -52 had 73% Columbia River chinook of 

which 21% were spring -summers. Columbia River fish, particularly the 

spring - summer run, were more important to Alaska than to northern 
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British Columbia, and spring - summer runs more important formerly than 

now; this could explain why northern British Columbia showed only a 

moderate decline in contrast to Alaska's sharp drop. 

The destruction of Columbia River spawning grounds will be 

covered in a later section, but fall chinook were relatively un- 

affected by spawning ground loss during the early period of Alaskan 

decline. The picture is thus more complex than suggested by Parker 

and Kirkness and could reflect the interaction of changes in abun- 

dance of a number of different races. The early decline in Alaska 

troll landings was possibly associated with the decline in the 

Columbia River summer run, while since 1950 the decline in the fall 

run has been a determinate factor. Although these authors consider 

dam building on the Columbia to be the principal cause of the decline 

of the Alaskan troll chinook fishery, overfishing cannot be excluded. 

An intense fishery could have developed on certain races of chinook 

that might rendezvous at a coastal location enroute to their home 

stream. For example, Cape Ommaney, had a peak production of 373,000 

fish in 1924 and a "normal production" of 144,000 in 1927. By 1951 -52, 

only 12,000 and 17,000 chinook were landed in this area. Catches in 

the magnitude of 150,000- 350,000 chinook in only one area must have 

had an important effect in reducing the numbers of fish entering 

rivers to which they were destined. This increased ocean fishing 

pressure, added to the well -developed inside fisheries (a double 

fishery), and with some damage to spawning areas, could account for a 

rapid decline if escapement was seriously reduced. Some insight into 

this possibility can be given by examining Figure 41 which compares 
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Figure 41. Total Alaska troll chinook landings compared with landings 
of summer -run chinook in the Columbia hiver, 1928 -43. 
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the total Alaska troll landings for the years 1928 -43 with landings of 

summer chinook in the Columbia River fishery. Columbia River landings 

reflected the numbers of fish entering the river until 1943, when 

severe restrictions on fishing were instigated to increase the escape- 

ment. From 1928 to 1934 both fisheries were following a level trend, 

but beginning in 1935 the Alaska fishery increased its catches con- 

siderably and this was followed by a decline in the Columbia River 

summer run. Following a high peak in 1937, the Alaska troll fishery 

began its steady decline depicted in Figure 40. Columbia River summer 

production dropped from a level of over five million pounds in the 

1928 -34 period to less than two million pounds in 1940 -42. When count- 

ing began at Bonneville Dam in 1938, the escapement of summer chinook 

was found to be only between 11,000 and 19,000 fish. Subsequently with 

regulation of the river fishery, and increased escapement, the popula- 

tion responded with an increase in production, but never approached its 

former level. 

The same situation could have occurred in other rivers and gone 

unnoticed. Chinook from Oregon and Washington coastal rivers were 

important in the northern areas: for 1925 -30 Queen Charlotte tagging, 

18% were recovered in those streams and for 1950 -51 southern and middle 

Alaska, 19 %. Production of chinook in Oregon coastal rivers open to 

commercial fishing showed a long -term decline from 1923 -49 (Gharrett 

and Hodges, 1950). Likewise production in Grays and Willapa Harbors 

has fallen from earlier years: the PSIAC (1966) states "Chinook 

catches in Grays Harbor have decreased markedly from those of the 

early 1900's, but since 1935 the fishery appears to be maintaining 



153 

itself at a low level of abundance." Between 1913 -34 the catch aver- 

aged 28,000 compared to an average of 7,000 for 1935 -60. A similar 

but less drastic picture is indicated for Willapa and Puget Sound 

commercial catches. Information is not now available to make a 

post -mortem of the near demise of the Alaska troll chinook fishery, 

but the inference is rather strong that overfishing was an important 

factor, perhaps more so than spawning ground destruction. 

As mentioned previously, the ocean regime of Columbia River fall 

chinook can be conveniently divided into two areas: (1) southern, from 

central Oregon to and including the west coast of Vancouver Island; 

and (2) northern, northern British Columbia and Alaska. The southern 

area contains both upper and lower Columbia river stocks, both mature 

and immature, while in the northern area mostly mature fish of upper - 

river origin are caught. Catch statistics can be conveniently summed 

for these two areas separately, as shown in Figure 42, and compared with 

the estimated pounds or biomass of fall chinook entering the Columbia 

River (commercial landings plus number escaping over Bonneville Dam 

times 20 pounds). 

Obviously, the total troll chinook catch in the southern area 

increased substantially until 1952, leveled off until 1957, then fell 

sharply. Since Columbia River fall chinook are the single most im- 

portant component of this production, the ocean catch of this stock 

must have followed a somewhat similar trend. 

Northern British Columbia and Alaska combined show a long -term 

decline. Unlike the southern fishery, which could increase its catch 

up to a point by increasing efficiency of gear and exploiting different 
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areas and younger age groups, the northern fishery, to a large extent 

dependent on mature upper -river stocks, was fully developed by 1937 

and could only go down coincident with the general decline in the runs. 

The correspondence between peaks and valleys in the two ocean areas 

and the Columbia in the early years implies that they are, to a high 

degree, dependent upon a common stock. 

Since there seemed to be an agreement between catches in the two 

ocean areas and biomass entering the Columbia River during the earlier 

years, and an inverse relationship in later years, correlation analysis 

was used to study the relationships. In the period 1935 -48 a signi- 

ficant positive correlation was evident (rß).59, r.05 =0.532 with 12 

d.f.), with increasing catches associated with larger runs to the 

river. The fishery was then merely sampling the run without a major 

impact. Beginning in 1949, a change occurred, corresponding with the 

declining run entering the Columbia River, and we see a negative, but 

nonsignificant, relationship for 1949 -58 (r= -0.54, r =0.632 
.05 

with 8 

d.f.) between an increasing ocean catch and a decreasing poundage 

entering the river. The year 1958 was a period of transition, and from 

1959 -63 another level is formed with both low ocean catches and runs 

to the river. The close correlation between total ocean production 

and magnitude of the Columbia River fall run in the early years shows 

the dependence of the fishery on Columbia River fish and confirms the 

tagging studies that indicated a majority of Columbia River stocks in 

most areas. 

In conjunction with the production of a fishery, another vital 

statistic is the amount of fishing effort required to make the catch. 
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Unfortunately effort statistics for the troll fishery are not uniform 

and are difficult to evaluate. The best series is for the Washington 

troll fishery (unpublished data provided by the Washington Department 

of Fisheries) and consists of numbers of troll landings by month, year, 

and area. 

Some adjustment was necessary in using these data as they give 

numbers of chinook and coho landings. In other words, a fisherman 

landing both species on a trip, as is usually the case after mid -June, 

would have two entries. Late in the season, frequently only coho will 

be landed although the gear is in the water to catch chinook if they 

should be available. To arrive at a measure of total troll fishing 

effort, the highest value in each month -port unit was chosen and these 

were summed for the year. To use only numbers of chinook landings 

as a measure of effort is not valid since in years of low chinook 

abundance, more landings would be made which do not contain chinook, 

even though total fishing intensity might remain high. This tabula- 

tion, shown in Figure 43, indicates a rapid increase in the number of 

trips until 1948, a high level until 1957, and a slight reduction in 

recent years. Part of the reduction is caused by shortening the open 

season by one month (March 15 -April 15) in 1956. For the previous 

five years, an average of 2,117 landings had been made in March and 

half of April. The very low value in 1960 was occasioned by a 

scarcity of both chinook and coho. Obviously, there has been a sub- 

stantial increase in the number of trolling trips off Washington: 

from an average of 16,400 in the period 1935 -44 to an average of 

28,100 in 1948 -57. Several reservations concerning these data limit 
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their usefulness. Foremost is the highly variable nature of the fish- 

ing fleet. Varying from highly skilled professional fishermen with 

large modern boats, to part -time operators who engage in other seasonal 

fisheries or occupations, to sportsmen who sell part of their catch, 

a satisfactory unit of effort is difficult to obtain. The latter 

group, so- called "sport -commercials," have only been a major factor 

since 1951, however. 

Since 1951, British Columbia has recorded the number of boat days 

of fishing (Milne and Godfrey, 1964, and British Columbia Catch Sta- 

tistics). These statistics are little affected by the sport -commercial 

problem. This period was well into the era of exceptionally high 

catches off Vancouver Island and does not depict any increase in in- 

tensity (Figure 40). The trend has held fairly steady at between 

109,000 and 149,000 fishing days per year for the entire province. 

Milne and Godfrey (1964) also give the number of troll licenses issued 

in British Columbia and this is also shown in Figure 43. Except for a 

dip in the mid- 1950's, due to changing qualifications for obtaining a 

commercial license, the number of fishermen has steadily increased. 

The excellent agreement between number of days fished and number of 

licenses suggests that the latter may be a good measure of fishing 

effort. In combination, the two measures indicate that fishing effort 

increased materially after World War II, and has remained high. 

Cleaver (1967) discusses numbers of boats in the troll fishery: "If 

number of fishing vessels is proportional to rate of fishing, in- 

tensity began to rise in 1942 for the area north of the Columbia River. 
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The number of vessels doubled between 1930 and 1960. In addition, the 

fishing power of the vessels has increased appreciably." 

Intensity of the Washington fishery is used as an index of fish- 

ing effort because it is the best series of such data available and I 

feel that similar changes in effort for Oregon and British Columbia 

are reflected in these data. The Washington troll fishery is not 

singled out for special attention; reference to troll fishing effort 

will be to Washington data but applies to the other areas as well. 

Figure 44 shows three vital statistics of the Washington troll 

chinook fishery- =production, effort, and abundance. Total state pro- 

duction increased slowly but steadily until 1952 then declined sharply. 

Effort (trips) reached a peak in 1954 then decreased slightly, while 

catch -per -unit effort fell steadily throughout the period. As can be 

clearly seen, a large increase in intensity resulted in an only very 

modest increase in yield. Fitting a visual trend line from 1935 -54 

suggests that a doubling of effort (15,000- 30,000 trips) resulted in a 

58% increase in catch of from 3.5 to 5.5 million pounds. Undoubtedly 

increasing competition between gear has been a factor in reducing the 

catch -per -unit effort, but there can be little question that abundance 

has declined, especially since 1955. The fact that troll fishing 

effort has an effect on the abundance of chinook is shown in Figure 45, 

where it is plotted against catch -per -unit effort. A highly signi 

ficant negative correlation coefficient (r= -0.52, r.05=0.367 with 27 

d.f.) is realized. 

If chinook salmon, for the moment, are considered strictly a 

marine species, an almost classic example of the effect of fishing is 
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shown: an increase in effort results in an increase in catch up to a 

point, then increased fishing results in a decline in yield, to where 

the fishermen are fishing harder and harder and catching less and less. 

Graham (1949) states it eloquently in his great law of fishing: "...as 

the fishing power increases the stock falls, but the yield at first 

rises. Later, as we shall see, it ceases to rise, and that creates 

the main problem of fishing." and later "Fisheries that are unlimited 

become unprofitable." A troll chinook fishery alone would be uneco- 

nomical if coho salmon and albacore were not available, and if there 

were not the take of incidental species such as pink salmon and 

halibut (Hippoglossus stenolepis). The abundance of these fish keeps 

trolling intensity at a high level. There is a similarity between 

catch - effort statistics for the troll chinook fishery and the Japanese 

high seas fishery for pink and chum salmon as presented by Fredin, 

Hirschhorn, and Murai (1967). In all cases, yield increased for a 

time then fell, effort rose sharply then leveled off, and catch per 

effort decreased almost from the beginning. Russian scientists have, 

as noted previously, blamed the Japanese fishery for the depletion of 

their salmon runs. 

This effect of exploitation has been noted in other populations 

from Pacific halibut (Thompson and Bell, 1934) to guppies (Lebistes 

reticulatus, Stillman and Gutsell, 1958). Thompson and Bell (1934) 

state: "It is shown by this reconstruction that each increase in the 

fishery has resulted in a series of characteristic reactions, in- 

dependent of any change in the number of incoming young: (1) a 

temporary increase in total yield, (2) a later gradual fall to a new 

' 
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level, and (3) a continued decline in yield per set of a unit of gear 

until the fishery finally has reached stability." The similarity be- 

tween biological statistics of the halibut, as presented in several of 

these authors' figures, and chinook salmon as presented here is notable. 

Increasing ocean fishing effort results in reduced runs returning 

to the Columbia River. This hypothesis is examined in Figure 46 where 

return of fish by brood year or year class is plotted against the fish- 

ing effort to which that group was exposed. A new concept is intro- 

duced here: since fall chinook are present in the ocean fisheries for 

substantially two years, as three- and four -year fish, the number of 

trips during the years when the fish were in their third and fourth 

years were summed in order to arrive at a measure of fishing effort 

on a brood year. A highly significant negative linear correlation 

(r=- 0.562, re05 =0.423 with 20 d.f.) was found for the combined years. 

Taking the brood years 1938 -50 a curvilinear pattern can be detected. 

A curve was fitted to these years (yam=144 ®9158 X- 1,7699X2- 2042.77) and 

the R value of 0.91 was highly significant, showing that an increase 

in effort on a brood year up to 40,000 trips resulted in a greater 

return to the river (probably a greater abundance induced increased 

fishing), but fishing effort above this point brought a rapid drop 

in the returning run. While a cause - and - effect relationship is not 

necessarily proven, such a high level of correlation is unlikely to 

have occurred by chance. The 1947 -59 grouping is confusing; a barely 

significant positive correlation is indicated (r 0.554, r.05=0.553 

with 11 d.f.), but this correlation is due almost entirely to the 
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years 1956 and 1957. If they are eliminated there is obviously no re- 

lationship, and likewise there is little correlation in the early years 

(1938 -46 brood) by themselves. 

Changes in the size and age composition of a population often 

serve to indicate the effects of fishing. Long -term declines in 

either attribute reflect increasing fishing pressure as older groups 

are removed and younger fish support the bulk of the fishery. System- 

atic sampling of the troll fishery did not begin until the late 1940's 

or early 1950's, when the fishery had already reached its peak, so that 

the composition of the catch prior to that time is not known and cannot 

be compared under different levels of fishing intensity. An exception 

is fish tagged in British Columbia in 1925 -30, for which scales were 

taken, and which can be compared to catch sampling in 1952 -57 (Milne, 

1964). 

Early observers such as Rich (1925) and Smith (1921) commented on 

the small size and immaturity of chinook in the troll catch compared 

with the river. Rich, for example, found that age 31 fish were pre- 

dominant (32 %) in his samples taken off the Columbia River in 1919, 

with 41's next (247.). Age 21 fish comprised 16 %, but they are not 

important in the present -day fishery because of size limit regulations. 

His samples were not representative of the total fishery however; for 

example, he sampled 484 fish in May and June compared with 227 in 

August and September, peak months of the fishery. He found that the 

proportion of mature fish taken increased as the season advanced, until 
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in August nearly 90% were mature, accompanied by a steady increase in 

numbers of four- and five -year and a decrease in two- and three -year 

fish. 

Smith (1921) examined cannery records of numbers and weights of 

chinook landed at Columbia River and Neah Bay in 1919 and 1920 and 

computed average weight values. For the area off the Columbia River 

in 1919 a steady increase in average size was noted, from 6.3 pounds 

round in May to 22.1 pounds in August, averaging 12.2 pounds. For 

fish over five pounds, which corresponds to our present size limit, 

the average was 15.4 pounds. In 1920, Columbia River packers agreed 

to take no chinook under eight pounds. This resulted in a seasonal 

average of 19.5 pounds, increasing from 15.4 in May to 27.0 pounds in 

September. Although the fish seemed small to Smith, they were large 

by present -day standards. The weighted seasonal average for the 

Columbia area for the five -year period 1949 -53 was 12.0 pounds round 

(Van Hyning, 1955). 

Smith also had available some records of troll - caught fish caught 

off Cape Flattery in 1919 -20. In 1919 they averaged 15.8 pounds round 

and in 1920, 17.3 pounds. Gilbert (1915) noted that several thou- 

sand second -year chinook were captured on Swiftsure Bank, but the 

majority of fish were in their last season. An average weight of 

14.3 pounds can be calculated from weights and numbers of fish landed 

at Puget Sound ports for the ten -year period 1954 -63 (Ward, Robison, 

and Palmen, 1965). 

Recent age composition data reflect a heavy preponderance of 

three -year chinook. Samples taken off the Columbia, with the exception 
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of some taken early in the season, demonstrate this The examples 

given in Table 8 show the relative proportions of the 31, 41, and and 51 

groups. 

Likewise samples taken at Grays Harbor and Neah Bay through the 

season from 1958 -63 show a similar pattern (Table 8, Washington 

Department of Fisheries, unpublished data). Except for 1963, the 

different years were quite consistent. Good or poor survival of 

a year class can cause fluctuations in age composition, as apparently 

happened in 1963, when the 31 group fell to 38% from 52 -53% in pre- 

vious years. 

The best comparison of changing age composition is afforded by 

Canadian tagging and sampling of catches off southern Vancouver 

Island (Milne, 1957). A striking example is given in Table 8 com- 

paring samples taken in 1926, 1949, and 1952 -59. Five -year fish 

virtually disappeared from the sample in 1949 while the proportion of 

3's greatly increased. The 1952 -56 samples were taken during a 

period when the size limit was 20 inches, while a 26 -inch size limit 

was in effect in 1957 -59, thus reducing the numbers of two -year fish. 

The proportion of four's apparently increased in the latter period, 

but this was largely due to one year in which four's outnumbered 

three's; the other years were not greatly different from 1952 -56. 

Obviously there was a great difference in the age of the fish being 

caught in 1926 and the later period. In general, three -year fish in- 

creased from 25 to 50% of the catch while four -year fish dropped from 

50 to 25% and five -year fish declined to negligible numbers. In some 



TABLE 8. AGE COMPOSITION OF SAMPLES OF TROLL - 

CAUGHT CHINOOK SALMON. 
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Am :Croup (Year of Life) 
2 3 4 5 6 7 

Per Cent 

Off Columbia R. 1/ 

April 1952 (catch sample) 77 15 0 0 0 

March 1954 +I 48 24 1 0 0 

April 1954 It 38 31 1 0 0 

March -April 1955 E, - 34 44 0 0 0 

July- September 1955 " 55 24 2 0 0 

All season 1960 u 68 13 1 0 0 

All season 1961 " 59 9 0 0 0 

Washington Coast 1/ 

1958 (catch sample) 61 22 3 1 0 

1959 T' 52 35 3 0 0 

1960 't 53 33 4 1 0 

1961 0 52 30 3 1 0 

1962 li 52 34 3 1 0 

1963 11 38 36 3 1 0 

S. Vancouver Island 2/ 
1926 (tagged fish) 3 28 50 18 1 0 

1949 rl 3 843/ 13 0 0 0 

1952 -56 (catch sample) 15 62 23 1 0 0 

1957 -59 ti 2 51 40 6 1 0 

Queen Charlotte Islands 2/ 

1929 -30 (tagged fish) 0 2 9 51 34 4 

1952 -55 (catch sample) 5 27 53 14 0 

Hecate Strait 2/ 
1930 (tagged fish) 4 30 22 32 10 0 

1952 -56 (catch sample) 6 51 38 7 0 0 

1/ The few age two fish and the sub -two's are not given, thus the rows 

do not add up to 100%. 

2/ Includes both sub -one and sub -two types. 

3/ Neave (1951) suggests that 65 -70% would be a better estimate. 

- 

0 

- 

- 

_ 

- 

- 
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recent years, the 31 group constituted as much as 65% of the catch off 

southern Vancouver Island. 

Catches in northern British Columbia also show a change in age 

composition (Table 8). A shift of modal age from five to four and an 

increase in the numbers of three -year fish is indicated. The sur- 

prising number of six- and seven -year fish causes one to suspect the 

early age readings, since six -year fish occur only occasionally in 

other samples and a fish in its seventh year is a rarity. Perhaps the 

age readings were one year too high, which would make the figures quite 

comparable with 1952 -53 except for a diminution of five's and an in- 

crease in three's. On the other hand, if the age readings were cor= 

rect, and there is no basis for questioning them, an important com- 

ponent of the northern fishery has disappeared from the scene, either 

due to increased fishing or to elimination of certain races through 

habitat destruction. Columbia River commercial fishermen frequently 

comment on the exceptionally large chinook that formerly were taken in 

June. Rich's (1925) Table 16 for a June 1919 river collection showed 

only 5% six -year fish, however. In recent years less than 1% of the 

summer run has been in age group six. A goodly portion of the six - 

year fish in the British Columbia sample must have come from other 

rivers -- several British Columbia rivers in which tag recoveries were 

made are famous for their large chinook and many tag returns were also 

made in Oregon coastal streams. Tillamook Bay has a run of exception- 

ally large chinook of which 16% were six -year fish in a 1960 gill -net 

sample (Oakley, 1961). These streams have been little affected by 

racial mortality. In any event, the older fish have virtually 
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disappeared from the troll fishery, and the influence of increased 

fishing is the most logical reason. A comparison can also be made for 

Hecate Strait. Rather small, localized samples are involved, probably 

accounting for the fewer four's than three's or five's, but the re- 

duction in the 1950's of the older ages is apparent. 

A comparison can also be made between the weight of individual 

fish caught during the two periods. For example, a weight- frequency 

table for the 1925 -26 tagging off southern Vancouver Island gave a 

calculated average weight of 17 pounds. This agrees quite well with 

Smith's (1921) figures for Cape Flattery for 1919 -20. Length - frequency 

measurements for the west coast of Vancouver Island for 1952 -56 gave a 

mean length of 70 cm, equivalent to a round weight of 10.1 pounds, and 

for 1957 -59, 73 cm equivalent to 11.6 pounds, the difference being 

largely due to adoption of a size limit in 1957 (Milne, 1964). 

The 1929 -30 tagging in the Queen Charlotte's gave an average 

weight of 22.8 pounds. The large number of six -year fish does not 

seem so unreasonable when considering this and also the fact that 20% 

of the sample weighed over 30 pounds. Sampling of chinook in this area 

in 1952 -55 gave a mean length of 86 cm, equivalent to 19.9 pounds. 

Thus, for this area, there appears to be only a moderate decrease in 

average size but a considerable drop in age. This is not unexpected 

since annual growth increments in older fish are relatively small, and 

a reduction in population size frequently permits the remaining members 

to grow faster. 

Sampling of the Alaska troll fishery in 1950 -54 (Parker and 

Kirkness, 1956) showed that the average weight increased from north to 
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south and decreased as the season progressed. No overall average 

values are given, but ten -day mean weights at different ports for May - 

July varied from 14.7 to 25.3 pounds round, with most fish being in the 

20 -pound bracket. Age analysis of chinook tagged in the southern and 

middle areas of southeastern Alaska in 1950 -52 were as follows: age 

two --1 %, three --7 %, four --56 %, five - -33 %, and six --3 %. While agreeing 

closely in average size with northern British Columbia samples, the 

Alaska- caught fish tended to be somewhat older. In the northern area 

of Alaska, the percentages for ages two, three, four, and five were 4, 

25, 62, and 9, respectively, the fish being younger and more immature 

than in the southerly areas(as was also shown by tagging). 

To summarize, all available evidence points to a severe decrease 

in average age of the chinook entering the troll catch from the 

Columbia River to northern British Columbia when samples taken in the 

period 1919 -30 are compared with those from 1949 -63. Generally the 

modal age changed in the southern areas from four to three and in the 

northern areas from five to four. Young fish have become more im- 

portant in the landings while the older fish have virtually disap 

peared. Combined with this has been a decline in average size --quite 

severe in some areas, moderate in others. These trends indicate a 

typical reaction of a population to exploitation and is not neces- 

sarily bad. It does point out, however, that the ocean fishery is 

indeed exerting a measurable effect on the chinook population. The 

size and age composition of fall chinook entering the Columbia River 

will be discussed in another section. 

k 
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Japanese Fishery 

Ever since the Japanese began their post -war, high seas fishing 

operations in the North Pacific they have been blamed for many of the 

declines in American salmon runs. There is no evidence to indicate, 

however, that this fishery has had any influence on Columbia River 

fall chinook. 

Japanese fishing is restricted by international agreement to the 

Pacific Ocean west of 175° W longitude, in the vicinity of Adak, 

Aleutian Islands. Limited chinook tagging in the vicinity of the 

treaty line resulted in the recovery of one spring chinook from the 

Salmon River, Idaho, one recovery from a northern Alaska river, one 

from the Siberian coast, and two recaptured on the high seas (Mason, 

1965). The finding of an immature Columbia River spring chinook in the 

Aleutian area is extremely interesting and further supports the idea 

that the Gulf of Alaska may be a rearing ground for upper Columbia 

River stocks. Mason notes a possible migration route along the 

Aleutians for immature chinook. The lack of fall chinook tag re- 

coveries does not in itself preclude their not being in the area. A 

more convincing argument, however, is that the Japanese mother -ship 

catch consists almost entirely of fish with sub -two or stream -type 

scales. Since Columbia River fall chinook are predominantly sub -one's, 

there can be few, if any, in the Japanese catch. Furthermore, the 

Japanese mother ship catch from 1952-61 averaged only 40,000 chinook 

per year (Kasahara, 1963), a very small fraction of total annual 

North American catches of 2.7 to 4.3 million fish. 
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Sport Fishery 

Ocean sport fishing for salmon is a recent development (Wendler, 

1960). Only since about 1950 have sportsmen realized that chinook 

and coho salmon could be caught effectively at sea, off the mouth of 

the Columbia and Grays Harbor, although they had fished for many 

years in a similar manner in Puget Sound and the Straits of Georgia. 

Mass production of suitable boats and reliable outboard motors re- 

sulted in a tremendous upsurge in offshore sport salmon fishing. The 

change in the small,quiet fishing communities of Ilwaco and Westport, 

Washington, was rather dramatic with fleets of charter boats now ply- 

ing the waters along with large numbers of private "kicker" or outboard 

boats and commercial trollers. Figure 47 contrasts the port of Ilwaco 

in August 1948 and August 1964. Although coho comprise most of the 

catch, large chinook are the "trophy" fish and are eagerly sought. 

Oregon coastal sport fisheries also expanded, but the catch would in- 

clude so few Columbia River chinook that it can be ignored in this 

analysis. 

The Washington Department of Fisheries, in cooperation with the 

Oregon Game Commission at the mouth of the Columbia, has maintained 

records of catches in the various areas (from Haw, Wendler, and 

Deschamps, 1967). Both the Columbia River estuary and Neah Bay had 

fisheries in existence before catch sampling began but were at a low, 

steady level. The Neah Bay figures I used included the Strait of 

Juan de Fuca as far as Sekiu and Pillar Point. They showed an early 

increase, a sustained level of about 30,000 fish per year for about 

ten years, then a small decline. Prior to 1951, the fishery at the 



Figure 47. The port of Ilwaco, Washington, in August 1948 and August 1964. 
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mouth of the Columbia was entirely in the estuary and consisted almost 

solely of mature chinook. Subsequently it moved offshore, and coho 

and immature chinook became more important. The early Columbia River 

estuary sport fishery, 1946 -51, followed in general the trend of the 

fall chinook run as might be expected since the fishery operated on the 

peak of the run between mid -August and early September. After 1951, 

the sport catch increased to between 20 and 30 thousand fish per year 

as the ocean fishery expanded. Sampling began at Westport in 1952, but 

prior to 1950 the catch was negligible. The Westport fishery increased 

rapidly from 1950 to 1952, reached a peak of 69,000 fish in 1956, and 

then leveled off. A small fishery developed at LaPush, Washington, 

which takes generally two to three thousand chinook per year, but 

because of its isolation has not expanded like the other areas. Sport 

fisheries on the inside waters of Puget Sound, British Columbia, and 

Alaska probably do not take many Columbia River salmon although Raw 

et al., (1967) note two out of 57 recoveries from fish tagged inside 

Puget Sound were recovered in the Columbia River. Occasional fin - 

clipped Columbia River fall chinook have also been recorded in Puget 

Sound. Columbia River fish are important to the Neah Bay and western 

Strait of Juan de Fuca fishery. Numerous marked Columbia River fish 

have been taken in as far as Sekiu. In a sample of 37 chinook, 14 -18 

inches in length, tagged off Port Angeles in August 1948, four were 

recovered in the Columbia River, one each after one and two years 

and two after three years. 

1 

! 
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There is no reason to believe that the recoveries shown from 

chinook tagged in the troll fishery do not also reflect the streams of 

origin of fish caught in adjacent or overlapping sport fisheries. 

The estimated total ocean sport catch in the Columbia River 

estuary and off the coast of Washington is shown in Figure 48. Also 

shown is the annual number of angler trips. The charter fleet at 

Westport increased from eight in 1952 to 91 in 1953 and over 200 in 

1964, and at Ilwaco from less than ten in 1954 to over 90 in 1964. 

According to Haw, Wendler, and Deschamps: "Westport is now dominated 

by a wide- ranging charter fleet, one of the largest charter fleets 

in North America." The intensity is still increasing, but the catch 

has leveled off. An increase in intensity of a fishery without an 

attendant rise in production indicates that the available stocks are 

probably being fully utilized. 

Data on the size and age composition of the sport chinook catch 

were taken on an intermittent basis in the early years of the fish- 

ery, but more consistently in later years. The following discussion 

is based on unpublished reports of the Washington Department of Fish- 

eries; Haw, Wendler, and Deschamps (1967); and my observations of the 

Columbia River fishery in 1956 and 1957. 

Prior to 1951, the August -September sport catch at the mouth of 

the Columbia consisted of mature fish and approximated the age and 

size composition of the gill -net catch at the same time and area- - 

predominately four -year fish averaging about 22 pounds. No samples 

were taken of the size and age composition of the ocean fishery until 

1956, when 112 length- age- sex -maturity samples taken by the writer were 
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used as a subsample and incorporated with 239 length- frequency measure- 

ments taken by the Washington Department of Fisheries. This gave the 

result of 53% 21, 36% 31, and 11% 41, 51, and 32 combined. Fifty -two 

per cent were judged immature, but I was surprised to find that over 

one -third of the 21 s were mature (jacks). 

This procedure was again followed in 1957, when 51% were found 

to be immature. In subsequent years this became a Washington Depart- 

ment of Fisheries -Oregon Game Commission effort. Table 9 gives per- 

centage age composition for the years in which data are available. In 

spite of the adoption in 1958 of a 20 -inch length limit in Washington 

and 22 inches in Oregon, which gave some protection to two -year fish, 

this age group continues to provide the bulk of the take in most years. 

For the Columbia, the numbers of four -year chinook declined and the 

catch consists largely of fish in their second and third years. Large 

samples in 1962 and 1963 (Wendler, 1963 and 1964) still showed that 

51% and 42% of the fish were immature. 

The inter- and intra- seasonal size composition of the catch is 

variable; in addition there is an interesting difference in size be- 

tween the Columbia and Westport areas. An examination of several 

length- frequency distributions (Figure 49) for the Columbia shows a 

fairly consistent mode at 20 -22 inches, with a secondary mode at 

30 -34 inches. At Westport, the first mode, prior to the size limit 

regulation, was 16 -18 inches with another at 24 -28 inches. Westport 

tends to show a peak where the Columbia shows a dip. A possible ex- 

planation is that the Columbia fishery takes a higher proportion of 

mature fish of each age group, which are larger than immature fish of 



TABLE 9. AGE COMPOSITION OF THE CHINOOK SPORT CATCH AT THE MOUTH 
OF THE COLUMBIA RIVER AND WESTPORT. 

Age 1956 1957 1959 1960 1961 1962 1963 1964 

Group Columbia Columbia Columbia Columbia Columbia Westport Columbia Columbia Westport Columbia 

Per Cent 

2 53 35 34 67 32 21 45 47 13 37 

3 36 31 31 26 34 42 33 24 27 40 

4 11 33 30 8 27 30 17 24 49 19 

5 1 5 0 7 7 5 5 12 5 

- 
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the same age. For example, in the 1957 Columbia fishery, mature 21's 

had a mean length of 20 inches, while immatures averaged 18 inches; 

mature 31's averaged 28 inches and immatures 22 inches. Also, con- 

sidering that a portion of the Columbia chinook catch is actually made 

in the lower river (60% in 1957, Wendler, 1958), while Westport is 

almost entirely an ocean fishery, it seems likely that the Westport 

fishery takes a higher proportion of immature two- and three -year 

fish than does the Columbia fishery. A sample of 208 fish at Westport 

in 1954 was checked for maturity --56% were judged immature even though 

fewer of the 16 -18 -inch fish were taken than in 1955 and 1956. A 

sample in 1962 showed 69% immature. Personal observation indicates 

that immature three -year fish are scarce in the immediate vicinity of 

the Columbia River during the late summer, but that both mature and 

immature two -year and mature three -year fish are common. This causes 

length- frequency distributions from the Columbia sport fishery to be 

generally dissimilar from commercial troll fishery length frequencies 

from fish taken farther offshore and north and south of the river; 

these usually show a prominent mode at 24 -28- inches fork length, cor- 

responding to the dominant three -year fish. Commercial troll catch 

length frequencies would probably be comparable to those in the West- 

port sport catch if the sport fishery had a similar size limit. Thus, 

although the Westport sport fishery tends to take older and larger 

chinook than the Columbia fishery, the fish may be equally or more im- 

mature at Westport. Cleaver (1967) found that immature fish in their 

third year are found farther north than mature fish of the same age. 
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More recent (1960 -64) length frequencies at the mouth of the 

Columbia show a high peak at 20 inches with little evidence of a 

secondary peak at 30 -34 inches. LaPush is primarily a small chinook 

fishery with the mode usually just over the legal size limit. The 

Strait of Juan de Fuca fishery takes larger fish, average weights for 

1957 -64 averaged 9.6 pounds dressed, with third -year fish dominant. 

Haw, Wendler, and Deschamps (1967) give sex ratio data and show 

a preponderance of males in the Westport, LaPush, and Columbia sport 

fisheries. The difference was large during some years; e.g., 1.8 

males per female were recorded for 1957 -62 in the Columbia fishery. 

"Apparently the small- and medium -sized males were more available 

to the fishery than females of corresponding ages." 

The sport catch is estimated in numbers of fish, but a weight 

value is of interest for comparative purposes. The size varies so 

much from year to year and between areas that it is difficult to 

assign an average value. Ten pounds round weight is approximately 

equivalent to a 27 -inch fish (Demory, 1965); this length fits the 

median in several graphs, although it is a little high in others. 

Since ten pounds appears to be a reasonable figure, and is easy for 

computation, it is used as the average weight of ocean sport- caught 

chinook. 

Hooking Mortality 

Still another factor related to ocean fishing, but not yet 

mentioned, is the number and mortality of undersized chinook that 

are released. Prior to 1948 Oregon and Washington had a size limit 
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of 20 inches total length (approximately 18- inches fork length) which 

was increased to 26 inches (24- inches fork length) in 1948. British 

Columbia had a limit of two and a half pounds dressed, which was also 

equivalent to 20 inches. This was changed in 1957 to 26- inches total 

length. 

The catch by trollers of small salmon varies greatly by area and 

season from zero to as many as 100 per day. As an illustration, one 

can refer to Figure 32 which shows composite length frequencies of the 

catch for a number of trolling trips in 1954 -55 between Grays Harbor 

and Newport. In this case, 17% of the ocean -type chinook caught were 

under 24- inches fork length and would have been discarded. This was 

not an entirely random sample, however, as a few small fish were 

tagged and not sampled. Including these and the fish with stream - 

type scales would tend to increase the percentage of sublegals. 

Another example is the series of tagging experiments conducted off the 

Columbia River from 1948 -52 in which all fish were measured as caught. 

Of the 938 fish, 394 or 42% would have been considered below legal 

size. In tagging off the Columbia River -Grays Harbor area in March - 

April 1959 and 1960, 27% and 28 %, respectively, were sublegal. 

Heyamoto (1963) found that 82% of the chinook caught off the mouth 

of the Columbia River from May to August 1957 were sublegal. In a 

commercial operation in June 1962 off Grays Harbor, 38% of the chinook 

caught were undersized, while in September 1962, off the Columbia,84% 

were so designated. 

Published information on size composition of the catch at sea is 

lacking for the northern Washington coastal area. For southern 
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Vancouver Island, Neave (1951) gives a table showing the size composi- 

tion of 1,204 chinook taken from May to August 1949. Fish under 24-1/2 - 

inches fork length comprised 15 to 34% of the total catch in May and 

June, and 6 and 9% on July 1 and August 5, respectively. Off northern 

Vancouver Island (Quatsino) in July the percentage varied from zero to 

eight. Milne (1964) gives length- frequency distributions of fish re- 

ceived at the buying stations in the British Columbia troll fishery 

from 1952 -59. Some measure is obtained from the 1952 -56 data on the 

number of fish taken between 18 and 24 inches, which would have been 

discarded had the larger size limit been in effect. On the west coast 

of Vancouver Island the percentage of under 26 inch (total length) 

fish varied from 21 to 36 with an average of 29. Undoubtedly numerous 

fish under 18 inches were also discarded. For north and south Hecate 

Straits the percentages were 16 and 17, respectively, and for the 

Queen Charlotte Islands only 5. Sampling off southeastern Alaska in 

1950 -52 showed 2, 4, and 16% under 23.75- inches fork length for the 

southern, middle, and northern areas, respectively (Parker and 

Kirkness, 1956). 

For the area between central Oregon and Vancouver Island 25% 

might be a conservative estimate of the average proportion of the 

total troll chinook catch returned to the water. For northern British 

Columbia and Alaska, the value would be only about 5 %. 

Some small chinook are released in the ocean sport fisheries, but 

little information on this matter is available. Prior to 1958, size 

and bag limit restrictions were so lenient that few were discarded, 

but in 1958 20- and 22 -inch total length size limits were instigated 
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in Washington and Oregon which prevented the retention of small chi- 

nook. In addition, the bag limit was reduced, probably causing an- 

glers to be more selective. Sampling at Westport and the mouth of the 

Columbia in 1955 -57 showed that from 11 to 17% of the chinook landed 

were below 20- inches total length (Figure 49). 

Mortality of released fish may be quite high. Based on physical 

damage alone, Van Hyning and Naab (1957) estimated that 30% of a large 

sample of troll- caught chinook under 24 inches would probably die if 

released. Some tagged fish considered to be in poor condition are 

known to survive however; for example, in 1948 -55 Oregon troll tag- 

ging, 4% of chinook tagged in poor condition were recovered compared 

to 16% for fish in good condition. Milne and Ball (1956) suggest a 

hooking mortality of one -third to one -half for small chinook and coho, 

based on holding in live pounds. Parker and Black (1959) bring up 

another point, that of death through exhaustion or hyperactivity, as- 

sociated with high blood lactate levels. They estimate a mortality 

rate of 71% with 95% confidence limits of 40 and 86% for troll- caught 

chinook. There is a suspicion, however, that such high mortality may 

have been partially caused by confinement and the stress of holding 

in a live box (Ellis, 1964). With some recent tagging experiments 

giving returns as high as 47% (Table 4), a hooking mortality greatly 

in excess of 40% can hardly be accommodated when considering tag loss, 

tags recovered but not turned in, natural mortality, and tagged fish 

undetected on the spawning grounds. An estimated mortality of 40% 

does not appear unreasonable after considering the foregoing informa- 

tion. 
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Fulmer and Ridenhour (1967) show a significant decrease in con- 

dition factor for chinook with healed jaw injuries. Over half the 

70 second -year fish examined from the Eel and Mad Rivers, California, 

showed evidence of troll hooking. They suggest adverse effects on 

reproduction as well as direct hooking mortality. 

Additionally, numbers of legal -sized fish are hooked, but escape 

with torn mouth parts and gills. The seriousness of this is unknown. 

The crux of this discussion is that the figures quoted for the 

number of fish landed do not represent the entire fishing mortality. 

For example, in 1957, a year when over one million chinook were landed 

from central Oregon to Vancouver Island, perhaps an additional 250,000 

were discarded at sea of which 100,000 may have died. Thus the 

catches since 1948 for Oregon and Washington and since 1957 for 

British Columbia could be increased by approximately 10% over those 

reported. The unrefined estimates do not warrant further analysis at 

this time, but merely show that there is an additional fishing mor- 

tality beyond that recorded in the landing statistics. The situation 

may actually be more serious than realized if data were available to 

evaluate it on a fishing -day basis over the season and in different 

areas. With increasing fishing intensity, the tendency for the fish- 

ery to catch younger and smaller fish, and possible decreasing re- 

cruitment in recent years, a substantial part of the population may 

eventually be involved. 

Recapitulation of Ocean Fisheries 

Biologically, the marine habitat of Columbia River fall chinook 

has been divided into a southern and a northern sector. Troll 
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fisheries within these two areas are similar, but between areas are 

different. The northern area shows a long -term decline in production, 

while the southern area showed an increase until 1952 then a sharp 

decrease. This was seen in Figure 42 where the troll catches within 

each area were summed and compared with the estimated pounds of fall 

chinook entering the Columbia River each year. A striking pattern 

was observed: The ocean catch was correlated with the run in the 

Columbia until the southern area ocean catch increased markedly, then 

the biomass entering the river decreased. 

We might also consider total troll and sport fishery chinook 

production in weight compared to the status of the Columbia River 

fall run (Figure 50).1/ Until 1950 there was general agreement in the 

peaks of production, reflecting the importance of Columbia River 

stocks in the ocean catch. Figure 50 indicates that total ocean pro- 

duction maintained a level trend until 1957, the increase in the 

southern area balancing the drop in the northern. 

Since the fish are being cropped at a younger age and smaller 

size, the poundage landed no longer reflects the production of which 

the stock is capable, nor what was produced by the same number of 

fish in earlier years. For this reason, numbers of fish taken should 

be considered, even though these data are not as accurate as pounds 

landed. Alaska and northern British Columbia are not included in 

this analysis. The Washington Department of Fisheries' annual reports 

1/ The latest figures on the sport fishery given by Haw, Wendler, and 
Deschamps (1967) were not available at the time of compilation and 
writing. Annual catches given in PSIAC (1966) were used, but de- 
viate slightly from the more current figures. 
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give pounds and estimated numbers from 1935 to the present. These 

were used where applicable, and the same yearly conversion factors 

were employed for the west coast Vancouver Island as for Neah Bay. In 

recent years, sampling has given average weights for converting pounds 

to numbers and these conversions have been used where available. 

Sport catch data are originally in numbers of fish and they are in- 

cluded. Also shown are numbers of fall chinook entering the Columbia 

(FCO -WDF, 1967). The years 1935 -37, prior to escapement counts, were 

computed from the ratio between pounds landed and total run size for 

1938 -40. This presentation for the southern area (Figure 51) shows 

the rapid buildup of the ocean fishery coincident with the decline 

in the fall run. If the increased catch were all Columbia River fall 

chinook, the problem of the decline would be solved. 

An expression of the actual numbers of Columbia River fall 

chinook taken in the ocean fishery is badly needed, but data are not 

available for making an accurate estimate. Attempts to do so, based 

on ocean tagging and subsequent tag recovery in the rivers, have been 

criticized on the grounds that the chance of recovery in the Columbia 

River is greater than in other rivers without fisheries or hatcheries. 

Silliman (1948), in making an estimate of the troll catch of Columbia 

River chinook from the early British Columbia offshore tagging suc- 

cinctly stated the basic problem: "...it is well to recognize that 

their suitability for this purpose is entirely dependent upon the 

fishing intensity and recovery effort in the various regions. For 

instance, we assume a stock of 1,500 tagged salmon, composed of 1,000 

British Columbia and 500 Columbia River fish. Disregarding other 
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mortality, and assuming 100 per cent recovery of tagged fish caught, 

a fishing intensity of 25 per cent in British Columbia and 50 per cent 

in the Columbia River would result in 250 recoveries of tags in each 

region, and evidence from recoveries alone would point to 50 per cent 

Columbia River fish instead of the true 33 -1/3 percent. When effi- 

ciency in recovering the caught fish, as well as fishing intensity it- 

self, varies, the situation is further complicated." Silliman recog- 

nized this possible source of error but, lacking any knowledge of fish- 

ing intensity in British Columbia waters, concluded that both fisheries 

were well developed and perhaps had stabilized at somewhat similar lev- 

els of intensity. He used the direct percentage of recoveries in the 

Columbia River from the Canadian tagging, extrapolated north and south, 

to estimate the pounds of Columbia River chinook (all runs) taken at sea. 

In addition, he was handicapped by poor estimates of catch in the troll- 

ing areas. During the period 1926 -45 he estimated that the total troll 

catch of Columbia River chinook ranged from 5.0 to 10.6 million pounds 

annually and the river catch ranged from 12.4 to 21.8 million pounds. 

While this can be considered, at best, only an order of magnitude 

estimate, it indicates that the offshore catch was significant 

even in those early years -- perhaps one -half of the inside catch. Al- 
, 

though a number of tagging programs have since been conducted and we 

have refined catch statistics, we still lack information on fishing 

intensity in the various recovery areas outside of the Columbia River. 

A further complication is caused by the great increase in ocean re- 

coveries from recent tagging compared with the early tagging. If one 

race of chinook is more available or vulnerable to ocean fishing than 
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another, tagged fish of the available race would be selectively re- 

duced in numbers before they reached their natal stream, while the 

less available race would not, tending to bias the importance of the 

latter group. Likewise, if a tagging area contains mostly mature fish 

from one river but immature from another, the immatures would be ex- 

posed to a longer period of fishing and tag loss, reducing their ap- 

parent importance to the area as compared to the maturing fish which 

returned to a river without these losses. That such a situation may 

actually exist is shown in Figure 21 where, off Barkely Sound, both 

mature and immature Columbia River chinook were found but the Puget 

Sound- Fraser River chinook were largely mature. On the other hand, 

the comment that fishing rates are unequal may not be fully justi- 

fied. Milne and Godfrey (1964) state that the average gill -net catch 

of chinook in the Fraser River is 150,000 fish and the escapement 

about 100,000. This gives a fishing mortality of 60 %, very similar to 

the Columbia River in recent years. Milne (1957) stated that the 

contribution from the Columbia River to the southern Vancouver Island 

fishery was probably about 30% and from the Fraser about 20 %. Later 

this was changed to "one- quarter or less" (Milne and Godfrey, 1964). 

No clear basis for these estimates is given and they must be regarded 

as opinions. 

Returns of marked fish have suggested a substantial contribution 

of Columbia River hatchery fish to the ocean fisheries but past mark- 

ing experiments have not been designed to accurately measure such 

statistics. This difficulty should be overcome when the present series 
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of returns under the Columbia River Fishery Development Program is 

complete whereby an evaluation of hatcheries will be obtained. 

Preliminary results from the program give the percentage con- 

tribution of 1961 -brood hatchery fall chinook as three's and four's 

and 1962 brood as three's to various fisheries (Bureau of Commercial 

Fisheries, 1963 and 1964a and b). It is premature to analyze these 

data in detail, but a few pertinent facts are presented in Table 10. 

The percentages refer to the proportion of each age in the catch that 

are hatchery fish; i.e., column 1, line 1 means that 17.3% of age 

three chinook caught off Vancouver Island in 1964 were Columbia River 

hatchery fish, and column 2 shows that 11.4% of the age four fish in 

1965 were of hatchery origin. Summing columns 1 and 2 gives the 

contribution of this brood year to the 1964 and 1965 catches while 

adding columns 2 and 4 gives the contribution of hatchery fish during 

the year 1965 (excluding the few two- and five -year fish caught). 

The 1962 brood experienced very poor survival compared to the 1961 

and following broods, but in 1965, Columbia River hatchery fall 

chinook alone constituted 16 to 31% of the ocean catch off Washington 

and Vancouver Island. The 1961 brood showed a high survival, and the 

proportion of hatchery fish in the catches is likewise high--from 29 

to 43 %- -over the two years they were recovered. Furthermore, the 

estimates are not corrected for differential survival of marked and 

unmarked fish. Cleaver (1967) states: "It appears that the marks 

caused a reduction in number returning to the hatcheries of from 52 

to 72 percent." Hatchery fall chinook may be more available to both 

the ocean and river fisheries than wild stocks. But, on the other 



195 

TABLE 10. ESTIMATED PERCENTAGES OF COLUMBIA RIVER HATCHERY FALL 

CHINOOK IN SELECTED CATCHES. 

Estimated Contribution by Age 

1961 brood 1962 brood 

as 3's 
in 

as 4's 
in 

as 3's 
in 

1964 1965 (1) + (2) 1965 (2) + (4) 

(1) (2) (3) (4) (5) 

°/° % % % 

Vancouver Island troll 17.3 11.4 28.7 4.9 16.3 

Washington troll 30.0 12.6 42.6 18.5 31.1 

Washington sport 24.1 9.0 33.1 10.3 19.3 

Columbia River gill net 18.8 21.8 40.6 30.9 52.7 

hand, hatchery fish are a small portion of the wild runs. For ex- 

ample, in 1965, 76,000 wild fall chinook escaped over McNary Dam while 

18,000 were enumerated at lower river hatcheries. In addition, wild 

populations spawn below McNary Dam and in lower tributaries. In any 

event, Columbia River fall chinook are a major component of the 

catch and the use of tag returns may actually give a conservative, 

rather than an exaggerated, estimate of the proportion of Columbia 

River fish present in various areas. 

Attention should be called in Table 10 to the relative change 

in the percentage of three's and four's in the ocean catch of the 1961 

brood. The proportion of three -year hatchery fish in the total catch 

of three -year fish in the Washington troll catch was 30 %, while for 

four -year fish the percentage decreased to 13 %. This could mean that 

Columbia River fish are more available as three -year fish than as 

% 
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four -year fish and are replaced by other stocks as four -year fish. 

The other ocean fisheries also show the same trend, while the Columbia 

River ratio of three's and four's remains basically the same. The 

significance of this difference will be developed in the Discussion 

where various related material will be brought together. 

All the tagging and marking results indicated that Columbia River 

fall chinook were an important, if not the single most important, com- 

ponent of the offshore catch from central Oregon through southeastern 

Alaska. The agreement in fluctuations in ocean catches and size of 

the fall chinook run for the period 1935 -48 clearly illustrates the 

dominant effect of this population, and conversely the effect the 

ocean fishery can have on the stock. 

In spite of all the uncertainties, some measure of the offshore 

catch of Columbia River fall chinook seems essential, even though only 

an order of magnitude estimate. To do this I took the proportion of 

Columbia River fall chinook found in the various areas as shown by 

the tagging results and applied them to the numbers landed by area. 

For central Oregon, Columbia River, and Washington coastal ports, 

the percentages of 28, 72, and 62, respectively, were used. For areas 

around Cape Flattery, tagging off the northern Washington coast 

(Umatilla Reef) showed 507, and Swiftsure 377.; the average, 44 %, was 

used to estimate the numbers of Columbia River fall chinook landed 

at Neah Bay and other Puget Sound ports. For the Canadian fishery, 

southern Vancouver Island showed 407. and northern Vancouver Island 

36 %; 38% was the average used. For the ocean sport fishery, a value 

of 657. was assigned since slightly more fish are caught at Grays 
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Harbor than off the Columbia. For northern British Columbia and 

Alaska outside fisheries, a conversion of 20 pounds per fish was used 

to convert pounds to numbers and 19% and 40 %, respectively, for the 

percentage of Columbia River fall chinook. These proportions were 

based on the early Canadian tagging as reported, and Alaska tagging 

which showed 31% Columbia River fall chinook in southern and middle 

Alaska and 52% in northern waters. The results are shown in Figure 52. 

If nothing else, these values can be considered as weighted 

indices of the ocean catch of Columbia River fall chinook; i.e., the 

landings in the various areas are weighted by a measure of the propor- 

tion of Columbia River fish present. 

If these values are acceptable as a measure of the numbers of 

Columbia River fall chinook taken at sea, combining them with the num- 

bers actually entering the Columbia River gives an index of the popu- 

lation size. It is then clear that there was no drastic drop in the 

early 1950's as shown by the "run to the river." The population 

showed only a moderate decline until 1958. 

Figure 53 shows a scatter diagram of the estimated numbers of 

Columbia River fall chinook taken at sea from mid -Oregon through 

southeastern Alaska contrasted with the numbers entering the Columbia 

River. Figures 52 and 53 differ from previous figures in that esti- 

mated numbers of Columbia River fall chinook instead of total ocean 

landings in pounds are used, and the sport and northern troll fish- 

eries are included. The two variables might be termed catch (x axis) 

and escapement (y axis) as far as the ocean fishery is concerned. 

Three distinct groups are evident: (1) during the years 1935 -48, a 



16 

198 

14 

12- 
COMBINED 

u., I 1 

010 - 
1 1 

.. 

1 

1 ? 
1 

I 
1 

= g- A I 1 

I- / 1 / 1 

LL. _ 
/ 1 / 

cn / 1 / 
1 I 

w 6 lJ 
o / z _ 

D I 
4 

2 

0 
1935 

J 

OCEAN- OREGON - 
VANCOUVER ISLAND 

<--COLUMBIA RIVER 

A 
1 

1 

1 

/ 
/ 

/ 
OCEAN -NORTHERN B. C.- 

ALASKA 

40 45 50 55 60 

Figure 52. Estimated numbers of Columbia River fall chinook taken i 

the ocean fisheries and ;:umbers entering the Columbia 
River, 1535 -63. 

U) 

U) 0 
z 

o 

A 

II 
II 

1 

1 

1 

1 

\ / v 

/'-7i / 1 

\/ 

J 



12 

2 

199 

41 

42 

_ 43 
38 
39 
35 

59 
62 
60 63 
61 

50 
49 

58 

1935-48 r = 0.54* 

1949-58 r=-0.81** 

3 4 5 6 
HUNDREDS OF THOUSANDS 

OF COLUMBIA RIVER FALL CHINOOK 
CAUGHT IN OCEAN 

Figure 53. Correlation between estimated ocean catch of Columbia 
River fall c`iinook salmon and numbers entering the 
river. 

0 

44 
4 

45 

36 

51 

56 

57 
54 

52 
55 

53 

2 7 

47. 48 

37 .46 



200 

period of high return to the river and low but increasing fishing 

intensity, a significant positive correlation (r 0.54, r_05=0.532 with 

12 d.f.) is shown; (2) from 1949 -58, with high fishing intensity, a 

highly significant negative relationship is indicated (r= -0.81, r.05= 

0.632 with 8 d.f.), an increasing ocean catch results in reduced es- 

capement to the river; and (3) 1959 -63, with no particular trend. 

Computed on a brood year basis, that is the estimated ocean catch 

of each brood year vs. that brood year's return to the river, an in- 

verse correlation is shown for all years combined (r=- 0.460, r.05= 

0.423 with 20 d.f.). The correlation would have been much better if 

the 1956 -59 broods had been eliminated from the analysis. The early 

and late year groups considered separately were not significant. 

Although the increase in the ocean take appears to account for 

a good deal of the decline, one aspect is still puzzling. In general 

terms, the annual take of Columbia River chinook at sea increased by 

200,000 fish, but the run entering the river declined by perhaps 

twice that much from its 1935 -50 level. One possible explanation is 

that we are actually underestimating the ocean harvest of Columbia 

River fish. Previously I mentioned the effect of one race of fish 

being more available or vulnerable to ocean fishing than another, 

and how this could bias tagging results favoring the less avail- 

able fish. We also noted that Columbia River fall chinook of hatch- 

ery origin alone composed 16 -43% of the catch off Washington and 

Vancouver Island. Examining mark returns from another point of view 

corroborates this possibility. For example, 1949 -brood fish marked 

at Kalama and Oxbow Hatcheries were taken at sea and entered the river 
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in the ratio of 2.4:1 and 2.0:1, respectively (Heyamoto and Kiemle, 

1955, and Pulford, 1964). This compares with an ocean catch:escape- 

ment ratio of 1.7:1 computed for the years 1952 and 1953 when these 

fish were taken as shown in Figure 52. (Since these fish were re- 

covered from Oregon to Vancouver Island, only those estimated catches 

were used in the comparison.) For the 1961 brood, all hatchery mark- 

ing, the ocean catch:return to river ratio was 1.5:1 (Bureau of Com- 

mercial Fisheries, 1964 and 1966a and b). Figure 52, based on tagging 

results, shows a lsl ratio however. Having knowledge of the ocean 

catch and return of groups of marked fish, and assuming they are 

representative of the run for this purpose, it is evident that 

using tag returns underestimates the numbers of Columbia River chi- 

nook taken at sea by as much as 40%. 

The ocean take of Columbia River fish appears to have decreased 

from the high levels in the mid- 1950's. This may be true; trollers 

could be fishing less on concentrations of Columbia River chinook -- 

the March 15 to April 15 closure would have this effect --and also 

with the decline in the Columbia River runs, the fish may not be as 

abundant in their former haunts, causing boats to deploy elsewhere. 

This possible lessening of the ocean catch of Columbia River fish 

could explain why the numbers entering the river have maintained a 

relatively level trend after the initial decline. The total popula- 

tion of Columbia fall chinook may, in fact, be declining, as suggested 

by Figure 52, and as would be expected from loss of spawning area and 

suspected dam mortalities in recent years. The true situation is 

masked by varying ocean fisheries. On the other hand, this may be an 
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artifact of the computing method, using a constant factor for each 

area for the dynamic situation of fluctuations in abundance of sev- 

eral mixed stocks. 

The decline is exaggerated by the exceptionally large runs in 

1941 -42 and 1947 -48, probably the largest in recent history (see 

Figure 1). Figured back to 1928, the total population (including the 

ocean catch) would probably have shown a fairly level trend until 

1958. 

Although largely circumstantial, the evidence is rather con- 

clusive that the increase in ocean fishing was an important cause of 

the decline in the fall run. The rest of this thesis will explore the 

fresh -water environment to detect any factors there that might have 

altered the productivity of the stock. 
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UPSTREAM MIGRATION 

River Fisheries 

Commercial Fishery 

The history and gear used in the Columbia River commercial fish- 

ery is well documented by Craig and Hacker (1940),Pruter (1966), and 

others. Craig and Hacker divide the fishery into three major time 

periods: "First came that period before white men had invaded the 

Columbia Basin and the Indians carried on fishing operations in order 

to obtain food. Second, an intermediate period existed for a short 

time when the few white settlers and traders bartered with the Indians 

for fish, or caught them themselves, and either used the fish locally 

or made attempts to preserve them by salting or other means and export 

them for profit. Third, and last, there was a phase of intensive 

exploitation which started with the advent of the salmon canning indus- 

try and has continued up to and including the present time." We will 

begin with the latter period. 

The fishery since the construction of Bonneville Dam has been 

divided into six zones. Zones one to five progress upstream from the 

mouth corresponding to Washington County lines and end five miles below 

Bonneville Dam; Zone 6 is the area from 15 miles above the dam to the 

mouth of the Deschutes River. Figure 54 shows the areas referred to in 

the text. 

Salmon canning on the Columbia began 100 years ago when William 

Hume moved his operations from the Sacramento River. The industry 

expanded rapidly and by 1883 there were 39 canneries operating which 
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packed 629,000 cases of chinook salmon. The number was subsequently 

reduced due to economic conditions, consolidation, and reduction in 

the salmon runs. A large amount of salmon has been salted, smoked, 

and sold fresh or frozen through the years, but canning was the factor 

that allowed the fishery to grow and prosper and utilize the large 

peak runs. The river fishery developing on virgin stocks of spring 

and summer chinook quickly reached over 40 million pounds by 1883. 

Imagine the alarm when in 1889, spring and summer production dropped 

dramatically to 18 million pounds. There is small wonder that the 

opportunity to process fall -run chinook was quickly seized in order 

to maintain production, and that there were some thoughts, even then, 

that the runs might be overfished. 

The early industry was based entirely on the highest quality 

spring and summer chinook, but as they became less abundant and the 

demand for canned salmon increased, other less desirable runs and 

species were utilized. Early statistics did not differentiate between 

the various runs of chinook, but by 1900 coho and chum were being 

canned in considerable volume, indicating that the fall run of chinook 

was also being harvested. The exact time when the fall run began to 

be fully utilized is not known, but by 1892 9% of the total chinook 

catch was made in August (Smith, 1895) and 37% by 1912 (Rich, 1942). 

Certainly by World War I, with the increasing demand for food, all 

salmon runs were heavily utilized. In 1919 and 1920 the August run 

was of overwhelming importance, comprising 70% and 66% of the total 

chinook catch, according to Smith (1921), 
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In order to understand the relation between the fall, spring, and 

summer runs, and the fishery we should review briefly the historical 

trend of the catches since the inception of the fishery. Figure 55 

shows total chinook landings from 1866 to 1963, broken down into run 

components where possible. The data for 1866©1927 were from Craig and 

Hacker (1940), 1928 ®37 from Gangmark (1957), and 1938 ®63 from FCO -WDF 

(1967). I attempted to estimate the take by run in some early years 

using the proportional catch by month as given by Smith (1895) and 

Rich (1942). Smith (1895) gives the percentage catch by month for 

April -August 1889 ®92 and these percentages were used to compute the 

proportion of spring, summer, and fall chinook in those years. The 

season closed on August 10 then so there was relatively little chance 

to harvest fall chinook. Smith noted an "enormous body of fish passing 

up the river" in August 1893. August 1894 was also very good and in 

both years some packers resumed canning when the season reopened on 

September 10. Evidently the fall run began to be utilized about 1890 

following the sharp decline in total landings after 1883. Rich pre- 

sented monthly records of chinook landings for the Columbia River 

Packers Association (CRPA) from 1912-28. Deliveries to this association 

ranged between 20% and 30% of the total landings on the river, averag- 

ing nearly 25 %. He found a high degree of correlation between deliver- 

ies to this company and total landings for the fishery, indicating that 

confidence can be placed in the assumption that deliveries indicated 

changes in relative abundance in different parts of the season. 

Extrapolating to the total catch obviously presents some sources of 

error; however, applying the factor of four times the annual June -July 
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landings and five times the May and August landings gave a reasonable 

agreement with the years after 1928 for which detailed statistics were 

available from another source. In the 1912-27 period, however, the 

totals as calculated from Rich's data were generally two to four 

million pounds less than the totals given in Craig and Hacker (1940). 

This suggests that CRPA took less than the 2030% in these years or, 

since Rich did not include September in his table, the fall poundage 

could be increased by this amount. Because of extreme fluctuation in 

annual values they were grouped by three-year intervals. Smith's 

(1921) records of landings at one lower river cannery from 18-25 gill 

netters and 22-49 traps in 1919-20, respectively are somewhat in 

conflict with this. The percentages he gives for spring, summer, and 

fall poundages are 5'8, 25 ®25, and 70 ®66% in 1919'and 1920. This 

gives fall run poundages slightly in excess of 20 million pounds. 

Smith's figures are probably biased for fall chinook, however, for 

the lower river is notably a fall chinook fishery, while upper river 

areas often are more productive of spring and summer fish. A reason- 

able estimate of fall chinook production at the peak development of 

the fishery during and immediately after World War I was probably 

between 16 and 20 million pounds. In any event, a rapid buildup in 

the fall fishery occurred between 1890 and 1920. Another period of 

high production occurred during World War II. Perhaps the lower pro- 

duction from 1922 ®40 was partly due to economic conditions. Gangmark 

(1957) noted in 1930 a "weak market, prices sharply cut "; in 1931 

"August greatest run on record; price decline to lowest on record... "; 
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in 1935 "Fishermen's strike in Augusto"; and in 1938 "Fall pack cur- 

tailed by a strike." 

The total chinook fishery maintained a high level of production 

for about 50 years from 1870 to 1920. Figure 55 shows that this was 

due to the poundage of fall chinook increasing from 18901920 almost 

at the same rate the summer run was decreasing. Beginning in 1920 a 

steady downhill trend in total production started that has continued 

unabated almost at a constant rate. Evidently by 1920 the fall run 

was producing at or near its maximum rate and could not be increased 

by further effort, while the summer run continued to decline. The 

spring run has shown a much less rapid rate of decline than the summer 

run. Between 1940 and 1950, the fall run virtually supported the 

Columbia River fishery, but it subsequently fell to a low level while 

the spring and summer runs showed modest increases for a brief period. 

The last big year for the Columbia River fall chinook fishery was 1948 

(Figure 56), and the subsequent reduction in this run caused the total 

chinook catch to plunge to new lows. Although Rich felt the closed 

season from August 25- September 10 was of little value, it must have 

been otherwise, since the season allowed enough escapement for the 

fall run to reproduce at a high level until 1948. Likewise, the March= 

April closure on the spring run allowed an adequate escapement in most 

years. 

This analysis then supports Thompson's (1951) hypothesis that the 

effect of fishing on Columbia River chinook changed the character of 

the run in that it seriously reduced the main summer run, leaving the 

spring and fall runs dominant--those which had received some protection. 
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Figure 56. Cannery scenes in August 1948; the 
last big year of the Columbia River 
fall chinook fishery. 
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Thompson (1951) showed one continuous run at the beginning of the fish- 

ery with maximum production in June and July. 

Added to the intense river fishery was the increased drain of the 

expanding ocean troll fishery. As early as 1913 the Alaskan troll 

fishery, for example, took 6.5 million pounds of chinook, 11.3 million 

pounds by 1919, and continued a steady increase until 1937. Other 

areas also had troll fisheries developing between 1910 and 1920. 

After the initial development, the history of the river fishery 

has been one of increasing restrictions on gear. In the early days, 

every conceivable form of fishing apparatus was used: floating gill 

nets, set gill nets, drag seines, purse seines, fish wheels, traps, 

trolling and dip nets. Gradually through gear fights and legislation, 

drift gill nets became the only legal form of commercial fishery in the 

lower river. Figure 57 shows an Astoria water =front scene with the 

typical Columbia River gill-net boats, a fish receiving station, with 

racks for drying nets, and a pickup boat that picks up salmon from 

fishermen on the river. Figure 58 shows a gillnetter delivering fall 

chinook to a receiving station. Dip nets and set gill nets are still 

used by Indians in certain areas. Unlike many other salmon fisheries 

which show an increased fishing effort despite decreasing runs (Cooley, 

1963), the number of licensed gill -net fishermen on the Columbia River 

has declined steadily--from 1,191 in 1938 to 683 in 1965. In addition, 

the elimination of fixed gear further reduced the fishing effort, but 

Johnson, Chapman, and Schoning (1948) conclude: "It appears that the 

elimination of any one type of gear on the Columbia River has served 

only to increase the catch by other gears rather than increase the 
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Figure 57. Astoria water -front scene with 
gill -net boats, fish receiving 
station, and pickup boat, 
August 1964. 

Figure 58. Gill -net fisherman delivering 
fall chinook to a receiving 
station. 
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escapement." They felt the beneficial effect, if any, was in favor of 

the fall run. 

Recent regulations have shortened both seasons and areas open to 

commercial fishing in an attempt to maintain the runs. In 1918 a com- 

pact between the states of Oregon and Washington was ratified which 

provided uniform regulation of the fishery. Regulations have been 

summarized by Wendler (1966) and those pertinent to fall chinook and 

having some importance are given in Table 11. Of particular importance 

was the prohibition of seines, traps, and set nets in Washington in 

1935 and Oregon in 1950 and the closure of the area above Bonneville 

Dam in 1957. Formerly the river was open to the Deschutes River, 204 

miles above the mouth; presently the deadline is five miles below 

Bonneville Dam, 141 miles above the mouth. 

There have been minor deviations from the basic seasons outlined 

principally in the spring periods. From 1948-56, the fishery above 

Bonneville had slightly different closed periods than that below 

(staggered seasons), but this had little effect on the fall run. 

Weekly closures have been quite variable. In general, from 1909-48 

a 24 -hour weekly closed period was in effect between May 1 and 

August 25, but none after the late fall season opened on September 10. 

From 1949-51 30 -hour and in 1952 ®55 48 -hour weekend closures were 

in effect during the late fall season. In 1956, a 48 -hour weekend 

closure was instigated in August and 72 hours when the season opened 

on September 16. In 1957 the September closed period was increased to 

96 hours, where it remained until 1963. In 1878 both August and 

September were closed, in 1881 September was opened, and in 1891 fishing 
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TABLE 11. IMPORTANT REGULATIONS ON THE COLUMBIA RIVER COMMERCIAL 

FISHERY. 

1878 March, August, and September closed to salmon fishing. 
1881 September opened. 
1891 Closed seasons March 1 -April 10 and August 10- September 10. 

1895 Weekly closed period removed. 
1899 Closed seasons March 1 -April 15 and August 10- September 10. 

1901 Closed seasons March 1 -April 15 and August 15- September 10. 

1905 Closed seasons March 1-April 15 and August 25- September 10. 

1909 Closed seasons March 1-May 1 and August 25- September 10. 

1915 Length of fixed appliances to be not more than one -third 

width of river. 
1917 Purse seines prohibited. 
1923 Whip seines prohibited. 
1927 Fish wheels prohibited in Oregon. 
1935 Haul seines, set nets, traps, and wheels prohibited in 

Washington, Gill net maximum length 250 fathoms (1,500 

feet). 
1941 Closed seasons March -April 29 and August 26-September 10. 

1942 Closed seasons March 1-May 1 and August 26- September 10. 

1943 ®47 Basic closed seasons March 1 -April 30, May 20 -June 20, and 
August 26-September 10. 

1948-49 Basic closed seasons March 1 -April 30, June 15-July 7, and 
August 26-September 10. 

1950 Haul seines, set nets, and traps prohibited in Oregon. 

1950 =55 Basic closed seasons, March 1 -April 30, May 25 or 27 -June 20 

or 25, July 15 -July 29, and August 26-September 10. 

1956 -63 Basic closed season March 1 -April 27 to 30, May 27 -June 16 

to 20, July 13 or 15 -July 29, and August 24 or 25- September 

15 to 18. 

1957 Illegal to fish commercially above Bonneville Dam. 
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was allowed until August 10 and after September 10. In 1901 fishing 

was allowed until August 159 in 1905 to August 259 and in 1941 to 

August 26. Since 1905 then, only the period of August 25- September 10 

has been closed to commercial fishing. When the decline of the fall 

run became painfully evident in the early 1950's this trend of more 

fall fishing was reversed and stringent regulations were imposed on 

the September fishery, setting the opening date back to September 15 

to 18, as well as increasing the weekend closures in August and 

September. 

Some segments of the spring run have enjoyed a considerable 

measure of protection through the years. In 1891 a closed season of 

March 1 -April 10 was adopted, this was increased to May 1 in 1909, 

where it has remained ever since with minor deviations. The summer 

run, on the other hand, received almost no protection until 1943. 

Even some of the earliest observers were concerned about the 

effect of the intense fishery on the Columbia River salmon resource. 

Smith wrote in 1895s 

"The catch of chinook salmon has recently shown an almost con- 
stant annual decrease, and the success of the industry is 
yearly becoming more jeopardized. People who within a short 
time scouted the idea of a permanent reduction in the number 
of chinook salmon entering the river, are now not averse to 
conceding the effects of overfishing, and there is probably 
no one pecuniarily interested in the industry who does not 
realize that the time has come for active measures to prevent 
a still more serious impairment of the abundance of salmon." 
"It being generally recognized that the decline in the abun- 
dance of chinook salmon is due to the fact that the length of 
the fishing season and the avidity with which the fishery is 
prosecuted prevent a sufficient number of salmon reaching the 
spawning grounds to repair the annual destruction by man, the 
character of the protection which has been considered most 
necessary is a shortening of the fishing season, supplemented 
by a short weekly intermission in the fishing." 
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Smith was speaking primarily of the summer run, since the season closed 

on August 10 in those years. However, regarding the 1893 season he 

noted the August run was extraordinarily heavy and obviated what would 

have been a poor season. In spite of such a dire prediction, the con- 

tinued decline in the June -July run resulted only in opening most of 

August to partially compensate for the loss of summer production. The 

level of production which prevailed until 1920 was due to a heavier 

take of fall chinook compensating for the declining summer runs. 

That the fishery did in effect seriously reduce the spawning popu- 

lation seems well documented. Gilbert and Evermann (1895) toured the 

Columbia and Snake River basins in 1891-93. Speaking of the upper 

Columbia at Kettle Falls they notes 

"Up to 1878 salmon were very abundant in this part of the 
Columbia; millions were seen ascending the falls every 

season. The run would begin in June and continue until 

October, the biggest run being the last half of August." 

Large numbers of Indians gathered to fish. Undoubtedly the salmon were 

mostly summer chinook but there could also have been fall chinook. 

McDonald (1895) quoted Evermann as follows: 

"They were abundant in the Columbia River at Kettle Falls as 

late as 1878. Since then there has been a great decrease. 

They have been scarce since 1882. Since 1890 there have been 

scarcely any at Kettle Falls. The Meyers Brothers say that 

they have been almost unable to buy any salmon for their own 

table from the Indians for three years. Certain Indians with 

whom we talked at Kettle Falls said salmon were once abundant 
there, but that very few are seen now. Other persons testi- 

fied to the same effect. Essentially the same information was 

obtained regarding the decrease of salmon in other parts of 

the upper tributaries of the Columbia, viz: at Spokane, in 

both the Big and Little Spokane Rivers, and in the Snake River 

and its various tributaries." 
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Regarding the Yakima River: 

"Those acquainted with the facts state that formerly, up to 

about 1885, salmon of three or four kinds including the 

quinnat, ran up the stream to this valley and spawned in 

the river in great numbers; at present very few make their 

appearance." 

McDonald further states: 

"There is no reason to doubt -- indeed, the fact is beyond 
question- =that the number of salmon now reaching the head 

waters of streams in the Columbia River Basin is insig- 
nificant in comparison with the number which some years 
ago annually visited and spawned in these waters. It is 

further apparent that this decrease is not to be attributed 
either to the contraction of the area accessible to them 
or to changed conditions in the waters which would deter 
the salmon from entering them. We must look to the great 
commercial fisheries prosecuted in the lower river for an 

explanation of this decrease which portends inevitable 
disaster to these fisheries if the conditions which have 
brought it about are permitted to continue." 

The remarkable coincidence of the shortage of salmon in the upper 

areas following the extremely high fishery production of 36 to 43 

million pounds between 1880 and 1885 cannot be easily discounted. 

An actual estimate of escapement became available when counting 

began in 1938 at Bonneville Dam. Rich (1942) summarized the first 

year and illustrated the rather startling fishing mortality on some 

runs: 

"Percentages of chinook salmon escapement are less than 15 

during May; 17 during June and July; and 33 during the 
remainder of the year. The June and July runs are now 
greatly depleted, and an important part of these runs spawns 

above Rock Island Dam." "Main runs of salmon to the Columbia 
River are practically unprotected and are fished with destruc- 

tive intensity." 

Rich considered the closed periods to be of little value: 

"The closed season from August 25 to September 10 is 

designed to protect the peak of the chinook run and a 
portion of the steelhead run, but it acts, in a larger 

x. 
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way, much the same as does the weekly closed period in 
that it chiefly tends to extend the fishing areas. The 
effect of an increased escapement of fish through the 
fishing area below Bonneville is almost entirely offset 
by the very intensive fall fishery that is concentrated 
in Zone 6, above Bonneville Dam." 

Rich did not have a complete count of the 1938 spring run and 

subsequent counts in 1939 =41 showed an average escapement of 47% of 

the run. His concern for the summer run was fully justified and 

escapements from 1938 ®40 were only 11% of the run. As escapements 

increased in the mid- 1940's the run showed a healthy response until 

1957 when another decline began. The recent decline in the summer 

run is not associated with the spawning escapement which has been 

maintained at a relatively high level. 

Although this section has digressed somewhat, it was deemed 

important to point out the relative roles of spring, summer, and fall 

chinook and the effect of the intense river fishery. There can be 

little doubt that the summer run was literally "fished out" (with the 

help of the troll fishery) and the fall run took its place in main- 

taining production. Nothing inherent in the river fishery, however, 

seems related to the decline of the fall run. Since 1935 it has had 

a history of decreasing rather than increasing effort and there was 

no regulation change associated with the drop in production. As the 

poor fall run continued, regulations to maintain or increase escape- 

ment had little or no effect in increasing production. Further infor- 

mation on escapement will be discussed in a later section. 
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Indian Fishery 

Salmon was the staff of life of primitive northwestern Indians; 

many early explorers commented on the large numbers of Indians gathered 

at fishing encampments along the Columbia River. Craig and Hacker 

(1940) estimated that 50,000 Indians in the Columbia Basin consumed 18 

million pounds of salmon annually before white men made their appear- 

ance. Although 18 million pounds is considerably more than presently 

landed,it is much less than white men caught from 1870 -1920. Indians 

were efficient fishermen; Craig and Hacker record them using weirs, 

dip nets, basket nets, spears, hook and line, seines, and set gill nets. 

Like a natural population, through thousands of years of adapta- 

tion the Indian would have come in balance with its principal food 

supply. We can speculate that 18 million pounds may have been near 

the maximum sustainable yield (see Figure 5 )e The Indians succumbed . 

in large numbers to Caucasian diseases and by 1850 there were perhaps 

only 8,000 left outside of the upper Snake River Valley. Thus, while 

primitive Indians must have maintained a fairly large fishery which 

could have exerted some influence on the runs, by the time the canning 

industry began the Indian tribes had declined to one -sixth of their former 

numbers with a consequent reduction in the fish catch. 

Most of the Indian catch was probably chinook because it was the 

largest and most abundant salmonid in the system. Studies from 1947 -50 

at Celilo Falls (Schoning, Merrell, and Johnson, 1951) showed that the 

bulk of the fish caught came from the upriver fall run: averages were 

0.3 million pounds spring -summer run and 2.0 million pounds fall run. 

Although spring and summer chinook were more available on the smaller 
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upper tributaries, high water conditions in the main Columbia during the 

spring anc summer often made fishing at the usual sites ineffective. 

Fill chinook, on the other hart. =migrating during the ,ow -water period 

were extremely vulnerable at such places as Celilo Falls. In addition 

the closed season in late August and early September in the lower 

river allowed significant numbers of fish to reach Celilo. Probably 

summer chinook were more important before white man's fishery emerged 

to crop the runs before they reached the upriver sites. 

The Indians soon realized that the fish they caught could be sold 

for a profit and a commercial dip -net fishery developed in the vicinity 

of Celilo Falls and a few other places. This picturesque fishery has 

been well described in the literature cited. Recorded landings of fall 

chinook by the Indians are shown in Figure 59. From 1889-92 only an 

average of 101,000 pounds were landed (Smith, 1895). This level 

probably persisted until about 1930 when catches began to increase 

and reached 2.5 million by 1941 (Schoning, Merrell, and Johnson, 1951). 

This increase was probably prompted in large part by the elimination 

of fish wheels in Oregon in 1927 and all fixed gear in Washington in 

1935. Landings fluctuated greatly but maintained a level trend until 

1948 when they declined coincident with the general drop in the fall 

run. In 1957 the reservoir was filled behind The Dalles Dam, thus 

flooding out the historic fishing sites at Celilo Falls and all com- 

mercial fishing above Bonneville Dam was halted. In the years 1938-56 

the Indians accounted for 12% of the total commercial landings of fall 

chinook on the Columbia and 68% of the landings above Bonneville Dam. 

Although the Indian dip -net fishery accounted for a relatively small 
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portion of the total harvest, its influence on the escapement into the 

upper river is greater than the catch figures indicate. Fish arriving 

at Celilo Falls had escaped the intensive lower river fishery and 

successfully passed Bonneville Dam and thus represented a greater pro- 

portion of the run reaching that point than the landings suggest. 

Commercial landings by the Indians have been well documented, but 

there also exists a large personal -use fishery during the closed com- 

mercial seasons. Schoning, Merrell, and Johnson (1951) sampled this 

fishery from 1947-50 and the U. S. Fish and Wildlife Service (1955) 

from 1951-54 and estimated that the Indians took an average of 380,300 

pounds of fall chinook for their own use and sale to tourists each year 

in addition to 1,150,100 pounds sold commercially. These personal -use 

values are shown in Figure 59 by the dashed line. The personal -use 

total remained near one -half million pounds (404,000536,000) from 

1947-52. This amount apparently filled their needs. In 1953-54, with 

very low runs, the persona fuse catch dropped proportionally = -to 127,000 

and 64,000 pounds. The personal -use catch is probably slightly exagger- 

ated because towards the end of the closed season, fish were stored 

for sale when the season opened. These fish would then have been 

recorded by samplers as closed -season catch, but would later enter 

commercial channels and be recorded in the landing statistics. All 

commercial Indian landings discussed in this section were also included 

in the previous section on the commercial fishery. 

After the loss of Celilo Falls, Indian landings dropped to almost 

nothing for a few years; then a few enterprising Indians discovered 

that salmon could be caught by set gill nets and a new fishery rapidly 
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developed above Bonneville Dam. This new fishery is somewhat 

different from the previous one in that much effort is concentrated 

in the Bonneville Dam reservoir or pool where many hatchery fall 

chinook congregate. The gill nets also take upriver stocks that are 

passing through. At Celilo Falls few hatchery -reared fish were taken. 

Due to the scattered nature of the present fishery, nothing is known 

of the personal -use catch, but it is probably much less than formerly. 

A legal technicality allowed the Indians to sell their "closed -season" 

gill -net catch through 1965. Obviously the catch by this fishery is 

increasing and is approaching the former take by dip net at Celilo 

Falls. 

The effect of the Indian fishery on the escapement of the fall 

run is simple to compute; fish are counted over Bonneville Dam and the 

numbers entering hatchery streams between Bonneville and Celilo are 

also counted and can be subtracted. The remainder is an estimate of 

the number reaching the Celilo area. The number of fish taken in the 

Indian fishery was computed from the landing statistics in numbers of 

fish taken in Zone 6 (gill -net and seine -caught fish are included) 

plus the numbers kept for personal use and tourist sales by the Indians 

for the period 1947 ®54 (an 18 -pound conversion was used, based on 

observations in the literature cited). The Zone 6 fishery consistently 

accounted for 58% to 68% of the fish reaching the area, except in 1951, 

when 87% were caught. Obviously this fishery had a significant effect 

on the upriver escapement. 
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Sport Fishery 

The true river sport fishery on fall chinook will be considered 

next. This is the fishery above the estuary, from Tongue Point, 

Oregon, upstream. The estuary catch was considered with the ocean 

sport fishery. 

Intensity on fall chinook salmon along the Columbia River is 

high, but the catch is low. Surveys by the Washington Department of 

Fisheries on the main stem up to the Klickitat River indicated that 

5,507 fall chinook were caught in 1963 and 5,200 in 1964 (Wendler 

and Fiscus, 1964; Stockley and Fiscus, 1965). The catch consisted 

mostly of two and three-year males; in 1964 the age composition was 

25 %, 437., 197., 11 %, and 1 %, two ®, three-, four -, five-, and six-year 

fish, respectively. The river sport fishery has grown in recent 

years and the catch probably never exceeded the most recent figures. 

There is also a minor fishery in tributaries of the lower 

Columbia River which takes mostly jack salmon. Fall chinook are 

generally dark and sexually mature when they enter the spawning 

streams hence are not particularly desirable for either sport or 

food. Sport catch statistics on rivers are derived from punch cards 

and they do not distinguish between species; most of the fish 

recorded as caught in lower river tributaries are probably coho. 

In the upper areas of the Columbia Basin, fall chinook spawn 

in the main stem of the Columbia and Snake Rivers and are largely 

unavailable to sportsmen. In contrast to spring and summer chinook, 

there has apparently never been a sport fishery of consequence on 

fall chinook in Idaho. 
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We must conclude that the river sport fishery has had no measur- 

able impact on the fall chinook rune 

Size and Age Composition of the Run 

Knowledge of the age composition of the adult fall chinook run 

entering the Columbia River is basic to understanding year class 

survival and changes in the stock. Unfortunately, only sporadic data 

are available prior to 1957 in the form of spot age samples, marked 

fish returns, and length- frequency distributions. In 1957 an intensive 

systematic program to learn the age composition of the gill -net catch 

was begun, but even here, age composition of the escapement, which may 

be different from the catch, was not considered. This section will be 

devoted to estimating the age composition of the run from 1938 to the 

present. 

Rich (1925) took periodic age samples throughout the Columbia 

River during 1919. Three of his samples appeared to be representative 

of the fall run as it entered the estuary, being taken in traps and 

seines near Astoria and Ilwaco. The following percentage age composi- 

tion is given: 21 - 1; 31 - 18; 41 - 58; 51 - 14; 42 - 4; 52 - 2; 

62 - 3. Combining the subtypes gives the percentage at 2, 3, 4, 5, 

and 6 as 1, 18, 62, 16, and 3, respectively. 

Rich and Holmes (1929) report on the results of a number of fin - 

marking experiments on Columbia River chinook. Two experiments at the 

Little White Salmon River Hatchery using an adipose left -ventral clip 

appear to offer valid measures of the age of returning fall chinook: 

experiment eight involved marking 24,000 1919 -brood fingerlings and 
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experiment 12 100,000 1922 -brood fingerlings. Returns were found in 

both the fishery and at the hatchery. Combining the two experiments 

gives the following percentage age composition: two 0 1 %, three o 16 %, 

four m 60 %, five - 23 %--remarkably similar to Rich's sample. Pulford 

(1964a) compared the age of return of fall chinook marked from 1946-63 

with Rich and Holmes' experiments, and showed that a greater proportion 

of older fish were recaptured in the earlier period than in the later. 

He also showed a similar comparison for spring chinook; few four-year 

spring chinook were recovered in the early period whereas in the later 

period they were almost aqua' to the five's. 

A series of 13 marking experiments from the 1938-43 brood years 

at Spring Creek, Oxbow, and Bonneville hatcheries are summarized by 

Holmes (1952). The purpose of his program was to ascertain the loss 

of fingerlings in passing Bonneville Dam as measured by return of 

adult fish from fingerlings released above and below the dam. Only 

commercial fishery recoveries were used in his analysis. Table 12 

summarizes the age at maturity of these fish. The preponderant age 

at maturity of hatchery fish during this period was four (68 %), with 

lesser numbers of three's (16 %) and five's (15 %) Two and six-year 

fish were rare; the fishery may not have sampled the small fish in 

their true abundance, however, traps and seines were legal gear during 

this period and should have caught more if they had been abundant. 

Compared with the 1919 and 1922 experiments, the 1938 =43 work showed an 

increase in percentage of four's, a decrease in five's, while the three's 

remained the same. Except for 1939 the numbers returning at each age 
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were remarkably constant, with the percentage of three's varying from 

11 to 20% and four's from 63 to 72 %0 

TABLE 12. AGE AT RETURN OF MARKED COLUMBIA RIVER FALL CHINOOK, 

1938-43 -BROOD YEARS (FROM HOLMES, 1952)° 

Brood 
Year 

Number 
Marked 

Numbers Returning at Each Age 
Total 2 3 4 5 6 

1938 200,000 0 79 335 49 3 466 

17.0% 71.9% 10.5% 0.6% 100% 

1939 200,000 1 108 219 57 1 386 

0.3% 28.0% 56.7% 14.8% 0.2% 100% 

1940 164,000 0 27 106 36 0 169 

16.0% 6207% 21.37 100% 

1941 148,000 0 144 522 65 0 731 

19.7% 71.4% 8.9% 100% 

1942 200,000 1 103 634 187 1 926 

0017. 11.1% 68.5% 20.2% 0.1% 100% 

1943 300,000 7 124 598 142 0 871 

0087 14.2% 68077 16037. 100% 

Total 1,212,000 9 585 2,414 536 5 3,549 

003% 1605% 68007. 1501% 001% 100% 

Presenting numbers of marked fish returning at each age gives a 

slightly different result than a random sample of a season's catch. 

annual catch is a composite of several age classes with differing sur- 

vival rates and total production which results in variable age composi- 

tions between successive years. Following separate brood years, on the 

other hand, reduces the variability if the age at maturity is assumed 

to be relatively constant. Thus the run year and brood year age composi- 

tions cannot be directly compared. 

In 1947 the Oregon Fish Commission and Washington Department of 

Fisheries began a series of tagging experiments at various locations on 

An 
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the Columbia from the mouth to Bonneville Dam to determine racial 

timing and migration rates (Galbreath, 1966). Although scales were 

not taken, the lengths of the fish tagged afford a measure of the 

size composition of certain segments of the run from which inferences 

on age composition can be made. Trap catches in the lower estuary 

should offer a particularly good estimate of the size composition of 

the run as it enters the river since traps are considered relatively 

nonselective and catch selectivity by the gill -net gear has not been 

operative. Measurements at Bonneville Dam are of limited value because 

of bias introduced by gear selectivity in the fishery below Bonneville. 

A series of length- frequency histograms for 194748 and 1951 -53 are 

shown in Figure 60. Length -age data for samples of troll -caught fish 

landed at Astoria in August -September 1947 -48 are shown for compara- 

tive purposes. Although immature fish and some destined for rivers 

other than the Columbia are taken in the troll fishery, effort in this 

time and area is directed toward the large, mature fall chinook; at 

that time there was considerable trolling inside the mouth of the 

river. Only the sub -one's are shown; sub -two's are more likely to be 

spring chinook and immature, and generally over 90% of the fall run is 

composed of sub -one's. The length -age range shown for the troll - caught 

samples is regarded as a reasonable approximation of this relationship 

for the fish entering the river. 

In 1947 a large sample of fall chinook was tagged from two com- 

mercial traps in the lower estuary. The major mode was at 3435 

inches with a secondary small mode at 18 inches. In 1948 a sample was 

available from a lower river trap. This trap sample is similar to that 
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Figure 60. Length- frequency distributions of trap -caught fall chinook 
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age relationship of chinook in Astoria troll fishery, 
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of 1947, but with a peak from 36 -39 inches. Comparing the 1947 -48 

trap length frequencies with the length -age sample of the Astoria 

troll fishery gives an indication of the age groups involved. The 

15 to 24 inch fish are largely two's, three -year fish appear to be 

dominant from 25 to about 30 inches, while the largest group is com- 

posed of four- and five -year fish. In 1947 the trap sample mode 

coincided with the mode of the troll sample four -year fish and indi- 

cated that this age group predominated. In 1948 a larger number of 

five's is suggested by the mode at 39 inches. Based on this relation- 

ship, the age composition in the 1947 -48 sample would have been about 

15% two's, 13% three's, and 72% four's and five's. 

In 1951 and 1952 a heavy predominance of four's is suggested with 

more three's than two's. In 1953, all age groups seem to be well 

represented, but with four's still predominant. In all of these years 

the mode was at 35 inches or larger. 

Tagging from a trap at the exit of Bonneville Dam's fish ladder 

was carried on during a number of years and the length frequencies 

taken from these operations are shown in Figure 61. The August - 

September measurements reveal two distinct modes, apparently composed 

largely of two's and four's. Numbers of 15- to 17 -inch jacks were 

taken at Bonneville in August which did not enter the lower river 

catch and which were replaced in September by 18- to 24 -inch jacks. 

The peak of large fish at 34 -39 inches in August changes to 30 -35 

inches in September. This change in size composition between August 

and September, a "squeezing together" of the modes so to speak, may 

reflect a racial difference in migration over the dam. An examination 
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Figure 61. Length -frequency distributions of fall chinook salmon 

tagged at Bonneville Dam, 1948 -50 and 1956. 
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of tag recoveries indicated that fish destined for hatcheries passed 
t 

the dam largely in September and were composed mainly of 20 -24 and 

30 -36 inch size groups. The upriver fish, those recovered at Celilo 

Falls, passed in both August and September and were from the 17 -20 

and 34 -39 -inch groups. I hypothesize that the hatchery stocks grow 

faster (possibly due to artificial feeding) than the wild fish 

(hatchery salmon returning as two's are several inches larger than 

the upriver fish of the same age)and a larger percentage mature as 

three's. Cleaver (1967) also found that hatchery fish are larger and 

tend to mature at an earlier age than wild fish. A growth study might 

distinguish lower and upper river populations for racial identification. 

The Bonneville measurements are of questionable value in computing 

age composition of the run because the large fish tend to be selec- 

tively removed and the small fish escape from the fishery below. The 

numbers below 20 inches indicate that there are more two -year olds in 

the run than shown by the fishery samples. The small 1949 sample was 

largely taken during four days in mid -September and may not be repre- 

sentative of the run. 

The 1956 tagging program was particularly comprehensive and fish 

were tagged systematically through the season. The August sample 

showed a large number of jacks and few large fish (fish counters 

categorized 34% of the August count as jacks). More larger fish 

appeared in September, but the mode dropped to 30 inches, much lower 

than in September 1948 -50. Large numbers of tagged fish from this 

size group subsequently appeared at hatcheries notably Spring Creek, 

Herman Creek, and Little and Big White Salmon Rivers. Comparing with 
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age -length curves for the 1957 gill -net catch (Figure 62) there can be 

little doubt that the 30 -inch mode was primarily of three -year fish 

and the escapement past Bonneville was heavily weighted toward two- and 

three -year olds. 

During the years 1949 -57 a series of marking experiments was under- 

taken on Columbia River hatchery stock, and the returns have been sum- 

marized by Kiemle (1962) and Pulford (1964a). One of the 1949 -brood 

experiments (Kalama Hatchery) was atypical in that almost all the fish 

returned in their fourth year; the other experiment (Oxbow Hatchery) 

was more normal regarding the age at maturity -- approximately equal 

numbers of three's and four's- -but fewer were recovered. The other 

years (1954 -57) showed equal numbers of three's and four's returning, 

44 -45% each. Age sampling at hatcheries in recent years (discussed 

under Escapement) has shown a preponderance of three -year fish. 

In 1957 the fishery agencies of Oregon and Washington began a 

systematic sampling program of the Columbia River commercial fishery. 

By this time only gill nets were operating. Length- frequency distri- 

butions of the August catch and breakdown by age are shown in Figure 

62 and the annual percentage age composition is given in Table 13 on 

both a run -and brood -year basis. The length -frequency samples have 

been weighted by the week -zone landings to give an accurate picture of 

the total size and age distribution for a season's catch. For the 

purpose of this analysis I assumed that the gill -net fishery samples 

the age groups present in the river in relation to their abundance. 

In most years the major part of the harvest is made in August, but in 

a few years substantial landings are made in September. These later 



234 

10 

5 

o 
o 
o 

o 
o 

10 

5 

0 
o 
0 
5 

o 
o 

10 

5 

o 
0 
0 
5 

0 
0 

10 

5 

0 
0 

2 0 
u7 5 

ó 0 
tn 0 
215 
4 
(1) 10 
o 
= 5 

o 
o 
o 

o 
o 

lo 

5 

o 
o 
5 

o 
0 

10 

5 

o 
o 
o 

o 
0 
15 

10 

o 
0 
5 

o 
5 

o 
o 

Ir`1.1 
1957 

( 

r` 

,rrrrrrttlf itF j 3 

4 

5 

1958 

--- 
_ 3 

-aft ll_ 5 

23 

_i[ll.tll_ll.l.[x>r 

--.t111ll.LLL[h.- 

_. ..Qdlllllllt 

1960 

2 

3 

4 

5 

1961 

4 

5 

1962 

2 
3 

-Alk_ 4 
_ 5 

1963 

2 
3 

4 
5 

1964 

2 

3 

. l _._.... _.1 

IO 20 30 40 50 
FORK LENGTH IN INCHES 

Figure 62. Length- frequency distributions by age of the August gill- 
net catch of chinook salmon, 1957 -64. 

f T T 

.uL 

[t>__. 

c r,lr 

1959 

I .. 

.111 1111 4 
m1 

2 
3 

_ _ 

Ilfb 4 
- rn-- 

- 5 

_nlllhl. 



235 

TABLE 13. AGE COMPOSITION OF THE COLUMBIA RIVER FALL CHINOOK 
GILL -NET CATCH BY RUN YEAR (1957 -64) AND BROOD YEAR 
(1955 -59). 

Age 
2 3 4 5 

%. % % %. 

1957 run 9 19 66 6 

1958 2 33 51 14 

1959 " 2 35 53 10 

1960 " 18 36 40 6 

1961 " 8 52 36 4 

1962 " 7 52 37 4 

1963 u 
7 25 60 8 

1964 " 
5 53 34 8 

Ave. 1957 -64 runs 7 38 47 8 

1955 brood 8 40 48 4 

1956 It 4 47 45 4 

1957 " 3 47 46 4 

1958 " 15 42 36 7 

1959 It 6 43 43 8 

Ave. 1955 -59 broods 8 43 43 6 
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fish were not always sampled, and there is some evidence that the 

September catch may differ from the August catch. Lacking any valid 

basis for correction, however, the August gill -net catch data must be 

taken at their face value as depicting the general age composition of 

the run. 

On a run -year basis, considerable fluctuation in age composition 

is noted in Table 13 with three-year fish ranging from 19 to 53% and 

four -year fish from 34 to 66% with an average of 38 and 47% three's 

and four's, respectively. On a brood basis the fluctuation is much 

less evident, with three's ranging from 40 to 47% and four's from 36 

to 48 %, averaging 43% each. This transformation makes the sample data 

directly comparable to marked fish returning, and clearly they are 

very similar (compare Table 13,1955 =59 brood fishery samples and Table 

14, 1954-57 brood marked fish returns). 

The frequency distributions for 1957 (Figure 62) show a prominent 

mode of four -year fish at 35 inches and also a conspicuous mode of 

two-year olds at 22 inches. The three's produce a noticeable rise at 

30 inches, but the five's are overlapped completely by the four's. In 

1958 the relatively larger number of three's at 30 inches and four's 

at 34 inches produces a flatter,domem shaped curve. In 1959 the over- 

lap of the three's, four's, and five's produces a smooth, bell-shaped 

curve with the mode at 34 inches. An unusual situation developed in 

1960 when numbers of large two-year olds were taken. These fish pro- 

duced a mode at 25 inches, whereas in previous years it has been around 

22 inches. The three -year fish were also larger than usual, with many 

over 35 inches. The large two-year fish in 1960 were followed by large 
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three-year fish in 1961 (mode at 34 inches), but not by large four - 

year fish in 1962. In 1961 the three's and four's overlapped almost 

completely, but in 1963 and 1964 the separation was more distinct. 

There appears to be a gradual increase in the size of the three-year 

fish from 1957 to 1962, from 30 to 34 inches modal length. In 1963 

the modal length dropped to 33 inches and still further in 1964 to 32 

inches. The size of the four's remained unchanged at 34-35 inches in 

spite of changes in the size of two's and three's. The relationship 

between size and maturity is interesting in this case. The 1958 -brood 

year produced very large two-year fish in 1960 and again very large 

three-year fish in 1961. For this brood, 15% matured as two's (almost 

twice as many as any other year), and 42% as three's (an average 

value), which resulted in only 36% maturing as four's (the lowest 

value noted). For the 1955 brood, the modal size of the two's was 22 

inches, and of the three's about 30 inches. This produced 8% as two -, 

40% as three and 48% as four-year fish. 

There thus appears to be some relationship between fast growth 

and high percentage maturing at a younger age, but a full exploration 

of growth and maturity is beyond the scope of this paper. Consider- 

able interest has been expressed about the large size of three-year 

fall chinook in recent years. This may not be a new development, 

however. Rich's (1925) samples for August 22 and September 12, 1919, 

show three-year fish ranged from 20 to 35 inches with means of 31 and 

28 inches. Likewise, Rich and Holmes' (1929) marked fish recoveries 

averaged close to 30 inches with a range of 22 to 36 inches. The 

average lengths of the four -year fish are almost identical to the 
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present conditions--both above reports give mean lengths of 34-35 

inches. Apparently, large three -year fish have always been with us, 

but now they are assuming greater importance and attracting increasing 

attention because of their relative abundance and the scarcity of 

four- and five-year fish. The 1961 ®62 three -year modes of 34 inches 

may be exceptional. 

Table 14 summarizes observations on the age composition of 

Columbia River fall chinook. 

In order to prorate each year's run to the proper escapement year, 

the following figures were considered reasonable estimates of the 

average age composition: 

Age (Year of Life) 
2 3 4 5 

% 

1938-50 10 15 60 15 

1951-56 7 38 47 8 (Average of 1957-64 
1957-64 Actual fishery samples samples) 

Although the years prior to 1957 are estimates, it is still preferable 

to use these figures rather than the four-year cycle, as has been used 

in the past, or the 1957 ®64 average for the years before 1950. 

Table 15 and Figure 63 show the vital statistics for age composi- 

tion for the fall chinook run from 193864. Acknowledging the unrefined 

and incomplete age data for earlier years, the picture shows a sharp 

decline in numbers of four-year fish while three -year olds have remained 

quite constant. The question might be asked: If the decline in older 

age groups is due to ocean fishing, as has been suggested, why have not 

the three -year fish decreased since they are also exposed to increased 

X X X 
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TABLE 14. SUMMARY OF OBSERVATIONS ON AGE COMPOSITION OF 
COLUMBIA RIVER FALL CHINOOK. 

Age 
Year 2 3 4 5 6 

/o fo 

1919 run 1 18 62 16 3 

1919 and 1 16 60 23 

1922 broods 

1938-43 broods tr. 16 68 15 tr. 

1947 -48 runs 15 13 72 

1949 brood tr. 15 84 tr. 

1954 ®57 broods 6 44 45 5 

Source 

Rich (1925), trap and 

seine fishery samples. 

Rich and Holmes (1929), 
marked fish returns to 

river fishery and hatch- 
ery. 

Homes (1952), marked 
hatchery fish returns to 

river fishery. 

Length -frequency of lower 
river trap catch and 
length -age of troll 
sample. 

Kiemle (1963) and Puiford 
(1964), marked hatchery 
fish returns to river 
fishery and hatchery. 

" " " 

z z z 
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TABLE 15. ESTIMATES OF THE NUMBERS OF FISH AT EACH AGE IN 
THE COLUMBIA RIVER FALL CHINOOK RUN, 1938-64. 

Year 
Total Run Size 

(Numbers of Fish) 
Numbers in Year of Life 

3 4 

1938 582,098 58,200 87,315 349,259 87,315 

1939 550,299 55,030 82,545 330,179 82,545 

1940 742,879 74,288 111,432 445,727 111,432 

1941 1,175,779 117,578 176,367 705,467 176,367 

1942 979,026 97,903 146,854 587,416 146,854 

1943 600,947 60,095 90,142 360,568 90,142 

1944 709,792 70,979 106,469 425,875 106,469 

1945 711,610 71,161 106,741 426,966 106,741 

1946 831,957 83,196 124,794 499,174 124,794 

1947 903,577 90,358 135,537 542,146 135,537 

1948 899,194 89,919 134,879 539,516 134,879 

1949 550,578 55,058 82,587 330,347 82,587 

1950 588,542 58,854 88,281 353,125 88,281 

1951 385,560 26,989 146,513 181,213 30,845 

1952 322,930 22,605 122,713 151,777 25,834 

1953 257,191 18,003 97,732 120,880 20,575 

1954 231,853 16,230 88,104 108,971 18,548 

1955 281,589 19,711 107,004 132,347 22,527 

1956 312,696 21,889 118,824 146,967 25,016 

1957 276,643 24,898 52,562 182,584 16,599 

1958 393,202 7,864 129,757 196,601 55,048 

1959 296,024 5,920 100,648 156,893 29,602 

1960 238,112 42,860 85,720 95,245 14,287 

1961 232,425 18,594 120,861 83,673 9,297 

1962 276,966 19,388 144,022 102,477 8,309 

1963 239,851 16,790 59,963 143,911 19,188 

1964 325,235 18,262 172,375 110,580 26,019 

2 
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fishing? A,possible answer is the increase in numbers of fish maturing 

as three's in recent years. This might balance the increasing catch 

of three-year fish and would further reduce the numbers left to mature 

as four's. 

The average weight of fall chinook caught should reflect to some 

degree changes in the age composition of the run. Average weight data 

have been collected for many years and are summarized by Pulford (1964b) 

and shown in Figure 64. In the early period and through 1954 the 

August weights fluctuated around 26 pounds while since 1955 they have 

been around 22 pounds. Comparable values for the early period would 

have been even higher, since traps and seines were in use then and 

tend to take smaller fish than gill nets, used exclusively in the later 

period. This suggests that the age composition of the run remained 

relatively constant in the early years of the fishery and until about 

1954. In 1955 older and heavier fish became relatively less abundant, 

and the average weight declined. The decrease might be more conspicuous 

had not the two and three -year fish apparently shown an increased 

growth rate in some years. September values declined even more than 

August. Pulford (1964b) found a significant decrease in average 

weight of fall chinook between the 1918-39 and 195161 periods and a 

significant downward trend in the 1951-61 period. Spring chinook, on 

the other hand, did not show a significant change in average weight. 

In summary, there has been a pronounced change in the age composi- 

tion of the fall chinook run during the period of study. Early, and 

rather sporadic, observations during the years 1919-48 indicated that 

the age composition was relatively stable with four -year fish dominant, 
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comprising from 60 to 68% of the run, five's constituted 15 to 23 %, 

and three's 13 to 18 %. Two -year fish were apparently of negligible 

importance. Recent sampling of the gill =net fishery, from 1957 =64, 

and marked fish returning has shown an increased proportion of two's 

and three's, and fewer four's and five's with considerable fluctu- 

ation between three's and four's. Of particular interest and facility 

for comparison are the marked fish returns from the 1938 =43 and 

195457 broods. In the early period the percentage return at two, 

three, four, and five years of age was trace, 16, 68 and 15 while 

recently it has been 6, 44, 45, and 5. Recent fishery age composi- 

tion data on a brood year basis confirm this relationship as does the 

sketchy early age work. In round numbers, one can say that two -year 

fish have increased from negligible numbers to perhaps 10% of the run, 

three -year fish from 15 to 40%, four -year fish decreased from 60 to 

40 %, and five-year fish from 15 to less than 10%. The change in age 

composition did not result in a drop in average size until 1955. 

Increased ocean fishing could be a logical, and major, contributor to 

this phenomena. That an increase in fishing intensity reduces the 

number of older fish is axiomatic in fishery management. The period 

of transition appeared to coincide approximately with the decline in 

the fall run beginning in 1949 and it is suggested that the increased 

ocean fishing intensity was largely responsible for the decrease in 

average size and age. 
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Escapement 

Dam Counts 

The advent of dams had one beneficial fishery aspect in that it 

enabled counts to be made of the anadromous fish going upstream and thus 

provided information on population size and escapement (Figure 65). 

Rock Island Dam near Wenatchee, Washington (453 miles from the 

mouth), was the first dam on the main stem of the Columbia River and 

the first to pass and count fish (Figure 66). Fish and Hanavan (1948) 

considered that the run passing Rock Island was composed only on 

spring and summer chinook, although they showed fish counted into 

October. Their Figure 2 shows a nadir at September 10, corresponding 

to a point of distinction between summer and fall runs, and a slight 

peak on September 24. French and Wahle (1960) present evidence on 

the existence of the fall run, which they consider passing Rock 

Island after August 27. Other counts give September 10 as the break- 

ing point between summers and falls and the latter date is used here. 

Unlike Bonneville, McNary, and other dams, there is no sharp distinc- 

tion between summer and fall runs at Rock Island. Counts of fall 

chinook at Rock Island are shown in Figure 67. Apparently by the 

time counting began in 1933, not many fall chinook were using the 

upper Columbia for spawning, usually less than 1,000, and often only 

a few hundred. Perhaps this upper area was never important for fall 

chinook, but only about 5,000 summer and 2,200 spring chinook passed 

Rock Island annually in the years 193539 to utilize the vast reaches 

of the upper Columbia and its tributaries--1,140 lineal miles above 
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Figure 65. A fall chinook passing the counting window 
in the fish ladder at Rocky Reach Dam on 
the upper Columbia River, October 1964. 

Figure 66. Rock Island Dam, October 1964. 
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Grand Coulee Dam (Fish and Hanavan, 1948)--indicating the depletion 

which these stocks had already undergone. Rock Island fall chinook 

counts continued at a low level until 1957 then began to rise. This 

might be associated with the cessation of Indian fishing at Celilo 

Falls, but French and Wahle (1965) also present another possible 

reason: the pool behind Priest Rapids Dam (56 miles below Rock 

Island) formed in 1960 which "...may have displaced some fall chinook 

formerly spawning there and caused them to move upstream to spawn." 

From 1939 to 1943 all fish attempting to pass Rock Island were 

trapped in the fish ladders and transported to streams between Rock 

Island and the Grand Coulee dam site for spawning. Weirs prevented 

them from leaving their adopted stream. Summer chinook, which also 

included falls, were transported to the Wenatchee and Entiat Rivers 

where they apparently spawned successfully, although the fall chinook 

were undoubtedly main -stem spawners originally. This operation had 

no notable effect on the counts; the progeny of these displaced fish 

remaining at about the same level until 1953 (no counts were made in 

1952). In late October 1946, 134 nesting areas were observed on an 

aerial survey of the main stem of the Columbia River from Rock Island 

to Grand Coulee Dams and 785 from Rock Island to the mouth of the 

Snake River (Fish and Hanavan, 1948). The fish spawning above Rock 

Island Dam could only be progeny from transplanted stocks which did 

not return to their new home stream, or "strays" from spawning areas 

below Rock Island. The latter explanation seems more likely as early 

counts suggest that the fall chinook migration above Rock Island is a 

variable phenomenon possibly depending on spawning density below, 
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water levels, or other environmental factors. Some counts show little 

fall migration while other years give pronounced peaks. French and 

Wahle (1959, 1960, and 1965) recorded no fall chinook in the tribu- 

taries, but note their occurrence in the main stem. Thus it seems 

likely that the transplantation did not "take" and the fall chinook 

population in this region of the upper Columbia is a more or less 

homogenous group. 

A factor to be considered in all dam counts is the number of 

"jacks" or two -year -old precocious males. At Rock Island, fish under 

22 inches are considered jacks. Separate adult and jack counts are 

only available since 1959 and the percentages of jacks of the total 

September -October count for 1959-64 are as follows: 51, 35, 43, 23, 

88, and 73 (Zimmer, Davidson, and Anders, 1961; Zimmer and Davidson, 

1962; Zimmer and Broughton, 1962, 1964, 1965a, and 1965b). There is 

considerable fluctuation but an increase has occurred in the last two 

years. For example, the very large count in 1963 (8,800), consisted 

of only about 1,500 adults, the remainder being jacks. The reason for 

this recent increase in the number of jacks is not clear. Possibly 

they are more prone to wander and seek different areas if the presently 

existing limited spawning areas are saturated with spawners. Obviously 

the total chinook count does not give a realistic picture of the pro- 

ductive element of the population. 

Counts began at Bonneville Dam in 1938, also shown in Figure 67. 

These counts, less the recorded commercial catch above Bonneville, have 

been used in management as representing the escapement. In actuality, 

this is not the case. An examination of Figure 61 shows that many 
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small chinook under 24 inches are included in the count; they are 

almost all males, of no value in reproduction, and should not be con- 

sidered in the escapement. Furthermore, a substantial Indian personal - 

use fishery which existed prior to 1957, amounting to 22,000-30,000 

fish between 1947 and 1952, is not considered. Thus the counts, even 

with the Zone 6 recorded landings subtracted, do not represent the 

true reproductive escapement but a considerable overestimate. 

The Bonneville counts do represent the status of the run as it 

reaches the dam and the decline of fall chinook from 1948 to 1953 is 

again evident. Except for the unusual years 1958 and 1959, the counts 

have leveled off but with a modest upward turn in recent years, probably 

due mostly to increasing restrictions on the commercial fishery below 

Bonneville. 

Counters at Bonneville Dam record the number of fish under 18 

inches as jacks (Corps of Engineers Annual Fish Passage Reports and 

Donaldson, 1965, personal communication). These are only a portion of 

the actual number of jacks since many are up to 24 inches in length 

(see Figure 61). A comparison with length frequencies taken at 

Bonneville in 1948, 1950, and 1956 suggest that an average of 73% of 

the jacks were actually counted as jacks in August but only 37% in 

September. This is due to a change in size composition as previously 

explained. The values appear consistent in reflecting changes in the 

relative numbers of jacks, however, as shown by the following table 

which gives percentages under 19 and 25 inches, from length -frequency 

distributions, compared with the percentage termed jacks by the 

counters. 
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Aug. Length 
Frequency 

Jacks in 
Aug. Count 

Sept. Length 
Frequency 

Jacks in 
Sept. Count 

<19" % %C 25" No. - % %,(..19" %<25" No. % 

1948 22 28 7,839 22 16 49 35,223 13 

1950 31 45 11,074 27 10 30 16,152 8 

1956 48 69 14,510 34 12 27 10,301 11 

In other words, the jack counts give a fairly good indication of 

the number of fish under 19 inches and, comparing the number counted 

with the per cent under 25 inches, a relative index of the total number 

of jacks. August -September jack and adult counts at Bonneville are 

shown in Figure 68 along with the percentage jacks for each year. 

Total jack counts have declined somewhat, but not nearly as steeply 

as for the adults. Except for a few high years -- 1939 -40, 1954 -56, 

1963, and 1965 -.the percentage jacks has remained rather stable, at 

about 10% of the total count. Beginning in 1964, all Columbia River 

dams started separating jacks and adults at 22 inches. Thus the 

1964 -65 data are not comparable with previous years, and give a much 

more accurate picture of the number of jacks present. 

Because the values derived by subtracting the commercial catch 

above Bonneville from the count are not the true reproductive excape- 

ment, a serious attempt was made to adjust the escapement by the 

number of jacks (under 24 inches) in the river and the Indian personal - 

use fishery. Unfortunately, due to the necessity of extrapolating 

from eight years of Indian data and only three years of length - 

frequency data at Bonneville, and uncertainty about the ratio of jacks 

to adults at the hatcheries and Zone 6 fisheries, the value of the 
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resulting calculation on a yearly basis was uncertain. However, on an 

average basis the actual escapement of adults may be only about half 

of the commonly used value. For the ten -year period 1947-56, for 

which the best data were available, the above calculations gave an 

average escapement of 56,000 fall chinook adults compared with 109,000 

used for management purposes (FC0 -WDF, 1967). Two specific years, 

1950 and 1956, when good length -frequency samples at Bonneville were 

obtained and the Indian personal -use fishery was monitored (1950) or 

considered negligible (1956), gave adult escapements of 65,000 and 

59,000,respectively, compared with 155,000 and 98,000 in the above 

report. 

In an effort to obtain an escapement index, corrected for jacks 

yet not over corrected on extrapolated data, I subtracted the recorded 

numbers of jacks at Bonneville from the total count, and then sub- 

tracted the recorded Zone 6 commercial catch from this value. The 

resulting figure still includes jacks between 18 and 24 inches and 

does not correct for the Indian personal -use catch, thus is still an 

overestimate of the actual escapement. However, it inserts an adjust- 

ment for the variable numbers of jacks. Since few fish under 19 inches 

enter hatcheries or are of any consequence in the fisheries they can 

be safely excluded from consideration in the above -Bonneville picture. 

Statistics on Bonneville counts and escapements are detailed in 

Table 16 and the final escapement index is shown in Figure 69 separated 

by upriver or escapement past Celilo Falls as distinguished from the 

counted escapement into hatchery streams. This presentation shows a 

slightly increasing trend until 1948, a sharp decline until 1954, then 
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TABLE 16, BONNEVILLE DAM COUNTS OF FALL CHINOOK SALMON AND 
ADJUSTED ESCAPEMENT, 1938 =65. 

Year 
Bonneville Count Zone 6 

Landings 
Adjusted Adult Escapement 

Jacks Adults Hatchery Upriver Combined 

1938 30,327 204,324 77,169 31,071 96,084 127,155 
1939 49,955 136,096 59,104 23,039 53,953 76,992 
1940 75,287 227,957 103,152 35,148 89,657 124,805 
1941 38,750 333,990 187,803 31,962 114,225 146,187 
1942 42,431 294,403 162,714 32,439 99,250 131,689 
1943 15,169 218,970 93,471 17,827 107,672 125,499 
1944 29,537 167,757 79,155 21,561 67,041 88,602 
1945 26,780 199,573 59,295 21,810 118,468 140,278 
1946 34,019 293,276 124,569 30,525 138,182 168,707 
1947 22,181 285,774 156,294 37,126 92,354 129,480 
1948 43,661 354,251 149,897 52,551 151,803 204,354 
1949 9,114 171,777 69,469 29,885 72,423 102,308 
1950 28,287 222,195 95,789 45,725 80,681 126,406 
1951 7,899 129,718 57,065 41,216 31,437 72,653 
1952 18,367 202,029 77,204 40,148 84,677 124,825 
1953 9,376 94,995 49,312 21,752 23,931 45,683 
1954 24,095 82,869 44,027 24,178 14,484 38,662 
1955 21,024 84,294 29,675 20,615 34,004 54,619 
1956 25,702 110,568 38,234 25,807 46,527 72,334 
1957 9,879 121,934 2,232 36,572 83,130 119,702 
1958 7,095 242,219 3,480 78,429 160,310 238,739 
1959 17,847 177,096 1,220 53,837 122,039 175,876 
1960 10,683 90,599 1,589 27,638 61,372 89,010 
1961 17,149 99,675 5,703 21,099 72,873 93,972 
1962 9,325 108,699 4,982 23,782 79,935 103,717 
1963 28,252 110,823 23,459 24,899 62,465 87,364 
1964 17,411 1/ 155,052 23,208 28,080 103,764 131,844 
1965 44,198 1/ 113,487 28,563 13,272 71,652 84,924 

1/ Jacks are under 22 inches compared to 18 inches in previous years. 
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Figure 69. Adjusted escapement index of adult fall chinook above Bonneville 
Dam, 1938 -65. 
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a rise. The peak in 1952 was caused by a fishermen's strike which 

permitted a larger than usual part of the run to escape, and in 1958-59 

by late runs which entered and passed upriver during the closed season 

and were aided by almost no fishing above Bonneville in those years. 

McNary Dam, 146 miles above Bonneville, began counting in 1954. 

This station gives a good index of escapement in the upper Columbia 

and Snake Rivers. The low level to which the escapement of upper river 

fall chinook had descended was painfully apparent when counting began 

as only 12,000 to 17,000 of these fish passed McNary in 1954-56 

(Figure 67). In 1955 and 1956 a reference length of 24 inches was 

established for jacks at McNary which allowed a good measure of adult 

escapement. In all other years the jack size was 18 inches. In those 

two years only 13,000 and 7,000 adults passed McNary to populate the 

still extensive upper river spawning areas. In 1957-58 the count 

increased tremendously then dropped to u median level.; This increase 

has been directly associated with the cessation of fishing at Celilo 

Falls caused by the reservoir filling behind The Dalles Dam. 

In 1957, The Dalles Dam was completed, and counts at this point 

are, as would be expected, intermediate between Bonneville and McNary. 

A number of hatcheries between Bonneville and The Dalles account for 

much of the discrepancy between these two locations while there is 

considerable natural spawning between The Dalles and McNary. Also in 

1957, counts began at the Brownlee -Oxbow complex on the middle Snake 

River (not shown). Here numbers of fall chinook declined steadily 

from 15,160 in 1957 to 945 in 1963 (Haas, 1965). The Brownlee -Oxbow 

count dropped from 29 to 2% of the McNary count. 
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In 1962, Ice Harbor Dam, near the mouth of the Snake River, and 

Priest Rapids Dam, 73 miles above the mouth of the Snake, began an 

inventory of the escapement into the Snake and upper Columbia Rivers, 

respectively. The Ice Harbor count dropped from 30,000 to 11,000 in 

three years while Priest Rapids increased slightly. There is consid- 

erable spawning between McNary pool and Priest Rapids Dam, but the 

Ice Harbor count accurately estimates the numbers entering the Snake 

River. In 1962 the Ice Harbor count was nearly 75% of the McNary 

count, but in 1963-64 only 25 %. 

It is interesting to compare jack fall chinook counts in a 

similar manner to total counts at the three main -stem Columbia River 

dams (Figures 67 and 70). From 1957 on the agreement between jack 

counts at Bonneville, The Dalles, and McNary Dams is rather good. 

Although it may appear paradoxical to have more jacks at The Dalles 

or McNary than at Bonneville, perfect agreement could not be expected 

because sample counts are used at times, correction factors for periods 

of noncounting are made, and species and size designations are not 

perfect. Within the realm of counting variability one could say that 

substantially the same numbers of jacks were counted at each dam. 

The discrepancy between Bonneville and McNary counts for 1954 =56 sug- 

gests that the Indian fishery may have accounted for considerable 

numbers of jacks as well as adults. 

The percentage of jacks in the total fall chinook count presents 

a different picture. While The Dalles and McNary are quite comparable, 

Bonneville is always less. This suggests a greater attrition of adults 

than jacks between Bonneville and The Dalles, due to either or both a 
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Figure 70. Jack fall chinook counts at Bonneville, The Dalles, and 
McNary Dams and as a percentage of the total fall chinook 
count, 1954 -65. Jacks and adults were separated at 18 
inches except for 1955 -56 at McNary (24 inches) and 
1964 -65 at all dams (22 inches). 
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turn-off of adults into the hatcheries between the two points or a 

mortality factor operating on adults but not jacks. Since the fishery 

between the two dams was negligible between 1957 and 1960, a non - 

fishery associated cause is suspected. There is a tendency for the 

counts of jacks and as a percentage of the total count to increase in 

recent years. 

Spawning Ground Counts 

The counting of spawning salmon or redds in streams is a tradi- 

tional method of establishing an index of abundance. Although this 

procedure does not give a total count, it is better in some respects 

than dam counts because the fish actually on the spawning grounds are 

inventoried and observations can be made on sex ratio, size, and 

spawning success. Spawning ground surveys on the Columbia River are 

many and varied, but little has been published. Much of the material 

presented here has been taken from files of the Fish Commission of 

Oregon. 

Two series of aerial nest counts are given in Figure 71: (1) the 

formerly important area of the Snake River from Swan Falls to Marsing, 

and (2) the main Columbia River from Rock Island Dam to the mouth of 

the Snake River or the head of McNary Reservoir. Although subject to 

error due to water conditions, visibility, and variable timing, the 

redd counts depict the actual spawning activity. The Columbia redd 

counts show a general decline from 1946 to 1956, a sharp rise coinci- 

dent with the flooding of Celilo Falls, then a return to a low level. 

These counts are probably not meaningful after 1959 because of the 
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Figure 71. Fall chinook spawning ground counts on the upper 
Snake and Columbia Rivers, Kalama River, and 
five Oregon tributaries. 
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flooding of spawning areas by Priest Rapids, Rocky Reach, and Wanapum 

Dams. Watson (1964) gives fall chinook nest counts in the Columbia 

River in the Hanford project (mile 354 to 393). The trend is similar 

to Figure 71 but in 1961-63 a large increase occurred, up to the 1958 

level, attributed to the effect of Priest Rapids Dam as most of the 

increase was in the nearest downstream spawning area. The upper Snake 

River had a very high nest count in 1947, a drop to a lower level 

which continued until the increase in 1957, then a steady decline as 

this race was exterminated by Brownlee -Oxbow Dam operations. Nest 

counts reflect in a general way the counts at the main stem dams 

(Figure 67): they show a decrease from the high of 1947 to a very low 

level in 1954-56, three years again at a high level (1957 =59), and a 

return to an intermediate level. 

Spawning ground surveys are of special importance in the tribu- 

taries below Bonneville because there are no dams over which the fish 

must pass and be counted. The Washington Department of Fisheries has 

a good series of observations on the Kalama River, one of the most 

important fall chinook spawning streams (Nye, 19621/; Wendler and 

Junge, 1955). Both fish -per -mile index counts and a population esti- 

mate based on stream survey information, hatchery counts,and some 

tagging are shown in Figure 71. Both measures show a high level of 

spawning fish in the period 1945-52, then a drop to a low level in 

1953, continuing to date, except for 1958. The year 1952 is an arti- 

fact caused by a fishermen's strike; if fishing had been normal there 

1/ Washington Department of Fisheries, memorandum from Gene Nye to 
Hank Wendler, October 26, 1962. 
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is little doubt that the downward trend between 1948 and 1955 would 

have been more or less continuous. Nye notes: "While these cannot 

be used pei se because of conflicting variables they do by the same 

token represent vast numbers of fall chinook spawners in the earlier 

years compared to the most recent years." The agreement between the 

Kalama population estimate and the Bonneville count is good. 

Systematic surveys have been made on five small Oregon tribu- 

taries of the lower Columbia River (Youngs, Lewis and Clark, 

Clatskanie, and Hood Rivers and Lindsey Creek) since 1947 (with the 

exception of 1962) to determine fall chinook abundance (Figure 71). 

Although of minor importance individually, these streams collectively 

contribute an appreciable number of fish to the stock. They show the 

same kind of fluctuation inherent in all stream surveys but a general 

agreement is evident with the Kalama River counts. 

Numerous other spawning ground counts and surveys have been made 

from time to time, but none cover a long enough period to show post - 

and pre -decline levels of abundance. 

An important facet of the escapement is not only quantity but 

quality. That is, has there been a change in sex ratio and a reduced 

number of females, or a size reduction causing lowered fecundity? 

Although a vital question, there is almost nothing recorded to throw 

any light on the issue. With a decrease in size and an increase in 

the number of three-year fish (high proportion of males), a decrease 

in actual fecundity of the population more dramatic than that shown 

by mere counts of fish could occur. The analysis of hatchery records 

may supply information on this point. 
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Hatchery Enumeration 

Fall chinook are reared at a number of hatcheries on the Columbia 

River and the returning adults are inventoried. Returns to five 

hatcheries (Spring, Eagle, and Herman Creeks and Big and Little White 

Salmon Rivers) in the Columbia Gorge area are shown in Figure 72 

(from FCO -WDF, 1966). The general trend is level, but several periods 

of relatively high and low escapements are recorded: average escape- 

ments are indicated for 1938 -46, followed by an increase and a high 

level from 1947-52 then a low level from 1953-56, good numbers in 

1957 -59 and again a drop. If the three exceptional years, 195759, 

were overlooked, a general decline since 1948 would be evident for the 

five hatcheries. Numbers of fall chinook handled at Bonneville 

Hatchery, just below Bonneville Dam, are also shown in Figure 72 

(Wallis, 1964a). Fish were not counted in 1946-48 but egg takes were 

near record highs so undoubtedly over 10,000 fish per year were handled. 

The trend since 1949 is similar to the hatcheries above Bonneville Dam 

except that the high response in 1958 is not shown. Big Creek 

Hatchery, about 30 miles above the mouth of the Columbia, shows a 

pattern similar to the other hatcheries (Wallis, 1963). 

In a previous section it was noted that the survival rate for 

hatchery fish from fingerling to adult experienced a sharp decline 

from about the 1946 -to the 1953 -brood years, an increase for the 

1954-56 broods, then a decrease to an intermediate level. This almost 

exactly coincides with the fluctuations in numbers of adults reaching 

hatchery streams, and it naturally follows that the abundance of 

adults is primarily an expression of the survival rate. It was also 
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pointed out that the numbers of adults returning to Fish Commission of 

Oregon hatcheries show a trend of abundance similar to that noted on 

the spawning grounds and the Bonneville Dam count. Thus the Bonneville 

Dam count and spawning ground and hatchery counts both above and below 

Bonneville Dam all show a similar trend of abundance. 

Salmon egg takes would be a good measure of the change in poten- 

tial production of a stock of fish, except that they often do not 

reflect the numbers of females present. In some years, hatchery 

capacity was reached, weirs were flooded out and many fish were 

allowed to spawn naturally; also expansion in facilities and changes 

in practices and procedures have occurred. It is noteworthy, however, 

that substantial increases in numbers of fall chinook eggs taken and 

fingerlings released have resulted in the hatcheries merely maintain- 

ing their status quo as far as returning adults is concerned. 

In the discussion of the river commercial fishery, we noted that 

there has been a decrease in the size and age composition of fall 

chinook in the catch. This change is even more pronounced when con- 

sidering only the hatchery population. In the early work on marked 

fish (Table 14; Rich and Holmes, 1929; Holmes 1952), four -year fish 

comprised 60-68% of the returns and three-year fish 16 %. In the 

period 1954-57 this ratio had changed to almost equal numbers of 

three- and four-year fish (44-457°). In more recent years systematic 

age samples have been taken and show the proportion of three-year 

fish to be even higher (Table 17; from Burck, 1963; Wallis, 1964a; 

Swartz and Wallis, 1966; Cleaver, 1967; and Bureau of Commercial 

Fisheries, 1964 and 1966a). Since the early work, five's have 
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TABLE 17. AGE COMPOSITION OF HATCHERY RETURNS OF COLUMBIA 
RIVER FALL CHINOOK SALMON. 

Hatcher Year 
Age 

°l0 70 70 

Oxbow 1961 26 50 23 1 

1962 7 71 21 1 

1963 5 59 36 1 

1964 Tr0 48 51 Tr0 

Cascade 1963 9 52 38 Tr0 

1964 0 69 31 Tr0 

Bonneville 1963 5 62 32 Tr. 

1964 Tr0 57 43 Tr. 

Big Creek 1963 6 81 13 0 

1964 1 64 34 Tr. 

Spring Creek 1960 4 29 63 4 

1963 7 69 24 Tr. 

1964 1 76 22 Tr, 

Kalama 1963 2 36 60 2 

1964 Tr. 30 69 1 

Little White Salmon 1963 6 44 50 1 

1964 1 68 32 0 

Big White Salmon 1963 15 23 62 0 

1964 1 89 10 0 

2 3 4 5 
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virtually disappeared from the hatchery scene and three's are generally 

dominant over four's. Two -year fish have increased, but in an erratic 

manner. 

Junge and Phinney (1963) give length -frequency measurements at 

Little White Salmon Hatchery for 1955-59 and Spring Creek Hatchery for 

1959. During these five years the females showed a decrease in size, 

suggesting a shift in modal age of return from four to three years. 

Males were variable. A few more recent length -frequency distributions 

at Spring Creek and Fish Commission of Oregon hatcheries are shown in 

Figure Histo ̂ rams from the various hatcheries indicated that 

within a year they were all quite similar (Westrheim and Woodall, 

1960; Wallis and Burck, 1963). This is illustrated for 1961 where 

both Spring Creek and four grouped Fish Commission hatcheries (Big 

Creek, Bonneville, Cascade, and Oxbow) are shown. Except for 1959, 

there is little change in size composition of females, with a rather 

consistent mode at 35 inches. In 1959 a second mode was evident at 

31 inches. Males are bimodal--24-25 inches and 34-36 inches. In 

1959 the principal male mode was at 32 inches. In the important 

large group, 30 inches and over, the sex ratio favors the females, 

but there are substantial numbers of smaller males in some years. 

Cleaver (1967) shows differences in age and length at return for 

various hatcheries and implies that ocean existence is not identical 

for all hatchery stocks. He believes that the change in maturity is 

due to changes in genetic makeup caused by the selective pressures 

of increased fishing and the hatchery environment. 

7" 
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An interesting facet of the change in age composition of the 

hatchery returns is the increasing number of three -year females now 

present. Rich and Holmes (1929) showed that 19% of the total returns 

for a 1922 -brood Big White Salmon Hatchery experiment were three-year 

fish, but only 23% of them were females. In 1963 and 1964 most of the 

fish returning to Columbia River hatcheries were measured, sexed, and 

aged under the federal hatchery evaluation program (Bureau of Commercial 

Fisheries, 1964 and 1966a). In 1963, 54% of the three -year fish were 

females and in 1964, 51 %. In 1963-64, 65% and 71% of the four -year 

fish were females, compared to 51% in the Rich and Holmes' experiment. 

Even a few two -year females are now present among the fall chinook 

hatchery stock. For the eight major hatcheries three -year females out- 

numbered four -year females by some 3,000 fish in each year. Thus even 

though the average size and age of the population has been reduced, 

the ratio of females has perhaps increased. Furthermore, since the 

size of the three-year fish is approaching the size of the four's, 

the average fecundity is remaining about the same at about 5,000 eggs 

per female (Bureau of Commercial Fisheries, 1964,and Fish Commission 

of Oregon hatchery records). 

Spring Creek Hatchery records (Junge and Phinney, 1963) show that 

the number of eggs per female has remained steady from 1941 ®58 at about 

4,800 while the number of eggs per fish handled (a reflection of the 

number of males and jacks) has also remained constant at about 2,000. 

A rather attractive hypothesis that the decline in size and age has 

caused a reduction in productivity through lowering the fecundity is 

thus disproven, at least for hatchery stocks, 
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On the other hand, this phenomena of changing age at maturity may 

be a function of growth. The removal of older fish from the ocean by 

intense fishing may have permitted better growth of younger fish and 

earlier maturity, or for those in the hatchery environment, an abun- 

dance of food, disease control, and warmer temperatures in some cases, 

may have given them a fast early growth which resulted in earlier 

maturity. The growth rate may have increased to where many of the 

females (and also more males) now reach the critical size where the 

maturation process begins in their third year. In random samples of 

the gill -net catch of fall chinook from 1960-65, the 31 age group con- 

sisted of between 29 and 42% females, For 1963 and 1964 in particular, 

it was 35 and 29% compared to 54 and 51% at the hatcheries. Rich's 

(1925) 1919 sample showed 28% female three-year fish. Either the 

fishery is highly selective towards removing males or the nonhatchery 

population contains a three-year sex ratio in which males predominate. 

Apparently the sex ratio of the three -year fish in the run as a whole, 

measured by the fishery catch, has not changed a great deal (28% 

females in 1919, 35% average in 1960-65) while at the hatcheries it 

has jumped from 23% for the 1922 brood to 52% in 1963-64. 

An interesting problem in population genetics is presented. Has 

the intense ocean fishery reduced the numbers of four- and five year 

fish, but permitted a survival of three -year fish which tend to pro- 

duce predominantly younger maturing progeny, or is the fishery having 

a direct effect in merely reducing the numbers of older fish without 

producing a longterm genetic change? Meager evidence suggests that 

there has been a genetic change in the composition of the hatchery 
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stock, but what could be the mechanism that produces a greater ratio of 

females? Perhaps hatchery operations have unconsciously selected for 

a factor favoring female survival. Gear selectivity may also be 

involved. Previously it was noted that the ocean sport fishery takes 

a majority of males. What is the effect of the environment? Hatchery 

practices have improved and the fish may now have faster growth and 

associated early maturity. Even though the fecundity of the population 

seems to be maintaining itself, is the survival of progeny from three- 

year fish as high as it might be from four- and five -year fish? Fall 

chinook salmon evolved a predominantly four-year age at maturity 

through eons of natural selection, might it not be assumed that this 

was the best age for maturity or the "survival of the fittest "? Is it 

possible that the population has adapted, in a sense, to the additional 

stress by altering its maturity schedule so as to permit a greater 

escapement of the reproductive element? Unfortunately no answers are 

available to these questions. 

Gear Selectivity 

In some years the age composition of the hatchery escapement is 

considerably different from that of the commercial river catch. For 

example, in 1963 the fishery age composition was 7, 25, 60, and 8% 

two -, three-, four -, and five -year fish, while the weighted hatchery 

age composition was 6, 61, 32, and 17., respectively. In 1964, the 

fishery showed 5, 53, 34, and 8% for the respective ages and the 

hatcheries 1, 66, 33, and trace. Hatchery returns are weighted toward 

three -year fish suggesting net selectivity on the larger and older 
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fish. The age composition of the wild and hatchery runs might be 

different, however, and they cannot be distinguished in the fishery 

unless the hatchery fish are marked. 

Comparisons can be made between the size composition of the 

hatchery and wild upriver escapement by examining length -frequency 

distributions taken at the McNary spawning channel (Chambers and 

Harris, 1963 and 1964; Chambers, Meekin, and Harris, 1965) and at 

the hatcheries. To populate the channel, some fish were trapped at 

the exit of the McNary Dam ladder and transported to the channel and 

others entered the channel on their own volition. Only bright salmon 

were trapped at the dam and these were called "upriver" fish; those 

entering the channel were dark and were called "locals" and spawned 

in the McNary area. In some years, considerable numbers of upriver 

type fish entered the channel, but they were segregated by color and 

time of spawning. The samples were not strictly random as many surplus 

males were not taken for the channel, but they show the characteristics 

of the populations and in particular the modal groups. 

Length -frequency measurements of fish taken in the gill-net fish- 

ery compared with those handled at the hatcheries (all FCO hatcheries 

plus Spring Creek and Little White Salmon) and at McNary spawning 

channel in 1961 are shown in Figure 74. The fishery and hatchery 

samples are large and probably representative of the respective popu- 

lations. For the males, a conspicuous feature is the bimodality of 

the two-year fish. The large two's (24-25 inches) are noticed in the 

fishery, at the hatcheries, and again for the local fish at McNary, 

but are absent in the upriver fish. The small two's (15=19 inches) 
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are represented at McNary, but not at the hatcheries. The upriver 

fish at McNary present a mode at 28 inches which is near a trough at 

the hatcheries, but is represented to some extent in the fishery. It 

appears likely that these are three-year fish since the two and four - 

five-year fish in the fishery are at a low point at this length and 

hatchery and McNary local fish do not show this group. It follows 

then that the hatchery and McNary local males are similar in size 

distribution and the large jacks and three -year fish may not be neces- 

sarily a result of artificial propagation but occur in both natural 

and hatchery populations of lower -river (below McNary Dam) fall chinook. 

An alternative hypothesis is that the so called McNary local fish are 

mostly strays from hatcheries. The McNary measurements give the 

impression that the fishery has removed the peak of the males from 

30 to 36 inches. 

Females present a different picture with a single mode between 

32-35 inches in all distributions. In both males and females there 

appears a suggestion of selectivity of the nets in taking fish between 

28 and 35 inches, with fish of that size appearing in relatively 

greater numbers in the fishery than at the hatchery and those over 

that size appearing in slightly greater numbers at the hatchery than 

in the fishery. 

Measurements taken in 1962 and 1963 at McNary (not shown) confirm 

the 1961 data; in particular, 1963 presents a very clear picture of the 

upriver males having modes at 17, 28, and 35-39 inches while the local 

males had modes at 22-24 and 34-35 inches. Probably these modes 

represent ages two, three, and four plus five for the upriver males; 
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this corresponds with observations on the upper Snake River where it 

was possible to follow a dominant year class (Haas, 1965). The lower 

river males show a distinct two-year old group, but the three's, 

four's, and five's merge into one. 

Recently it has been shown that many of the dark fish at McNary 

are strays from hatcheries, but both dark and bright fish spawn in the 

area below McNary (Smith, 1966). Thirty-one per cent of the dark fish 

at The Dalles Dam in 1965 were considered to be progeny of hatchery 

stocks, but only 8% of all the fish were classified as dark. Hamilton 

et al. (1964) suggest that the fish spawning below McNary are not 

indigenous to the area and, due to unfavorable temperatures at time 

of spawning, may not be successful in producing viable young. 

The sex ratio at McNary channel for the local fish favored 

females in 1959-60 but in 1961-63 there was a heavy predominance of 

males. For the upriver fish, males were more abundant in all years, 

although many were not admitted to the channel. 

Additional information on gear selectivity and how it might affect 

the size and age composition of the escapement is afforded by a study 

of marked fish taken in the river fishery and returning to the hatch- 

eries. In 1965, three brood years (1961-63) of marked fish returned 

to the Columbia River from the Bureau of Commercial Fisheries hatchery 

evaluation program as two -, three -, and four-year fish. These can be 

regarded as a random sample of the hatchery population since approxi- 

mately 10% of each brood year were marked at each hatchery. An 

unusual feature of 1965, however, was the relatively few three -year 

fish caused by poor survival of the 1962 brood. Plotting gill -net and 
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hatchery length frequencies by age group (Figure 75) shows that the 

fishery tends to take larger two- and three -year fish than arrive at 

hatcheries; with four -year fish the situation reverses with the fish- 

ery taking smaller fish than the hatcheries. With the ages combined, 

a confirmation of the previous figure is shown with fish from about 

30 to 36 inches being particularly available to the fishery, while 

those smaller and larger showing relatively better in the hatchery 

length frequencies. This was also shown in 1961 random samples of 

the total gill -net catch compared with hatchery escapement (Figure 74). 

From about 28 to 3536 inches the fishery took a relatively greater 

proportion of fish than escaped, but above and below that size, 

escapement increased. 

In 1965 the age composition of the marked fish taken by gill net 

was 2, 19, and 79% two -, three -, and four-year fish, while at the 

hatchery it was 10, 13,and 77 %. Thus the hatchery escapement was 

heavy to two -year fish but the other age groups were not dispropor- 

tionally represented. Taking only the three- and four-year fish the 

proportions are 20 and 807. for the fishery and 15 and 85% for the 

hatchery. Surprisingly the fishery takes relatively more three's and 

fewer four's than escape to the hatchery. A more detailed analysis 

of this information will be available when the series of marking 

experiments is completed with returns in the fishery extrapolated to 

the total catch. 

There is some indication of selectivity toward males. The 1964 

fishery took marked three -year fish at the ratio of 68:32 males: 

females; but the three-year fish at the hatcheries had a sex ratio 
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of nearly 50:50. In 1965 the difference was slight however: 64 ;36 

in the fishery and 61:39 at the hatchery. Likewise four-year fish 

in 1965 showed little differente: 38:62 fishery and 34:66 hatchery. 

Although the evidence is not strong, this could partially explain why 

the three-year fish at the hatchery, in most years, have a 1:1 sex 

ratio even though lc. is believed that more males than females mature 

as three's. Part of the selectivity may be due to the fact that age 

three males are larger than age three females; run timing may be 

equally or more important. It is well known that males precede 

females in arrival at the hatcheries; this is particularly true of 

jacks. In the 1964 gill -net fishery, for example, the proportion of 

fish under 28 inches (mostly males) decreased from 74 to 24% between 

the first and last weeks of the August fishing season (July 29 to 

August 25). In 1965 the change was less: from 39 to 22%. Since the 

fishery closes for almost three weeks after August 25 it can be readily 

seen how it could alter the sex ratio of the escapement, depending on 

the timing of the run and sexual components. Since females migrate 

later than males,they have the advantage of greater protection during 

the closed season. Variation in timing could thus cause sex ratios 

in the fishery and at the hatcheries to vary a great deal. 

In the fall of 1965, a tagging study was conducted at The Dalles 

Dam to identify fall chinook that spawned between John Day Dam (under 

construction) and McNary Dam (Smith, 1966). A random sample of 3.7% 

of the adult fall run passing The Dalles was tagged, measured, and 

scales taken, but unfortunately fish under 24 inches were not handled. 

Sex was determined by external characteristics and may be subject to 
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error. A comparison of length frequencies of the escapement at The 

Dalles with the gill -net catch is given in Figure 76. No two -year 

males were measured at The Dalles Dam due to the 24 -inch limitation, 

but a few two -year fish of this length were taken in the fishery and 

numbers of marked hatchery fish of this length and larger were 

observed (Figure 75). About half The Dalles count in 1965 consisted 

of jacks under 22 inches. The 24 -inch size seemed to bisect the 

length distribution of three -year males and females at The Dalles; 

the fishery takes numbers of small three -year males but few small 

three -year females. (Almost no hatchery three -year fish are under 

24 inches.) The curves for four- and five -year fish are similar, 

although there seems to be some indication of selectivity for the 

five's -- smaller males but larger females escape than are caught. 

In summation, Table 18 shows age and sex composition of samples 

of fall chinook taken in 1965 in the gill -net fishery, marked fish 

caught in the river fishery and returning to the hatcheries, and the 

escapement over The Dalles Dam. Five -year marked hatchery fish were 

not available at the time of writing, but they would not alter the 

results being so few in number. In order to make everything compar- 

able, only fish 24 inches in length and over were tabulated. For 

practical purposes all four sources of data gave similar results, 

indicating no significant selectivity by age or sex by gill -net 

fishing gear in 1965.for chinook over 24 inches in length. I 

other words, gill nets do not evince a damaging selectivity in taking 

the larger, most fecund members of the population. On the contrary, 

they seem to select the medium -sized members or most abundant site 
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TABLE 18. COMPARISON OF AGE AND SEX COMPOSITIONS OF FALL CHINOOK OVER 23 INCHES IN THE 
GILL -NET FISHERY AND THE DALLES DAM ESCAPEMENT AND MARKED FISH TAKEN IN THE 
FISHERY AND AT THE HATCHERIES, 1965e 

Location 

Age 2 Age 3 Age 4 Age 5 Total 
M F T M F T MF T M F T M F T 

Gill -net Fishery 8 0 8 320 193 513 909 1,436 2,345 29 60 89 1,266 1,689 2,955 

Marks in Fishery 3 0 3 216 123 339 526 868 1,394 -- -- -- 745 991 1,736 

Marks at Hatcheries 21 0 21 121 76 197 390 748 1,138 -- -_ -- 532 824 1,356 

The Dalles Dam -- -- -- 97 50 147 683 860 1,543 22 23 45 802 933 1,735 

Escapement 

Age Composition 
(Per cent) 

Fishery Tr. 17 79 3 100 

Marks in Fishery Tr, 20 80 17 CO 100 

Marks at Hatcheries 2 14 84 -e 100 

The Dalles Dam 0 8 89 3 100 

Males (Per cent) 
Fishery 100 62 39 32 

Marks in Fishery 100 64 38 

Marks at Hatcheries 100 61 34 

The Dalles Dam -- 66 44 49 

- 
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groups. Using fishery age composition for age composition of the 

total run does not introduce serious error for most years and no 

correction is necessary for gear selectivity. The number of two - 

year fish would be underestimated, but they are of minor importance, 

both numerically and reproductively. 

Optimum Escapement 

Until rather recently it was generally believed that if more 

salmon escaped to the spawning grounds greater production would 

result. Much evidence now exists that escapements above a certain 

level do not increase subsequent yield but may, in fact, reduce it. 

Ricker (1954) can be credited with bringing together material 

pertinent to this subject and formulating the general theory of 

reproduction --that density- dependent causes of mortality set a limit 

tó the size which a population achieves. He also apparently coined 

the term "reproduction curve" which is a graph of the relationship 

between the spawning stock and the progeny it produces. Many of the 

examples Ricker studied gave a domed curve with the apex above the 

line representing replacement reproduction and declining at stock 

densities above and below the apex. This caused him to formulate 

an equation describing most of the observed reproduction data over 

the range of densities encountered. He takes theoretical examples 

of single- and multiple -age spawners under different reproduction 

curves and various combinations of compensatory and noncompensatory 

mortality and shows how populations can fluctuate and become cyclic. 

Also illustrated is the effect of removal of various portions of the 
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mature stock. Ricker further discusses the relation of recruitment to 

the size of the adult stock in his 1958 Handbook. The effect of 

environment on recruitment is noted "The biggest difficulty in 

examining the effect of stock density upon net reproduction is that 

year -to -year differences in environmental characteristics usually 

cause fluctuations in reproduction at least as great as those associ- 

ated with variation in stock density over the range observed--sometimes 

much greater." 

Shepard and Withler (1958) reviewed the relationship between 

spawning stock and production in Skeena River sockeye salmon. They 

found an almost direct linear relation between spawning population 

and average return up to spawning populations of 0.9 million then a 

sharp decline, and conclude "...the abundance of spawners is one of 

the most important factors determining the production of sockeye." 

They found the stock to be very sensitive both to small changes in 

fishing intensity and variations in survival caused by density - 

independent environmental fluctuations. 

Rounsefell (1958) found a dome -shaped reproduction curve in 

Karluk River sockeye that fit Ricker's equation. There were two 

distinct levels of reproduction, 18871928 and 1929 =48, and a similar 

significant decrease in return per spawner from low to high numbers 

of spawners for each period. He corrected the return per spawner for 

various environmental and biological factors in order to reduce the 

variation and show the true relationship between escapement and return. 

In this report, I will pay particular attention to: (1) return 

per spawner on time; (2) return per spawner on number of spawners; and 
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(3) escapement -return relationship. These three statistics for fall 

chinook are shown in Figures 77, 78, and 79. Figure 77 shows the 

level of the escapement and subsequent production and the return per 

spawner over the time period studied. The early years, 1938 =46 

broods, had a high level of return per spawner (and production) 

followed by a decline then a rise during the very low escapement 

years of 1953-55 and a subsequent decline to an even lower level. 

Escapement has remained relatively stable compared with the large 

drop in production. Obviously there are two separate levels of sur- 

vival and production which must be considered separately -- 1938'46 and 

1947-59. Rounsefell (1958) also found a similar situation for Karluk 

Lake sockeye salmon and grouped the years 1887-1923 and 1924 =48 in 

his analysis. 

In Figure 78 return per spawner is plotted against numbers of 

spawners. A highly significant negative relationship is shown; 

linear for the early period 193846 (r = -0.96) and curvilinear for 

the later period 1947-59 (R = -0.92, on a linear basis the 1947 -59 

relationship is still significant, r = -0.78). Rounsefell (1958) 

showed negative curvilinearity in both of his periods. The Columbia 

River data show less variability than most salmon populations given 

in International North Pacific Fisheries Commission Bulletin 10. 

Possibly fall chinook are extremely sensitive to overcrowding 

on the spawning beds or there is some other strong density-dependent 

factor operating which serves to increase the survival rate at the 

lower spawning intensities. Considering the vast areas that were 

available for spawning in the Columbia River in early years, it is 
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almost inconceivable that superimposition or loss of eggs could occur. 

Also it seems unlikely that excessive predation would occur in the 

years of large escapements. Still the significant correlations cannot 

be ignored and they suggest that overspawning could be extremely 

detrimental. Compare in Figure 77 the very low escapements in 1953-55, 

which not only produced a very high return per spawner but a total 

return better than the adjacent years, with the high escapements in 

1948 and 1958-59 which produced a low return per spawner and total 

return of the same magnitude as 1953-55. Reimers (1967) shows that 

fall chinook in small coastal streams display a strong aggressive or 

territorial behavior. This might also occur in the Columbia although 

the short period of fresh -water residence would seem to minimize its 

importance. It might also be conjectured that ideal spawning areas 

are actually limited in the Columbia Basin and when these are filled, 

the surplus spawners are forced into less than optimum areas in which 

the eggs and larvae experience poor survival. This certainly happened 

in 1958. Hatchery operators have recently realized that better results 

can often be obtained by taking fewer eggs and giving the fingerlings 

better care under less crowded conditions. Perhaps the same situation 

applies in nature. The negative correlation might partly be due to 

limited hatchery rearing space, crowding during rearing, and the ship- 

ment of eggs to areas which gave no return. The reason for the change 

from a linear to curvilinear relationship is unknown. 

Figure 79 shows the actual escapement data plotted against result- 

ing returns with Ricker -type curves fitted. For the early period 

(1938-46 broods) the declining limb of a reproduction curve, and perhaps 
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the dome, is clearly discernible. The equation for the early curve is 

Z = 26.409 We- 0.01162W where W = number of spawners and Z = return. 

From this curve the level of maximum recruitment would have been at 

about a 90,000 fish escapement index. Since escapements in every year 

except one were at, or greater than, this level, there is no evidence 

of underspawning during the early period which encompasses the beginning 

of the period of decline. On the contrary, overspawning would appear 

to be more of a threat. 

The later period (1947-59) presents an entirely different picture. 

In spite of a wide range of escapements, production remained relatively 

stable at a low level. There appears little relationship between 

escapement and return for 1947-59. Junge and Oakley (1966), who 

studied trends in production rates of various runs of upper river 

salmonids,remarko "For all upper Columbia salmonids except fall 

chinook, a sharp decline in return per spawner followed the period of 

increased dam construction subsequent to the completion of McNary Dam." 

"The steady decline in fall chinook production starting in 1949 

(Figure 5) cannot be correlated with known environmental changes in the 

Columbia River. This run, however, differs from the others we are con- 

sidering in that (1) an increasingly important segment is produced by 

lower river hatcheries and by natural escapement below Bonneville Dam, 

(2) almost all juvenile downstream migration occurs during the first 

few months after hatching, and (3) fall chinook are a major contributor 

to the ocean commercial and sport salmon fisheries." These authors 

used a somewhat different series of data from mine: they did not 

correct the Bonneville Dam count for jacks, used a constant age 
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composition value for each year's run and a run year rather than brood 

year basis, and had a shorter series of years. Still the results are 

approximately the same and indicate that an escapement of 100,000 fish 

(including jacks) was more than adequate for optimum return. 

Although the later data appear to fit a Beverton and Holt (1957) 

or asymptotic curve better, a Ricker function (Z = 6.3815 We 0.00759W) 

was calculated. In this case slightly over 100,000 fish would be con- 

sidered the optimum escapement and this value was exceeded in the 

majority of years. Again the possibility of overescapement exists, as 

in the earlier years. 

The 1938-46 curve in Figure 79 resembles Ricker's (1954) Figures 5 

and 7, characterized by an oscillating equilibrium; catch statistics 

for fall chinook back to 1925 show an oscillating equilibrium (Figure 

55). The 1947-59 curve resembles Ricker's Figure 2a which is charac- 

terized by a stable equilibrium, and indeed the fall chinook run for 

this period was quite stable. For the earlier type of curve, Ricker 

shows by theoretical examples that removal of part of the spawning 

stock at first results in a larger equilibrium level. When exploi- 

tation becomes high enough, however, the stock is reduced. Exploi- 

tation changes an oscillating equilibrium to a stable one- -the 

amplitude is reduced or may be eliminated entirely. Stable oscillations 

persist when exploitation is light to moderate (10-20% in this example) 

but disappears at 60% removal. With another hypothetical population, 

with multiple -age spawning stocks, he shows how increasing rates of 

exploitation can reduce the oscillations as well as change the popu- 

lation size. An increase of from 60 to 80% in the rate of exploitation 
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causes a great reduction in the population. Ricker (1954) uses 

George's Bank haddock (Melanogrammus aeglefinus) as an example of 

a reproduction curve with a steep outer limb. An oscillating but 

equilibrium yield was apparently removed by an increase in fishing 

intensity: "...in a stock subjected to increasingly heavy fishing, 

-curve oscillation may disappear while rate of exploi- 

tation lis still rather low; and further, that transition from marked 

oscillation to unrecognizably small oscillation occurs rather sharply." 

A comparison can thus be made between Ricker's models of reduced 

oscillation and yield at increasing levels of exploitation and the 

situation with fall chinook. 

Dams 

Anj obvious obstacle facing upstream migrating salmonids is the 

large power dams placed across the Columbia and Snake Rivers at 

regular intervals. Fish ladders to pass the adults are part of these 

projects and have generally been considered successful in accomplish- 

ing their purpose. Yet there has been conjecture that some mortality 

or delay is experienced at these dams. 

It would be well at this point to review the history of dam con- 

struction in the Columbia Basin with respect to fall chinook. A com- 

plete review of water development projects is beyond the scope of this 

report but a list of those dams which might have some significance 

in fall chinook passage are summarized in Table 19 (from Mermal, 1958; 

Sylvester, 1958; and FCO -WDF, 1966). Sources of information were not 

consistent in their descriptions of the dams, but the discrepancies 
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TABLE 19. SUMMARY OF IMPORTANT DAMS IN THE COLUMBIA BASIN POSSIBLY AFFECTING PALL CHINOOK. 

Date 1/ Name Stream 

Miles from 
Mouth of 
Columbia 

Structural 
Height 2/ 

(Feet) 

Gross 
Head 2/ 

(Feet) 

Reservoir 
Capacity 4/ 
(Acre Feet) 

Reservoir 
Length 
(Miles) Comments 

1910 Swan Falls Snake, Ida. 780 24 8 Inadequate fishway, few 
if any fall chinook 
passed above. 

1910 Estacada Clackamas, Ore. 110 Now called River Mill; 
could have affected 
fall run in upper 
Clackamas. 

1910 Lower Saumon Snake, Ida. 896 88 59 2,400 6 Above Swan Falls; probably 
at upper limit of 

migration. 
1913 Condit White Salmon, Wn. 125 1,081 Impassable, run maintained 

by hatchery. 
1915 Long Lake Dam Spokane, Wn. 679 37 253,000 22 
1915 Arrow Rock Boise, Ida. 793 111 286,000 17 
1919 Warm Springs Malheur, Ore. 801 79 192,400 8 
1923 Powerdale Hood River, Ore. 30 Flow fluctuations have 

adverse effect. 
1924 Black Canyon Payette, Ida. 731 277 425,060 No fishway. 
1925 Dee Dam Hood River, Ore. 
1929 Clearwater Clearwater, Ida. 76 Inadequate fishway elim- 

inated spring and summer 
chinook runs, few if any 
falls involved. 

1931 Mervin -Ariel Lewis, Wn. 108 313 162 650,000 12 No fishways, made large 
part of river inaccessible. 

1932 Owyhee Owyhee, Ore. 744 200 1,120,000 52 
1932 Thief Valley Powder, Ore. 680 17,400 
1933 Rock Island Columbia, Wn. 453 100 51 4,500 21 
1935 Agency Valley Malheur, Ore. 789 77 60 -,000 3 
1937 Burnt, Ore. 694 25,000 
1938 Bonneville Columbia, Ore. -Wn. 146 . 197 59 537,000 45 
1940 Rosa Yakima, Wn. 67 2,200 May have involved a few 

fall chinook, has fish 
ladder. 

1941 Grand Coulee Columbia, Ore. -Wn. 597 550 343 9,402,000 151 No passage facilities; 
upper Columbia runs 
trapped and transferred 
to tribe below. 

1950 Bliss Snake, Ida. 120 70 1,000 5 Initial service 1949. 
Above Swan Falls Dam few 
if any fall chinook 

affected. 
1952 Albernla. Falls Pend Oreille, Ida, 836 35 1,542,000 67 
1952 C. J. Stoke Snake, Ida. 816 132 88 - 250,000 32 Above Swan Falls Dam; few 

if any fall chinook 
affected. 

1953 McNary Columbia, Ore. -Wn. 292 183 86 1,345,000 61 
1955 Chief Joseph Columbia, Wn. 545 205 175 518,000 51 No passage facilities; 

blocked remaining runs. 
1957 The Dalles Columbia, Ore. -Wn. 192 260 86 330,000 31 
1957 Felton Deschutes, Ore. 204 155 Few fall chinook above 

this point. 
1958 Brownlee Snake, Ida. -Ore. 609 395 272 1,470,000 57 Ineffective passage facili. 

ties decimated run above. 
1959 Priest Rapids Columbia, Wn. 397 180 84 200,000 18 
1961 Ice Harbor Snake, Wn. 334 186 97 417,000 32 
1961 Oxbow Snake, Ore. -Ida. 597 205 122 52,500 12 Same as Brownlee. 
1961 Rocky Reach Columbia, Wn. 474 123 93 390,000 42 
1963 Wampum Columbia, Wn. 415 170 80 600,000 38 
1963 Mayfield Cowlitz, WTI. 120 235 185 127,000 

1/ Date of initial service or date it first affected fish runs. '7 

2/ Vertical distance from the lowest point of the foundation to the top or crest elevation. 

3/ Difference Sn elevation between forehay and tailwater. 

4/ Full pool. 

Unity 
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were usually not great. Many projects listed are far up the tribu- 

taries, beyond usual fall chinook migration, but could affect water 

quality, for example through storage which reduces flow in the early 

fall. 

The early dam builders were primarily reclamationists concerned 

with supplying water for irrigation of the dry lands in eastern 

Oregon, Washington, and Idaho. During the period 1910 -37 many storage 

dams were built on tributaries of the Columbia and Snake Rivers; for 

example Black Canyon on the Payette River (1924), Tieton on the Yakima 

River (1925), and Owyhee River (1932). Most of them were high, had 

no fish ladders,and subsequently killed off runs of spring and summer 

chinook, sockeye, and steelhead* In addition to the large dams, 

innumerable small irrigation dams crossed the streams which frequently 

took most of the flow in the dry season. Fall chinook spawn in the 

main stem or large tributaries and are not believed to have been 

adversely affected by early developments on the smaller tributaries. 

This is evidenced by the fact the stock maintained a high level of 

production until 1948. Two early dams --Swan Falls (1910) and Rock 

Island (1933) - -may have had some adverse effects, but the former was 

near the upper limit of fall chinook migration on the Snake and by 

the time Rock Island was built relatively few fall chinook were uti- 

lizing the upper reaches of the Columbia and those seemed to pass 

Rock Island successfully. The main development of hydroelectric power 

by "run -of- the -river" dams started with Bonneville and ushered in a 

new era of fish -dam problems. 
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Completed in 1938, Bonneville Dam incorporated a complex fish 

passage facility which apparently worked satisfactorily. The dam by 

itself obviously had no detrimental effect on the run. For eight 

. 
years, 1938 =45 runs, large numbers of fall chinook passed Bonneville 

and produced at a high level. Grand Coulee Dam, with no fish passage 

facilities, followed in 1941 but it probably had no direct effect on 

fall chinook since few utilized the upper area of the Columbia. World 

War II interrupted dam construction and for 12 years no major project 

was completed. McNary Dam in 1953 signaled the post -war phase of 

increased activity and Chief Joseph, The Dalles, Brownlee, Priest 

Rapids, Ice Harbor, Oxbow, Rocky Reach, and Wanapum Dams followed in 

rapid succession. All of these projects had or will have some effect 

on fall chinook. 

The important thing to point out is that the decline in produc- 

tivity of the fall run occurred at a time when river conditions were 

stable. The decline occurred with the 1946 -50 runs which had only to 

pass Bonneville Dam, a feat they had done successfully for the previous 

eight years. By the time McNary went into service, the run had already 

stabilized at a much reduced level. 

In spite of the apparently successful passage every year of 

hundreds of thousands of salmon past the low -head main -stem dams there 

was an increasing awareness of certain fish -passage difficulties. 

Schoning and Johnson (1956) showed a 2.6 to 3.0 -day delay in the 

migration of fall chinook at Bonneville Dam in 1948 and French and 

Wahle (1966) a two- to four -day delay for chinook and sockeye at Rock 

Island Dam in 1954 -56. On occasion, numbers of dead salmon have been 
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noted below the dams. Merrell and Collins (1960) summarized these 

observations and conducted a tagging experiment to determine how many 

chinook died in attempting to pass Bonneville during a certain period. 

They estimated a mortality of between 18 and 21% of the Bonneville 

count for the period June 28 -July 8, 1955. This high mortality coin- 

cided with'peak flows in the Columbia, and they presented evidence of 

a relationship between spillway discharge and mortality rate; mortality 

magnitude was proportional both to numbers of fish present and spillway 

discharge. By a process of elimination, they attributed the spillway 

dam, at times of high river flow, as the major source of chinook mor- 

tality. Fortunately for fall chinook, they pass during the period of 

low flow and are not subjected to flows above the critical level. 

Still, substantial numbers of dead adult fall chinook have been 

observed below Bonneville in certain years. Suomela (1943)1/ found 

146 chinook, 9 steelhead, and 1 dead sockeye between Bonneville Dam 

and Multnomah Falls on September 9, 1943. Other periodic kills have 

been reported by Hanson, Zimmer, and Donaldson (1950). While Merrell 

and Collins made no estimate of total fall chinook mortality =the 

implication was that it was not serious compared with other species 

and runs that are subjected to higher flows. French and Wahle (1966) 

could not demonstrate a consistent or substantial mortality of spring 

and summer chinook at Rock Island Dam. 

A problem that has plagued biologists in recent years is the 

unexplained discrepancies in fish counts at successive dams. This is 

1/ Washington Department of Fisheries, unpublished field notes. 
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attributed to such things as mortality, passage through navigation 

locks, and species misidentification. Fredd (1966) analyzed differences 

in counts at Columbia River dams since 1957, and after subtracting 

known between dam losses, concluded that counting error and spawning 

escapement to intermediate tributaries was inadequate to explain most 

of the observed differences. Inter -dam survival of spring and summer 

chinook and of fall chinook and steelhead between McNary and Priest 

Rapids -Ice Harbor appeared to be controlled by a common factor. Sub- 

stantial unaccountable losses were documented and Fredd in referring 

to the Merrell and Collins work stated: "Mortality sufficient to pro- 

duce the observed differences has been previously measured below a 

major Columbia River dam." Average unaccounted differences for the 

period 1957 -65 for fall chinook were 24,000 between Bonneville and The 

Dalles, 23,000 between The Dalles and McNary, and 31,000 between McNary 

and Priest Rapids -Ice Harbor, or expressed as a percentage of the 

Bonneville count that was recounted --78 %, 57%, and 28%. Virtually 

100% survival was shown by sockeye between dams, and jack summer 

chinook also exhibited excellent survival; thus suggesting that most 

mortality may be inflicted on the larger chinook while the smaller 

salmonids pass the dams with ease. It may be recalled that jack fall 

chinook counts were substantially the same at all dams, and the per- 

centage of jacks in the total count was increasing at the upper dams 

(Figure 70). Merrell and Collins (1960) measured the dead salmon 

found floating below Bonneville Dam in the spring and summer of 1955, 

and found very few under 26 inches; however numbers of 20 -inch fish 

were found on the Snake River spawning grounds. The mode of the 
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mortalities was 33 inches, while the mode of the spawned -out fish was 

30 inches. They drew no conclusions because of the difficulty in 

drawing representative samples, but the inference is plain that the 

larger fish appeared to be more prone to dam mortality. Recent 

reports on Rock Island Dam counts mention that large chinook had more 

injuries than jack chinook (Zimmer and Broughton, 1962, 1964, 1965a 

and b). In 1962 for example 

"...injuries were most numerous on large chinook and sockeye 
salmon. Of the 7,591 steelhead observed, only 16 fish showed 
evidence of injuries. Very few chinook jacks displayed 
visible external injuries. It is of interest to note that of 
737 coho salmon examined, only three fish showed evidence of 
visible injuries. As in 1961, circular cuts or abrasions about 
one inch in diameter were more prevalent among the sockeye 
salmon. The most prevalent injury among the large chinook 
salmon was a deep cut along the side of the body or on the 
head. Some of these cuts or gashes were estimated to be as 

long as six inches and from one -quarter to one-half inch deep. 
Some of the injuries were newly made, as evidenced by the 
presence of bloody tissue. Others appeared to have been made 
earlier, as scar tissue had formed. In some instances, large 

injuries or abrasions were covered with fungus growth." 

Except for sockeye which may have had more of an abrasive type of 

injury, the observations recorded fit the pattern of larger fish being 

susceptible to injury and mortality. The cuts and gashes on large 

chinook might be what could be expected in an encounter with concrete 

and steel in turbulent water conditions. I added up the numbers of 

fish counted and injured from the 1961-64 Rock Island reports and 

found that 9,552 large chinook had 69 injuries (0.727) and 12,720 

jacks had seven injuries (00067.); not a high percentage injured, but 

certainly a difference between adults and jacks. 

Thompson et al. (1958) found that the fyke nets fished on the 

lower Snake River near shore were highly selective to jacks. It seems 
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possible that the small chinook move along the edge of the river and 

are able to find the fish ladders situated along shore with comparative 

ease while the larger fish prefer to breast the main current which 

often leads them into the spillway area* These data are rather con- 

vincing that the large salmon suffer greater dam mortality than the 

small ones and present a rather disturbing picture for the future. 

Gangmark (1957) compared abundance and production rates (return 

per spawner) for chinook before and after construction at Bonneville 

Dam, using catch -per -unit effort of the gill -net fishery as the index 

of abundance. He found the spring run to be better after dam construc- 

tion, the summer run worse, and the fall run about the same, resulting 

in " * * *no special decline in trend after the construction of Bonneville 

Dam." 

In summary, the fact that adult fall chinook can suffer a mortal- 

ity in passing dams is well documented. There is not, however, any 

relationship between the construction of dams on the Columbia River 

and the period of fall chinook decline. Furthermore, lower river and 

hatchery populations, unaffected by dams, show the same fluctuations 

in abundance as the upper-river stocks, thus indicating that some 

other factor is responsible for the decline. A direct mortality at 

one dam might be considered in the same light as a fishing mortality. 

As long as only the harvestable surplus is killed, no harm results to 

the stock; in fact, it can benefit. Whether such a philosophy can 

prevail under the cumulative effect of a number of successive dams 

such as exist today is open to question. Junge (1966) shows that, 

theoretically, an adult kill has much less an effect on yield than a 
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smolt kill of the same magnitude. This was further borne out in the 

escapement- return relationship where production was shown to be 

largely independent of escapement. Thus it is likely that any mortal- 

ity of adults at dams which occurred prior to the completion of McNary 

(1953) had a negligible effect on the fall chinook stock. Further 

consideration of the effect of dams will be given in the sections on 

reproduction and downstream migration. 

Parasites and Diseases 

Adult salmon on entering the river to spawn are subjected to a 

number of diseases (Rucker, 1963; Wood, 1964). Columnaris 

(Chondrococcus columnaris) can become serious if the water is warm 

and has accounted for high losses in spring and summer chinook and 

sockeye (Ordal and Pacha, n.d.). Furunculosis (Aeromonas salmonicida 

and A. liquefaciens) may cause losses among prespawning fish. The 

myxosporidian Ceratomyxa causes lesions in the intestine and extensive 

damage to the organs and is associated with prespawning deaths. Some 

of the bacterial diseases such as fish tuberculosis (Mycobacterium 

salmoniphilum) and kidney disease (Conynebacterium sp.) are possibly 

important. On the spawning grounds adults are subject to fungus 

(Saprolegnia parasitica) infections because of their retarded ability 

to repair damaged tissue due to senescence and because of primary 

infections and injuries. "Ich" (Ichthyophthirius multifilus), 

Trichodina sp., and Costia sp. are common parasites on the gills and 

body surfaces of prespawning adults but their importance is unknown. 

Bacterial gill diseases caused by a variety of myxobacteria are thought 
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to be involved in the post - spawning death of salmon, but with high 

fish density may kill adults before spawning. 

Columnaris is the best known of the fish diseases since it has 

accounted for some spectacular fish kills. It has also been shown to 

effect the viability of eggs and sperm of sockeye and pink salmon 

(Robins, 1964). An actual record of significant prespawning losses 

in natural fall chinook populations has not been documented however. 

Columnaris has killed spring chinook which enter the river in the 

spring and remain in the upper areas through the warm summer months 

before spawning in early fall and also summer chinook and sockeye 

which enter the river during the warmest months of the year. Fall 

chinook, on the other hand, enter in the fall, proceed directly to 

the spawning areas, and spawn without a long resting and maturing 

period. Columnaris has been considered a warm -water disease, affect- 

ing fish when temperatures rise above 60 F and causing high losses 

when they approach 70 F (Rucker, 1963). Sylvester (1959) states that 

the virulence of columnaris greatly increases when water temperatures 

exceed 65 F. 

Burrows (1963) gives the optimum temperature for salmon during 

upstream migration and maturation as between 45 and 60 F. In this 

regard an examination of water temperature records when the fall 

chinook run passes Bonneville Dam would be of interest; Figure 80 

shows data for the period August 15 to September 20 by five-day 

averages for the years 1938-62. Although temperatures generally 

averaged 66 =67 F during early September, and in some years approached 

70 F, there is no indication of an increase in recent years or during 
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the period of decline of the fall chinook run. Thus, it is unlikely 

that the chance of acquiring columnaris in passing through the lower 

river has increased. Furthermore, temperatures have started to 

decline by the time the peak of the run passes Bonneville 

(September 6 -16). Ordal and Pacha (n.d.) found no evidence of 

columnaris disease in summer chinook and sockeye salmon at Bonneville 

Dam in 1956 and 1957, but it was noted in 1958, an exceptionally warm 

year. A high incidence was noted at McNary in all three years. They 

also noted "...that high virulence strains of C. columnaris are 

capable of killing young and adult salmon at far lower water temper- 

atures than are ordinary low virulence strains." Mean water temper- 

ature of the Columbia at McNary Dam for September 1954 -56 was 64.1 F 

(Sylvester, 1959). Temperature of the Snake River near the mouth in 

September 1955 -58 at times exceeded 70 F. Somewhat higher temperatures 

at McNary Dam are shown by Ordal and Pacha (n.d.) for 1957 -59 -- between 

65 and 70 F. 

Davidson (1964) reports on Columbia River temperature data taken 

at Rock Island Dam from 1933 -60. His Figure 16 demonstrates that 

there has not been an increase in average water temperature during 

September and October. In fact, there was a general decrease in 

September from 1940 -54. October (the principal month of spawning) 

shows a level trend fluctuating around 60 F since 1940. As far as 

adult fall chinook were concerned, the chief effect of Grand Coulee 

Dam was to delay the drop in temperature in late fall. Comparing a 

cold predam year (1936) with a warmer than average post -dam year 

(1952), the water temperature in 1936 was actually warmer than in 
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1952 until mid -September. From then through the end of October, the 

situation reversed, and 1952 became warmer by an increasing amount, 

up to almost 8 F. In mid -October the difference between 1936 and 

1952 was 5 F. Still the temperature in October 1952 dropped slowly 

and never exceeded 64 F. Grand Coulee appeared to have raised the 

September -October water temperature by perhaps four degrees from pre- 

dam or pre -1940 levels, but this amount did not have any apparent 

affect on the reproductive success of the 1940 ®46 fall chinook runs. 

An examination of mean October water temperatures at Rock Island 

and production and return per spawner by brood year showed a complete 

lack of relationship. 

The Snake River, meandering through the desert area of southern 

Idaho and eastern Oregon and Washington, has been considered a warmer 

river than the Columbia which heads in the mountainous area of British 

Columbia, Idaho, and Montana. This is especially true in summer, but 

the difference rapidly disappears in the fall. The average September 

1954 -56 temperature of the Snake River at its mouth was 66.8 F and 

for October 60.8 F; compared with 62.7 and 60.0 F at Rock Island for 

the same period (Sylvester, 1959). Although the Snake in September 

and early October seems a poor environment for salmon, this system 

historically produced large runs and was little changed until Brownlee 

Dam was completed in 1958. 

Ordal (1961) found that more than one -fourth of the adult fall 

chinook examined at Brownlee Dam and at Weiser, Idaho, were infected 

with columnaris disease. These fish had been transported by tank 

truck and the water contained up to 12 million C. columnaris cells per 
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gallon. Ordal pointed out in view of declining water temperatures in 

the middle Snake during the fall chinook migration it was impossible 

to predict whether the infections lead to death before spawning. He 

also believed that the major damage from columnaris is not adult mor- 

tality but the destruction of juveniles in lakes and streams where 

the adults carry the disease. Fall chinook held in the holding pond 

below Oxbow Dam have suffered high mortalities from poor water quality 

and the diseases columnaris and furunculosis (Haas, 1965). Female 

prespawning mortality was 63, 22, and 48% in 1961-63. 

The tributaries below Bonneville Dam in which fall chinook spawn 

flow through mountainous,forested areas and are generally cool. For 

example, for the Cowlitz River near Mayfield, Washington, maximum 

temperature for August 1953 never exceeded 65 F, and the mean of the 

daily maximum temperatures was 62 F. For September the mean maximum 

was 58 F. For Big Creek, Oregon, mean maximum temperatures were 59 

and 58 F in August and September 1953 and never exceeded 61 F (U. S. 

Geological Survey, 1958). 

The artificial spawning channel below McNary Dam has been 

plagued with prespawning losses (Chambers, 1965). This is an unnat- 

ural situation in which both local and upriver races are held until 

they spawn in water coming largely from the dam forebay. Columnaris 

was considered the principal cause of premature death, but 

furunculosis, Ceratomyxa, and death from injuries were also noted. 

The local fish started spawning in mid -September with a peak in late 

September and early October while the upriver race began in mid - 

October and peaked in early November. Maximum water temperatures were 
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near 68 F in early September but dropped rapidly to 65 F by the end of 

the month and to below 60 F by mid -October. Survival of females 

through spawning ranged from 38 to 89% for the local race and 12 to 

78% for the upriver race. 

Piscine tuberculosis is another disease that has attained some 

notoriety in recent years. It was first observed in salmon in the 

1952 run of fall chinook at Bonneville Hatchery (Wood and Ordal, 1958). 

A high proportion of adult fall chinook at Bonneville and Oxbow 

Hatcheries were found infected, while wild stocks were relatively free. 

Visible manifestations of the disease were undeveloped sexual organs, 

silvery coloration, and aberrant timing - -an indication that tubercu- 

losis interferred with maturation. In most cases, however, there were 

no external indications and the sex products were apparently normal 

although the disease may be transmitted to healthy eggs during the 

process of fertilization. Wood and Ordal found that tuberculous 

adult spring chinook were less capable of surviving to maturity after 

they reached the spawning grounds than were noninfected fish, but no 

indication of this was given for fall -run fish. They strongly suggest 

that the feeding of infected carcasses and viscera was the means of 

disease dissemination. 

In 1957 a survey was made of mycobacterial infections in adult 

salmon (Ross, Earp, and Wood, 1959). Percentage infection varied con- 

siderably: female and male fall chinook at Little White Salmon 

Hatchery- -11.2 and 13.2 %; Spring Creek -2.3%; Kalama, Elokomin, 

Klickitat, Lewis, and Toutle --5.3, 7.2, 7.3 0.0, and 5.07., 

respectively; Big Creek, Bonneville, Cascade, Oxbow Hatcheries--75, 43, 
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40, and 48 %, respectively. A sample of the fall chinook gill -net 

fishery revealed that 5.6% were tuberculous, but wild stocks were 

essentially disease free. 

In 1958-59, Ross (1963) surveyed the adults returning to 

National Fish Hatcheries and found a considerable change. Spring 

Creek Hatchery which had a 2.3% infection in 1957 increased to 34.7 

and 23.9 in 1958-59. Little White Salmon went from 11.8% in 1957 to 

56.0% in 1958 and Big White Salmon from 27.8% in 1958 to 38.0% in 

1959. Ross suspected that these increases were influenced by the 

relative amounts of infected food fed during each of the three brood 

years. It is noteworthy that spring chinook, sockeye, and coho 

also showed varying degrees of infection in those years and chinook 

at Coleman Hatchery on the Sacramento River were 21.5, 47.0, and 16.2% 

infected in 1957 ®59, respectively. 

Wood and Wallis (1955) found kidney disease in adult spring 

chinook, transmitted by feeding the young salmon infected flesh and 

viscera, at the Middle Willamette Hatchery but it was not considered 

a major source of mortality. 

Fryer and Conrad (1965) observed furunculosis in adult fall 

chinook as well as in other species. Its importance is unknown, but 

of 75 fall chinook mortalities examined at Oxbow Dam (Snake River) 

holding pond in 1961, 63% had furunculosis. Other diseases probably 

also played a part in this mortality, including Ceratomyxa infesta- 

tions. Knittel (1963) found that fatal infections. of A. liquefaciens 

could be transmitted to juvenile chinook and coho intraperitoneally 

and subcutaneously, and also by skin abrasion and feeding ground glass 
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in the diet. He concluded that this bacterium lacks the power of 

invasion necessary to establish an infection but must be introduced 

into the tissue. 

Conrad (1965) describes a "bad -egg" condition in fall chinook 

females in which some or all of the eggs may be dead or misshapen 

or even completely impacted. The seasonal incidence at Fish Commission 

of Oregon hatcheries has ranged from 2 to 20% of the females. The 

cause is unknown. Although these eggs are usually discarded, one 

experiment showed that about 60% of such eggs taken from females 

survived to the fingerling stage. 

Wood (1962) observed the myxosporidian Ceratomyxa in adult chinook 

and coho from the Elokomin River to Rocky Reach Dam. Losses of chinook 

were thought to be low or negligible, but some coho runs suffered 

substantially. Warmer water speeded the development of the parasite. 

Ceratomyxa has also been observed at the Oxbow Hatchery on the Snake 

River (Knittel, 1963). In this case it was suggested that Ceratomyxa 

gives a portal of entry for A. liquefaciens infections and death is 

caused by a systemic infection by the bacterium. Sanders (1967) found 

Ceratomyxa shasta to be widely distributed in adult salmonids through- 

out the Columbia Basin, but the incidence of infection was much greater 

in spring chinook and coho than in fall chinook. No infected fall 

chinook were found at Bonneville, Oxbow, or Big Creek Hatcheries and 

only 8% were infected at Klaskanine. At Oxbow Dam on the Snake River, 

however, 65% were infected. Prespawning mortalities due to C. shasta 

did not occur in fall chinook. 



308 

Although adult fall chinook are host to a variety of parasites and 

diseases, except for a few instances under artificial conditions, there 

is no evidence of large or catastrophic mortality. Granted that a mass 

mortality could occur in the main stem of the Columbia or Snake Rivers, 

it is unlikely that the extensive spawning ground surveys and other 

observations would not detect such an occurrence. Furthermore, numerous 

examinations of dead and moribund fall chinook have revealed few fish 

that were not spawned out or nearly so. It seems improbable that 

disease could infect all the components of the fall chinook run- - 

upriver, lower river tributary, and hatchery- -simultaneously so as to 

cause a general decrease in the level of each component, as well as 

the total run, at about the same time. 

Water Quality 

Temperature, turbidity, and pollution are the qualities of Columbia 

River water that would be expected to have an effect on the upstream 

migration of adult salmon. Temperature has been discussed under 

diseases, where it was pointed out that there was no major increase 

at Bonneville Dam during August -September of the period under investi- 

gation. Likewise, in the upper Columbia River areas, water temperatures 

in the fall have not yet reached a critical point. 

The turbidity of the Columbia has lessened in recent years (Junge 

and Oakley, 1966), but the effect, if any, on upstream migrating fish 

is unknown. In general, salmon migrate upstream faster in clear than 

turbid water and can avoid nets better, both of which would appear to 

be advantageous. During the fall chinook run, the Columbia is at its 
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lowest, clearest ebb and the effect of any changes in turbidity would 

be expected to be minor. 

Sylvester (1958 and 1959) made a thorough study of the water 

quality in the Columbia River Basin for the years 1952 @57 and was 

able to make some comparisons with data taken in 1910 -11. He con- 

cluded (1958): "An analysis of water quality data shows that these 

pollutants have had no serious overall effect on the water quality of 

the Columbia River itself." Except for the Willamette River no serious 

dissolved oxygen deficiencies were observed in any of the streams. 

Between 1910-11 and 1952-56 there was a general increase in alkalinity, 

hardness, dissolved solids, sulfate, Ca +Mg, Na +K, iron, chlorides, and 

nitrate, but in no case did a constituent increase to the point that 

the water was nearing the upper limit for the propagation of fish. 

Most of the changes were considered to be due to return water from 

irrigation and domestic consumption rather than from dams. The 1959 

paper was confined to the Wenatchee and Middle Columbia Rivers for the 

years 1954-57. His conclusions were basically the same: the quality 

of water at all stations sampled was satisfactory for aquatic life; 

dissolved oxygen values were high, usually near or above saturation; and 

the Columbia receives very little polluting material in relation to 

river volume. "In summary, the Columbia River, as it enters the 

survey area, is a cool, moderately soft, low alkalinity stream with 

no quality characteristics making it unsuitable for aquatic life." 

The discharge of pulp mill wastes and attendant growth of 

Sphaerotilus bacteria and low dissolved oxygen values is a serious 

issue in many northwestern rivers. On the main stem of the Columbia, 
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however, with its large flow and abundant oxygen, there does not yet 

appear to be an oxygen depletion problem; the waste and Sphaerotilus 

give no evidence of being toxic to adults in the concentrations 

encountered although the slime interferes with the successful prose- 

cution of the fishery at times. It is quite possible that the fall 

chinook run in the Clackamas River was exterminated by excessive 

pollution and oxygen depletion in the lower Willamette River, but 

this happened long before the depletion of the main fall run. There 

is no evidence that fall chinook ascended the Willamette River beyond 

Willamette Falls. 

A situation occasionally occurs in the Columbia River which gives 

rise to "gas -bubble disease." It is not primarily a pathological 

condition, but is caused by a change in water quality; i.e., the water 

becomes supersaturated with nitrogen and oxygen causing gas bubbles 

in the tissues and frequently hemorrhaging in the eyeball. This latter 

symptom produces blindness and prespawning mortality as a result of 

invasive fungi and bacteria finding a portal of entry in the damaged 

eyes. The blinded fish that survive are unable to spawn successfully. 

Westgard (1964) observed this condition in adult fall chinook at the 

McNary Dam spawning channel. Thirty-four per cent of the fish in 1962 

were blind in one or both eyes and 88% of the blind salmon died before 

spawning, compared with 6% of those not blinded. This was attributed 

to water cascading over a weir into a plunge basin where the air taken 

in with the waterfall was forced into solution at depth resulting in 

119% supersaturation with nitrogen. The water had dissolved nitrogen 

concentrations close to saturation at its source in the McNary Dam 
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forebay and again as it flowed over the spawning gravel. - It might be 

expected that similar conditions could exist immediately below dams, 

but this possibility has not received attention until recently. 

Sylvester (1958) did not measure dissolved gases in his study. Ebel 

(1966) made a preliminary survey of nitrogen levels in the Columbia 

River during June and November -December 1965 and from February to 

August 1, 1966. He found that concentrations during peak flows were 

high, ranging from 98 to 130% saturation, and those recorded during 

low flows were Low (92 -108% saturation). Coupled with observations 

near the dams, he concluded that water flowing over the spillways was 

the primary cause of nitrogen and oxygen supersaturation. In contrast 

to the other dams studied, the Priest Rapids spillway decreased the 

concentration of supersaturated gases and the water rapidly equili- 

brated with the air during passage through the free -flowing stretch 

below. Saturation levels on the Snake River were low. Since the fall 

chinook migrate upstream during a period of low flow and little spill 

it is unlikely that supersaturation is a problem except in localized 

situations. 
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REPRODUCTION AND INCUBATION 

Spawning Areas 

Assuming that the fall chinook population was in harmony with 

its average precivilization environment, any substantial change in 

environmental conditions could reduce the reproductive potential of 

the stock. The most obvious change has been the construction of dams 

on the main stem of the Columbia River. These can have several effects 

on successful reproduction (1) delay of adults; (2) direct mortality 

of adults; and (3) submergence of spawning areas by the reservoir. We 

have seen in previous sections that delay and losses do occur, and 

probably will become increasingly severe as the number of dams increase, 

but they cannot explain the decline in fall chinook in the early 1950's. 

The loss of spawning area will be discussed in this section; it is 

assumed that chinook cannot spawn successfully in portions of streams 

covered by reservoir waters. The history of the dams on the Columbia 

Basin is given in Table 19. A summary of chinook salmon former and 

present habitat is given by Fulton (n.d.). 

Fall chinook were believed to travel approximately 900 miles up 

the Snake River to Shoshone Falls. Approximately 170 miles of the 

upper area were lost in 1910 with the construction of Swan Falls Dam, 

and another 170 miles in 1958 with the completion of the Oxbow -Brownlee 

complex. Ice Harbor Dam inundated 32 miles in 1961 and almost all of 

the Snake River will be flooded eventually. Little is known about 

present spawning activity in the lower Snake River from Oxbow Dam to 

the mouth because of turbidity and turbulence, but there must be 
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production of some consequence. In 1962 when counting began at Ice 

Harbor Dam, 30,000 fall chinook entered the Snake, of which only 2,400 

arrived at Brownlee -Oxbow. It has been estimated that in recent years 

over 42,000 fall chinook have utilized the Snake River from the mouth 

of the Salmon River to Swan Falls Dam (Haas, 1965). 

Fall chinook also utilized the upper Columbia, probably as far 

as the Pend Oreille and Kootenay Rivers, but by the time Rock Island 

Dam was built (1933) this run had been reduced to only a few thousand 

fish. It would be interesting to know why the upper Columba River run 

declined at a very early date, while the upper Snake River run main- 

tained itself at a high level until quite recently. Water temperature 

and turbidity appear more favorable for the Columbia than the Snake. 

Early records unfortunately give no clue on this, but a difference in 

timing through the lower river fishery could have had an effect. 

Grand Coulee Dam in 1941 and Chief Joseph in 1955 blocked the few fish 

that remained. The main stem of the Columbia from the mouth of the 

Snake River to Chief Joseph Dam (220 miles) is an important and produc- 

tive spawning area, although it is being rapidly lost to dam construc- 

tion (Figure 81). From 1933 to 1959 ';there was no construction activity 

in this area, but 98 miles have been lost since Priest Rapids was 

built. Fish spawning in this area are being handled in large spawning 

channels, but the success of this operation is uncertain at this time 

(Figure 82). 

The main stem of the Columbia from the upstream end of The Dalles 

reservoir to the mouth of the Snake River was undoubtedly an important 

spawning area, the bottom consisting of many riffles and gravel bars. 
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Figure 81. Fall chinook spawning area in the main stem 
of the Columbia River between Rock Island 
Dam and the mouth of the Snake River. A 
dead female fall chinook is visible in the 
foreground, October 1964. 
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Figure 82. The artificial spawning channel for fall 
chinook salmon below Priest Rapids Dam, 
October 1964. 
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McNary Dam (1953) inundated 61 miles of this section, but a large popu- 

lation of fall chinook still utilizes the area below McNary. The area 

between The Dalles and Bonneville was not believed to be important for 

spawning because the river was swift, deep, and rocky prior to dam con- 

struction. 

In the lower Columbia River below The Dalles Dam, spawning is 

entirely in tributaries and hatcheries. These lower river tributaries 

differ greatly from the main Columbia River, varying from large rivers 

like the Cowlitz to very small streams such as Plympton Creek (Figure 

83). The spawning population in streams below Bonneville Dam was 

estimated at 81,000 in 1947 ( Gangmark, 1957) and an average of 70,000 

in 1957-62 (Fulton, r...d.). These are estimates based on observations, 

but are probably in the right order of magnitude. In contrast, 

308,000 fall chinook passed Bonneville Dam in 1947 and 129,000 were 

considered the adult escapement above Bonneville. During 1957-62 the 

average escapement above Bonneville was 149,000, of which 40,200 

entered hatcheries. In 1964, a federally financed tagging program 

indicated that 75,000 fall chinook spawned in the lower tributaries 

(Stockley and Fiscus, 1965), compared with 132,000 above Bonneville, 

of which 28,000 entered hatchery streams. Thus, the lower tributaries 

receive about half as many fish as the upper areas. Fulton estimates, 

from a variety of sources, the average lower river (below Bonneville) 

escapement as 70,000; middle Columbia (mostly hatcheries) 68,000; John 

Day dam site to McNary Dam 30,000; McNary to Chief Joseph Dam 22,000; 

and Snake River 28,000. 
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Figure 83. Fall chinook spawning in Plympton Creek, 

a tributary of the Lower Columbia River, 

October 1964, 
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Historically there can be little question that upper river areas 

were far more important and productive than the lower, but their 

gradual loss will increase the relative value of the lower reaches. 

In the early 1900's, lumbering was concentrated in the lower Columbia 

River area, and destructive logging practices severely damaged many 

streams with impassable log jams and siltation. These watersheds now 

have second growth timber and their productive capacity should improve. 

It was noted earlier that the abundance of adult fish in the lower 

tributaries and above Bonneville show the same fluctuations indicating 

a common factor affecting survival. If this factor controlling the 

population level can be recognized and corrected, the production of 

the lower river tributaries would be materially increased. 

The similarity between abundance trends in lower and upper river 

areas, and the fact that little spawning area was lost until the mid - 

1950's precludes assigning the loss of spawning area as a major factor 

in the fall chinook decline. 

Spawning and Incubation Conditions 

Time of Spawning and Emergence 

In order to gain an understanding of the relationship between 

success of spawning, incubation, and emergence to environmental con- 

ditions we should first examine the literature on the timing of these 

events. An artificial spawning channel has been operated near McNary 

Dam which simulates a natural spawning bed (Chambers, 1965), but 

changes in procedures have precluded making valid comparisons with 

natural conditions. Both "local" chinook, indigenous to the area, 
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and "upriver" chinook that spawned a month later, were placed in the 

channel. The local fish spawned over a period of one month beginning 

in mid -September with the peak in late September and early October, 

while the upriver race usually began spawning in mid -October with peak 

activity in early November. Smith (1966) showed that bright, upriver - 

type fish, also spawned naturally in the McNary area. 

In the Hanford area, spawning reached a peak the first week of 

November 1962; in 1963, spawning started October 8 reached a peak 

around November 12 (one week later than usual), and was over by 

November 21. In 1964, spawning had just started on October 21 and was 

completed :by November 16 (Watson, 1963, 1964, and 1965). In other 

words, the main Columbia fish spawn at about the same time as the upper 

Snake River chinook and later than the "local" (dark) fish at McNary 

spawning channel (late September and early October). Aerial surveys 

in the John Day to McNary area show heavy spawning throughout October 

with little evidence of a consistent peak (Hamilton et al. 1964; Smith, 

1966). Except for 1958, when spawning was early, populations tended 

to build up in mid and late October. 

In contrast, hatchery spawning occurs much earlier. Egg -taking 

operations at the three principal Oregon Fish Commission fall chinook 

hatcheries (Bonneville, Cascade, and Oxbow) in 1965, a typical year, 

ranged from September 18 to October 11 with the peak of spawning from 

September 21 -251/. The alevins have completed their yolk absorption 

and are placed in the hatchery ponds usually in February, although 

this can vary. 

1/ Personal communication from Mr. Reed White, Assistant Director of 
Fish Culture, Fish Commission of Oregon, 1966. 
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Shelton (1955) studied the hatching and emergence of fall chinook 

eggs planted in simulated spawning beds at a Columbia River hatchery 

under different levels of flow, gravel size and depth of planting, and 

also eggs planted in the Warm Springs River, a tributary of the 

Deschutes. The eggs were taken the last of September, hatching was 

completed by January 6, and the first fry emerged on February 2. By 

April 7, 50% of the fry had emerged and emergence continued until 

May 18. Some fry remained in the gravel about four months after 

hatching. The first fry had a portion of their yolk sac visible, but 

by March 12 only 10% had visible yolk sac, and the remainder had the 

abdominal wall completely closed. 

Although information is scanty, natural -run fall chinook in the 

lower tributaries may spawn somewhat later than hatchery propagated 

fish. In the Kalama River in 1955, maximum numbers of spawners were 

observed between September 29 and October 6 (Wendler and Junge, 1955). 

On the Cowlitz, maximum redd counts have been made in late October and 

early November (Nye, 1962)1/. Reimers and Loeffel (1967) list the 

calculated mean date of egg deposition for the Klaskanine, Toutle 

(tributary of the Cowlitz), Kalama, Elokomin, and Lewis Rivers as 

September 20, October 10, October 10, October 20, and November 20, 

respectively. Mean October temperatures were 51, 49, 48, 50, and 54 F, 

respectively. Mean hatching time varied from November 15 on the 

Klaskanine to March 1 on the Lewis River and emergence from February 5 

to June 5. 

1/ Washington Department of Fisheries,memorandum from Gene Nye to 
Hank Wendler, October 26, 1962. 
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Temperature 

It might be well at this point to review the thermal require- 

ments of incubating eggs. In the section on adult survival, temper- 

ature was mentioned and the two are related since adult survival and 

spawning are separated by only a short time period and may occur at 

relatively high water temperatures. 

Olson and Foster (1955) studied the temperature tolerance of 

fall chinook eggs spawned in the Priest Rapids section of the Columbia. 

They used the average seasonal trend for the locality as a control, 

starting at 57 F the last of October and decreasing to 36 F in January. 

Experimental egg lots were held at 4 F colder and 2, 4, and 8 F warmer 

than the control. Significant mortality occurred only in the warmest 

lot (initial temperature of 65 F). In this lot, mortality continued 

through the egg, fry, and fingerling stage suggesting early embryo- 

logical damage which was not manifested until a later stage of 

development. An initial temperature of 61 F gave good survival, not 

significantly different from the control or other lots. Another 

experiment (Johnson and Brice, 1953) had shown that water temperatures 

above 60 F caused reduced survival of both spring and fall chinook, 

while temperatures above 65 F were fatal. 

Combs and Burrows (1957) and Combs (1965) studied the temperature 

tolerance of Entiat River chinook and sockeye eggs. (These chinook 

would probably be considered summer runs and may not have the same 

tolerance as fall -run fish.) Incubating at constant temperatures of 

50 to 57.5 F resulted in similar mortalities (6 -7 %) but a significant 

increase in mortality occurred at 60 F (12'x). For the lower threshold, 
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complete mortality occurred at 35 F, while mortalities in 37.5 and 

40 F were significantly higher than at 42,5 and 45 F. The constant 

temperature range of 4205-57.5 F was established for normal develop- 

ment, but the stage of development when they are subjected to temper- 

atures outside this range is apparently a more important factor than 

temperature alone. If chinook were allowed to develop for 144 hours 

at 42.5 F they could then tolerate 35 F for the remainder of the 

incubation period. 

Chambers (1956) observed that natural spawning of fall chinook 

occurred between 41 and 56 F with an average of 50 F; however many, 

if not most, of these observations were made in tributaries involving 

a number of different races of chinook. A rather extreme example is 

given by Menchen (1965) for the winter run of Sacramento River chinook 

spawning in March 1964. Incubation temperatures were over 60 F on 

40% of the days and peaked at 70 F, yet the fry were alive and healthy 

when sampled on May 7. Seymour (1956 and 1959), on the other hand, 

rearing Puget Sound chinook, found no survival to fingerling stage at 

a constant temperature above 62 F. The points at which 50% of the 

eggs died from temperature effects (LT50) were 36.5 F and 60.8 F. 

Perhaps Sacramento chinook have adapted to the warmer temperatures 

in that system. 

The length of time and stage of development at which eggs are 

exposed to a critical temperature has an effect on survival. The 

Washington Department of Fisheries (1960) reported that chinook eggs 

initially exposed to 67 F for two days suffered only a 10% mortality, 
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while eggs exposed to the same temperature for six days realized a 

50% mortality. 

In summary, temperature during the initial incubation period is 

critical. If initial incubation temperatures are below 42 F or above 

55 F, less than normal survival can be expected. Initial temperatures 

between 55 F and 60 F probably cause some mortality, but critical mor- 

tality attributable to temperature is a function of duration of expo- 

sure. With this brief resume as background, we can examine the time 

of peak spawning (initial incubation) for various areas of the 

Columbia in relation to temperatures at those times. 

Considering October as an important month for ,,,egg deposition in 

the main stem, we might examine average October temperatures at Rock 

Island Dam for 1933 ®60 (Davidson, 1964). From 1933-39 they were below 

57 F, but from 1940 they increased to a level of about 60 F. In no 

case, however, did the average exceed 62 F and there has been no upward 

or downward trend since 1940. In November, temperatures were well 

below 55 F. In 1952, an exceptionally warm year, the temperature on 

October 1 was 64 F and gradually decreased to 60 F by November 1. 

Depending on the time of spawning, some mortality could occur to 

incubating eggs in warm years. The warm Octobers (average temperature 

above 61 F) from Davidson's Figure 16 would be 1942-44, 1952, and 1958. 

Obviously there is no relationship between the two variables, initial 

incubation temperature and brood year production (see Figure 77). The 

warm year 1942-44 broods produced at a high level while the 1952 and 

1958 broods produced poorly. Likewise the cool years = - 1938 ®39, 1946, 

1948 =49, 1954, and 1959--show a lack of correlation. A correlation 
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coefficient (r) of only -0.095 for the 1938 -59 brood years was com- 

puted. 

Average water temperature at McNary channel from 1957-63 began at 

64 F on October 1, but decreased rather rapidly to 56 F by November 1, 

with an average of about 60 F. High water temperatures early in the 

fall and siltation were considered causes of reduced production from 

deposited spawn. Based on estimated egg deposition, the yield of 

migrants varied from 4 to 54°%. No correlations are expressed in 

Chamber's (1965) report, but he notes that the lowest percentage 

yields (1958 and 1963) occurred when high temperatures persisted into 

late October. Siltation was also mentioned as a leading cause of low 

yield in 1963. Eggs deposited during late September and the first 

week of October in the McNary channel could experience a high mortal- 

ity. For the Columbia River itself at McNary Dam, the average temper- 

ature for October 1954-55 was 57.8 and did not exceed 60 F in any year 

(Sylvester, 1958). Since salmon spawn through October and into 

November in this area, only a small portion of the potential egg depo- 

sition may be lost. 

Another critical period might be during the winter, when extremely 

cold temperatures could cause mortality or inhibit embryo development. 

Silliman (1950) showed a positive relationship between winter water 

temperatures in selected spawning streams and chinook returning four 

years later (all runs combined), but the correlation was not statis- 

tically significant. Grand Coulee Dam has caused the upper Columbia 

River to be warmer during the winter months (Davidson, 1964). Prior 

to 1940 the water temperature decreased to 32 F during severe winters 
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and it was not unusual for the river to be frozen over. Since 1941, 

the temperature has never dropped to 32 F, even in the coldest 

weather; in mild winters it remains above 40 F, and the river has not 

frozen. This warmer temperature and lack of ice, which could cause 

scouring of eggs and gravel, should have a beneficial effect on the 

run, offsetting perhaps some of the detrimental effects of the dams. 

The warmer fall and winter temperatures would hasten the develop- 

ment of the eggs and could cause early hatching and emergence. What 

effect this has on the survival of the fry is unknown. Early emergence 

before food supplies become abundant in the spring might cause early 

downstream migration and introduction into the ocean before they were 

physiologically ready or before ocean plankton began to bloom. On 

the other hand, leaving the Columbia early in the spring before preda- 

tory fishes became active with warming temperatures might have some 

advantage. 

Chambers (1965) at McNary channel noted that many yolk-sac fry 

were taken in the downstream -migrant traps in December for the local 

race and January for the upriver race. Although the fish hatched and 

emerged in December and January, most apparently did not choose to 

migrate until April -June, which would appear to be the optimum time. 

Mains and Smith (1964) observed the downstream migration of fry in 

the Snake River primarily in March and April and in the Columbia from 

March through June. This timing difference would not be expected if 

incubation temperatures influenced the time of downstream migration 

since the Snake River is colder than the Columbia during the winter 

(Sylvester, 1958). 
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Oxygen and Flow 

An impressive volume of literature has accumulated on the effect 

of gravel permeability and dissolved oxygen concentration on the sur- 

vival and development of buried eggs and embryos (McNeil, 1965; Royce, 

1959; Silver, Warren, and Doudoroff, 1963; Shumway, Warren, and 

Duodoroff, 1964). In general, reduced water velocity and oxygen in 

the redds have caused increased embryo mortality, retarded development 

and growth, and delayed hatching. In the case of chinook, studied by 

Silver et al. (1963), held at 11 C (52 F) a large percentage of the 

embryos survived oxygen concentrations as low as 2.5 mg /1 oxygen, but 

died at 1.6 mg /10 The fry from embryos reared at low and intermediate 

oxygen concentrations were smaller and weaker than fry from high con- 

centrations. Although they survived in the laboratory, it was 

questioned whether they would do so in nature. 

Little is known about conditions existing in chinook redds in the 

Columbia River. At McNary channel, samples of water from nests ranged 

from 8.1 to 12.5 ppm of oxygen while the surface water contained 11.0 

to 13.4 ppm (Chambers, 1965). The range of dissolved oxygen in sub- 

terranean water given by Chambers (1956) for natural chinook spawning 

areas ranged from 5.7 to 9.1 ppm. He noted that fall chinook spawned 

in the main Columbia River at velocities of 2.75-3.75 feet per second 

while in the tributary streams they spawned in 1.001.75 fps. While 

these values cannot be directly related to subterranean velocity, they 

suggest nevertheless a rapid intra =gravel flow. The range of oxygen 

values cited above falls within the area of good embryo survival and 

growth as given by Silver et al. (1963). 
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Shelton's (1955) experiments in planting eggs at selected depths 

and velocities,showed that in all cases of flow (average water surface 

velocity of 2.2, 1.2, and 0,4 fps) and depth (3 -18 inches) survival to 

hatching was in excess of 8070. Satisfactory survival was obtained 

when water velocity within the gravel was as low as 0.002 fps, and in 

spite of some silt problem. The percentage emergence was much higher 

in the beds with large gravel than small -sized gravel. 

Siltation has been implicated in reducing gravel permeability and 

oxygen supply in spawning beds (Cooper, 1965; McNeil and Ahnell, 1964). 

Turbidity of the water, that is the amount of suspended sediment, is 

related to siltation. Shelton and Pollock showed that fall chinook 

eggs planted in an incubation channel in Abernathy Creek, a lower 

Columbia River tributary, suffered 85% mortality when 15 to 30% of the 

voids in the gravel were filled with sediment. With the use of a 

settling basin, mortality was reduced to 10%. 

There has been a noticeable decrease in turbidity of the Columbia 

and Snake Rivers in recent years (Junge and Oakley, 1966). Extensive 

dam construction has created extensive reservoirs which act as settling 

basins and remove much of the suspended matter. Thus the deposition of 

silt over and in the redds should have materially lessened. The 

Columbia has been characterized as clear in contrast to the Snake which 

is turbid and silt laden. In particular, the Swan Falls section of the 

Snake would be termed placid and silty by observers, yet it was appar- 

ently a highly productive spawning area. Johnson, Mattson, and Schoning 

(1948) note while surveying the Swan Falls area on November 21 =24, 1947: 

"The fish which had been dead the longest were covered with as much as 
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one-eighth inch of silt. Only four redds were seen in the river. It 

is probable that the deposits of silt could have obscured them since 

many of the carcasses were covered with a heavy layer of silt." I 

observed the same situation in November 1959 below Swan Falls. 

Another important criteria for evaluating spawning success is 

flow; high water can wash out eggs, scour the gravel, and deposit silt 

loads while low water can expose eggs to freezing and desiccation. 

The Columbia River, however, is remarkably constant in flow during 

the winter months. River discharge at Rock Island Dam varies little 

from year to year during the period November -March (Davidson, 1964). 

There is a trend through the years for increased flows with less 

fluctuation. The Snake is more erratic, but winter floods are 

exceptional. Lower river tributaries are subject to high water during 

the winter, but heavy floods are infrequent. Watson (1965) notes a 

daily fluctuation in flow in the Hanford area caused by operation of 

Priest Rapids Dam. Meekin (1965) observed chinook redds below Chief 

Joseph Dam that were periodically exposed and concluded that damage 

to the buried eggs was negligible. Oxygen levels in the ground water 

were sufficient for the eggs to survive as long as 38 hours exposure. 

Exposed redds had an egg mortality of 12% compared to 8% for unexposed 

redds. Meekin also notes voluminous amounts of sand in the redds, but 

survival was still good. 

Since Columbia River water is near oxygen saturation, siltation 

is decreasing, flow is relatively constant and fast in the sections 

not jammed, and temperatures are for the most part below the critical 

level in the fall and warmer in the winter, conditions for the 
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successful spawning and incubation of eggs and the development of 

alevins in the remaining spawning gravels of the Columbia River should 

be even better than during the early period of high fall chinook produc- 

tivity. 

Pollution and Predation 

It has been suggested that radioactive pollutants from the Hanford 

atomic products operation could be causing mortalities or abnormalities 

in developing embryos. Donaldson and Bonham (1964) studied this possi- 

bility by submitting chinook and coho eggs and alevins from fertili- 

zation to swim -up to low-level chronic irradiation in excess of that 

found in the Columbia River. No difference between the control and 

experimental groups could be detected in the first generation in sur- 

vival, growth, anomalies, or sex ratio. Even if there were such 

damage, only a small part of the total population of fall chinook would 

be affected. Furthermore, large numbers of fall chinook have repro- 

duced through a number of generations within the confines of the 

Hanford project without observable ill effect. The comments relative 

to other forms of pollution made in the section on adult upstream 

migration would apply as well to the eggs and larvae. 

It has also been suggested that stream macro -organisms found in 

the gravel could cause mortality to the eggs. Briggs (1953) found that 

oligochaetes were common in salmonid nests in California and caused 

some loss to incubating eggs. Thompson (1963) studied this problem in 

several Columbia Basin streams and concluded: "The observations made 

on the fauna of the streams studied indicate that salmon eggs buried 
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under the gravel are in little danger of predation or damage," "The 

total effect of macro -organisms on salmon eggs in gravel is probably 

minor in comparison to such known inimical factors as suffocation 

through siltation." Cottids (Cottus perplexus) up to 7.5 cm in 

length were observed by Phillips and Claire (1966) to be able to 

penetrate gravel to a depth of 18 cm. They did not prey on steelhead 

eggs, but did attack the newly hatched alevins. 

Superimposition of redds and subsequent dislodging of previously 

deposited eggs may be a problem in heavily spawned streams in Alaska 

and other areas, but it has not been considered of any significance 

in the Columbia Basin with its large rivers and vast area. Still the 

existence of a density -dependent reproduction curve in the earlier 

years of the study (see Figure 79) suggests that overspawning did 

occur at the larger escapements. In 1958 an exceptional escapement 

caused heavy spawning in several areas considered marginal for sur- 

vival of eggs; e.g., Hat Rock Creek near McNary Dam. 

In summation, we are forced to conclude that there exists no 

evidence of serious deterioration in the quality of the spawning areas 

still available to fall chinook, or any factor that would reduce egg 

and larvae survival. Indeed, there is an indication of possible 

improvement in winter temperature, amount of siltation, and flow. 

Considerable spawning ground has been lost due to dam construction and 

inundation, but this occurred largely after 1954 and in particular 

following 1960. 
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STREAM RESIDENCE AND DOWNSTREAM MIGRATION 

General 

This section is the shortest in the thesis; not because the 

subject is of least importance, but because so little is known about 

downstream migration. Adult chinook are actively sought by fisher- 

men, they can be counted, weighed, measured, aged, and sexed in the 

fisheries, at the hatcheries, and on the spawning grounds. The 

juveniles, or smolts, in contrast slip downstream largely unheralded 

and unnoticed. This lack of knowledge is being alleviated to some 

extent by a recent program of the Bureau of Commercial Fisheries which 

traps and counts a portion of the downstream migration at several 

Columbia River dams. Distribution and abundance of migrants in the 

estuary is also being studied by means of various netting operations. 

Results of this program are not yet available however. We will review 

the earlier studies and examine available environmental data in an 

attempt to find meaningful relationships between environmental factors 

at the time of downstream migration of a year class and its subsequent 

return to the river. Several factors affecting adults also influence 

juveniles and these items will therefore be covered only briefly. 

After emerging from the gravel from November to February (previous 

citations) some fall chinook fry start downstream immediately. The 

early movement at McNary channel was largely influenced by population 

density (Chambers, 1965). The fish still had yolk sacs and exhibited 

two peaks of migration--December for the local fish and January for the 

upriver fish. After the feeding stage began, the fingerlings showed 
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two pronounced movements out of the spawning channel --local fish dis- 

played the first in February and upriver fish later in April. The 

second migration, of both groups, occurred in May and June. The 

channel water and gravel were highly productive of fish -food organisms 

and growth was excellent for those fish remaining in the channel. In 

lower Columbia River tributaries, the fry may emerge from February to 

May (Shelton, 1955); some fish remain in the gravel a considerable 

time after the yolk sac is gone. In hatcheries, most of the fry are 

taken from the hatching troughs to the outside ponds in February, 

which corresponds to the emergence or "swim -up" stage. They are 

almost universally reared for 90 days, which puts the time at release 

usually in May. In former years, large numbers were released as unfed 

fry. At Gnat Creek, a lower Columbia River tributary, the bulk of 

the fall chinook migrated as newly emerged fry or very small finger- 

lings during January to March, with peaks occurring from mid- February 

to mid -March (Willis, 1963). 

Mains and Smith (1964) trapped downstream migrants in the Snake 

and Columbia Rivers in 1954 and 1955. In the Snake they found peak 

fry counts in March and April and the migration was almost over by 

early May. In contrast, the yearlings (spring and summer chinook) 

continued to migrate from March into June. In the main Columbia, the 

fry migrated from March through June and the yearlings in June and 

July. April could be considered the peak month for fry migration in 

both systems. Although the first spring freshet seemed to trigger 

movement, the peak was well ahead of the annual spring flood which 

occurs usually in late May or early June. The migration was later in 
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1955 than 1954 because of a delayed runoff due to a cold spring. The 

Snake River catches consisted of 7 -20% fry and 80 -93% yearlings, while 

the Columbia had 76% fry and 24% yearlings. The fry averaged about 

40 mm long. The relative proportion of each in the two rivers probably 

reflects to some degree the proportion of fall and spring summer runs 

produced by each system. 

Bell (1959, 1961) found that chinook fry and fingerlings in the 

Brownlee -Oxbow Dam area of the Snake River migrated during April, May, 

and June, with peaks in April and mid -May. Intermittent trapping of 

downstream migrant fingerlings at Bonneville Dam from 1946-56 by the 

U. S. Fish and Wildlife Service (unpublished data) show peaks from 

February to June, but April and May are predominant. Hatchery fish 

are usually reared 90 days and released in April and May. 

Some fall chinook stay in fresh water past their first spring and 

move downstream during the fall or in the spring of the year following 

hatching. Samples of the commercial fishery showed in August that 5% 

have the sub -two type of scale and in September -October 28 %, suggesting 

that the later running fish have a greater tendency to stay a year in 

fresh water. Many of these fish originate from the colder lower tribu- 

taries such as the Lewis and Cowlitz Rivers (Reimers and Loeffel, 1967). 

It is not known if upper areas also have resident fall chinook finger- 

lings, but considering the high summer temperatures in the upper Snake 

and Columbia Rivers this seems unlikely. Stockley (1961) showed a 

steady migration of chinook fry out of the Cowlitz River from March 

through June, with slight peaks in April and May. Yearlings showed a 

strong peak in October and November. Both spring and fall chinook 
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inhabit this system and the downstream migrants could not be distin- 

guished. 

Rich (1922) studied the downstream migration and growth of 

chinook in the lower Columbia and the estuary by means of periodic 

beach seine samples. His samples were small and unsystematic, but 

he concluded that: "...migration in the Columbia River takes place 

throughout the year, but the data presented indicate clearly that 

the chief period of migration for the fry is during the months from 

June to October, inclusive." It seems more likely, from recent 

evidence, that there is a major spring migration, and probably a 

minor fall migration, but the continuous migration shown by Rich is 

an artifact of his sampling method in the estuary. It appears that 

when the fry reach the estuary they tend to linger there for some 

time, rather than moving directly through as he assumed, resulting 

in a buildup in population in early summer. He captured the largest 

numbers of fry in June, July, and August; catches dropped off rapidly 

in the fall, suggesting rapid migration out of the estuary in late 

summer. In contrast to fry, Rich did not find yearlings in his 

summer samples; their migration was complete by June. Reimers (1964) 

found fall chinook fry in abundance in May and June 1963 in the lower 

estuary, including some marked hatchery fish that had penetrated into 

side tributaries and sloughs from three to six miles out of the main 

Columbia River channel. He also captured fry in June, August, and 

November near the Longview Bridge. Thus it appears that some fry may 

spend a considerable portion of their first year in the estuary, but 

whether this behavior is typical of a major part of the population or 
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confined to certain races is unknown. Considering the large propor- 

tion of marked hatchery fish in Reimer's samples, it appears to be 

characteristic of certain hatchery stocks. Preliminary results from 

the current Bureau of Commercial Fisheries estuary study seem to con- 

firm the early work! /. In 1965 highest catches of zero -age finger- 

lings per beach seine haul were made in early May and again from the 

middle of June through July, with July being the peak migration 

period. In 1966, catches were high from May 15 through July 15. 

area of concentration was found near Puget Island, where the fry 

seemed to linger, feed,and grow before proceeding to the ocean. The 

smaller fish tended to remain in the estuary, while the larger ones 

moved out through the entire summer. Yearlings become unavailable 

after May 15; this is similar to Rich's results. 

Ecological Factors Affecting Survival 

Predation 

Although predators are considered an important factor in the sur- 

vival of young salmonids (Ricker, 1941; Ward and Larkin, 1964) little 

is known of their role in the Columbia River ecosystem. Thompson 

(1959a) studied the food of the squawfish (Ptychocheilus oregonensis), 

probably the major fish predator in the Columbia. He concluded that 

they were omnivorous and somewhat sluggish, "...taking the opportunity 

to feed on foods that are available." Juvenile salmon comprised 1.6% 

of the food in squawfish stomachs, and occurrence was related to 

Personal communication from Mr. Carl Sims, U. S. Bureau of 

Commercial Fisheries, 1967. 

An 

1/ 
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releases from hatcheries. "The role of the squawfish as a predator on 

salmon was limited to time and place where juvenile salmon concen- 

trations were high following release." There has apparently been a 

decrease in the abundance of squawfish in the Columbia River, as con- 

firmed by the Bonneville Dam counts. They show a sharp drop with a 

trend line going from 67,000 fish in 1938 to 15,000 in 1964. Likewise 

McNary Dam shows a decline of from 57,000 in 1955 to 5,000 in 1964. 

In fact, counts of all miscellaneous species combined, except shad and 

lamprey, at both Bonneville and McNary, show a decrease (U. S. Army 

Corps of Engineers, 1964). 

Thompson (1959b) also studied possible predation below McNary Dam 

in March 1956 when large numbers of fingerlings were being released in 

a dam mortality study. Of 106 squawfish stomachs examined, 91 were 

empty and three contained one salmon each. The stomachs of 18 sculpins 

(Cottus sp.) were all empty. Thompson concluded that predation was 

slight and low visibility (Secchi disc readings averaged 1.15 with a 

range of 0.3-2.2) and low water temperature (39 =40 F) minimized the 

effectiveness of the predators in finding the released salmon finger- 

lings. 

Recently adult shad (Alosa sapidissima) have been found with 

salmonid fry in their stomachs!/. Again it is suspected that the 

salmon are largely hatchery fish. Only from three to 26 thousand 

shad passed Bonneville Dam annually (except for 95,000 in 1945) until 

1960 when counts increased from 93,000 to a high of 436,000 in 1962. 

1/ Henry Wendler, Washington Department of Fisheries, unpublished 

notes. 
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Many observers feel that a "population explosion" of scrap and 

warm water fish in the newly formed reservoirs is having a delete- 

rious effect on fingerling salmonid survival. Neither the increase 

in numbers nor the effect on salmonids has been documented for the 

main -stem dams, however. At Brownlee Dam, black bass (Micropterus 

sp.) and squawfish were found to contain remnants of salmon in 

their stomachs during the 1960 migration season, but not in 1959. 

Predation by bass was also noted at the release site below Oxbow Dam 

and predation by gulls was noted downstream from Brownlee Dam. The 

gulls had apparently gathered below the dam to feed on fish that were 

killed, injured, or stunned by passing through the turbines or spill- 

way. "It seems logical to assume that predatory fish would also feed 

on dead or injured fish below Brownlee and Oxbow dams." (Haas, 1965) 

Junge and Oakley (1966) note the decrease in turbidity of 

Columbia River water since extensive dam construction, coincident with 

the decrease in production rates of upriver salmon and steelhead runs, 

and suggest that clearer water may allow predators to be more effec- 

tive, in conjunction with siltation of hiding places. Turbidity- 

predation is, of course, only one possible manifestation of changing 

environmental conditions caused by dam construction. April temper- 

atures at Rock Island Dam show a considerable decrease through the 

years (Davidson, 1964); this should have an inhibitory effect on 

predatory fishes. 

In the estuary, yearling coho prey on fingerling chinook and 

Sims considers them to be the principal predator in this areal /. 

1/ Personal communication, Mr. Carl Sims, U. S. Bureau of Commercial 
Fisheries, 1967. 
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Although predation remains largely unknown, there is nothing to suggest 

that it has been an important factor in regulating the size of the fall 

chinook population, at least prior to extensive dam construction 

beginning in 1954. 

Parasites and Diseases 

Juvenile salmonids confined to hatchery ponds are plagued with 

many parasites, diseases, and other disorders. Through the years a 

great deal of research has been done on the problem of producing 

healthy salmon and trout, and much success has been obtained. By way 

of contrast, almost nothing is known about the health of native or 

wild fish. It is assumed that they are relatively healthy since the 

sick and weak do not live long in the wild, but they must harbor some 

diseases because wild fish are the reservoir of infection for hatchery 

stocks. In a previous section we noted that kidney disease and fish 

tuberculosis, contracted by feeding diseased carcasses to the young, 

was held responsible by some biologists for the poor return of adults 

to hatcheries in the early 1950's. This was contradicted, however, 

by the fact that hatchery and wild fish showed the same pattern of 

fluctuations in abundance and that omission of unpasteurized salmon 

products in the diet did not result in any great increase in return 

of fall chinook and despite large increases in numbers of fish reared. 

"Gas bubble" disease, discussed in the section on adults, could 

also be a mortality factor among juveniles. A sample taken at the time 

of downstream migration (May 9, 1966) showed supersaturation of nitro- 

gen in surface waters, in excess of 110%, occurring in nearly all parts 
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of the Columbia from Grand Coulee Dam to Astoria (Ebel, 1966). In 

June 1966, values were even higher, exceeding 120% in most samples. 

Values of 105 -110% were considered potentially dangerous. Saturation 

is reduced with depth; for example 120% saturation at the surface 

would be reduced to 100% at ten feet. It thus seems possible that 

fish could avoid or not be exposed to supersaturated water if they 

maintained their position a short distance below the surface. Although 

meriting further study, there is no evidence yet of smolt mortality 

in the wild caused by supersaturated water. Since this condition is 

associated with dams, and is of recent occurrence, supersaturation 

cannot be seriously considered a factor in the decline of fall chinook. 

A full discussion of juvenile salmonid diseases is far beyond the 

scope of this report. This subject has been reviewed by Rucker (1963) 

and others. Most of the diseases affecting juveniles are also found 

in adults and these were covered in a previous section. 

As mentioned earlier, temperature plays an important role in 

pathology. Fall chinook juveniles are well out of the streams before 

the summer warm up and thus are exposed to minimal disease conditions. 

Unlike many environmental factors, there are no serial measurements of 

disease to correlate with brood -year survival. Thus disease, like 

predation, must remain largely an unknown factor. An epidemic or 

catastrophic disease could have occurred in the early 1950's which 

decimated the fall chinook population and kept it at a low level of 

abundance, but there is no evidence that such an event took place. 

Lacking such evidence, one must conclude that disease cannot be regarded 
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as an important factor in the survival of downstream migrant fall 

chinook. 

Dams and Reservoirs 

The main direct effect of dams on downstream migrants is by 

causing mortality when passing through the turbines of power plants 

or over spillways. Hotmer (1952) estimated an average loss of 3% in 

fingerlings passing the spillway and 11.5% in the turbines at 

Bonneville Dam. Schoeneman and Junge (1959) indicated a mortality of 

11% for fingerlings passing through the turbines at McNary Dam, but 

only 2% for those going over the spillway. Mortality varies with 

type of turbine, hydraulic head, etc° so findings at other dams are 

not generally applicable. Obviously, overall mortality would depend 

on how many dams a group of fingerlings had to pass as well as what 

proportion of the water was diverted into the turbines. The higher 

the flow the greater the chance of survival. Schoeneman and Junge 

estimate that if half the downstream migrants pass over the spillway, 

the resulting mortality for a single dam would be 6 %; fish passing 

ten dams would experience a total mortality of 45 Under optimal 

water control, with all water going through the turbines, mortality 

in a series of ten dams would be 70 %. 

Indirectly a dam can cause fish mortality through its reservoir. 

The slack water slows the fish's downstream migration, exposing it to 

a longer period of predation, causing a delay in reaching the ocean 

and even residualism. Davidson (1965) reviews information on these 

possibilities and shows the reservoirs causing a reduction in current 
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speedo For example, in the natural river near Celilo Falls the current 

velocity at 150,000 cfs was 2.1 miles per hour, while after the con- 

struction of The Dalles Dam it decreased to 0.8 mph. The travel time 

of water from the Okanogan River to Bonneville Dam (393 miles) was 

estimated at 138 hours in the natural river and 352 hours in the 

impounded river. This corresponds to 5.8 and 14.7 days, a difference 

of 9. It is unlikely that the timing of the migrants is so critical 

that a delay of this magnitude could cause a mortality or serious 

physiological disturbance. Undoubtedly migrants do not move at the 

same speed as the current. Gauley, Anas, and Schlotterbeck (1958) 

found that the peak of migration occurs between dusk and dawn in most 

years with the daylight hours apparently spent in hiding. They noted 

a possible correlation with turbidity; the clearer the water the 

greater the proportion of night migrants. When the water was turbid 

the migration was more evenly distributed through the 24 hours. The 

tendency toward clearer water in recent years might have some influence 

on the speed of migration. 

Higher flows increase velocity and cause less delay. Davidson, 

using data from Anas and Gauley (1956), showed a relationship between 

timing of sockeye fingerlings at Bonneville and river flow= -the 

earliest peak migration occurred with the fastest river current. He 

also estimated that marked sockeye instead of taking 28 days in 1946 

to travel from the Wenatchee River to Bonneville would take 61 under 

complete river impoundment. In 1950, under higher flow conditions, 

the difference would be 16 and 33 days. Fraser River sockeye move 

downstream at about the same rate as the average water velocity, but 
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going through lakes they seem to be more active, moving at a speed 

greater than the water (Andrew and Geen, 1960). 

A delay in downstream migration of smolts could effect their 

survival. Their ability to make the transition to sea water might 

be reduced if they were delayed beyond the usual migratory period. 

However, the occurrence of fry and fingerlings in the estuary during 

the summer, before there were dams, and the wide range of migration 

time suggests that migration to the ocean is not temporarily restricted. 

Recent unpublished data from the U. S. Bureau of Commercial Fisheries 

and Oregon Game Commission suggests that osmoregulation in fall chinook 

is more dependent on size than on age or season. 

Residualism is the phenomenon of normally anadromous fish taking 

up residence in lakes or reservoirs past their normal time of migra- 

tion. It can be due to the fact that the downstream migrants become 

lost or confused in still water and are unable to find the exit struc- 

tures or because limnological conditions are unsatisfactory for migra- 

tion. Obviously, if this condition persists, the fish may be delayed 

up to a year or more in going to sea, or they may not migrate at all. 

The consequences of the latter are obvious, but the effects of delay 

itself are not known. The exposure of migrants to an additional 

period of predation in the reservoir may be the most serious factor. 

Except for Brownlee Reservoir (Haas, 1965) there is no evidence of 

residualism for fall chinook. The perceptible current and rapid 

flushing rate (range one-fourth to four days, average three) of main - 

stem reservoirs would indicate that it is not a problem (Sylvester, 
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1959). Furthermore, reservoirs of low head dams do not have thermo® 

clines and their temperature varies only a few degrees with depth. 

Flow, Turbidity, and Temperature 

In considering factors that might affect the survival of down- 

stream migrants, two items were considered most likely: (1) flow as 

it influences the relative amount of water passing through the tur- 

bines and over the spillway, the velocity and thus the time necessary 

for passage, and the spatial relationship between predator and prey; 

and (2) turbidity as it influences the probability of predation. High 

flow and high turbidity (low Secchi disc reading) would be considered 

as representing most favorable conditions. April was considered the 

peak month of juvenile migration, but May was also examined. 

Mean daily discharge in cubic feet per second and mean daily 

Secchi disc readings at Bonneville Dam for the months of April and 

May of the year following spawning were the variables compared to total 

return and return per spawner by brood year. In Figure 84 turbidity 

(taken only since 1945), discharge, and return are plotted on an annual 

basis. There has been a tendency for the Columbia to become clearer, 

especially since 1956,and April and May turhiditias are very similar. 

Discharge has remained level, but with marked fluctuations. Charac- 

teristically, flow in April is relatively steady, but increases rapidly 

in May and peaks in late May or early June. In general, high flow and 

turbid water and low flow and clear water are associated although there 

is a good deal of variation (Figure 85 A for 1948 =60, r = ®0.723,' 

0.684 with 11 d.f.). 

0012 
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There appears little relationship between the return of fall 

chinook and water conditions at time of downstream migration. The 

good return for the 1944-45 and 1954-55 downstream migration was 

associated with low flows, and the time of fall chinook decline 

(1946-52 broods) was during a period of relatively high May dis- 

charge and low turbidity. A series of scatter diagrams (Figure 85 

B, C, D) show little relationship between flow, turbidity, and return 

of fish but during certain series of years a suggestion of an inverse 

relationship can be discerned. For example, total return of brood 

years 1938 -46 was negatively, though not significantly, correlated 

with mean April -May discharge (Figure 85 B, r = -0.45, ro05 = 0.666 

with 7 d.f.). No relationship is shown for the recent years, 1947 ®49 

broods. On a return -per -spawner basis (Figure 85 D), this suggestion 

of an inverse relationship for the earlier years is again noted. 

Turbidity shows no relationship whatever to return of fish (at 

least partly because of a shorter time series), although Junge and 

Oakley (1966) concluded that there was some relationship between clear 

water and reduced sockeye salmon survival and suggested that it might 

also apply to other upriver runs. Taking their approach of catego- 

rizing Secchi disc readings of 2.5 or greater as clear water and 1.0 

or less as turbid adds little to the analysis. For the 1948 -51 broods, 

all days in April were turbid but production ranged from 252,000 to 

378,000 fish or 1.8 to 3.6 per spawner. For the 1953 =54 broads, there 

were no turbid days and production was 287,000 to 376,000 and 2.3 to 

8.2 fish per spawner. For 1955 -57 there were again no clear days and 

production varied from 184,000 to 326,000 and 1.5 to 6.0 fish per 
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spawner. The 1954 ®56 broods all produced at about the same high level 

per spawner yet turbidity ranged from all clear days to all turbid. 

Water temperature at the time of downstream migration (April ®May) 

is generally between 48 and 56 F, probably near optimal. Burrows 

(1963) reports that for maximum productivity of fingerling salmon, 

water should be between 50 and 60 F. There is a slight tendency for 

cooler temperatures during this time series, but no obvious relation= 

ship exists between water temperature and return. A scatter diagram 

of temperatures vs. return (not shown) gave no discernible pattern. 

This situation may not prevail for long, however, as increased reser- 

voir storage and nuclear power plants in the future could raise the 

river temperature to a hazardous degree. If the fish are delayed in 

their migration until July and August, near lethal conditions could 

exist. 

I conclude that the survival of fall chinook is for the most part 

unrelated to conditions of flow, turbidity, and temperature at the 

time of downstream migration, but in the early years of the study 

there was a suggestion of an inverse relationship between flow and 

return. In any event, and contrary to expectations, high flow and 

turbid water are not associated with good survival. 

Estuary Conditions 

Estuarine conditions may affect the survival of juveniles, but 

almost nothing is known about variations in the estuarine environment 

or how they might influence salmon survival. Evidence previously 

noted suggests that most of the fall chinook fingerlings arrive in the 
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upper estuary in May and substantial numbers reside there through 

July. Temperature and salinity measurements have been taken at 

Tongue Point near Astoria for many years (U. S. Coast and Geodetic 

Survey 1956 and 1962). This station is 18 miles above the mouth of 

the river and salinity rarely exceeds 3 0 /00 and during the spring 

is almost O. Although a salt -water wedge extends upstream near the 

bottom (Burt and McAlister, 1959) the surface waters at this point 

are essentially fresh. A comparison of Bonneville and Tongue Point 

April -May temperatures showed them to be quite similar, although 

Tongue Point is generally two to three degrees higher than Bonneville. 

Average May water temperatures at Tongue Point were compared to return 

of fall chinook broods that were exposed to that temperature; corre- 

lation coefficients for the 1938 =46, 1947 =59, and combined broods were 

-0.219, -0.631, and 0.101, respectively. The 1947 ®59 regression was 

significant at the 5 %. level. For return per spawner, the r values were 

all in the 0.1 bracket. There is thus some indication of a poorer 

return with higher river or estuary water temperatures in some years, 

but the lack of correlation for the other years does not give one 

great confidence in this relationship. 

An examination of April, May, and June water temperatures at 

Tongue Point and Seaside afforded an interesting comparison. Although 

May temperatures at the two stations were positively correlated 

(r = 0.594, r,05 = 0.576 with 10 d.f.), and likely June would have 

been also, river water was as much as 9 F warmer than the ocean in 

June 1950 to less than 2 F in June 1958. It might be hypothesized 

that a large difference in temperature would impose an additional 
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stress upon the fish that are already undergoing the transformation 

from fresh to salt water. With this in mind, temperatures and the 

differences between the two stations were plotted and are shown in 

Figure 86, Little can be deduced; the very low survival of the 

1950-52 broods could possibly be associated with the large temperature 

differences, but good survival for the 1953 =55 broods occurred at near 

5 F difference, and the poor survival of the 1956 =58 broods occurred 

at lesser differences. Unfortunately, data are not available to check 

the years before the decline which have given more meaningful relation- 

ships in most other variables studies. 
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MULTIPLE REGRESSION AND RESPONSE SURFACE ANALYSIS 

The final step in this study of the ecology of Columbia River 

fall chinook was to submit the various environmental and survival 

data to multiple regression analysis. This was done by means of 

standard programs at the Oregon State University computer center. 

First, a correlation matrix was constructed relating every 

independent variable with every other one and with the two dependent 

variables, total return to the river and return per spawner, by brood 

year. The two brood year periods 1938-46 and 1947 ®59 were done 

separately and also combined. Some of these correlations have been 

discussed in appropriate sections of the preceding text and are 

summarized in Table 20, A brief review of the significant correlations 

would be helpful to provide background for the ensuing discussion. 

For the early period, 1938-46, the total return (Y1) was inversely 

correlated with the ocean temperature at Amphitrite Point (X3), 

Return per spawner (Y2) vs, escapement (X1) gave a highly significant 

negative correlation and the return per spawner was also negatively 

related to the index of ocean catch of Columbia River fall chinook 

(X5). Other correlations were the good relationship between water 

temperature in May in the Columbia River as measured at Tongue Point 

(Xg) and nearby air temperature in May as measured at North Head (X2). 

Spurious correlations are suggested by X1 vs, X5 (number of spawners 

vs, ocean catch of Columbia River fish) and X5 vs. X7 (ocean catch vs. 

Bonneville flow) since they are illogical based on existing knowledge. 

It is a truism in correlation analysis that if enough items are chosen 

and correlated there will appear some significant relationships 



TABLE 20. CORRELATION MATRIX FOR 1938 -46, 1947 -59, AND COMBINED BROOD YEARS. 

1938 -46 brood years 
Variable 

X1 X2 X3 X4 X5 X6 X7 X8 Y1 

-.047 

.378 

.203 

.756* 

.168 

.425 

-.246 

-.475 
-.961 ** 

.604 

m217 
-.469 
-.566 

-.336 

.823 ** 

-.396 
-.064 

-.227 
.190 

-.240 

.322 

.395 

-.754* 
-,583 

.495 

.524 

.261 

-.078 

-.228 
-.172 

.380 

.785* 

-.562 

-.485 
-.758* 

.048 

0631 

.058 
-.160 

-.335 

-.450 
-.463 

-.219 
.169 .655 

X1 

X2 
X3 

w 
X4 

ÁX5 
X6 

k 

X7 

X8 

Y1 
Y2 

Escapement 
North Head May air temp, 
Amphitrite Pt. June water 
temp. 

Washington troll intensity 
Ocean catch of Col. R. fish 
Rock Is. Dam Oct. water 
temp. 

Bonneville Dam April -May 
flow 

Tongue Point May water 
temp. 

Return to river 
Return per spawner 

n = 9 except for X8 (n = 8) 
for 7 d.f., r,05 = .666, r,01 = .798 
for 6 d.f., r,05 = .707, r,01 = .834 

* Significant at the 5% level. 

** Significant at the 1% level. 



TABLE 20. (CONT'D) 

1947 -59 brood years 
Variable 

Xi X2 X3 X4 X5 X6 X7 X8 X9 Y1 

X1 Escapement 
.426 X2 Seaside Beach May water 

temp. 
.416 .502 X3 Amphitrite Pt. June 

water temp. 
-.085 - .793** -.629* X4 Washington troll 

intensity 
-.345 - .916 ** -.626* .836 ** X5 

°; 

Ocean catch of Col. R. 

fish 
.037 .180 .082 -.420 -.169 X6 Rock Is. Dam Oct. water 

temp. 

-.002 .299 -.230 .097 -.075 .012 ÿ X7 Bonneville Dam April - 
May flow 

.263 -.022 .414 -.301 -.211 .086 -.723** X8 Bonneville Dam April - 
May turbidity 

-.175 .594* .255 -.703* -.374 .503 .152 .029 X9 Tongue Point May water 
temp. 

.120 -.360 -.323 .554* .304 -.323 .010 .163 -.631* Y1 Return to river 
-.778** -.472 -.517 .228 .310 -.115 -.155 .103 -.068 .367 Y2 Return per spawner 

n = 
for 
for 

13 except for X2 (n = 
11 d.f., r.05 = .553, 
10 d.f., ra05 = .576, 

12) 

r,01 = 
r.01 = 

.684 

.708 

i 



TABLE 20. (CONT'D) 

X3 
Variable 
X4 X5 

1938 -59 brood years 

X7 Y1 

.279 
-.044 -.441* 
-.235 -.385 .682** 
.059 .132 .198. .031 
.054 -.106 .341 .264 .053 

-.154 .469* -.400 -.431 -.108 
.064 .071 -.562** -.460* -.095 

-.589** -.235 -.330.. -.220 -.150 

-.140 
-.400 .101 
-.405 .158 

n = 22 except for X7 (n = 21) 
for d.f. = 20, r.05 = .423, re01 = .537 
for d.f. = 19, r.05 = .433, r.01 = .549 

.669** 

X1 Escapement 
X2 Amphitrite Pt. June water temp. 
X3 Washington troll intensity 
X4 Ocean catch of Col. R, fish 

Rock Is. Dam Oct. water temp. 
X6 Bonneville Dam April -May flow 
X7 Tongue Pt.. May water temp. 

Return to river 
Y2 Return per spawner 

X5 

Y1 

Xl X2 X6 

o 

az 

.4 

m 
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regardless of the true relationship of the values. Biological evidence 

must then be used to recognize and evaluate real relationships as 

opposed to those that occur by chance and are actually unrelated. 

In the second period, 1947-59 -brood years, return to the river 

(Y1) was positively correlated with troll effort (X4) and negatively 

with Tongue Point water temperature (X9). Both correlations are low, 

troll effort being only 0.554 (r.05 = 0.553). The return vs. Tongue 

Point correlation is in accord with the general finding that warm 

temperatures at the time of downstream movement are somehow detri- 

mental. Negative correlations are noted between Seaside and Amphitrite 

water temperatures and troll effort and catch of Columbia River fish 

(X2 and X3 vs. X4 and X5). Superficially these suggest that at the 

lower temperatures, intensity and catch are high with both reduced 

at higher temperatures. This agrees with knowledge of the fishery; in 

warm -water years chinook tend to be less available and many fishermen 

turn to tuna. This rather attractive idea can be dispelled, however, 

when one recalls that different years are involved. Water temperatures 

are measured during the fish's first year at sea while effort and 

catch are during their third and fourth years. Thus the correlation 

becomes low water temperatures during the brood's first summer at 

sea produce a high intensity of fishing and a large catch at ages 

three and four. This, of course, agrees with our previous conception. 

Unlike the 1938 -46 period, the increased survival due to colder water 

is not reflected in the return to the river. Seaside Beach (X2) and 

Tongue Point (X9) water temperatures were positively correlated. Since 

total return and Tongue Point temperature were correlated, there is 
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also likely a relationship between return and Seaside temperature 

but with too much variance to be statistically significant (see 

Figure 37). An expected correlation between troll effort and ocean 

catch (X4 vs. X5) is shown while the troll effort vs. Tongue Point 

temperature negative correlation is related to the general agreement 

between temperature data. Bonneville flow and turbidity are closely 

related. The return per spawner is only correlated with number of 

spawners. 

The third part of Table 20 was developed by combining all the 

years and dropping a number of values that did not appear related 

or for which data were not continuous. Total return was negatively 

correlated with troll intensity and ocean catch. For the first time, 

a correlation exists between the two dependent variables, although 

it was almost significant in 1938 ®46. This would be expected since 

they should both reflect the same environmental factors, although 

the very high correlation between escapement and return per spawner 

(r = -0.96 in 1938-46) overshadows the effect of the other variables. 

Return per spawner was negatively correlated with escapement and 

positively with total return. Troll effort was again correlated with 

ocean catch. 

In the overall view, the factors which were deemed most worthy 

of further study as affecting the total return and return per spawner 

of fall chinook were: (1) escapement, (2) a measure of ocean and 

estuary water temperature at the time of downstream migration, and 

(3) index of ocean fishing intensity or catch. Fresh -water environ- 

mental factors did not suggest any significant relationships, but 
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based on other work and opinions, I felt that water temperature at 

time of spawning and river flow during downstream migration should 

also be included. With the variation in the run caused by the above 

three items removed, the residual of river temperature and flow might 

then show some relationship. 

Multiple regression is used to study the relationship between 

more than two variables and the relative contribution of each to the 

dependent variable. It is important to strengthen the analysis by 

reducing the number of variables to the most important and eliminating 

those that are related to each other. Since troll effort and ocean 

catch of Columbia River fish were correlated, ocean catch was dropped. 

Since the various temperatures at the time of downstream migration 

were generally related (although not all significantly), Amphitrite 

Point was chosen as best suited to describe the early ocean environ- 

ment. It had the further advantage of being continuous through the 

entire time series. Bonneville Dam flow and turbidity were highly 

correlated, so only flow was used. 

The first step was a multiple regression analysis with the four 

variables of escapement (X1), ocean temperature (X2), troll intensity 

(X3), and river flow (X4) vs. total return (Y1) for the 1938 =46 period 

(Table 21, Problem 1). Considering only ocean temperature, a multiple 

correlation coefficient (R2) of 0.569 is realized (R = 0.754). This 

means in effect that 57% of the variability in the returning run can 

be accounted for by the ocean temperature at downstream migration and 

that there is good fit to the regression plane. Including troll fish- 

ing intensity in the regression brought R2 up to 0.74 and R = 0.859. 
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TABLE 21. MULTIPLE REGRESSION ANALYSIS, VARIABLES: 
ESCAPEMENT (X1), AMPHITRITE POINT MEAN JUNE 
SEAWATER TEMPERATURE (X2), WASHINGTON TROLL 
FISHING EFFORT (X3), MEAN APRIL -MAY COLUMBIA 
RIVER FLOW AT BONNEVILLE DAM (X4), SEASIDE 
BEACH MEAN MAY SEAWATER TEMPERATURE (X5), 

MEAN OCTOBER ROCK ISLAND DAM WATER TEMPERATURE 
(X6) VS. TOTAL RETURN (Y1) AND RETURN PER 
SPAWNER (Y2), BY BROOD YEAR. 

Problem 1. Variables X1, X2, X3, and X4 vs. Y1 for 1938 =46 brood years. 

Variable b 

X2 -70.075 ®3.960 0.569 t.10 = 1.943 with 6 d.f. 
X3 ®4.560 ®1.963 0.738 

Total 0.747 

Cumulative 
t R2 

Problem 2. Variables X2 and X3 (with quadratic and interaction terms) 
vs. Y1 for 1938-46 brood years. 

Cumulative 
Variable b t R2 

X2 -66.355 3.836 0.569 t.10 = 1.943 with 6 d.f. 
X3 -0.085 -1.981 0.740 

Total 0.740 

Problem 3. Variables X1, X2, X3, and X4 vs. Y2 for 1938 ®46 brood years. 

Cumulative 
Variable b t R2 

X1 -0.064 -11.221 0.924 t.10 = 2.132 with 4 d.f. 
X2 -0.417 ®3.681 0.980 
X3 -0.013 -0.905 0.984 
X4 0.000 0.030 0.984 

Total 0.984 

Problem 4. Variables X1 through X6 vs. Y1 for 1947 =59 brood years. 

Cumulative 
Variable b t R2 

X3 6.093 2.197 0.307 to10 = 1.812 with 10 d.f. 
Xl 9.160 0.650 0.335 

Total 0.359 
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TABLE 21. (CONTtD) 

Problem 5. 

Variable 

Variables X1, X2, and 
terms) vs. Y1 for 1947-59 

b t 

X3 (with quadratic and interaction 
brood years. 

Cumulative 
R2 

X3 139.606 2.772 0.307 t010 = 1.943 with 6 d.f. 
X32 -1.436 =2.809 0.490 
X1X2 -0.173 2.367 0.665 
X12 0.008 2.263 0.735 
X1X3 0.176 2.713 0.802 

X1 -20.552 2.773 0.813 
Total 0.860 

Problem 6. Variables X1 through X6 vs. Y2 for 1947 =59 brood years. 

Cumulative 
Variable b t R2 

X1 -0.026 -2.834 0.605 to10 = 1.895 with 7 d.f. 

X2 -0.354 =1.166 0.650 
X4 -0.008 -1.016 0.698 
X6 -0.113 -9.342 0.702 

X5 0.061 0.212 0.704 
Total 0.705 

Problem 7. Variables X11, X2, and X3 (with quadratic and interaction 
terms) vs. Y2 for 1947-59 brood years. 

Cumulative 
Variable b t R2 

X1X2 0.003 2.031 0.613 t 10 = 1.860 with 8 d.f. 
X12 0.004 5.350 0.803 

X1X3 0.002 2.522 0.871 

X1 -0.379 -3.177 0.916 
Total 0.949 
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TABLE 21. (CONT'D) 

Problem 8. 

Variable 

Variables X1 through 

b t 

X6 vs. Y1 for 1938-59 brood years. 

Cumultive 
R 

-15.643 =3.010 0.315 t 10 = 1.740 with 17 d.f. 

X2 -50.034 4.770 0.387 

X4 -0.790 -1.258 0.432 

X1 1.022 1.043 0.466 

Total 0.468 

Problem 9. Variables X1, X2, X , and X4 (with quadratic and interaction 

terms) vs. Y1 for 1938-59 brood years. 

Cumulative 

Variable b t R2 

X2X3 9.246 2.193 0.351 t.10 = 1.753 with 15 d.f. 

X3 -573.923 -2.274 0.436 

X22 ®4.226 -2.352 0.456 

X2X4 -0.093 -0.955 0.507 

X3X4 0.077 0.782 0.555 

X32 0.530 0.757 0.572 

Total 0.754 

Problem 10. Variables X1 through X6 vs. Y2 for 1938-59 brood years. 

Cumulative 
Variable b t R2 

X1 -0.024 -2.727 0.347 t.10 y 1.740 with 17 d.f. 

X4 -0.010 -1.801 0,487 

X2 -0.510 -1.997 0.574 

X3 =0.106 -2.280 0.632 
Total 0.636 

X3 
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TABLE 21. (CONTI))) 

Problem 11. Variables X1 through X4 (with quadratic and interaction 

terms) vs. 12 for 1938-59 brood years. 

Cumulative 
Variable b t R2 

X1X3 0.001 =2.501 0.459 t = 1.740 with 17 d.f. 

X2X4 -0.0003 -2.373 0.548 

X22 0.004 1.917 0.599 

X1X4 0.0001 1.325 0.637 
Total 0.796 
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The addition of escapement and river flow brought R2 only to 0.75 

indicating they played an insignificant role in influencing return and 

were not significant variables as shown by low t values. 

If the relationships are actually curvilinear rather than linear, 

or if interaction occurs between the variables, then the introduction 

of quadratic and interaction terms through a response surface program 

will give a better fit. Table 21, Problem 2 shows the relation of 

ocean temperature and fishing effort to return, with these terms con- 

sidered. In this case, no benefit is realized, with the R2 of 0.74 

almost identical to the linear model. 

Some judgment decisions are necessary in interpreting the computer 

runs, The variables are inserted stepwise and arranged and printed out 

in decreasing order of contribution to the total R2. As additional 

variables are inserted, the degrees of freedom are reduced and vari- 

ables change in significance. Therefore a step was chosen which gave 

the maximum number of significant variables along with a reasonably 

high R2. In some cases, nonsignificant variables were included because 

they contributed appreciably to the R2. 

The same procedure was followed with the other dependent variable, 

return per spawner (Table 21, problem 3). Due to the very high corre- 

lation between escapement and return per spawner, the other factors 

assume a rather unimportant position. For example, escapement and 

return per spawner gave a R2= value of 0.924 (R = 0.961). Including 

ocean temperature brought R2 to 0.980 and this was still a significant 

factor, but troll intensity and river flow were not significant. The 

introduction of quadratic and interaction terms on only escapement and 
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sea -water temperature did not improve the relationship in this case 

and is not shown. 

For the brood years 193846 then, return to the river was strongly 

and inversely correlated to ocean temperature at the time of downstream 

migration and less so, but still significantly with the intensity of 

the troll fishery. The production rate or return per spawner was 

influenced by the number of spawners and the ocean temperature. 

With such a high level of correlation, prediction of the dependent 

variables becomes possible. This is, of course, the ultimate aim of 

such research and a goal of science. A predicting equation of the form 

A 
Y = 4471.560 -0.293X1 m 65.274X2 m 4.073X3 4 0.107X4 

was used for the 1938-46 period. A comparison of predicted and actual 

return to the river for the early period is shown in Figure 87 A. The 

agreement is rather remarkable and adds confidence in the conclusions 

reached. 

The same procedure was followed for the 1947 -59 -brood years but 

with the addition of a few more independent values. Considered first 

in the multiple regression were escapement (X1), Amphitrite Point June 

water temperature (X2), Washington troll fishing effort (X3), April - 

May Bonneville Dam flow (X4), Seaside June water temperature (X5), and 

Rock Island Dam October temperature (X6) vs. total return (Table 21, 

Problem 4). The only significant variable was troll intensity and it 

accounted for only 31% of the variation. Including all the other vari- 

ables added only 5% to the regression. Unlike the previous time period, 

the regression slope with troll effort is positive. Figure 46 shows 
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that this is largely occasioned by two years, 1956 and 1957. If they 

were excluded there would probably be no relationship at all. 

Reducing the problem to three variables: escapement, Amphitrite 

temperature, and troll intensity, and introducing quadratic and inter- 

action terms greatly improved the relationship indicating that non- 

linear relationships existed between one or more of the variables 

(Table 21, Problem 5). In order of contribution to the R2 were troll 

intensity, troll intensity squared, interaction of escapement and ocean 

temperatures, escapement squared, interaction of escapement and troll 

intensity, and escapement. Amphitrite Point water temperature had a 

negligible effect by itself. Actual and predicted returns for the 

1947 -59 broods are also shown in Figure 87. An excellent prediction 

is illustrated in spite of what appeared to be rather poor corre- 

lations. 

Considering variables X1 through X6 as above on return per spawner, 

only escapement had a significant effect. Escapement accounted for 

0.605 and sea -water temperature only 0.045 of the total R2 of 0.705. 

Introducing quadratic and interaction terms on escapement, ocean 

temperature, and troll intensity gives a total R2 of 0.949 (Table 21, 

Problem 7) with escapement contributing most to it. 

Next I grouped all the brood years for the period 1938 -59 into 

one program and tested escapement (X1), Amphitrite Point June water 

temperature (X2), troll intensity (X3), April -May Bonneville Dam flow 

(X4), Tongue Point water temperature (X5), and Rock Island Dam October 

water temperature (X6) against return (Y1) (Table 21, Problem 8). 

Troll intensity and Amphitrite water temperature were the only 
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significant variables, with troll intensity highly so, but river flow 

and escapement contributed to the R2. The total R2 was only 0.47 

however. 

Adding quadratic and interaction terms on X1 to X4 and carrying 

through six steps gave a R2 of 0.572 (Table 21, Problem 9). Inter- 

action of Amphitrite water temperature and troll intensity, water 

temperature squared, and troll intensity were significant variables 

at the 5% level. Entering the other variables, although they were 

not significantly related, brought the final R2 to 0.754. 

Taking the six variables against return per spawner showed signi- 

ficant relationships for escapement, river flow, seawater temperature, 

and troll intensity (Table 21, Problem 10). Escapement and troll 

effort were significant at the 5% level, the other two at 10 %. Spawn- 

ing and estuary temperatures were not significant. With the early 

and late periods combined, the linear correlation coefficient between 

escapement and return per spawner is lower (r = -0.589) than when 

treated separately (r = -0.961 and =0.778), thus permitting the other 

variables to enter into the regression. This is the first time that 

river flow has assumed a significant role in this analysis. However, 

the negative slope indicates that it is not the expected one; i.e., 

high flows give high survival and returns. The total R2 of 0.634 

(R = 0.798) is lower than when the periods were separate, but still 

high. 

Entering quadratic and interaction terms on variables X1 through 

X4 on Y2 gives a R2 of 0.796 (Table 21, Problem 11). The three signi- 

ficant variables--escapement-troll interaction, temperature -flow 
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interaction, and temperature squared--built up a R2 of 0.60, but the 

addition of more variables increased it to 0,80, even though they were 

not significant. 

The regression of Problem 9 allows a predicting equation to be 

formulated which should depict the numbers of fish in the returning 

run as based on the relationship between troll fishing effort, ocean 

water temperature, river flow at time of downstream migration, and 

numbers of spawners. The equation used consists of 14 variables, too 

lengthy to calculate by hand, but the computer calculates each year's 

return based on this formulae. The results of the predicted return 

compared to the actual return is shown in Figure 87, B. The agreement 

is good except for two years, 1944 and 1952. The reason for these dis- 

crepancies is not clear. The troll fishing effort on the 1944 brood 

reached a high level of 54,100 trips after increasing the two preced- 

ing years. It will be remembered from the effort vs. run curve for 

the years 1938°50 (Figure 46) that effort over 50,000 units produced 

a very sharp downturn in the returning run; probably enough to depress 

the predicted run. The other factors were near or less than average. 

In effect, the equation predicted the decline of the run a year before 
it happened. For the 1952 brood, troll effort took a temporary drop 

and the Bonneville flow was rather low which might have been enough to 

raise the prediction considerably above the actual. Considering every- 

thing, however, the equation does depict the history of the run fairly 

accurately and substantiates that ocean fishing effort played the major 

part in determining the numbers of fall chinook returning to the 

Columbia River. Further confirmation could be obtained by predicting 
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the outcome of keeping the fishing effort low and constant. This was 

accomplished by substituting the mean value of fishing effort for the 

l938 -42 -brood years (32,900 trips) for the actual value into the 

Problem 9 equation: 

= 15,533.050+ 9.246 X2 X3 m 573.923 X3 m 4.226 X22 

.093 X2X4 + .077 X3X4 + .530 X32. 

The result is shown in Figure 88. Mathematically, keeping one vari- 

able constant exaggerates the effect of the others which results in 

wide fluctuation in the predicted values. Still it is clear that if 

the troll fishing intensity had remained low, the predicted returning 

runs would have, on the average, been at the predecline level. The 

exceptionally low predicted values in 1945-46 and 1957 were caused by 

high ocean water temperatures and above average river flow, while con- 

versely the high values in 1943 and 1954 were occasioned by low temper- 

atures and flows. 

The multiple regression analysis yielded predicting equations 

which made accurate "hindcasts" of returning runs. One of the major 

problems and goals in salmon management is to be able to predict runs 

with some degree of accuracy. A logical extension of the present work 

is to forecast returning runs based on analysis of environmental 

factors. This approach is beyond the scope of this report, but it is 

suggested that a predicting equation be computed beginning with the 

1948 brood and extending as far as possible into more recent years. 

This would permit inclusion of British Columbia and Oregon troll fish- 

ing effort as well as sport fishing effort and the effect of dams built 

in recent years. The most meaningful variables appear to be ocean 
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fishing intensity, escapement, ocean water temperature during a brood's 

first summer, and river flow during downstream migration. Loss of 

spawning area may be a factor to consider in the future and also the 

increased contribution of hatchery- reared fish. In order to predict 

a year's run it is necessary to prorate brood -year production into run 

years; i.e., a run would consist of elements from four brood years. 

However, three- and four -year olds comprise most of the run, and the 

ratio is relatively constant; thus no appreciable error should be 

introduced. 
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DISCUSSION 

The hypothesis that increased fishing effort in the ocean was 

largely responsible for the decline in the fall chinook run has been 

proven both by direct correlation, by the classic effects of exploi- 

tation on a population, and by the process of elimination of other 

environmental variables that were shown to have no effect or did not 

change. Still, the bothersome point remains why have not other 

chinook runs declined in a like manner. An explanation of this 

question may be obtained by an examination of ocean habitat of 

different populations, fishing intensity by area, and growth rate. 

In the section on ocean life we showed that lower river fall 

chinook are largely confined to the area from the Columbia River to 

mid -Vancouver Island, with some individuals scattering to mid-Oregon 

and northern Vancouver Island. Upper river fall chinook are also 

found in this area, but many go into the northern Gulf of Alaska and 

are taken only on their southward migration during the summer. 

Columbia River spring and summer chinook for the most part apparently 

migrate into the northern latitudes where they reside until approach- 

ing maturity sends them south. Undoubtedly numbers are taken by the 

troll fishery, but the main migration is over before the fishery 

reaches its peak. Fall chinook from the Sacramento River migrate 

north along the California and Oregon coast with numbers decreasing 

rapidly along the Washington coast. Chinook from Oregon coastal 

rivers were shown to be in fair abundance off Alaska, northern British 

Columbia, and Oregon. Possibly some races of coastal chinook migrate 
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long distances and others are more local -like Columbia River fall 

chinook. An interesting deviation from the predominant northward 

movement are fin -clipped spring chinook from the Rogue and Umpqua 

Rivers. These fish were found predominately south of their home 

streams along the southern Oregon and California coasts (FCO, 

unpublished mark recovery data). Puget Sound chinook are found 

from Cape Flattery north through southeastern Alaska, but there was 

a definite tendency for immature Puget Sound fish to be relatively 

less available than immature Columbia River stocks off Vancouver 

Island (see Figure 21). If fishing intensity varies between areas, 

then some stocks could be subjected to greater mortality than others. 

This concept was explored by examining numbers of landings by pert 

and fishing days by area. Table 21 gives a tabulation of fishing 

effort by area for 1963 for California to northern British Columbia. 

No effort data were available for Alaska. Days fished by area are 

given in British Columbia catch statistics but for the other areas 

it was necessary to convert trips to days. This was accomplished by 

tabulating sampling data for 1963 from the various ports which gave 

the following values for average number of days of fishing per trip: 

Southern Oregon - 1.5; Central Oregon (Newport -Depoe Bay) = 1.6; 

Columbia - 2.6, Grays Harbor ®LaPush m 1.6; and Neah Bay = 3.3. 

Sampling at Columbia River ports probably did not representatively 

cover the day boats and the value of 2.0 was used in this case to con- 

vert number of landings to days. Since the California fishery is 

similar to southern Oregon, the figure of 1.5 days per trip was used. 

Sport fishing intensity in angler days is also shown. The sport 
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fishery off Vancouver Island is assumed to be negligible. In order 

to arrive at a common unit of measurement, sport days were equated to 

commercial days, using the value of 20 sport days as equal to one 

commercial day. This may have some relation to reality because 

commercial boats commonly fish about 20 hooks. These effort figures 

are not meaningful unless related to some measurement of area. 

Therefore the miles of coastline in each division were considered and 

the number of days of fishing per mile was computed. Southern 

Vancouver Island and Cape Flattery areas were combined since they are 

continuous and most of the effort is on the fishing banks off southern 

Vancouver Island. 

An examination of Table 22 shows that considerable differences 

exist in fishing effort between areas. The lowest intensity occurred 

off northern British Columbia at less than 100 fishing days per mile 

while the greatest occurred off Cape Flattery and southern Vancouver 

Island at almost 800 days per mile. Little wonder that a large pro- 

portion of the chinook tagged in the latter area are recaught in the 

same vicinity. 

Grouping the areas into: (1) northern Vancouver Island and 

northern British Columbia, (2) southern Vancouver Island to the 

Columbia River, and (3) Oregon and California coast, reveals that fish 

occupying area 2 are exposed to approximately three times-the fishing 

intensity of those in area 3. This corresponds roughly to the ocean 

domain of Columbia River and Sacramento River fall chinook, respec- 

tively. Those stocks migrating into northern British Columbia are 

exposed to a relatively low fishing effort. Although no data are 



TABLE 22. OCEAN FISHING EFFORT BY iRE,s, 1963. 

Sport Combined Total Combined <.reas 

Commercial No. Nautical Fishing Days Comm. & Iishing Days 

No. No. Angler Commercial Miles of per Mile Sport Lays per 

Trips Days Days equiv. Coast Line Comm. Sport Days per Mile Days riles Mile 

N. British Columbia 29,7821/ 0 0 300 99.3 C.0 29,782 99.3 

(District 2) 

54,598 450 121.3 
N. Vancouver Island 24,8161/ 0 0 150 165.4 0.0 24,816 165.4 

(Areas 24 -27) 

S. Vancouver Island 32,6991/ 0 0> 
(Areas 20 -23) 

70 762.8 620.0 55,560 793.7 

Cape Flattery 6,2702/ 20,691 43,4004/ 2,170_, 7 

Washington Coast 13,85921 22,174 157,3004/ 7,865 956/ 233.4 1,655.8 30,039 316.2 j 106,593 250 426.4 
(LaPush, Grays, 

and Willapa 
Harbors) 

Columbia 7,436!/ 14,868 122,5304/ 6,126 85 174.9 1,441.5 20,994 247.02 

Central Oregon 3,2822/ 5,251 80,9514/ 4,048 75 70.0 1,079.3 9,299 124.0 O 

91,126 585 155.8 
S. Oregon 9,9172/ 14,876 111,8984/ 5,595 135 110.2 828.8 20,471 151.6 

California 37,0613/ 55,592 115,2833/ 5,764 375/ 148.2 307.4 61,356 163.6 

1/ British Columbia catch statistics by area and type of gear, 1963. Department of Fisheries of Canada, Pacific .rea. 

2/ Washington Department of Fisheries and Fish Commission of Oregon, unpublished data. 
3/ Status of major North American stocks of Pacific salmon and steelhead. Pacific Salmon Interagency Council, deport No. 4. July 1966. 

4/ Washington State Department of Fisheries, 73rd Annual Report, 1963 and Oregon State Game Commission Fishery Division, 1963 Annual Leport. 
5/ Jensen and Swartzell (1967). 
6/ Cape Alava to Willapa Bay. 
7/ Oregon border to Point Sur. 
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given for Alaska, it is probably similar to northern British Columbia 

with its long and rugged coastline. Furthermore, fish migrating north- 

west of Cape Fairweather, as many upper Columbia River, British 

Columbia, and Alaskan stocks do, are exposed to virtually no fishery 

there. 

Additional information on differential ocean fishing mortality 

can be obtained by examining the early life history and growth rates 

of different stocks. Spring chinook in the Columbia, as well as other 

rivers, stay in fresh water most of their first year of life, migra- 

ting downstream in the spring of their second year. Most fall chinook, 

on the other hand, migrate to the ocean the first spring or summer. 

This difference in behavior causes a considerable difference in size 

and availability to the fishery. Generalized growth curves for spring 

and fall chinook were shown in Figure 29. A typical spring and fall 

chinook would show the following average fork length (inches) at the 

end of each winter: 

I II III IV 

spring 4 17 26 31 

fall 12 21 28 33 

This means that fall chinook become available to the ocean fisheries 

earlier than spring chinook. For example, spring chinook would be 

largely unavailable to a sport fishery with a 20 -inch size limit 

(18- inches fork length) in their second year, whereas fall chinook 

would be available in midsummer. Likewise, spring chinook would not 

be retained by the troll fishery with a 26 -inch size limit (24 inches 

fork length) until near the end of their third summer, whereas fall 
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chinook could be retained much earlier in the season. Many spring 

chinook mature in the spring of their fourth year and are thus exposed 

to no further ocean fishing. A fourth-year fall chinook would bs 

exposed to another full year of fishing before maturity in the late 

summer. 

This difference can also be shown in Figure 32, age- length- 

frequency distributions of a sample of the troll catch. This sample 

is biased somewhat towards the early spring fishery off the Columbia 

River which accounts for few two -year fish (ocean -type, sub -ones) and 

a larger than usual number of mature spring chinook (stream-type, sub - 

twos). It illustrates the size range of the two components of the 

fishery, however. Two -year sub -twos are almost never seen in the 

fishery, even as undersized fish, while two-year sub become 

abundant late in the season, although only a few of the largest reach 

commercial legal size. The majority of the three-year sub -ones are 

recruited into the fishery while the same age group of sub -twos are 

not. The size difference diminishes in the four-year olds, both 

being fully available, but the ocean-types average slightly larger, 

making them more vulnerable to a gear -selective fishery. Considerable 

numbers of maturing five-year spring chinook were found in the sample 

while five -year -old fall chinook were decidedly uncommon. In effect 

then, taking a brood of fall chinook destined to mature at four years 

about one-half would be exposed to a sport fishery in their second 

summer; all would be available to the sport fishery and most to the 

troll fishery in their third year; and all would be exposed to virtually 

a full season of fishing before entering the river in the fall of their 
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fourth year. A similar brood of spring chinook would not be subjected 

to fishing in their second year; most of the three-year fish would be 

recruited into the sport fishery but only the larger ones into the 

troll fishery; maturing in April of their fourth year, they would 

largely escape the fishery. This lag in growth for spring chinook 

benefits them to the extent that they are exposed to a full year's 

less fishing than fall chinook. 

Somewhat more upper Columbia River spring - summer chinook (stream - 

type early life history, average 1955 ®64 run of 335,000) enter the 

river than fall chinook (ocean-type, average 1955 =64 run of 287,000), 

yet sampling the ocean fishery throughout their range shows a rather 

consistent proportion of only 10 -20% stream-type fish. This again 

illustrates the differential fishery on various stocks. A combination 

of different ocean migratory habits and growth rates allows the carry 

over to maturity of considerable numbers of five-year spring chinook, 

but few fall chinook survive to this age. 

An analogy can be made between chinook and coho salmon. Coho 

spend their first year in fresh water, migrating to sea early in their 

second year. Only jacks are taken as two-year olds. The three -year 

old adults appear on the fishing grounds usually around mid -June and 

are fished intensively until mid-September, when they slacken feeding 

and begin their spawning migration. Thus, a year class is exposed to 

only three months of ocean fishing. Even though large numbers are 

taken during this brief period, the condition of the resource is con- 

sidered good. 
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The point of differing availability of three= and four-year fish 

was also brought out in reference to Table 10. It was shown that the 

proportion of Columbia River hatchery three-year fish (1961 brood) in 

the total Washington troll catch in 1964 was 30%, but dropped to 13% 

as four -year olds in 1965. This confirms that Columbia River hatchery 

fish are more available as three's than as four's and are replaced by 

other stocks as four -year fish that had probably been less available 

as three's. 

Further confirmation of differing marine rates of exploitation 

and how they affect abundance of various stocks can be determined from 

an examination of mark recoveries from different hatchery stocks. 

Heyamoto and Kiemle (1955) give recoveries for several fall chinook 

marking experiments on Puget Sound streams, as well as the Kalama 

River experiment which has been previously mentioned. Two 1949 -brood 

experiments are particularly pertinent: 204,000 fall chinook were 

marked Ad-RV and planted in the Deschutes River (tributary to southern 

Puget Sound) in June 1950 and 199,000 fall chinook were marked Ad-BV 

and planted in the Kalama River (tributary to the lower Columbia River) 

the same month. Table 23 gives calculated returns. Although the fact 

that numbers of the Deschutes River fish stayed in Puget Sound and were 

exposed to a sport fishery of considerable magnitude presents a compli- 

cating factor, the important thing is the reversal of ocean take on 

three- and four -year fish: relatively few three -year Deschutes fish 

were taken at sea; proportionately more Kalama fish were captured at 

sea in their third year. The authors comment on the Deschutes experi- 

ment: "Most of the marked fish captured by the troll fisheries were 



TABLE 23. COMPARISON OF RETURNS FROM TWO 1949 -BROOD FALL CHINOOK MARKING EXPERIMENTS, DESCHUTES RIVER (PUGET SCUNL), 

AND KALAMA RIVER (COLUMBIA RIVER). 

19521/ 19533/ Combined 

Puget Sd. 
or 

Ocean Columbia R. Escape- 
Total 

Puget Sd. 
or 

Ocean Columbia R. Escape- 
ment Total 

Puget Sd. 
or 

Ocean Columbia .R. Escape - 
ment Total 

Comm. Sport Comm. Sport ment Comm. Sport Comm. Sport Comm. Sport Comm. Sport 

Deschutes R. 141 3 146 2,172 550?/ 3,012 514 1 5 599 828 1,947 655 4 151 2,771 1,378 4,959 

Per cent 
13.2 0.1 3.0 55.9 27.8 

Kalama R. 668 44 0 0 4 

Per cent 

716 253 4 172 43 176 648 921 

E7.5 

48 

3.5 

172 

12.6 

43 

3.2 

181 

13.2 

1,364 

1/ Includes a few two -year olds recovered in 1951. 

2/ Corrected from original publication. 

3/ Includes a few five -year olds recovered in 1954. 
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four -year olds. Perhaps their early life existence in Puget Sound 

delayed their entrance as a group into the ocean areas." This may be 

true, since few third-year Deschutes chinook were taken at sea before 

July while many Kalama fish were caught in the spring of their third 

year. On the other hand, many of the third-year Puget Sound fish may 

have been in offshore areas not fished by the troll fleet. If Puget 

Sound fish went farther north off northern Vancouver Island and the 

Queen Charlottes (there was little mark recovery effort there), they 

would have been exposed to considerably less fishing than if they had 

remained off southern Vancouver Island or turned south (Table 22). 

Tagging indicates that this situation does exist. 

There appears to be some intermixing between "inside" and "outside" 

Puget Sound. Bayliff (1953) reporting on several chinook tagging 

experiments in Puget Sound (mostly two-year fish) found only 12% of 

the marine recoveries from outside the Sound, but he concluded from 

the tag distribution by time that "...a considerable portion of the 

inside stocks that survive to two or more years of age may go outside." 

In a later experiment, only 10 of 65 recoveries (15%) were offshore 

(Haw and Lasater, 1963). The distinction is much clearer with coho; 

tagging two-year fish inside Puget Sound during spring and summer 

resulted in almost no recoveries outside (Bayliff, 1953; Lasater and 

Haw, 1961), those coho destined for outside apparently leave before 

becoming available to the tagging gear. Haw, Wendler, and Deschamps 

(1967) conclude that chinook in the north sound were transients, but 

those in the south sound were resident. 
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Different growth rates could be an important factor in determining 

availability to the ocean fishery. If Puget Sound fish remained in 

inside waters for up to two years they would show a depressed growth 

compared with stocks that went to the ocean shortly after leaving 

fresh water, and would thus not be available to the troll gear or 

could not be retained if caught until later in their life. This 

certainly is the case with coho where two distinct size groups can be 

differentiated (Milne, 1950; Allen, 1959). In any event, the Puget 

Sound chinook are less available to the ocean fishery and chances of 

survival to the spawning stage are improved. 

Considering the combined returns, only 137. of the Deschutes fish 

were taken in the ocean fishery while 71% of the Kalama fish were 

taken at sea. The total catch -to- escapement ratio was approximately 

3:1 for the Deschutes and 9:1 for the Kalama--or three times as much 

for a Columbia River as for a Puget Sound stock. The apparently 

intense inside sport fishery had less effect on ultimate survival than 

the outside troll fishery; in effect, Puget Sound may offer a somewhat 

protected environment. 

Several other smaller experiments on 1948® and 1949 -brood Green 

and Puyallup stocks showed essentially the same pattern of a predomi- 

nance of four -year rather than three-year fish in the troll recoveries, 

while a replicate to the Kalama experiment for Oxbow Hatchery near 

Bonneville Dam showed a majority of third -year recoveries. It is not 

surprising then, with this difference in fishing mortality, that some 

Puget Sound hatcheries are exhibiting near record runs of chinook 

while Columbia River hatcheries, for the most part, remain in the 

. 
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doldrums. Considering that marking reduces the growth rate and slows 

maturity (Cleaver, 1967), the effect of fishing on unmarked fish is 

possibly greater than indicated. 

The chief conclusion of this thesis is that during the period of 

study, fluctuations in abundance of Columbia River fall chinook runs 

were to a large extent related to the intensity of the ocean fishery 

and that the decline in the run was caused by an increase in ocean 

fishing. It does not necessarily follow that overfishing Per se 

occurred, however. This is a matter of definition or viewpoint. Many 

definitions of overfishing have been used and some are discussed by 

Beverton and Holt (1957). Most authors have considered the biological 

problem of obtaining maximum sustained yield; overfishing occurs when 

production drops below this point. A generally held definition dis- 

cussed by Russel (1942) is that overfishing occurs when fishing has 

developed to a stage at which not only the catch per effort, but also 

the equilibrium catch declines. Schaefer (1954) defines equilibrium 

catch as the long-term annual production of a fishery for a given 

level of population and effort. Certainly the catch per effort in the 

troll fishery largely dependent on Columbia River chinook has declined, 

and very likely the equilibrium catch also, although this cannot be 

positively demonstrated with the available data. Figures 48 and 55 

suggest that the total yield has been depressed at the higher levels 

of fishing. Recently there has been a tendency to distinguish between 

"biological" and "economic" overfishing, but discussions soon become 

involved in semantics and differing economic theories. Beverton and 

Holt (1957) "...describe as overfishing other conditions in which 
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there was some profit but not as much as could result from a still 

better adjusted fishing activity." Graham (1951) adopts the general 

definition of simply "too much fishing"--involving biological, 

economic, or other factors. 

The works of Parker (1960) on chinook salmon, Ricker (1962) and 

Parker (1963) on sockeye, Ricker (1964) on pink and chum, and 

Hirschhorn (1966) on pink salmon leave little doubt that offshore 

fishing, particularly when the fish are taken before their ultimate 

year, results in a smaller yield than when the fish are taken in a 

coastal fishery on their spawning migration. 

The point that the fish might be more valuable economically when 

taken offshore, especially when taken in the sport fishery can be 

argued, however. The price per pound to the trollers is somewhat 

higher than to the gillnetter, the fish are sometimes in better con- 

dition, they provide fresh fish to the market for a long period rather 

than just a short peak catch; the various high values associated with 

a sport fishery harvest are well known, all of which may or may not 

compensate for the loss in weight of fish harvested. These arguments 

have been and will be pursued ad infinitum, but from a strictly bio- 

logical standpoint, overfishing in its usual connotation has occurred. 

A study of the population dynamics of chinook salmon by determinations 

of growth and mortality rates and maturity would seem desirable. Con- 

ceivably, fishing at a lower level than presently would capitalize on 

the rapid growth and could result in a better economic yield to the 

troll fishery of larger, more valuable fish with obvious benefits to 

the other users of the resource. Prior to World War II, a fairly 

- -- 
t 

t. 
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substantial troll fishery existed off the Washington and Vancouver 

Island coasts apparently harvesting a larger size of fish at a higher 

catch per effort, while still permitting large fall runs to enter 

the Columbia River. 

It would be impossible to revert back to the "good old days," 

but some reduction in fishing effort would seem in order. A possible 

approach might be a quota for the areas where those populations being 

overfished are concentrated. This, however, presents the problem, 

with mixed stocks, of underfishing some populations. 

Another point of view is that the harvest has merely shifted 

from the inside waters to the outside and the province of the regu- 

latory agencies is not to determine who catches the fish. This, too, 

is a perfectly valid approach as long as the escapement is maintained 

at a level which provides the maximum number of recruits to the fish- 

ery, and there is no evidence to show that the escapement was reduced 

below that level except for a short period in the mid- 1950's. With 

further reduction of spawning area for fall chinook, deterioration 

of the fresh -water environment, and losses at dams it behooves us 

to examine carefully our management policies to determine if we are 

making the best possible use of this limited and valuable natural 

resource. 

I emphasize that the results of this study apply only to the 

years of investigation (1938-59 broods) and to the fall run of 

chinook salmon and should not be extrapolated to other years or other 

species or runs. During these years, fresh =water factors appeared to 

have little influence on abundance, but during most of this period the 
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environment changed relatively little. Bonneville, Grand Coulee, Rock 

Island, and Swan Falls Dams were present throughout the study period, 

but for a period of 15 years following 1938 no other dam affecting 

fall chinook was built. McNary Dam went into operation in 1953, Chief 

Joseph in 1955, The Dalles in 1957, Brownlee in 1958, and Priest 

Rapids in 1959. Rocky Reach, Ice Harbor, and Oxbow Dams were completed 

in 1961 and Wanapum in 1963. John Day Dam will become operative in 

1968 and four additional dams are under construction on the Snake River. 

Thus the effect of the very recent era of intensive river development 

was hardly covered in this analysis. All of these projects have, or will 

have, some detrimental effect on fall chinook through direct mortalities 

or flooding of spawning areas. Perhaps the combined effects of passage 

over a continuum of dams will reveal a serious reduction in returns 

that was not evident for the dams completed through 1959. Since the 

prospects for continuation of a high level of natural production do 

not appear optimistic, reliance on maintaining the fall chinook stocks 

must be increasingly placed on hatcheries, spawning channels, and better 

fisheries management. 
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SUMMARY 

1, A study of the population ecology of Columbia River fall chinook 

salmon was made in an attempt to determine the cause of a serious 

decline in this stock of fish. A generalized life history pattern 

indicates that the adults enter the Columbia River in August and 

September, at the end of their second to fifth summer, and spawn 

in September, October, and November. The eggs incubate in the 

gravel for several months, the larvae hatch and emerge from the 

gravel in the early spring, and most of the juveniles migrate to 

the sea early in their first year. They are exploited in the 

ocean by troll and sport fisheries beginning in their second 

year and return to their home stream to spawn at maturity. At 

least two fall races are considered to exist: a lower river race 

that spawns in the tributaries below and near Bonneville Dam, with 

many handled by hatcheries, and an upper river race spawning in the 

main stem of the Columbia and Snake Rivers above The Dalles Dam. 

2. Population fluctuations in other major salmon runs since 1938 were 

examined to detect any pattern that may exist on a coastwide basis. 

The only chinook run that showed any resemblance to Columbia River 

fall chinook was the one entering Cook Inlet, Alaska. This run 

showed a decline in the early 1950's which was ascribed to over - 

fishing. Other chinook runs were remarkably stable or their 

fluctuations were out of phase with Columbia River fall chinook. 

Coho salmon populations are in good condition with the possible 

exception of those in southeastern Alaska. Chum salmon runs from 
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Oregon through southeastern Alaska have generally declined since 

the early 1950's, in most areas a few years following the Columbia 

River fall chinook decline. Adverse marine conditions and over - 

fishing have been frequently suggested as causes. Perhaps the 

combination of a series of unfavorable years for reproduction and 

an intense fishery depressed the populations to a low level from 

which they are unable to recover. Pink salmon show a long-term 

decline in several important areas, but in recent years have 

started a comeback. Overfishing was cited as a cause of the 

decline in Alaska. Sockeye salmon in Alaska show a long-term 

reduction in productivity, the cause of which is still uncertain. 

Other sockeye runs show a level trend, but with great fluctuations. 

Columbia River summer -run steelhead trout show a gradual decline. 

3. A review of ocean tagging and hatchery fin -marking experiments 

was made to show the areas inhabited by Columbia River chinook 

and their migrations at sea. Columbia River fall chinook are 

rarely found south of the central Oregon coast. Tagging off the 

Columbia River showed that Columbia River fish predominate. Fish 

tagged in the spring demonstrated a northerly movement along the 

Washington coast to Vancouver Island, with a return to the 

Columbia area during the winter, and then a repetition of the 

migration the next year. Tagging off Cape Flattery and Vancouver 

Island indicated the importance of Columbia River fall chinook to 

this area with 40-50% of the stream tag recoveries being from this 

population. Both immature and mature Columbia River fish were in 
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the area, but the majority of the Puget Sound stocks were mature. 

Off northern Vancouver Island and the Queen Charlotte Islands, 

Puget Sound -Fraser River stocks predominate, but many Columbia 

River fall chinook were also found. Off southern and middle, 

southeastern Alaska, 31% of the stream recoveries were Columbia 

River fall chinook and the fish were mostly mature, while in the 

northern part 52% belonged to this stock and were mostly immature. 

In northern British Columbia and Alaska only upper river fall \ 

chinook were found, while lower river fish were confined largely 

to the Columbia River -Vancouver Island area. Marked fish recover- 

ies of lower -river hatchery stocks confirmed the tagging in that 

few went south of the Columbia River or north of Vancouver Island, 

and a south -north migration was shown. Due to the lower fishing 

intensity over the large northern areas, abundance of lower river 

stocks there may be actually greater than indicated. 

4. Growth and maturity of Columbia River chinook is briefly discussed. 

Fish in the southern part of the range tend to be larger at each 

age than in the northern areas, fall chinook were larger at each 

age than spring chinook, and the fastest growing fish mature at 

the earliest age. A change in maturity or survival pattern for 

fish tagged in the Columbia -Grays Harbor areas between 194852 and 

1957 -62 is shown. 

5. Variations in survival rate as shown by ocean tagging and marked 

fish and hatchery returns are explored. Tag returns from the late 

1940's and early 1950's are contrasted with the late 1950's and 
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early 1960's. Total returns are approximately the same, but in 

the early period about as many fish were recovered in years follow- 

ing tagging as during the tagging season. In later years, few 

fish were recovered after the first season. It was demonstrated 

that increased ocean fishing, plus the tendency for the fish to 

mature at a smaller size, could easily account for this change. 

The return of marked fish to the river fishery or hatchery was 

much better in the 1919-43 period than in 1949-57 period. Includ- 

ing ocean recoveries in some of the later years brought the 

general magnitude of returns up to the former level. Analysis 

of adult returns to hatcheries indicates that survival was high 

in the mid- 1940's, followed by a decline to a low level in the mid - 

1950's, and then an increase, but not to former levels. Trends of 

abundance are similar to those noted on the spawning grounds and 

escapement over Bonneville Dam, suggesting that hatchery returns 

are influenced by factors affecting the run in general. 

6. A brief review of the oceanography of the area from the mouth of 

the Columbia to mid -Vancouver Island is given in an attempt to 

gain an understanding of marine factors that might affect the dis- 

tribution and abundance of fall chinook. This area is character- 

ized by weak and poorly defined currents easily influenced by 

changing wind patterns, runoff, and bathymetric irregularities. 

The general pattern is for northerly currents in winter and 

southerly currents in summer. Net transport is probably northward. 

Columbia River water lies north along the Washington coast in the 
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winter and extends in a plume southwest in the summer. The time 

of the transition in current pattern in relation to time of down- 

stream migration of fingerlings could have an effect on their 

distribution and survival. A documented spring bloom of phyto- 

plankton and zooplankton off the mouth of the Columbia should 

result in an abundance of food for downstream migrants. Off 

southern Vancouver Island, an important feeding area for Columbia 

River salmon, a northerly current exists in the winter, but 

summer currents are small or absent and a large eddy is formed 

off the Strait of Juan de Fuca. An examination was made of data 

on chinook salmon abundance compared with North Head Lighthouse 

air temperatures, Seaside Aquarium water temperatures and salin- 

ities, Neah Bay water temperatures, and Amphitrite Point 

(Vancouver Island) water temperatures during various months of a 

brood's first year at sea. A suggestive inverse relationship 

between chinook survival and Seaside and North Head temperatures 

in the spring is discernible. A statistically significant nega- 

tive correlation between return to the river of a given brood and 

average June Vancouver Island water temperature is shown for brood 

years 1938-460 Rather than a direct effect, warmer temperatures 

might reflect a northerly shift of the Westwind Drift, producing 

a southerly current off the coast which could displace fingerlings 

into an unfavorable area. The homing of adults from the north is 

discussed in light of the southerly current and probable lack of 

Columbia River olfactory cues in the late summer in the area north 

of the Columbia. 
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7. The ocean troll and sport fisheries for chinook salmon from south- 

eastern Alaska to central Oregon were examined. Historically, the 

northern troll fisheries off Alaska and northern British Columbia 

show a rapid increase to a high level then a long -term decline. 

Statistics presented suggest a relationship with Columbia River 

summer run and Oregon Washington coastal chinook, with overfishing 

a possible factor in declines of these runs. The southern area, 

Vancouver Island to Oregon, presents a picture of increasing land- 

ings of chinook until 1952, a high and level trend until 1957, 

then a decline. In the earlier years, 1935 -48, ocean catches are 

significantly correlated with runs entering the Columbia River, 

but this relationship breaks down in later years. Catch -effort 

statistics for the Washington troll fishery show an increase in 

effort, an increase in catch for a time then a drop, and a steady 

decrease in catch -per -unit effort -- almost a classic example of the 

effect of fishing on a stock. Comparison is made with other exploi- 

ted populations. Effort is negatively correlated with catch -per- 

unit effort, indicating that the fishery affects the abundance of 

fish. Fishing effort is also negatively correlated with numbers 

of fish returning to the river. A decrease in size and age of 

chinook taken by the troll fishery between the periods 1919 -30 and 

1949 -63 is demonstrated, further confirming that the ocean fishery 

is having a measurable effect on the offshore chinook population. 

The Japanese high -seas salmon fishery is absolved of blame in the 

decline of fall chinook. The rapid growth of the ocean sport 

fishery off the mouth of the Columbia and the Washington coast 

- 
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since 1950 is documented along with information on size, age, and 

maturity composition of the catch. Hooking mortality of under- 

sized salmon is discussed in light of the literature on the 

subject. Sublegal sized chinook discarded may, on the average, 

constitute 25% of the total catch and 40% of these may die. The 

statistics on numbers of salmon landed could thus be increased by 

10% to give a better picture of fishing mortality. Converting 

total ocean landings to numbers of fish emphasizes the increase 

in ocean catch and decrease in return to the river. Using tagging 

data, an estimate of the contribution of Columbia River fall 

chinook to the ocean fishery is made. It is shown that using such 

a method could underestimate, rather than overestimate as has been 

previously proposed, the actual contribution. Considering the 

estimated ocean take and numbers entering the river, there was no 

decline in the population in the early 1950's. Correlating esti- 

mated numbers of Columbia River chinook caught at sea with numbers 

entering the river shows a significant positive relationship for 

the years 1935-48 and a significant negative one for 1949 -58. On 

a brood -year basis, a significant negative correlation is shown 

for all years combined. The evidence, from several sources, is 

rather conclusive that the increase in the ocean fishery was an 

important cause of decline in the fall run. 

8. The 100 -year history and production of the Columbia River fishery 

is reviewed. Estimated proportions of spring, summer, and fall 

chinook are given. In the early years the catch was composed 
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entirely of spring and summer chinook. The summer run declined 

drastically, while the spring run only moderately. Fall chinook 

were not harvested until 1890, and the catch gradually rose to a 

peak during World War I. After dropping from a high peak in the 

1880's, total chinook landings remained steady from 1890 to 1920. 

This was caused by increased fall chinook catches compensating 

for declining summer production. After 1920, fall chinook 

production remained level while summer production continued to 

decrease. Historical evidence strongly indicates that overfishing 

was largely responsible for the long-term decline of the summer 

run which received no protection until 1943. The spring and fall 

runs received some benefit from closed periods of sufficient 

duration to allow adequate escapement. The decline of the fall 

run in the 1950's cannot be related to any factor in the river 

commercial fishery. The history of regulations has been one of 

reduction in types of gear, areas, and open seasons. The original 

Indian fishery took in the magnitude of 18 million pounds of salmon 

annually. From 1947-54 the Indian fishery at Celilo Falls landed 

slightly over one million pounds of fall chinook annually for 

commercial purposes and less than one-half million pounds for 

personal use. The fishery above Bonneville Dam accounted for 

58-68% of the fall chinook reaching that area. The sport fishery 

catch of fall chinook in the river above the estuary is only about 

5,000 fish, mostly two and three -year males, and has had no meas- 

urable impact on the run. 
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9, A study of the age composition of the fall chinook run showed a 

decrease in percentage of four- and five -year fish and an increase 

in two and three-year fish. Five-year fish dropped from approxi- 

mately 15% to less than 10% and four-year fish from 60% to 40%, 

while three-year fish increased from 15% to 40 %. This change 

occurred during the period of the fall chinook decline. Analysis 

of length -frequencies taken at Bonneville Dam showed larger numbers 

of two-year fish than appeared in the gill -net catch. Size compo- 

sitions were different between August and September at Bonneville 

and it was shown that hatchery -reared two® and three -year fall 

chinook were larger than wild fish of the same age. Sizes of 

two- and three -year fish fluctuate considerably between years, 

but four-year fish remain relatively constant in size. Some 

evidence is presented showing the relationship between faster 

growth and earlier age at maturity. Estimating the age compo- 

sition of the runs through the years in numbers of fish shows 

that the four- and five-year fish have decreased greatly in 

abundance while the two -and three-year fish have remained about 

the same. Average weight of fall chinook landed by the river 

fishery shows a significant decrease between 1918-39 and 1951-61 

and a significant downward trend during the period 1951-61. A 

cause and effect relationship between increased intensity of 

ocean fishing coinciding with the decrease in average size and 

age is suggested. 
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10, The escapement of fall chinook as measured by counts at several 

Columbia River dams is discussed. Bonneville Dam counts were 

adjusted for numbers of jacks and the commercial catch above 

Bonneville to arrive at an index of the above =Bonneville escape- 

ment. The actual effective number of spawners is less than this 

figure due to many small males above the 18 -inch jack size, but 

not counted as jacks by the fish counters, and the Indian personal - 

use catch. Counts at Bonneville showed a slightly increasing 

trend until 1948, a sharp decline until 1954, and then a rise. 

The other dams have not been in existence long enough to give 

clear -cut trends. Substantially the same numbers of jacks are 

counted each year at Bonneville, The Dalles, and McNary Dams, but 

adults become successively fewer at each dam proceeding upstream. 

The proportion of the total fall chinook count that are jacks is 

rising, although changes in size designation complicate the 

picture. Spawning ground surveys in the upper Columbia and Snake 

Rivers and in tributaries below Bonneville reflect the counts at 

the main -stem dams. Numbers of adult fall chinook returning to 

Columbia River hatcheries show a pattern similar to those at 

Bonneville Dam and spawning ground counts for both upper and 

lower river populations. For hatchery stocks, fluctuations were 

shown to be related to the survival rate between fingerling and 

adult, and it can be inferred that this also applies to the wild 

stocks. Hatchery populations have changed in age composition 

from a predominately four -year to a three -year age at maturity. 

Even though the average age has been reduced, fecundity has been 
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maintained because over half the three-year fish are females 

and they are almost equal in size to the four -year fish. Com- 

parisons of size frequencies and age compositions for the gill - 

net fishery and hatchery and wild escapement show a minor amount 

of selectivity by the gear for age, size, or sex within a stock 

over the main size range. What selectivity exists seems to favor 

females and both smaller and larger than average -sized fish. A 

difference in size between two® and three -year lower- and upper - 

river fish is again demonstrated. 

11. The optimum escapement of Columbia River fall chinook is examined, 

in particular: the return -per -spawner on time and in relation to 

numbers of spawners and the escapement -return relationship. The 

total return and return per spawner declined in a similar manner 

over the period studied, while the numbers of spawners remained 

relatively constant. Highly significant negative correlations 

between numbers of spawners and return per spawner in both the 

early and late periods exist, indicating that a density -dependent 

factor operates on the population. Ricker -type reproduction 

curves calculated for the spawning stock -returning run data indi- 

cated that the optimum escapement index was between 90,000 and 

100,000 fish, a value that was exceeded during most years of the 

study. Underescapement was obviously not a factor in the decline 

in the numbers of fall chinook entering the Columbia. Overescapem 

ment occurred in some years. Comparison is made between fall 

chinook and theoretical models of reproduction curves which show 

reduced oscillation and yield at increasing levels of exploitation. 
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12. A review of Columbia and Snake River dams as they influenced 

upstream-migrating fall chinook is presented. Most of the early 

dams had no direct effect on fall chinook, although they blocked 

other species and races. In 1938 damming of the main stem began 

in earnest, but for 12 years during and after World War II no 

major dam was completed. The decline in productivity of the 

stock occurred when river conditions were stable, and thus cannot 

be related to dam construction. Furthermore, populations below 

the major dams show trends similar to the upriver stocks. Infor- 

mation on delay and mortality to upstream migrants is reviewed, 

but these factors were considered of minor importance in causing 

fluctuations in abundance of fall chinook. 

13. The literature on parasites and diseases reveals a wide variety 

of organisms causing morbidity and mortality in adult salmon, 

particularly in hatchery or holding situations. There is no 

evidence of large or catastrophic mortality to fall chinook 

under natural conditions. Diseases are particularly virulent 

at high temperatures. Analyses of temperature records at 

Bonneville Dam during the time of upstream migration gives no 

indication of an increase through the years, and temperatures 

are on the decline by the time of fall chinook upstream migra- 

tion. The lower river tributaries and hatcheries have generally 

cool water and the fish are seldom damaged by disease. Except 

in isolated instances, pollution is not yet serious enough in 

the Columbia River to cause mortality to adult fall chinook. 
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Dissolved oxygen values are high; at times the water becomes 

supersatuated with oxygen and nitrogen, causing "gas -bubble" 

disease. This has resulted in some mortality to adults in con- 

finement, but is unlikely to be a mortality factor in the 

natural situation. 

14. The loss of spawning areas through dam construction cannot be con- 

sidered a major factor in the decline. Some areas were lost in 

the period 1910 41, and more in the period following 1953 and 

particularly after 1960, but the major change in abundance 

occurred during a time when spawning grounds were still exten- 

sive and undamaged. Water temperature at the time of spawning 

and early incubation is critical in survival. During certain 

years, temperature in the main stem of the Columbia in late 

September and early October would be detrimental, but most 

spawning occurs from mid -October through early November. Temper- 

atures in the tributaries are generally low and satisfactory. 

October water temperatures at Rock Island Dam have been at about 

60 F since 1940 with no upward or downward trend. There is no 

correlation between mean October temperatures at Rock Island and 

brood -year production. Since Grand Coulee Dam was completed 

there has been an increase in winter water temperature and a more 

constant flow which should have beneficial aspects. As far as 

known, lack of oxygen in the gravel has not been a problem in the 

Columbia Basin and turbidity, thus siltation, has lessened with 

increased reservoir storage. Pollution of spawning beds and egg 

and fry loss to macro -organisms is of little consequence. 
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15. Downstream migration and estuary ecology is covered briefly 

because of the paucity of information on this phase of fall 

chinook life history. As far as can be determined from the 

literature, April is the most important month for downstream 

migration and arrival in the estuary peaks in May. Substantial 

numbers of fingerlings reside in the estuary through July. 

Predation in large reservoirs is thought to be a serious mortal- 

ity factor, but there is no evidence that it has had an impact 

on fall chinook populations in the run -of- the -river reservoirs. 

Predator populations are decreasing if fish ladder counts reflect 

their abundance. Except for hatchery stocks, diseases and para- 

sites are not believed to be important factors in the survival of 

downstream migrants, but the effects like those of predation, are 

largely unknown. The loss of migrants in passing low -head dams 

was not serious until the period of accelerated dam construction 

beginning in 1957. Delay and residualism do not as yet appear 

to be serious, except in isolated localities. Analysis of river 

flow and turbidity at time of downstream migration with subs; - 

quent return gave no good correlation although a tendency was 

noted for an inverse relationships i.e., higher flows gave poorer 

returns than lower flows. The Columbia Rfv r is becoming notably 

clearer as more reservoirs are created, but no change in fall 

chinook survival can be demonstrated. There is a suggestion of 

an inverse relationship between May estuary temperatures and 

return. 
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16. A multiple regression analysis was made of selected environmental 

factors in relation to brood year return. The most significant 

variables were chosen from a correlation matrix. For the 1938 -46 

brood years, June sea -water temperature at Amphitrite Point 

(Vancouver Island) and troll fishing effort produced an R2 value 

of 0.74. This means that 74% of the variability in the return 

run could be accounted for by these two factors. Escapement and 

flow at time of downstream migration were nonsignificant. Return 

per spawner during this period was influenced only by escapement 

and ocean temperature (R2 = 0.980). For the 1947 -59 period, troll 

intensity had the most influence on the total return with escape- 

ment and ocean temperature also having some effect. For return 

per spawner, escapement alone had a significant effect during 

this period. For the combined period, troll intensity and sea- 

water temperature were the significant variables on total return 

at R2 = 0.572. Entering flow interaction brought the R2 to 0.754. 

The return per spawner for the entire study period was dependent 

on escapement, troll effort, flow, and sea -water temperature. 

Multiple regressions were used to derive predicting equations 

which agreed very closely with the actual run. Substituting a 

low and constant troll fishing effort in the equation resulted in 

the predicted run maintaining the average predecline level, sub- 

stantiating that ocean fishing played the major role in determining 

the numbers of fall chinook returning to the Columbia River. 

Suggestions on the use of this technique for predicting the run 

for management purposes are made. 
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17. That the increase in ocean fishing was the main contributor to 

the decline in numbers of fall chinook entering the Columbia 

River was shown by correlation, by analogy with the effects of 

exploitation on this and other fish populations, and by the 

process of elimination. To answer the question why have not 

other chinook runs declined in a like manner, I discussed the 

ocean habitat of different populations, fishing effort, and 

growth rate to demonstrate that Columbia River fall chinook 

are exposed to much more ocean fishing than probably any other 

population. Biological overfishing, by some definitions, 

exists. It was emphasized that these conclusions should not 

be extrapolated to the future and do not apply to other 

species or runs of salmonids. 
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