


CONTENTS 

Page 
ABSTRACT 3 

lNTRODUCTlON . 4 

LIFE HISTORY AND RACIAL DESIGNATION 4 

Life History of Chinook Salmon .................. 4 

Runs and Races of Columbia Rivcr 

Chinook Salmon 6 

POPULATION FLUCTUATIONS I N  SALMON 
RUNS .................................................... 7 

Chinook Salmon 7 

Coho Salmon . 7 

Chum Salmon .................................... --.. . . .  8 

PinkSaImon . 8 

.......................................... Sockeye Salmon 8 

Summary 8 

MARINE LlFE OF CHINOOK SALMON 
Range and Migration ................................ 9 

................................................. Tagging 9 

................................................ Marking 14 

Growth and Maturity .................................. 15 

Voriotion in Survival Rate ........................... 17 

Tagging Experiments ............................. 17 

Marking Experiments ............................. 22  

Hatchery Returns ................................. 23 

Ocean Temperature ................................... 23 

Ocean Fisheries .......................................... 26 

Commercial Troll Fishery ........................ 26 

Japanese Fishery ................................... 3 1 

Sport Fishery .......................................... 3 1 

Hooking Mortality ................................. 32 

Combined Influences of Oceon Fisheries 33 

RIVER LIFE OF CHINOOK SALMON ............ 36 

River Fisheries ........................................ 36 

Commercml Fishery ................................ 36 

Indian Fishery 39 

Sport Fishery ......................................... 4 1 

Size and Age Composition of the Run ....... 41 

Page 
Escapement ................................................ 44 

........................................... Dom Counts 44 

........................... Spawning Fish Counts 47 

Hatchery Returns .................................... 48 

Gear Selectivity 50 

........................... Optimum Escapement 52 

......................................................... Dams 52 

Parasites and Diseases ................................ 55 

Water Quality ........................................... 57 

REPRODUCTION AND INCUBATION ............ 58 

.................. ................... Spawning Areas -... 58 

Spawning and Incubation Conditions ........... 59 

............ Time of Spawning and Emergence 59 

Temperature 60 

.................................... Oxygen and Flow 61 

........................... Pollution and Predation 62 

STREAM RESIDENCE AND DOWNSTREAM 
.............---............ ....---... MIGRATION -. 62 

...................................................... Timing 63 

.................................................... Predation 63 

................................ Parasites and Diseases 64 

Dams and Reservoirs .................................. 64  

Flow, Turbidity and Temperature ................ 65 

Estuary Conditions 67 

MULTIPLE REGRESSION AND RESPONSE 
.............................. SURFACE ANALYSIS 69 

DISCUSSION . 73 

Ocean Habitat of Various Chinook 
Populations ........................................... 73 

Ocean Fishing Effort by Area ...................... 73 

............................................. Growth Rates 75 

Comparison with o Puget Sound Run .......... 75  

Conclusion 77 

.................................................... SUMMARY 78 

................................. ACKNOWLEDGMENTS 8 2  

..................................... LITERATURE CITED 83 



FACTORS AFFECTING THE ABUNDANCE OF FALL CHINOOK SALMON 
IN THE COLUMBIA RIVER@ 

Jack M. Van Hyning Q 

ABSTRACT 

The  population o f  Columbia River fal l  chinook salmon (Oncorhynchus tshawyt- 
scha, Walbaum) was studied t o  determine the cause o f  a severe decline in the num-  
bers o f  f ish returning t o  the river i n  the  late 1940's and early 1950's. Fluctuations 
in abundance of  other major salmon runs in  the N o r t h  Pacific were examined t o  
detect any coastwide pattern but none was apparent. L i fe  history stages dur ing 
marine life, upstream migration, reproduction and incubation, and downstream m i -  
gration were examined for the pre- ( 1 938-  46) and post-decline ( l 947-59)  year 
classes. 

Salient points determined f rom the analysis were: ( 1  a change in  the  matur i t y  
and survival pattern occurred about 1950; (2 )  a signif icant negative correlation was 
found between sea-water temperature dur ing the f i rs t  year a t  sea and subsequent 
survival;- ( 3 )  a large increase in the ocean fisheries occurred coincident w i t h  the 
decline i n  the run; (4)  catch-ef for t  and biological statistics o f  the ocean fisheries 
showed a near classic example o f  the effects o f  exploitation; ( 5 )  the contr ibut ion 
of Columbia River chinook t o  the ocean fisheries based on  tag recoveries was prob- 
ably greatly underestimated; (6)  a signi f icant inverse correlation between est imat- 
ed ocean catch o f  Columbia River fall chinook and numbers enter ing the river was 
found for the post-decline period; ( 7 )  the  g i l l -net  fishery showed l i t t l e  selectivity 
by  age, size, or sex; ( 8 )  f luctuations i n  abundance of  hatchery stocks were related t o  
differences in survival between f inger l ing and adult  stages; (9) hatchery, lower 
river, and upriver populations f luctuated i n  abundance i n  much the same pattern; 
( 10) op t imum escapment was between 90,000 and 100,000 adults, a value that was 

sxceeded dur ing most years; ( 1 1 ) most o f  the early dams o n  the Columbia River had 
n o  direct e f fect  on  fa l l  chinook and the decline in product iv i ty occurred when river 
conditions were relatively stable; (12) temperatures a t  t ime o f  upstream migrat ion 
and spawning had no t  increased enough t o  be a serious mortal i ty factor; ( 1  3 )  river 
conditions a t  t ime o f  downstream migrat ion of  fingerlings were but slightly related 
t o  subsequent return of  adults. 

Variables that appeared t o  have some relation t o  f luctuat ions in abundance 
were submitted t o  mul t ip le  regression analysis. For the pre-decline period, sea-water 
temperature and ocean t ro l l  f ishing e f f o r t  were significant. For post-decline years, 
t ro l l  e f fo r t  had the most influence on to ta l  returns w i t h  ocean temperature and es- 
capement having lesser effects. For the combined years, t ro l l  intensity and ocean 
temperature were the  signif icant variables. Equations were derived that  predicted 
the return ing run  size in close agreement w i t h  the actual. Substituting a l ow  and 
constant ocean f ishing e f fo r t  i n  the equation resulted in  the predicted run  main-  
taining the average pre-decline level. 

@ From a thesis submitted to Oreaon State University in portiol fulfillment of the requirements for the degree of 
Doctor of Philosophy, Morch 1968. 

3 Formerly Marine Reseorch Supervisor, Fish Commission of Oregon; now Associate Professor of Fisheries Biology, 
University of Alaska, Fairbanks, Alaska. 



The hypothesis of the increase in  ocean fishing being the main contributor to 
the decline of Columbia River fall chinook run was confirmed by correlation, by 
analogy, and by the process of elimination. Due to several unique features in their 
l i fe history, they are exposed to much more ocean fishing than other populations; 
thus other runs d id not show similar declines. I t  is emphasized that these conclus- 
ions should not be extrapolated to the future or t o  other species or runs of salmon. 

Introduction 

The fall run of chinook salmon (On-  
corhynchus tshawytscha, Walbaum) in  
the Columbia River supported a large and 
important commercial fishery for many 
years. This fishery had maintained itself 
at a high level of production, a t  about 10 
mill ion pounds annually, and even ap- 
peared to be improving in the early 
1940's. I n  1949, a sharp decline began 
which continued through 1953; the river 
catch then leveled of f  and stabilized at 
2 to 3 mil l ion pounds per year through 
the 1950's (See Figure 1 ) .  

Many reasons have been offered for 
the cause of this decline. The most com- 
mon is that dams have flooded spawning 
grounds, ki l led downstream migrants, and 
created slack water areas which harbor 

great numbers of predator fishes. How- 
ever, no one has made a thorough study 
of the factors affecting abundance of the 
stock, attempted to prove or disprove any 
of the hypotheses, or demonstrated a 
probable order of importance of the 
causes of decline. 

The purpose of this report is t o  bring 
together and analyze available informa- 
t ion on the l i fe  history and ecology of fall 
chinook salmon to learn the possible 
cause or causes of the decline. I t  covers 
the 1938-59 brood years. Since 1959, 
more profound environmental changes 
have occurred in  the Columbia and Snake 
rivers which this paper does not discuss. 
I t  analyzes only the cause of the decline 
i n  the early 1 950's. 

Life History and Racial Designation 

Life History of Chinook Salmon 

The literature, both scientific and pop- subscript, the year of l i fe at seaward mi -  
ular, on chinook salmon is voluminous, gration. Brood year or year class refers t o  
and offered here is a summary to provide the fall of the year that the eggs were 
background. Chinook are commonly call- spawned. Except where noted, all refer- 
ed k ing  salmon or at times spring salmon. ence to age w i l l  be to year of l i fe express- 
Three rivers in North America - the ed as an ordinal number, not  the number 
Sacramento, Columbia, and Yukon - are of annuli or cardinal age. 
notable for their large chinook runs. The fish spawn typically in the fall 

The age terminology proposed by Ci l -  w i t h  a considerable range from late sum- 
bert and Rich ( 1927) is used in  this mer to early winter. The spawning act is 
paper. Of the two numbers used in  this similar t o  that of other salmonid fishes 
system the first indicates the fish's year and has been well described by Burner 
of l i fe  when captured and the second, (1951 1.  The eggs hatch after about 2 



N
um

be
r 

o
f 

F
is

h
 

(1
,0

0
0

's
) 



months and the young l ive i n  the gravel 
on the food i n  the abdominal yolk sac. I n  
late winter  br  early spring the fish emerge 
as fry. The  length of  fresh-water resi- 
dence and t ime o f  downstream migrat ion 
varies greatly. The  major i ty of fingerlings 
begin their  migrat ion i n  the spring, a 
short t ime after hatching; others remain 
in fresh water a fu l l  year and migrate to  
the sea i n  the spring o f  their second year. 

L i t t l e  is known  about fish i n  the estu- 
arine and marine environments un t i l  they 
are of  suff ic ient size to  be taken i n  the 
fisheries. Dur ing their stay a t  sea they 
grow rapidly, feeding voraciously o n  the 
larger planktonic organisms and pelagic 
fishes. The  fish enter the ocean sport and 
commercial fisheries a t  15 t o  20 inches 
in length during their  second year o f  life, 
but are generally released because o f  size 
l im i t  regulations. Some precocious males 
or jacks mature a t  ages 2,, 2!, and 32  and 
enter the rivers. The  rest o f  the fish ma- 
ture a t  3, 4, 5, or 6 years varying w i t h  
race and area. 

At sea the f ish are exposed t o  the com- 
mercial t ro l l  fishery, which operates f rom 
central California through southeastern 
Alaska, and to  an ocean sport fishery 
principally o f f  California, Oregon and 
Washington. Chinook salmon migrate 
great distances at sea, returning t o  their  
stream of  origin to  spawn. The  mature 
fish enter the rivers mainly f rom March 
through October, depending o n  race and 
area. Commercial gi l l -net fisheries oper- 
ate i n  the estuaries o f  several streams, 
and Indians and anglers seek them i n  the 
rivers. Chinook that  re turn t o  the river i n  
the spring travel t o  the higher mountain 
streams and spend the summer i n  resting 
holes before spawning i n  late summer, 
wh i le  those enter ing fresh water in the 
fall generally travel shorter distances and 
spawn shortly thereafter. 

Runs and Races of Columbia River 
Chinook Salmon 

The terms "run" and "race" are of ten 
used interchangeably, but the def ini t ions 
of  Mason ( 1965)  w i l l  be used in this 
paper: "a 'run' is def ined as a seasonal 
appearance o f  chinook i n  a coastal or 
river area, f i rs t  in small numbers wh ich  
usually increase rather rapidly to  a peak 
and then decline, w i t h  small numbers 
sometimes cont inuing to  appear for ex-  
tended periods of  t ime. A 'race' is def ined 
as a population of  chinook salmon wh ich  
w i l l  spawn i n  a particular river or t r ibu-  
tary a t  a particular t ime of  year. A single 
race may make u p  a l l  or only par t  o f  a 
run." 

The  concept o f  self-sustaining groups 
o f  salmon that  spawn in a particular area 
and a t  a def in i te  t ime  has become famil-  
iar. Cobb (191 1 ) was perhaps the f i rs t  
t o  mention runs in the l i terature although 
he probably d id  no t  appreciate their  bio- 
logical significance. Run segregation can 
be shown by  examining Columbia River 
dam counts. The U.S. A rmy  Corps o f  
Engineers ( 1963)  shows how  chinook 
passing Bonneville Dam are segregated 
temporally in to  spring ( Apr i l -May)  , 
summer (Jun,e-July), and fal l  (August- 
September) runs and also that  this seg- 
regation is maintained dur ing the migra- 
t ion up  river. 

Al though Columbia River chinook are 
n o w  segregated i n t o  three dist inct runs, 
Thompson ( 1 9 5  1 presented evidence 
tha t  in the early days of the fishery there 
may have been only one continuous run  
f rom February in to  September. H e  exam- 
ined cannery landings and showed how  
the June-July run  declined and by  191 9 -  
20 the August run  was o f  overwhelming 
importance. Thompson believed this was 
due to  intensive exploi tat ion o f  the sum- 
mer r un  wh i le  the fal l  r u n  received the 
bznef i t  of  a closure f rom August 2 5  t o  
September 10. Likewise, the early spring 
run, protected by a March-Apr i l  closure, 



maintained itself. I t  was not  unt i l  the 
great summer run was depleted that the 
spring and fall runs became clearly recog- 
nizable, according to Thompson. 

The fall run  is here defined as chinook 
entering the Columbia River f rom July 
29 through November and passing Bon- 
neville Dam from August 16 through 
November. 

Population Fluctuations in Salmon Runs 
The trends of abundance of other salm- 

on runs are reviewed for two purposes: 
( 1  to  see i f  there is any detectable 
coastwide pattern of fluctuations in pop- 
ulations, or i f  other species, runs, or races 
have histories similar to that of fall chi- 
nook; and (2) to learn what  factors other 
biologists may have proposed as being re- 
sponsible for fluctuations or declines in  
abundance. Although only trends in  
Columbia River populations are present- 
ed, most of the available statistical data 
on Nor th  America salmonid runs have 
been examined (Van Hyning, 1968 ) .  

Chinook Salmon 
The Columbia River originally had the 

largest chinook salmon run in  the world. 
Annual catches of 20 to 40 mill ion 
pounds were made f rom 1875 to the mid- 
1920's when a decline started that con- 
tinued to  the mid-1960's. Detailed in- 
formation on the status of each segment 
of the run has been available since 1938 
when fish counting began a t  Bonneville 
Dam. This count plus the commercial and 
sport catch below Bonneville is consider- 
ed a reasonable estimate of the run for 
those races spawning mainly above Bon- 
neville. The information on Columbia 
River runs since 1938 is taken from a 
joint Fish Commission of Oregon-Wash- 
ington Department of Fisheries report, 
"The 1966 Status Report of the Colum- 
bia River Commercial Fisheries" (Janu- 
ary 1967) .  

The trend of the upper Columbia River 

spring chinook run was sharply upward 
from 1944 to  1952 w i t h  a leveling o f f  
thereafter (Figure 1 ) .  This stock appears 
to be holding i ts own i n  the face of in- 
creasing adversities. The Wi l lamette 
River supports a run of spring chinook 
averaging about 50,000 annually. I t s  size 
as shown in Figure 1 is computed by ad- 
ding the sport catch in  the lower Wi l lam-  
ette, the estimated escapement into the 
Clackamas River, and the count a t  
Wil lamette Falls fishway. This run ap- 
pears to be maintaining itself despite 
previously poor passage facilities which 
have since been corrected, pollution 
problems, and loss of spawning areas. 

The Columbia River summer chinook 
run was seriously reduced by overfishing 
in the late 1930's and early 1940's. A 
closure in late May and early June in- 
creased the escapement, and subsequent- 
ly the stock improved unt i l  it reached a 
peak in 1957, then dropped steadily. The 
Columbia River fal l  run is shown in  Figure 
1 for comparative purposes and w i l l  be 
discussed in  detail in  later sections of 
this study. Obviously i ts trend bears no 
relationship to the other runs; in  fact, the 
upriver spring and summer runs were in- 
creasing whi le the fall run was decreas- 
ing. 

The status of most Nor th  American 
chinook runs a t  the t ime of wr i t ing  is 
surprisingly good considering the loss of 
spawning and rearing areas, dam prob- 
lems, and deterioration of the environ- 
ment w i th  the advent of civilization, Two  
notable exceptions are the Columbia 
River fall run and the runs to Cook Inlet, 
Alaska. Columbia River spring and sum- 
mer runs have been the cause of concern 
only in  rather recent years. 

Coho Salmon 
The coho salmon (0. kisutch) run i n  

the Columbia River declined rather stead- 
i ly from 1938 to 1959, bu t  after reaching 
a low point showed a strong recovery. 



Hatchery production has made an im-  
portant contr ibut ion in recent years. The  
overall status o f  coho salmon is some- 
what  variable. Stocks i n  Oregon and 
Washington coastal rivers are apparently 
depressed f rom the early years, bu t  are 
maintaining a satisfactory level o f  pro- 
duct ion and escapement, w i t h  substantial 
increases i n  some cases. Puget Sound and 
Bri t ish Columbia stocks are generally 
considered to  be healthy, wh i le  south- 
eastern Alaska catches, which declined 
rather sharply since 195 1, now appear to  
be recovering. 

Chum Salmon 
Chum salmon (0. keta)  runs f rom Ore- 

gon through southeastern Alaska have 
generally declined, some rather severely 
and al l  qu i te  uniformly, beginning in the 
early 1950's. Asian catches have also de- 
creased i n  recent years. Only i n  central 
and western Alaska have stocks not de- 
clined. This suggests tha t  i n  addition to  
overfishing an environmental change - 
most l ikely marine because o f  i ts wide- 
spread nature - has af fected the species 
adversely. The  steepest drop occurred at 
the southern l im i t  o f  i t s  range - Til la- 
mook Bay and the Columbia - where the 
species may be least adapted and condi- 
tions marginal for the  population to  
thr ive under stress. 

Pink Salmon 
Pink salmon (0. gorbuscha) are native 

to  streams f rom Puget Sound northward. 
Some are taken i n  the offshore trol l  f ish- 
ery along the Washington and Oregon 
coasts. This  species exhibi ts erratic and 
o f ten  unpredictable f luctuat ions by cycle 
and area. The  coastwide Un i ted  States 
catch of p inks has been decreasing since 
the late 19401s, although a rising trend 
has been noticeable in more recent years. 
Other areas, such as Bri t ish Columbia and 
Asia, exhibi t  l i t t l e  decline. The  causes 
for the fluctuations are n o t  apparent, bu t  
according t o  some experts, overfishing 

played an important part. 

Sockeye Salmon 
Sockeye salmon (0. nerka) are found 

f r om the Columbia River nor thward 
through Bristol Bay. The  Columbia River 
r un  is presently o f  small magnitude since 
the bu lk  o f  the spawning and rearing 
areas were lost w i t h  the construction o f  
Grand Coulee Dam. N o  def in i te  trend in 
run  size appears since 1938. Tota l  pro- 
duct ion of  sockeye in the history o f  the 
fishery i n  N o r t h  America has been down- 
ward, particularly in the northern par t  o f  
the range, b u t  product ion has increased 
i n  Washington and southern Brit ish 
Columbia, largely due t o  restoration o f  
the Fraser River. 

Summary 
Al though there have been many in- 

stances of  decl ining runs, particularly 
over the long term, the decrease in 
Columbia River fall chinook has l i t t l e  
parallel among Pacific salmon stocks in 
No r th  America. Other large runs have 
decreased for a time, then bu i l t  back t o  
a t  least reasonably satisfactory levels if 
no t  t o  their historical highs; e.g., Colum- 
bia River spring chinook and coho, Fraser 
River sockeye, and Prince W i l l i a m  Sound 
pinks. Others, such as Ti l lamook Bay and 
Columbia River chum, and Kodiak Island 
sockeve have declined and show l i t t l e  
sign o f  recovery. The  runs wh ich  evidence 
the greatest s imi lar i ty t o  Columbia River 
fall chinook are Cook In le t  chinook, T i l l -  
amook Bay and Columbia River chum, 
Puget Sound chum, and southeastern 
Alaska pink, chum, and coho. 

There seems t o  be l i t t l e  geographic 
pattern to  f luctuat ions i n  abundance. 
Southeastern Alaska species are univer- 
sally depressed, but areas t o  the nor th  
and south may or may no t  be. Chum 
stocks i n  bo th  Asia and N o r t h  Amer-  
ica generally are declining and be- 
cause o f  the widespread nature o f  
this occurrence, changing oceanographic 



conditions have been blamed. Semko 
(1961 ) and other students o f  Asian 
fisheries, however, regard the heavy 
Japanese ocean f ishing as a major 
cause. Japanese scientists disagree and 
it is noteworthy that the southern 
No r th  American chum stocks, wh ich  are 
also declining, are n o t  believed t o  be ex- 
posed t o  an ocean fishery. 

Marine Life of Chinook Salmon 
Range and Migration 

Tagging 

Many tagging experiments have been 
conducted. along the  Pacific Coast t o  
show the  origin and migrat ion of  chinook 
salmon found in  various areas. These 
were discussed i n  detail i n  the thesis i n  
order t o  trace the oceanic distr ibut ion o f  
the stocks; only the  most pert inent re- 
sults are presented here. 

Very small numbers o f  Columbia River 
chinook appear t o  migrate t o  the  Cali- 
fornia area ( Fry and Hughes, 195 1 ) . The  
ocean fishery o f f  Oregon south of Heceta 
Head is also o f  negligible importance 
(Van Hyning, l951 ) .Two hundred th i r ty-  
three chinook were tagged i n  the  N e w -  
por t  area nor th  o f  Heceta Head (1948-  
62) and 43 were recovered. Twen ty  were 
stream recoveries and six were assignable 
as Columbia River fal l  chinook. Thus 
28% o f  the fish o f  known or igin tagged 
in the Newpor t  area were Columbia 
River fal l  chinook. 

A number o f  tagging experiments were 
completed in the area f rom Cape Lookout 
t o  Wi l lapa Bay through the  years 1948- 
62. Only some of  the  results w i l l  be sum- 
marized here. For convience the experi- 
ments can be grouped in to  t w o  periods: 
( 1 ) 1948-52 and 1955 and (2) 1958 

and 1959-62. 
Fish recovered the same year as tagged 

dur ing 1948-52 and 1955 are shown i n  
Figure 2 and recoveries made i n  the  years 
fo l lowing tagging are shown i n  Figure 3. 

Obviously chinook f r om the Columbia 
River dominate the tagging area, but fish 
f rom the Sacramento-San Joaquin, Alsea, 
and Fraser rivers are also found. Of the  50 
river recoveries, 40 were f rom the Co- 
lumbia and 3 6  of these were fal l  ch i -  
nook. T h e  proportion o f  Columbia fall 
chinook in the area, based o n  the assign- 
able stream tag returns, is thus 72%. 

Both mature and immature Columbia 
River chinook are found in the Columbia 
area f rom Apr i l  through September. The  
large number o f  recoveries one o r  more 
years af ter  tagging shows that many fish 
were immature when tagged. The  large 
ocean catch of  tagged f ish and the rela- 
t ively f e w  taken i n  the river in years fol-  
l ow ing  tagging is noteworthy. These fish . 

show a predominant nor thward move- 
ment  along the coast w i t h  a later re turn 
t o  spawning streams, principally the CO- 
lumbia. This exposes the stock t o  an ex- 
tended period o f  intense f ishing as they 
move past the large sport and commercial 
fleets f ishing ou t  o f  Grays Harbor towards 
the feeding banks o f f  Cape Flattery and 
Vancouver Island where American and 
Canadian trollers operate. 

From March 15-Apr i l  15, 1959 and 
1960, the Washington Department o f  
Fisheries and Fish Commission o f  Oregon 
conducted a cooperative tagging program 
offshore between the Columbia River and 
Grays Harbor (Bergman, 1963 1 . D is t r i -  
but ion o f  returns f rom the 1959 experi- 
ment  is shown in Figure 4. Certain simi l-  
arit ies w i t h  previous tagging can be seen: 
the predominant movement nor thward 
w i t h  some fish going south, and large 
numbers entering the Columbia River. 
There is one s t r ik ing difference; f ew  re- 
coveries were made in years fo l lowing 
tagging. The  Sacramento-San Joaquin 
system, Ti l lamook Bay, Columbia, and 
Fraser rivers were noted as streams o f  
origin. Returns f rom the 1960 experi- 
men t  were similar t o  1959. 







One hundred sixty-eight chinook tag- 
ged in late May and early June 1961 be- 
tween the Columbia River and Tillamook 
Head yielded an exceptionally high re- 
turn. Only fish i n  good condition were 
tagged and they were mostly i n  their 
second and third years of life. During the 
2 months following tagging, the center 
of abundance shifted to Grays Harbor 
w i t h  a return to  the Columbia area in  
August and September. There was also a 
southern migration, bu t  none went north 
of Cape Flattery even i n  the year follow- 
ing tagging. Only the Columbia, Sacra- 
mento, and Wilson rivers were represent- 
ed. This population was fished intensively 
o f f  and in the Columbia River and off  
Grays Harbor. 

Kauffman ( 1 95 1 ) gives the results of 
tagging experiments by the Washington 
Department of Fisheries in  1948-49. Re- 
coveries from 200 chinook tagged near 
Umatil la Reef i n  June, July, and Septem- 
ber 1948-49 included six f rom the Co- 
lumbia River, all fall chinook, and they 
comprised half of the 12 stream recover- 
ies. Other areas contributing to this sam- 
ple were the Sacramento River, Willapa 
Bay, and Puget Sound. Tagging in  the 
Swiftsure-Lennard lsland area, in  effect 
southern Vancouver Island, resulted i n  a 
large number of fish retaken i n  the vicin- 
i t y  the same year and the year after. Ac- 
cording to Kauffman this area is appar- 
ently a major feeding ground where the 
fish remain for extended periods. Of  the 
15 stream recoveries, seven or 47 % were 
from the Columbia (al l  fall chinook). I f  
all recoveries i n  Puget Sound and the 
Strait of Georgia are considered to be 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%.  

I n  the period 1925-30 there was inter- 
national impetus to tag salmon in the of f -  
shore fisheries of the Pacific Coast. The 

Canadians carried on a large program and 
published an excellent series of reports 
(reviewed by Milne, 1957) which offer a - 
valuable comparison w i th  more recent 
tagging experiments. Although tag loss 
was probably very high in these experi- 
ments, many fish were recovered more 
than 1 year after tagging. 

Results of the 1925-30 tagging of f  
southern Vancouver lsland are shown in 
Figure 5, parts A and B, and Table 1 .  The 
overwhelming importance of the Colum- 
bia River fish in  this experiment is ob- 
vious. Large numbers entered both Puget 
Sound and the Columbia River the same 
year as tagged, bu t  in  subsequent years 
more returned to the Columbia. This sug- 
gests that both mature and immature Co- 
lumbia River fish were found in this area, 
but  the Puget Sound-Fraser River stocks 
o f f  southern Vancouver lsland were 
largely mature. 

Tagging in  the same area in 1949-50 
is shown in  Figure 5, parts C and D. The 
change from a preponderance of recover- 
ies i n  the river in  the early period to more 
ocean returns in the later is str.iking, and 
the inference is clear that the large num- 
bers recaptured in the tagging area re- 
sulted in  fewer reaching the rivers. Again 
there is the tendency for Columbia River 
stocks to be more immature than the 
Fraser River-Puget Sound stocks. The 
greatly intensified fishing on immature, 
3-year fish resulted in  a greater decrease 
between the two periods for Columbia 
River than Puget Sound returns. 

Tagging was also conducted o f f  north- 
ern Vancouver lsland (Kyuquot and 
Quatsino) . The Columbia River fish 
found here in  1925-30 were largely ma- 
ture, while Puget Sound fish were mostly 
immature. A comparison of spawning area 
recoveries for the two  periods is shown in  
Table 1 ; a slight decline i n  the contribu- 
tion of Columbia River fal l  chinook is in- 
dicated. 



I t  is clear f rom these experiments that 
Columbia River chinook essentially do 
not use the inside waters of British CO- 
lumbia or Alaska so these areas can be 
cmit ted from further consideration. 

Mi lne ( 1957) emphasizes the decrease 
in  Columbia River fish and increase in  the 
contribution of the Fraser and other Can- 
adian rivers to the Canadian troll fishery, 
as shown by tagged fish recovered i n  the 
respective areas f rom the 1925-30 and 
1949-5 1 tagging. The Columbia River 
contribution to recoveries from the west 
coast of Vancouver Island tagging, drop- 
ped f rom 60 to 16% while the Fraser 
River fish increased f rom 5 to 12%, 
while total United States recoveries 
fell f rom 8 2  to 29% and Canadian re- 
coveries jumped f rom 16 to 7 1 06. How- 
ever, the great increase in  later years 
in  ocean recoveries, which do not show 
origin, makes this conclusion question- 
able. The greatly accelerated ocean fish- 
ing reduced the number of fish that sur- 
vived to reach fresh water. 

Only tag recoveries showing stream of 
origin should be used in computing the 
contribution of a production area to a 
fishery. Furthermore, relative maturi ty of 

the tagged fish must be considered. Co- 
lumbia River fish o f f  southern Vancouver 
Island tended to be immature, whi le 
Fraser-Puget Sound stocks were mature. 
Since immature fish eventually would be 
reduced in numbers more than mature 
fish before returning to their home 
stream, the importance of the immature 
stock to the fishing area would be under- 
estimated. 

Tagging of chinook salmon o f f  Alaska 
has been summarized by Parker and Kirk-  
ness (1956 ) .  From 30 to 50% of the 
fish recovered, which could be assigned 
to an area of origin, came f rom the Co- 
lumbia River fall run. 

Parker and Kirkness note: "The re- 
covery of tags by locality suggests that 
the stocks Alaska is concerned w i th  are 
of upriver (above Bonneville Dam) ori-  
gin. Of 37 recoveries in the fal l  run, 12 
were recovered at The Dalles or a t  Celi- 
lo." I n  comparison, tagging o f f  the Co- 
lumbia River and Washington coast yield- 
ed many recoveries of lower river origin, 
especially hatchery fish. N o  Alaska tags 
were found at Columbia River hatcheries. 
This suggests that the northern Gulf of 
Alaska may be a feeding area for certain 

Table 1. C o m p a r i s o n  of area of r e c o v e r y  for c h i n o o k  tagged off V a n c o u v e r  I s l a n d .  

No. 
Recoveries % 

No. 
Recoveries % 

TAGGED OFF SOUTHERN VANCOUVER ISLAND 

Area of Recovery 
Fraser River-Puget Sound Complex ............................... 

Columbia River Spring and Summer Runs ...................... 
Columbia River Fall Run .................................................. 
Other Stream Systems ..................................................... 

TAGGED OFF NORTHERN VANCOUVER ISLAND 

Area of Recovery 
Froser River-Puget Sound Complex ................................. 
Columbia River Spring and Summer Run ........................ 
Columbia River Fall Run .................................................. 
Other Stream Systems ............................................ 



chinook races where they feed almost un-  
molested. As  matur i t y  approaches the 
Fraser and Columbia river f ish head 
southeastward along the coast. This spec- 
ulat ion is reinforced by  several factors: 
( 1 ) f rom middle Vancouver Island nor th 
there is l i t t l e  nor thward movement as in- 
dicated by  tagged fish; ( 2 )  f r om  middle 
Vancouver Island nor th t o  Cape Spencer 
the f ish are largely mature and are on a 
southern migration; and ( 3 )  the large 
numbers of  f ish i n  their  four th  and f i f t h  
year caught o f f  southeastern Alaska sug- 
gest that  l i t t l e  ocean f ishing has occurred 
on these stocks. Since tagging shows no  
northern migration to  southeastern Alas- 
ka o f  catchable size Columbia River ch i -  
nook, i t  follows that the young fish that 
migrated there did so before they reached 
this size. This contrasts to  the  area be- 
tween the Columbia River and middle 
Vancouver Island, where f ish seem to  mi -  
grate back and forth. 

In studies of  offshore distr ibut ion and 
abundance of  salmon, conducted under 
the auspices of  the International No r t h  
Pacific Fisheries Commission, chinook 
were found scattered across the No r th  
Pacific f rom 41 O N  lat i tude to  the A leu t -  
ian Islands and in to  the Gul f  o f  Alaska 
(Mason, 1965 ) .  Indications are that 
these are pr imari ly immature fish f rom 
the northern rivers or early runs f rom the 
southern rivers. 

Marking 

Mark ing  or f i n  cl ipping is another 
method of  studying the migration of  
salmon a t  sea. Croups o f  hatchery-reared 
fingerlings are distinctively marked and 
the fisheries along the coast are sampled 
to  recover the marked fish. I f  enough 
marks are recovered and certain assump- 
tions made, i t  is possible to  fo l low popu- 
lations through their l i f e  cycle showing 
the areas where they were caught, return 
t o  the point  o f  origin, etc. The  marking 
of Columbia River salmon had been car- 

ried on for many years and sporadic re- 
coveries were made, b u t  i t  was n o t  un t i l  
the late 1 940is, i n  a program coordinated 
by  the Pacific Mar ine Fisheries Cornmis- 
sion, that  a concerted e f fo r t  was under- 
taken in coastwide mark ing and recovery. 
Beginning w i t h  the 1949-brood year, 
hundreds of  thousands of  f ingerl ing ch i -  
nook were marked a t  various places along 
the coast and recoveries were made by 
sampling the fisheries a t  the principal 
ports. 

Recoveries of  marked 1949-brood fa l l  
chinook f rom the Washington Depart- 
ment  o f  Fisheries Kalama River Hatchery 
were analyzed by Heyamoto and Kiemle 
( 1955 . This  study generally conf irms 
other tagging information showing a dis- 
persion o f  f ish f rom the  mouth  o f  the Co- 
lumbia northward. None o f  these marked 
f ish were taken in northern Brit ish Co- 
lumbia or Alaska even though sampling 
was done there. Fish f r om the Kalama 
experiment were rather unusual because 
they matured almost exclusively at 4 
years o f  age rather than a t  2 to 5 years. 
A similar experiment w i t h  1949-brood 
fish was conducted a t  Oxbow Hatchery o f  
the Fish Commission of Oregon. These 
fish matured a t  both 3 and 4 years o f  age. 

Preliminarv results f rom the 1961 - 
brood Columbia River hatchery evalua- 
t ion program are' available (Cleaver, 
1969 ) .  O f  the total production o f  over 
5 4  mi l l ion fingerl ings at 12 principal 
hatcheries, over 7-1/2 mi l l ion were 
marked. Estimates of marked f ish taken 
by  the various fisheries in 1963, 1964, 
and 1 965, based on  ratios between mark- 
ed f ish found i n  the samples and total 
number landed, are given i n  three Bu- 
reau of  Commercial Fisheries reports 
( 1 964, 1966a and b )  . The  2-year f ish 
in 1963 were taken only by sport fisher- 
men, and they tended to  have a center 
o f  abundance around the Columbia 
River. Three-year f ish i n  1964 were pres- 
ent  o f f  the Columbia in Apr i l  and May, 



then virtually disappeared f rom there 
unt i l  August. The Washington coastal 
area (principally Grays Harbor) had peak 
numbers of marked fish in  June, bu t  
some were present from Apr i l  through 
August. Vancouver l sland apparently 
had Columbia River fish all season w i th  
a peak i n  July; many remained into Sep- 
tember and October. Four-year old re- 
coveries do not  show a well-defined pat- 
tern, bu t  this age group was found all 
season of f  Vancouver Island and to a 
lesser extent of f  Neah Bay and the 
Washington coast, while none appeared 
o f f  the Columbia River unt i l  August. The 
few marked fish recovered in  northern 
British Columbia and Alaska were main- 
ly 4- and 5-year olds. The northerly pro- 
gression of 3-year fish along the Wash- 
ington coast is again demonstrated, w i t h  
the tendency for younger fish to be 
centered near their home stream, .while 
the older ones are distributed to the 
north. 

In comparing ocean migration patterns 
as shown by tagging and marking, both 
techniques showed that 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 pre- 
dominant migration toward the Columbia 
River. However, tagging in  northern 
British Columbia and Alaska revealed 
large numbers of Columbia River fish in 
those areas, bu t  few marked Columbia 
River chinook were recovered there. This 
apparent dilemma can be explained i f  
one recalls that Parker and Kirkness 
( 1956) noted that upper river fal l  chi- 
nook were most important i n  the Alaska 
troll fishery. Oregon and Washington 
tagging indicated that lower river races 
predominate and hatcheries handle (and 
thus mark) only lower river stocks. Thus, 
most of the lower river hatchery popu- 
lations must confine their ocean migra- 

t ion largely to the area between the Co- 
lumbia River and Vancouver Island whi le 
the w i ld  upper river stocks go north to- 
wards Alaska. 

Growth and Maturity 
Salmon are noted for their rapid growth 

at sea, and w i t h  chinook there is the 
added dimension of extremely variable 
l i fe history patterns. The literature is 
summarized by Van Hyning ( 19681, and 
Table 2 presents generalized growth 
data on length and weight for average 
spring and fall chinook. Spring chinook 
in the Columbia as wel l  as other rivers 
generally stay i n  fresh water their f i rst 
year of life, migrating downstream in  the 
spring of their second year. Most fal l  
chinook, on the other hand, migrate to 
the ocean the first spring or summer. 
This difference in  behavior causes a con- 
siderable difference in  size and age at 
recruitment to the fishery, as w i l l  be dis- 
cussed later. 

Table 2. Average length and weight at 'corn- 
pletion of each winter for spring and 
fall chinook salmon. 

Age-Number of Annuli 

I 11 Ill IV  

Spr~ng ForkLength-Inches 4 17 26 31 
Chinook Round Weight-Pounds - 2.8 9.0 14.6 

Fall Fork Length-Inches 12 21 28 33 
Chinook Round Weight-Pounds 1.2 5.0 1 1.5 18.6 

Reference has been made to the rela- 
tive maturi ty of stocks in  various areas 
i n  connection w i t h  ocean tagging results. 
These data can be further examined bv 
size of fish when tagged and t ime out  
before recoverv. Fish recovered in a 
stream the same year as tagged were ob- 
viously maturing when tagged; those re- 
covered i n  subsequent years were im- 
mature. Nothing can be determined f rom 
those fish recovered in  the ocean the 
same year as tagged; they are ignored in  
this analysis. Figure 6 compares the per- 
centage mature fish plotted against 
length for all fish tagged in the Colum- 
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Figure 6. Maturity of chinook salmon as determined by ocean tagging, Columbia River-Grays 
Harbor, 1948-52 and 1957-62. 

bia-Grays Harbor area for the periods 
1948-52 and 1957-62. The percentage 
mature is that portion of the total re- 
coveries, excluding first-year ocean 
recoveries, made in  fresh-water areas 
the same year as tagged. One source 
of error is that immature fish are 
subject t o  an additional period of 
tag loss and mortality, thus reducing 
their numbers in relation to  mature fish; 
bu t  this should not affect the value of 
these data for comparative purposes. 
Obviously, more fish matured at a smal- 

ler size during 1957-62. 
To explore further the relationship 

between age, size, and maturity, the 
length distributions of tagged fish known 
to  be mature Columbia River fal l  chinook 
were plotted for t w o  comparable periods, 
April-July 1948-52 and March-June 
1959-61 (Figure 7 . Recoveries showed 
that many more 19- t o  23-inch 2-year 
fish and 24- t o  27-inch 3-year fish ma- 
tured in the later period than in the 
earlier years. The possible reasons for 
this change wi l l  be discussed later. 



T h e  relationship between matur i ty ,  
age, and size was also studied f r om  ran- 
dom samples o f  f ish taken a t  sea in 
1954-55.  Ma tu r i t y  was determined by  
graphically comparing gonad weight  
w i t h  f ish length and also by  gonad 
weight- frequency distributions. In the  
late spring and summer mature f ish of 
bo th  sexes could be easly ident i f ied, but 
in March  and Ap r i l  matu r ing  f ish were 
barely discernable. By work ing  backward 
f rom t he  more d is t inc t  groups later i n  
t he  season, t he  smaller gonads were as- 
signed w i t hou t  too m u c h  d i f f icu l ty .  
These data are presented in t he  thesis 
(Van  Hyning, 1968) and only  the  i m -  
por tant  results w i l l  be discussed here. 

Two-year f ish ranged f r om  1 5 t o  2 3  
inches, and a f e w  o f  the  larger males 
were matur ing. Three-year f ish were the  
best represented age group, w i t h  most  
ranging f rom 21 t o  3 0  inches. T h e  larger 
f ish were matur ing, more males (44% 
mature)  than females ( 15% ma tu re ) .  
Four-year f ish and a f e w  5-year olds were 
most ly between 25 and 3 5  inches; some 
o f  the  smaller females wou ld  n o t  have 
matured for  another year. Ma tu r i t y  ap- 
pears t o  be more a funct ion o f  size and 
sex than  age. Clearly an intense ocean 

fishery could al ter the  age and sex struc- 
ture o f  the population' as it enters t he  
Columbia River. A lmos t  one-half o f  the  
3-year males were matur ing and wou ld  
n o t  be available to  the f ishery as 4-year 
fish, but on ly  15% o f  the females were  
matu r ing  and t he  remainder wou ld  be 
available fo r  another year o f  fishing. An 
intense ocean fishery wou ld  i n  e f fec t  
reduce t he  numbers o f  4-year females 
enter ing the  r iver and increase relatively 
the number o f  3-year males. 

Variation in Survival Rate 

T h e  recovery of  f ish tha t  have been 
tagged or marked affords some measure 
o f  their  survival rate between mark ing  
and recovery i f  allowances are made for 
changes i n  tagging, marking, and recov- 
ery techniques, size o f  fish, and, f ishing 
intensity. Likewise, re tu rn  o f  adults t o  a 
hatchery f r om  known  numbers of f inger- 
lings released gives a measure o f  the i r  
survival wh i le  free. 

Tagging Experiments 
The purpose o f  this section is t o  ex- 

amine ocean tagging experiments to  de- 
termine i f  any gross changes in marine 
survival can be detected. Tagging results 
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Figure 7. Comparison of size of mature 2- and 3-year Columbia River fall chinook tag- 
ged at sea during 1948-52 and 1959-61 



discussed i n  previous pages, wh i le  pr i -  
mari ly i l lustrat ing the migrat ion and orig- 
in o f  the fish, showed a s t r ik ing change 
i n  matur i ty  pattern o f  stocks found near 
the Columbia River and i n  the  numbers 
o f  second-year recoveries. The  change i n  
type of tags used could no t  account for 
this difference, suggesting a change i n  
matur i ty  schedule or a h igh morta l i ty  
rate i n  the latter period ( 1957-62) .  

A summary o f  pert inent ocean tagging 
experiments is given in Table 3, which 
shows the number tagged and number 
and percentage recovered the same year 
as tagged and i n  subsequent years. Un-  
l ike the studies of  maturity, first-year 
ocean recoveries are included. A perusal 
of  the table shows that  except for tag- 
ging o f f  the Columbia River and Grays 
Harbor i n  1959, 1960, and 1961, nearly 
all experiments yielded total  returns of  
10 to  20%.  The  three notable exceptions 
gave recovery rates of 28 t o  47 %. I n  
contrast t o  this relatively constant re- 
covery total, regardless o f  area o r  time, 
a dist inct change i n  the pattern between 
years can be shown. This  is particularly 

evident i n  taggings between the Colum- 
bia River and Grays Harbor. Contrast, 
for example, Apr i l -May  1948-52 ( 12% 
recoveries f i rs t  year: 1 1 % subsequent 
years) w i t h  March-Apr i l  1960 (30 :1 ) ,  
and June-September 1948-51 ( 1 : 12) 
w i t h  May-June 1961 (40:7). The  New-  
por t  area also shows a similar pat tern 
( 9 : 1 0  in  earlier period, 1 1  :3 in later 
per iod) .  The  instances c i ted are roughly 
comparable w i t h  regard t o  tagging. 

T o  explore this change further, the  
size o f  the f ish tagged and recovered in 
the t w o  periods was examined. The  size 
o f  f ish tagged and recovered f rom the 
Columbia River-Grays Harbor experiment 
i n  Apr i l -May  1951 was compared w i t h  
March-Apr i l  1960, being approximately 
similar i n  area and time, and w i t h  ade- 
quate numbers o f  f ish handled (Figure 
8 ) .  

The fish tagged in 1960 were slightly 
larger than i n  1951 ( A ) ,  bu t  the total  
recoveries the same year as tagged were 
almost identical for  the  2 years ( B )  
Breaking down the  same year recoveries 
in to  ocean ( C )  and stream (D) , shows 

Table 3. Return of chinook salmon tagged in the ocean, by year of recovery. 

Recovered Recovered in Total 
Same Year Years Follow- Re- 

Area Tagging Tagged As Tagged ing Tagging covered 
Tagged Time of Number No. % No. % No. % Remarks 

Newport 

Newport 

Columbia River 

Columbia R ~ v e r  

Columbia River 

Columbia R ~ v e r -  
Grays Harbor 
Columb~a River- 
Grays Harbor 
Columbia River- 
Grays Harbor 
Grays Harbor 

June-Sept 
1948-5 1 
June- Aug. 
1959-62 
April-May 
1948-52 
June-Sept. 
1948-51 
Apr~l-Sept. 

May-Aug. 
1957 
May-June 
196 1 
June-Sept. 
1958-62 
March-Apr~l 
1959 
March-Apr~l 
1960 
May-June 
1961 

21 12.5 23 13.7 Mostly small fish 

17 12.9 21 15.9 All sublegol ( C 2 6  in.) 

9 7.9 14 12.3 Al l  sublegal when 
tagged 

l I 2.6 119 28.2 
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that the size distr ibut ions of ocean re- 
coveries for  the t w o  periods were similar, 
b u t  the river recoveries were di f ferent.  
I n  1 9 5  1, 6 3  % of  the stream recoveries 
were f rom fish 28 inches i n  length and 
over, wh i le  i n  1960  only 39% were over 
28 inches. Fish recovered i n  years fol- 
lowing tagging (E) in 1951 were con- 
siderably smaller than those recaptured 
in a stream the same season as tagged, 
bu t  only sl ightly smaller than same year 
ocean recoveries. Second-year recoveries 
i n  1960 were too few t o  be meaningful. 
Clearly, the 1960 tagged f ish matured at 
a smaller size than i n  1951. A compari- 
son o f  June-July 1948-51 w i t h  May-  
June 1961 tagging gave similar results. 
Generally small f ish were no t  recaptured 
the same year as tagged i n  1948-51, bu t  
they were i n  1960 and 1961. 

The  conclusion is that  there has been 
a real change i n  the survival or matur i ty  
o f  chinook salmon stocks i n  the Colum- 
bia River area i n  spring and early sum- 
mer. I t  is also reasonable t o  assume that 
the major i ty o f  chinook becoming avail- 
able t o  the ocean sport and commercial 
fisheries in  this area, and remaining 
there, are either caught, or mature and 

enter the river the same year. A f e w  facts 
can be  presented t o  support this hypoth- 
esis. Table 4 is a composite of  previously 
mentioned tagging experiments, showing 
the recovery b y  size a t  tagging, year, and 
whether taken i n  the ocean sport or com- 
mercial fishery, or i n  the river. River re- 
coveries include bo th  fishery and hatch- 
ery returns. The  size categories are rough 
approximations of  the size l imi ts  i n  the 
fisheries: the sport l im i t  has varied for 
many years, f rom none t o  22 inches 
(20-inches fork  length) wh i le  the com- 
mercial l im i t  has remained a t  26 inches 
(approximately 24-inches fork leng th ) .  

The  smallest size group (12 -20  inches) 
would generally no t  be available t o  the 
sport fishery a t  the t ime o f  tagging b u t  
many f ish would grow large enough b y  
midsummer; the middle size group (21 - 
24 inches) would be fu l ly  available t o  
the sport b u t  no t  commercial fishery 
un t i l  some growth had been made, whi le  
the largest size ( 25 -37  inches) would be 
fished on  by  both fisheries. Assuming 
that  tag loss the f i rs t  year is no t  serious, 
certain conclusions can be drawn f rom 
this table. Particularly s t r ik ing is the in -  
crease between the t w o  periods o f  ocean 

Table 4. R e c o v e r y  of togged chinook salmon by size at tagging, April-July 1948-51 and , 

March-June 1960-61, Columbia R i v e r  area. ( P e r c e n t a g e  r e c o v e r e d  in parentheses.) 

Fork Recovered Same Year As Tagged Recovered in Subsequent Years 
Length No. Ocean Ocean Ocean Ocean 

(Inches) Tagged Sport Commercial River Sport Commercial River 

April-July 
1948-51 

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 3 1 9 53 12 
(0.7) (5.0) (4.3) (1.31 (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 I 1  15 0 0 1 

( 12.3 (9.0) (12.3) (0.8) 
25-37 302 26 32 5 1 0 2 2 

(8.6) (10.6) ( 16.9) (0.6) (0.6) 
Total 51 1 5 1 45 73 2 10 5 

(10.0) (8.8) (14.3) (0.4 (2.0) (1.0) 



sport returns the same year as tagged, 
from 0.7 to 10%. Troll recoveries rose 
from 5 to 8.8%, and 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 i n  river 
returns. I n  1948-51 fish under 24 inches 
were lightly exploited in  the ocean 
(2.7% return) whi le i n  1960-61 a t  
least 18.2% of those available were 
taken during the fishing season. Sub- 
sequent year recoveries were less for the 
later group in all categories. 

Table 5 shows the hypothetical return 
of tagged chinook based on an assumed 
tagging mortality and unreported tags for 
two periods, 1948-51 and 1960-61. The 
30% tagging (hooking) mortality rate 
used is w i th in  the range suggested by 
Parker and Black, 1959. Further, i t  as- 
sumes a constant natural mortality, that 
30% of  the tags taken i n  the ocean are 
not turned i n  (probably minimal) ,  and 
that 50% of  the tagged fish entering a 
river are caught and reported (probably 
maximal . 

Although the assumed values are used 
for comparison purposes only, and are 
valid only i f  they d id not change, this 
example shows that the paucity of sec- 
ond-year recoveries in the later period 
can be attributed to increased ocean fish- 

ing intensity and greater numbers o f  f ish 
maturing a t  a smaller size. Note also i n  
Table 4 that the 12- t o  20-inch group 
gave approximately the same subsequent 
year return from the 1960-61 and 1948- 
51 experiment, the only size category to 
do so. I t  appears that i n  the 1960-61 
group only the smallest fish survived in 
3ignificant numbers. Most of these fish, 
sti l l  largely immature (see Figure 6) ,  
would be below legal or desirable size for 
the ocean sport fishery, and thus were 
not recovered the same year as tagged. 

The hypothesis that the majority of 
chinoolc becoming available to  the fish- 
eries between the Columbia River and 
Grays Harbor w i l l  either be caught or ma- 
ture thus seems realistic. It should not  
be construed, however, that this ap- 
plies to chinook stocks other than 
in the study area, which may be 
unique. W i thou t  corrections for tag- 
ging mortality, tag loss, and unreported 
tags, returns o f  2 8  to 47% in  more re- 
cent years from troll-caught chinook in- 
dicate they are subjected to an intense 
fishery. 

The Vancouver Island area offers an- 
other comparison: viz., 1925-30 and 
1 949-5 1 ( Milne, 1957) . Recoveries of 
fish tagged at Barlcely Sound, of f  south- 
ern Vancouver Island, during the two 
periods were almost identical, 1296, bu t  

Table 5. Hypothetical return of tagged chinooksalmon based on assumed tagging mortal- 
ity and unreported tags, 1948-5 1 and 1960-61. 

...................................................................... Number tagged 
Less tagging mortality (30% ) .............................................. 
Tags recovered in ocean, year 1 ........................................... 

( +30% unreported) 
Ocean f~shing mortality, year 1 ........................................... 
Number left  after ocean fishing, year 1 .............................. 
Number entering river during fal l  of year 1 ...................... 

( tw~ce  the tags actually recovered) 
Available for year 2 ................................................. 

Recovered in year 2 .......... 

380 (53% of  
original 
number tagged) 

74 (20% of 
ava~lable) 

75 (15%0f  
original number tagged) 

17 (23% of 
available) 



the proportions o f  f i rst and subsequent 
year recoveries were reversed (8 :4% in  
1925-30 compared w i t h  4:8% in 1949- 
51 1 .  Unfortunately, there was a great 
difference in  the age of f ish and tags used 
in  the two periods, making a comparison 
(as i n  the previous discussion) dif f icult .  
Mi lne comments: " In the 1950 experi- 
ment 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." 

These tagging experiments illustrate 
the increase in ocean fishing as a factor 
in the poor survival, bu t  the phenomenon 
of increasing numbers maturing at the 
smaTier sizes is sti l l  perplexing. 

Marking Experiments 

Return to the river o r  hatchery o f  fish 
marked and liberated as f ry  or fingerlings 
is a measure of their stream, estuary, and 
marine survival. Pertinent marking ex- 
periments are summarized in  Table 6 and 
whi le the objectives were as varied as the 
methods of recovery, some conclusions 

can be drawn regarding changes in  survi- 
val. 

A n  index of survival can be determined 
from the fish captured by the commercial 
river fishery, bu t  this is subject t o  
chariges in  the proportion of the run re- 
moved by the fishery. The differences i n  
recoverv between the two ~ e r i o d s  are far 
greater' than can be accdunted for by 
changes in  fishing rate, however. Table 6 
shows that average return to the river 
fishery for the 191 9-43 brood years was 
0.23% but  only 0.02% for 1949-57. 
Even including hatchery returns in the 
later period, which should comprise the 
bull< of surviving fish, the survival rate is 
onlv 0.04%. Obviously there was not  
only a catastrophic reduction in return to 
the river of marked hatchery-reared fall 
chinook during the period, bu t  a great, 
and largely unexplained, variability in 
survival in  dif ferent lots of fish ( the  
question of disease w i l l  be discussed 
later) .  I f  we take calculated ocean re- 
coveries for the 1949-brood ex~er iments  
and assume that i f  the fish had not  been 
caught a t  sea all would have returned to 

Table 6. Return of marked hatchery-reared fall chinook. 

Calculated 
Calculated Return no River 

Brood Number Return to Fishery and Release 
Location Year Morked River Fishery Site Reference 

(thousands I I % ) ( % )  

Little White 1919 24 0.1 3 0.18 Rich 6 Holrnes ( 1929) 
Salmon Hatchery 
Big White 1922 100 0.35 
Salmon Hatcherv 
Spring Creek, Oxbow, 1938-42 1,212 0.29 
Bonneville, and 
Little W h ~ t e  Salmon 
hatcheries 
Oxbow and Kalarna 1949 402 0.07 
hatcheries ( 0  2 9 l P  

0.45 Rich 6 Holmes ( 19291 

- Holmes ( 1952 1 

0.1 3 Pulfard 1 1  964a 1 ; 
(0.45 I Heyamoto and Klemle 

119551 
Kalarna Hatchery 1951 305 0.003 0.003 K~ernle ( 1962a) 
Bonnev~lle and Oxbow 1952-57 1,246 0.01 , 0.04 Pul ford 1 1964a l 
hatcherres and 10.02 I 10.06l 
Gnat Creek Weir 
Klickitat. Kalama, 1952-57 1,571 0.02 
and Toutle 

Al l  Colurnb~a R~ver 1961 7,515 0.10 
(0.22) 

0.16 Bureau of Cornmerc~al 
(0.401 Fisheries ( 1964 and 

1966a and b t 

,y Figures In parentheses are cornputat~ons of number surviv~ng i f  al l  marked fish calculated to have been caught i n  
ocean frshery had returned to  river. 



the river, we  can arrive a t  survival rates 
of  0.29% for the river fishery and 
0.45% for the total  re turn - remark- 
ably similar t o  the 1922 and 1938-43 
broods. 

Calculated total mark returns f rom the 
1961-brood fall chinook contr ibut ion 
study are available through 1965; 1966 
returns were estimated by  assuming a 
2 5 %  sampling rate i n  a l l  fisheries. Re- 
tu rn  t o  the river for this brood is low 
(0 .16% of  the number released) ; by  in -  
c luding ocean recoveries the survival rate 
rises to  the magnitude o f  earlier years. 

Hatchery Returns 

The number of  adult  salmon returning 
to  a hatchery f r om known or estimated 
numbers o f  juveniles released is a mea- 
sure o f  their u l t imate survival. Here 
again, river, estuarine, and marine survi- 
val cannot be differentiated, and the data 
gathered through the years have a t  t imes 
been only rough estimates. Other compl i-  
cat ing factors are the variable age at ma- 
tu r i t y  and the straying of  adults in to  non- 
hatchery streams. 

Junge and Phinney (1963 )  made a 
thorough study of the return o f  fal l ch i -  
nook t o  the U.S. Fish and W i l d l i f e  Service 
Spring Creek Hatchery a f ew  miles above 
Bonneville Dam. Spring Creek is unique 
because the run  is believed t o  be ent irely 
art i f ical ly produced; it is one of  the most 
successful chinook hatcheries i n  the Co- 
lumbia River system. The  study was p r i -  
mari ly concerned w i t h  isolating the fact-  
ors inf luencing the relatively h igh return 
t o  Spring Creek. I t  is rather surprising t o  
learn "that survival rates since 1950 have 
been greatly reduced. W h e n  the pounds 

.o f  fingerlings released are taken i n t o  con- 
sideration, even the large returns i n  1958 
and 1959 do not  exhibi t  survival rates 
comparable t o  those maintained i n  the 
1940's." The high production has been 
maintained by  large increases i n  pounds 
of  f ingerl ings released, bu t  the return per 

pound has decreased. The  authors con- 
sider the incidence of  tuberculosis, coag- 
ulated yo lk  disease, and increased crowd- 
ing, w i thou t  coming to any f i r m  conclus- 
ion as t o  the cause of  the decrease. 

Wal l is ( 1964a and b )  reviewed the 
records o f  the Bonneville and Oxbow 
hatcheries maintained b y  the Fish Com- 
mission of  Oregon just below and above 
Bonneville Dam, respectively. I n  general, 
both show a similar h igh level o f  product- 
ion for the 1945-46 broods fol lowed b y  a 
decline t o  a very low level for the 1951 - 
5 5  broods, then an increase beginning 
w i t h  the 1959 brood but no t  up  t o  the 
1945-46 level - trends very similar t o  
Spring Creek. 

For Oxbow Hatchery Wal l is  notes: 
"The number of adults handled at the 

hatchery since 1948 have shown the same 
trends of abundance as noted on the spawn- 
ing 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 in- 
fluence on the trends of abundance." 
There is a suggestion that  the survival 

rate for the 1943-45 broods was excep- 
t ionally high at both Spring Creek and 
Oxbow c o m ~ a r e d  w i t h  earlier and later 
years. A similar pattern is given by  re- 
tu rn  of  adults as a percentage of  f ry  and 
fingerlings released a t  all hatcheries i n  
the Bonneville area ( f r o m  Mal tze f f  and 
Z immer.  1963 1 .  

I t  has been shown that the survival 
rate ( re turn t o  the hatcheries) o f  bo th  
marked and unmarked chinook, f r om 
above and below Bonneville Dam, ap- 
parently declined dur ing the early 1950's. 
This  has been ascribed t o  disease, b u t  the 
fact  remains that  w i l d  stocks, relatively 
free of disease, also decreased dur ing the 
same period. Clearly some other factor 
or factors were controll ing the survival 
rate and size of  the population. 

Ocean Temperature 
I n  the thesis I describe the ocean- 



ography of the region inhabited by Co- 
lumbia River chinook and examine several 
aspects of marine ecology that might be 
related to ocean survival. Only ocean 
temperature appeared to bear any rela- 
tionship. Several serial measurements of 
temperature are examined in the follow- 
ing section to determine what correlation 
w i t h  abundance may exist for Columbia 
River chinook. The dependent variables 
in this analysis are total return to the 
river of a given brood-year stock and re- 
turn per spawner, and they w i l l  be cor- 
related w i t h  independent variables such 
as water temperature. 

Fluctuations or declines in abundance 
of salmon runs have been blamed on 
changes in  marine survival, bu t  l i t t le  is 
known about the mechanisms involved. 
Vernon ( 1 958 1 , for example, examined 
the factors influencing the abundance of 
pink salmon in the Fraser River and found 
that abundance of year classes was close- 
ly and inversely correlated w i th  water 
temperatures encountered by the juven- 
iles in  Georgia Straits. Birman (1964) 
noted that the warming of Asiatic coastal 
water by the Kuroshio current was cor- 
related w i th  decreased numbers of pink 
salmon, and that hydrological conditions 
were not responsible for the decline of 
Asian chum salmon although they may 
cause some fluctuations in abundance. 

Columbia River fall chinook migrate 
downstream shortly after hatching, but 
since they often hatch far upriver, the 
tr ip may take weeks or even months. May 
is probably the month when most of them 
arrive at or near the mouth of the Co- 
lumbia, bu t  there is a considerable mi -  
gration in  June (refer to section on 
downstream migrat ion). Varying periods 
of downstream migration and weather 
conditions suggest that the t ime of arrival 
of young fish at sea may be quite variable, 
and that they encounter different condi- 
tions. L i t t le  is known about how long the 

downstream migrants remain in the estu- 
ary or the conditions they face which 
might affect survival. 

The average ocean temperature during 
the first May and June of l i fe of a given 
year class was chosen as a critical period 
during which any relationship between 
water temperature and survival should be 
revealed. Serial water temperature data 
are scarce, bu t  an excellent series of air 
temperatures is available for the Nor th  
Head Lighthouse (U.S. Weather Bureau 
Climatological Data ) located about 5 
miles nor th of the Columbia River and 
directly facing the ocean. Several authors 
comment on the similarity of sea and air 
temperatures in such situations ( for  ex- 
ample, Roden 1961 ) .  Weather records at 
this station were discontinued in 1953, 
bu t  beginning in  1949 daily water tem- 
peratures were taken in the surf at high 
tide a t  the Seaside Aquarium about 17 
miles south of the mouth of the Colum- 
bia River (Kujala and Wyatt,  1961 ) . 
They are representative o f  actual tem- 
peratures and salinities the young salmon 
encounter in  leaving the river. 

Examination of Nor th  Head air tem- 
perature data suggested better runs oc- 
curred w i th  lower May and June tem- 
peratures; however, a calculated corre- 
lation coefficient for the years 1938-46 
of r = -0.396 was nonsignificant (r.05 
= 0.666 w i t h  7 d. f . l .  

Seaside water temperatures show pro- 
nounced warm temperatures in 1 956- 
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 w i th  10 
d . f . l .  Seaside data cover a period when 
the run had stabilized a t  a low level. 
Salinity at Seaside seemed to be the in- 
verse of temperature w i t h  no obvious 
relationship w i th  salmon abundance. 

Another available series of water tem- 



peratures is f rom Neah Bay, Washington, 
near the t ip  o f  Cape Flattery (U.S. Coa:+ 
and Geodetic Survey, 1962) . May, June, 
and July mean water temperatures were 
plotted; they showed much f luctuat ion 
w i t h  no  apparent relation t o  salmon 
abundance or other temperature 'records. 
The  sheltered location o f  this station, 
along w i t h  strong tidal currents, may 
account for the variability. 

The  Fisheries Research Board o f  Can- 
ada has for many years maintained tem- 
perature and salinity records a t  a number 
o f  l ight stations on the Brit ish Columbia 
coast (Holl ister, 1964) . Amph i t r i te  
Point is particularly good for our purpose 
because records go back t o  1934, i t faces 
the open ocean, and is i n  an area inhabi- 

ted by  large numbers o f  Columbia River 
chinook. Pickard and McLeod ( 1953) 
note that  Amph i t r i te  is representative of 
the water o f  the open coast. P lot t ing a 
scatter diagram o f  total salmon returns 
by  brood year w i t h  June Amph i t r i te  tem- 
peratures (Figure 9 )  reveals a signi f i -  
cant inverse correlation a t  the 5% level 
for the brood years 1938-46 (r = 
-0.754, r.,, = 0.666 w i t h  7 d.f.). A 
negative, but nonsignificant, relationship 
is observed for  more recent ( 1947-59) 
years. Tak ing return per spawner, 
1938-46 gave r = -0.583 ( r .0 ;  = 0.666 
w i t h  7 d . f . )  and 1947-59 gave r = 
-0.517 (r.,, = 0.553 w i t h  1 1  d.f.1, 
both  approaching signif icant values. 

I n  summary, an exploratory examina- 

0 

50 51 52 53 54 55 56 5 7 
Temperature (F)  

Figure 9. Relationship between Amphirite Point water temperature in June and return of fall 
chinook to Columbia River, 1938-46 and 1947-59-brood years. 



t ion o f  marine factors that  could af fect  
the abundance o f  chinook salmon reveal- 
ed a correlation between ocean water 
temperature dur ing the brood's f i rst  
spring and rate o f  survival. The mecha- 
n ism involved is no t  known, bu t  higher 
temperatures may perhaps ref lect un-  
favorable ocean current patterns rather 
than exert a direct e f fect .  

Ocean Fisheries 

Commercial Troll Fishery 

The  history o f  the Pacific Coast ocean 
t ro l l  salmon fishery has been document- 
ed by Parker and Kirkness ( 19561, M i l ne  
and Codfrey ( 19641, Kauf fman ( 1951 1 ,  
and Van Hyning ( 1951 and 1968 ) .  

Regulation of the early trol l  fishery 
consisted of  size l imi ts  t o  protect im-  
mature f ish and prevent the landing of a 
poor qual i ty product for  the market. Size 
l imi ts  for chinook varied f rom 20 to 28 
inches ( to ta l  length) through the years, 
b u t  since 1957 a 26- inch l im i t  has gener- 
ally applied in  offshore waters. l n 1949 a 
March 15 t o  November 1 open season for 
chinook trol l ing was enacted by Oregon 
and Washington. I n  1956 the opening 
date was moved up  t o  Ap r i l  15, pr imari ly 
t o  protect Columbia River fal l  chinook. 
Bri t ish Columbia and Alaska fol lowed 
w i t h i n  a year or two, so that  now  the 
Apr i l  15-November 1 season is standard 
on  the Pacific Coast. Certain exceptions 
exist on the inside waters of Brit ish Co- 
lumbia and Alaska, b u t  they are of l i t t l e  
consequence t o  Columbia River stocks. 

Since Columbia River fal l  chinook are 
taken pr imari ly i n  outside waters f rom 
central Oregon nor th  through southeast- 
ern Alaska, the fol lowing discussion w i l l  
be confined to  that area. Data on pounds 
of troll-caught chinook landed are avail- 
able f rom records of  fishery agencies, bu t  
these are a composite of  salmon f rom 
many rivers. As noted, however, Colum- 
bia River fall chinook dominate most 
areas and production statistics give a t  

least an index o f  the harvest o f  this 
stock. Numbers o f  f ish are given in  some 
records, b u t  these are usually converted 
f rom pounds, using a constant conver- 
sion factor or sampling data, bo th  subject 
to  error. 

The reader is referred t o  the  thesis 
(Van  Hyning, 1968) for  analysis of  
catch statistics for individual t rol l  f ish- 
i n g  areas and an explanation o f  source 
material and adjustments. Briefly, some 
areas have shown increasing landings, 
others decreasing, and all indicate severe 
fluctuations. Central Oregon (Newpor t )  
landings showed an upward trend un t i l  
1957, then a sharp decline whi le  those 
f rom o f f  the Columbia River (Oregon 
and Washington combined) exhibi ted a 
rising trend un t i l  1952, then a gradual 
decline t o  a very low level. The Washing- 
ton coastal area had a rapid increase un-  
t i l  1955, then a sharp decrease. Landings 
a t  Puget Sound ports fo r  the area o f f  
Cape Flattery as we l l  as the west coast o f  
Vancouver Island indicated a long-term 
downward trend wh i l e  landings for the 
west coast o f  Vancouver Island showed 
a s t r ik ing increase t o  1948, a h igh level 
o f  production un t i l  1959, then a drop t o  
former levels. Both northern Brit ish Co- 
lumbia and southeastern Alaska had 
long-term declines. 

Three geographically related areas - 
Newport, Columbia River, and Washing- 
ton coast - revealed a similar t rend o f  
increasing landings fol lowed by  a drop. 
The  increase occurred dur ing a period 
when most o f  the t ro l l ing f leet adopted 
electronic and other devices and greatly 
improved their  f ishing abil i ty. In addi- 
tion, albacore were scarce or absent in 
northwest waters dur ing 1952-55, caus- 
ing  the fleet to  concentrate on  salmon. 
I t  is suggested that  stocks i n  this area 
were unable t o  sustain the high level o f  
catches that  developed in the early and 
mid -  1 950's. 

The contrast between the American 



and Canadian fishery o f f  Cape Flattery 
and Vancouver Island was striking; i.e., 
Washington troll landings gradually de- 
clined whi le Canadian increased rather 
spectacularly. 

Northern British Columbia troll catch- 
es exhibited a gradual downward trend. 
Mi lne and Codfrey ( 1964) state: "The 
low catch and ef for t  expended in  recent 
years (1955-57) suggest a decline in  
the abundance of chinook salmon in this 
area, which is associated w i th  the recent 
decline in  Columbia River stocks." 

Alaska troll catches after 1937 evinced 
a very sharp downward trend. Accord- 
ing to Parker and Kirkness (1956) 
some important troll ing grounds, such 
as Cape Ommaney and the west coast 
of Prince of Wales Island, ceased to 
be productive: " W e  are able to see, 
then, the virtual disppearance of import- 
ant k ing salmon troll ing grounds during 
a period o f  exploration, expansion, and 
technological development. I t  is not re- 
marltable that such events should occur 
in  almost perfect correlation w i th  the 
destruction of the Columbia River 
spawning grounds." This may seem a 
logical conclusion, but  other explanations 
must also be considered. 

During the period of greatly reduced 
Alaska catches, 1935 to 1950, the Co- 
lumbia River spring and summer chinook 
runs were declining, but not the fall run. 
This presupposes that the spring and 
summer stocks were of prime importance 
to the Alaskan fishery at that time, 
which may not be the case. The destruc- 
tion o f  Columbia River spawning grounds 
w i l l  be covered in a later section, but  fall 
chinoolt were relatively unaffected by 
spawning ground loss in  this watershed 
during the early period of Alaskan decline. 
The picture is thus more complex than 
suggested by Parlter and Kirkness and 
could reflect the interaction of changes 

i n  abundance of different races. A l -  
though these authors suggest that dam 
building on the Columbia was the prin- 
cipal cause of the decline of Alaska's 
troll chinook fishery, overfishing cannot 
be excluded. A n  intense fishery could 
have developed on certain races which 
rendezvous at a coastal location en route 
to their home stream. For example, 373, 
000 chinook were landed in  the Cape 
Ommaney area i n  1924 compared to 
I I normal production" of 144,000 in  
1927. By 1951 and 1952 landings had 
fallen to 12,000 and 17,000, respective- 
ly. Catches i n  the magnitude of 150,000- 
350,000 chinook in  only one area must 
have had an important effect in  reducing 
the numbers entering rivers to which 
they were destined. Information is not 
available to study the near demise of the 
Alaslta troll chinook fishery, but t l ie in- 
ference is rather strong that overfishing 
was an important factor, perhaps more 
important than spawning ground de- 
struction. 

The oceanic l i fe of Columbia River fall 
chinook may be conveniently divided into 
two  areas: southern ( f rom central Ore- 
gon to and including the west coast of 
Vancouver Island) and northern (north- 
ern British Columbia and Alaska). The 
southern area contains both upper and 
lower Columbia River stocks, mature and 
immature, while in the northern area 
mostly mature fish of upper-river origin 
are cayght. Catch statistics can be sum- 
med up for the two areas separately, as 
shown i n  Figure 10, and compared w i t h  
the estimated pounds of fall chinook en- 
tering the Columbia (commercial land- 
ings plus number escaping over Bonne- 
vil le Dam ' I ,  assuming 20 pounds average 
weight . 

The total catch in  the southern area 
increased substantially unt i l  1952, level- 
ed of f  unt i l  1957, then fell sharply dur- 

3 The years 1935-37, prior to  Bonnev~lle counts, were computed from the rat lo between pounds landed and to ta l  
slze o f  the r un  for 1938-40. 
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Figure 10. Ocean troll chinook salmon land- 
ings by area compared to pounds of fall 
chinook entering the Columbia River, 
1935-63. 

ing the remainder of  the period studied. 
Since Columbia River fall chinook was 
the single most important component of 
the fishery, the total ocean catch of  this 
stock must have followed a somewhat 
similiar trend. 

Northern Brit ish Columbia and Alaska 
combined show a long-term decline. Un-  
l ike the southern fishery, which could 
increase its catch up  to a point by im- 
proving efficiency of  gear and exploiting 
different areas and younger age groups, 
the northern fishery, dependent to a 
large extent on mature upper-river 
stoclts, was ful ly developed by 1937 and 
could only decline along w i t h  the general 
decrease in the runs. The correspondence 

between peaks and nadirs in  catches i n  
the two areas and i n  the Columbia River 
in  the earlier years implies that they are 
dependent, to a high degree, upon a com- 
mon stock. 

Since there seemed to be an agree- 
ment  between catches in the two ocean 
areas and runs entering the Columbia 
during the earlier years, whi le an inverse 
relationship existed in  later years, cor- 
relation analysis was used to study the 
relationships. I n  the period 1935-48 a 
significant positive correlation was evi- 
dent (r = 0.59, r .,,.; = 0.53 w i t h  12 
0.1.) ; increasing ocean catches were as- 
sociated w i t h  larger runs into the river. 
The fishery was then merely sampling 
the run wi thout  a major impact. Begin- 
ning in  1949, a change occurred, cor- 
responding w i th  a declining run enter~ng 
the Columbia; we now see a negative 
but  nonsignificant relationship for 1949- 
58 ( 1 .  = -0.54, r.,,; - 0.63 w i t h  8 d. f . )  
between an increasing ocean catch and 
decreasing return to the river. A transi- 
t ion occurred i n  1958, and f rom 1959-63 
another level was formed marked by low 
ocean catches and low runs to the river. 
The close correlation between total 
ocean catches and magnitude o f  the Co- 
lumbia fall run in the early years shows 
the dependence of the fishery on Colum- 
bia River fish, and confirms the tagging 
studies that revealed the presence of a 
majority of  Columbia River stocks i n  
most ocean troll areas. 

I n  conjunction w i t h  catches, another 
vital statistic is the amount of  fishing 
effort .  Unfortunately ef for t  data for the 
troll fishery are not  uni form and are d i f -  
f icult  to evaluate. The best series is for 
the Washington trol l  fishery (unpublish- 
ed data provided by the Washington De- 
partment o f  Fisheries) and consists of  
numbers of  trol l  landings by month, year, 
and area which, w i t h  some adjustment 
(Van Hyning, 19681, give the number of 
troll ing trips o f f  Washington and adja- 



cent areas each year. 
This  tabulation, shown in  Figure 1 1 ,  

indicates a rapid increase i n  the number 
of  t r ips un t i l  1948, a high level un t i l  
1957, and a slight reduction i n  more re- 
cent years. Part o f  the reduction is caus- 
ed by  shortening the open season by 1 
month  (March  15 t o  Apr i l  15) i n  1956. 
For the previous 5 years, an average of  
2,l 17 landings had been made f r om 
March 15 to Apr i l  15. The very low 
value i n  1960 was occasioned by  a scar- 
c i t y  o f  both chinook and coho. There was 
a substantial increase i n  trol l ing o f f  
Washington : f rom an average o f  1 6,400 
tr ips i n  1935-44 t o  28,100 i n  1948- 
57. 

Af te r  195 1 ,  Bri t ish Columbia recorded 
the number of  boat days of  f ishing 
(M i l ne  and Codfrey, 1964). This  period 
was well i n to  the era o f  exceptionally 
high catches o f f  Vancouver Island, and 
thus d id  no t  depict any increase in  in -  
tensity. M i l ne  and Codfrey also give the 
number of  t rol l  licenses issued i n  Bri t ish 
Columbia (Figure 1 1 . The  excellent 
agreement between number of  days fish- 
ed and number of  licenses suggests that  

B. C .  F ishing Oayr --A. 1: 
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Figure 11. Troll fishing effort off Washing- 
ton and British Columbia. 

the latter may be a good measure of f ish- 
ing  ef for t .  I n  combination, the two  mea- 
sures indicate that  f ishing e f fo r t  increas- 
ed materially af ter Wor l d  W a r  II and has 
remained high. 

Intensity o f  the Washington fishery is 
used as an index o f  f ishing e f fo r t  because 
i t  is the best such data available and I 
feel that similar changes i n  e f fo r t  for 
Oregon and Bri t ish Columbia are re- 
f lected i n  these statistics. The  Washing- 
ton trol l  fishery is no t  singled ou t  for  
special attention; reference t o  trol l  f ish- 
ing e f fo r t  w i l l  be t o  Washington but ap- 
plies to  the other areas as well. 

Figure 12 shows three vi tal  aspects of  
the Washington trol l  chinook fishery- 
catch, ef fort ,  and abundance (catch-per- 
un i t  e f f o r t ) .  Total  catches increased 
slowly b u t  steadily un t i l  1952 then de- 
cl ined sharply. Effort  ( t r ips)  reached a 
peak i n  1954 then decreased slightly, 
wh i le  catch-per-unit  e f fo r t  fel l  steadly 
throughout the period. As can be seen, 

Figure 12 Statistics of the Washington troll 
chinook fishery, 1935-63. 



a large increase in  intensity resulted i n  an 
only modest rise in  yield. Fit t ing a visual 
trend line from 1935 to 1954 suggest: 
that a doubling of ef for t  ( 1 5,000-30,- 
000 trips) resulted in a 58% increase in  
catch ( f rom 3.5 to 5.0 mil l ion pounds). 
Undoubtedly rising competit ion between 
gear has been a factor in reducing the 
catch-per-unit effort, bu t  there is l i t t le  
question that abundance has declined, es- 
pecially since 1955. That  troll fishing ef- 
fort  probably has an effect on the abun- 
dance of chinook is shown by a signifi- 
cant negative correlation between effort  
and catch-per-unit e f fo r t  (r = -0.52, 
r . ,~. :  = 0.37 w i th  27 d . f . ) .  

I f  chinook salmon are considered stric- 
t ly a marine species, an almost classic ex- 
ample of the effect of exploitation is 
shown in  Figure 12: an increase in effort  
results in  a rise in  catch up to a point, 
then more intensive fishing brings a de- 
cline in  yield. The troll chinook fishery 
would be uneconomical i f  there were not 
other species of salmon, albacore, and 
halibut to be harvested. The abundance 
of these fish keeps troll ing intensity at 
a high level. 

Increasing fishing ef for t  results i n  re- 
duced runs returning to  the Columbia 
River. This hypothesis hardly needs prov- 
ing, bu t  is further examined by correlat- 
ing the return o f  fish by brood year w i th  
the fishing effort  to which that group 
was exposed. (Since fal l  chinook are pre- 
sent in  the fishery for substantially 2 
years, as 3-  and 4-year fish, the number 
of trips during the years when the fish 
were in their third and fourth years were 
summed up  in  order to arrive at a mea- 
sure of fishing ef for t  on a brood year. A 
significant negative linear correlation (r 
- - -0.562, r.,l.j = -0.423 w i th  20 df.) 
was found for all years combined. Taking 
only the brood years 1938-50, a curvi- 
linear pattern was detected. A curve was 
f i t ted to these years (9 = 144.91 58X  

-1.7699X"2042.77) and the R value 
of 0.91 was significant, showing that an 
increase in  ef for t  on a brood year up to  
40,000 trips resulted in a greater return 
to the river (probably a greater abun- 
dance induced increased fishing) . Fishing 
effort  above this level brought a rapid 
drop in  the returning run. 

Changes in  the size and age compo- 
sition of a population often indicate the 
effects of fishing. Long-term declines in 
either reflect increasing fishing pressure 
as older groups are removed and younger 
ones support the bulk of the fishery. 
Systematic sampling of the troll fishery 
did not begin unt i l  the late 1940's and 
early 1950's when the fishery had already 
reached its peak, so that the composition 
of the catch prior to 1940 is not known 
and hence cannot be compared under d i f -  
ferent levels of fishing intensity. A n  ex- 
ception is fish tagged in  British Columbia 
i n  1925-30 for which scales were talcen; 
they can be compared to catch sampling 
in  1952-57 (Milne, 1957) .  The best 
comparison is the fishery of f  southern 
Vancouver Island. I n  general, 3-year fish 
increased f rom 25 to 50% of the catch 
whi le 4-year fish dropped from 50 to 
25% and 5-year fish declined to  negli- 
gible numbers. I n  more recent years, the 
3, group constituted as much as 65% of 
the catch in this area. Catches in north- 
ern British Columbia also show a change 
in  age composition. A shif t  of modal age 
from 5 to 4 and an increase in the num- 
ber of 3-year olds is indicated. 

When samples talcen in  the period 
191 9-30 are compared w i t h  those from 
1949-63, a marked decrease is seen in  
average age of chinoolc entering the troll 
catch from the Columbia River to north- 
ern British Columbia. Generally the mod- 
al age moved in  the southern areas from 
4 to 3 and in  the northern from 5 to 4. 
Young fish became more important in  
the landings while the older ones virtual- 



l y  disappeared. Combined w i t h  this was 
a drop in  average size. These trends ind i -  
cate the typical reaction o f  a population 
to  exploitation and show that  the ocean 
fishery is exerting a measurable effect o n  
the chinook population. Size and age 
composition o f  fal l chinook as they enter 
the Columbia River w i l l  be discussed i n  
another section. 

Japanese Fishery 

Ever since the Japanese began their  
post-war high seas mothership f ishing i n  
the N o r t h  Pacific they have been blamed 
for declines i n  some American salmon 
runs. There is no  evidence t o  indicate, 
however, that  this fishery has had any 
influence on  Columbia River stocks. 

Japanese fishing is restricted by  in ter -  
national agreement t o  the Pacific Ocean 
west o f  1 7 5 " W  longitude. According t o  
Mason (1965 )  l imi ted chinook tagging 
i n  the vic ini ty o f  the treaty l ine resulted 
i n  the recovery of  one spring chinook 
f rom the Salmon River, Idaho, one f r om 
a northern Alaska river, one f rom the Si- 
berian coast, and t w o  recaptured on  the 
high seas. The  lack of  fal l  chinook recov- 
eries does no t  preclude their  presence i n  
the area. A more convincing argument, 
however, is that the Japanese mothership 
catch consists almost entirely o f  f ish w i t h  
sub- two or stream-type scales. Since Co- 
lumbia River fall chinook are predomin- 
ant ly f ish wh ich  spent less than 1 year i n  
fresh water there can be f ew  i f  any i n  the 
Japanese catch. Furthermore, the Japan- 
ese mothership catches averaged only 
40,000 chinook per year in 1952-61 
( Kasahara, 1 963 . 

Sport Fishery 

Ocean sport f ishing for salmon is main- 
ly a development o f  the 1950's (Wend -  
ler, 1 9 6 0 ) .  Mass production o f  suitable 
boats and reliable outboard motors re- 
sulted in  a tremendous upsurge in this 
sport, especially o f f  the mouth  o f  the 

Columbia and Grays Harbor. Oregon sport 
fisheries also expanded, but the catch 
includes so f ew  Columbia River chinook 
that  it can be ignored i n  this analysis. 

Both the Columbia River estuary and 
Neah Bay had fisheries i n  existence be- 
fore catch sampling began but they were 
a t  a low and steady level. Prior t o  1951, 
the fishery a t  the mouth  of  the Columbia 
was entirely i n  the estuary and consisted 
almost solely o f  mature chinook. Subse- 
quent ly i t  moved offshore, and coho and 
immature chinook became more impor-  
tant. The  estuary sport fishery i n  1946-  
51 fol lowed the general t rend o f  the fal l  
chinook run, as migh t  be expected, since 
i t  operated on  the peakof the run  between 
mid-August and early September. A f t e r  
195 1 , the sport catch increased t o  between 
20,000 and 30,000 f ish per year. Prior t o  
1950  the catch a t  Westport ,  Washing- 
ton, was negligible but rose rapidly f r om 
1950 t o  1952, reaching a peak of  69,000 
i n  1956, and then leveled o f f .  A small 
fishery developed at LaPush, Washing- 
ton, wh ich  took generally 2,000 t o  3,000 
chinook per year, bu t  because o f  i ts  iso- 
lation d i d  not  expand as in  other areas. 
Sport fisheries on  the inside waters o f  
Puget Sound, Bri t ish Columbia, and Alas- 
ka probably do no t  take many Columbia 
River salmon, but these fish are impor t -  
ant  to  the Neah Bay and western Strait 
of  Juan de Fuca fishery. Numerous mark-  
ed Columbia River f ish have been taken 
as far as Sekiu. 

The estimated ocean sport chinook 
catch i n  the Columbia River estuary and 
of f  the coast o f  Washington increased 
f rom about 35,000 i n  1949 to  nearly 
1 30,000 i n  1956 and then leveled o f f  at  
around 100,000. Also, dur ing this period 
( 1949-64)  the number of  angler tr ips 
rose f rom about 80,000 to  over 400,000. 
The charter f leet a t  Westpor t  increased 
f rom 8 i n  1952 to  91 i n  1953 and over 
200 i n  1964, and a t  l lwaco f rom less than 



10 in  1954 to over 90 i n  1964. Accord- 
ing to Haw, Wendler, and Deschamps 
( 1967) : "Westport is now dominated by 

a wide-ranging charter fleet, one of the 
largest charter fleets i n  North America." 
The intensity of  the fishery is sti l l  in- 
creasing, bu t  the catch has leveled off ,  
suggesting that the available stoclts are 
being ful ly uti l ized. 

Hooking Mortality 
Another factor related to ocean fishing 

is the number and mortality of small chi- 
nook that are released by trollers; this 
varies greatly by area and season, f rom 
zero to 100 per day. For a number of 
troll ing trips in 1954-55 between Grays 
Harbor and Newport, 17 % of the ocean- 
type chinook caught were under 2 4  inch- 
es fork length and would have been dis- 
carded. Tagging experiments conducted 
o f f  the Columbia River from 1948 to 
1952 showed that of the 938 fish caught, 
394 or 4 2 %  were below legal size. I n  
tagging o f f  the Columbia River-Grays 
Harbor area in  March-Apri l  1959 and 
1960, 27 and 2876, respectively, were 
sublegal. Heyamoto ( 1 963 found that 
82081. of the chinook caught o f f  the 
mouth of the Columbia River f rom May 
to August 1957 were sublegal. I n  a com- 
mercial operation in June 1962 of f  Grays 
Harbor, 38% of the chinook caught were 
undersized, while in  September 1962 of f  
the Columbia, 8 4 %  were so designated. 

For southern Vancouver Island, Neave 
( 195 1 ) gives a table showing the size 
composition of 1,204 chinook taken f rom 
May to August 1949. Fish under 24- 1 /2 
inches fork length comprised 15 to 34% 
of  the catch in May and June, and 6 and 
9 %  on July 1 and August 5, respectively. 
O f f  northern Vancouver lsland (Quat- 
sino) the percentage varied in July from 
zero to eight. 

Mi lne ( 1964) gives length-frequency 
distributions of fish received at the buy- 
ing stations in  the Brit ish Columbia troll 

fishery from 1 952 to 1 959. A measure is 
obtained f rom the 1952-56 data on fish 
taken between 18 and 2 4  inches which 
would have been discarded had the larger 
size l im i t  been in  effect. On the west 
coast of Vancouver lsland fish under 26 
inches (total length) .varied from 21 to 
36% w i t h  an average of  29%. Undoubt- 
edly, numerous fish under 18 inches were 
also discarded. For north and south Hec- 
ate Straits the percentages were 16 and 
17, respectively, and for the Queen Char- 
lotte Islands, only 5. Sampling o f f  south- 
eastern Alaska in  1950-52 showed be- 
tween 2 and 16% under 23.75 inches 
fork length. 

Thus, for the area between central 
Oregon and Vancouver Island 25% 
might be a conservative estimate of the 
average proportion of the troll chinook 
catch returned to the water. For northern 
British Columbia and Alaska, i t  would be 
only about 5%.  

Some small chinook are released in the 
ocean sport fisheries bu t  l i t t le  informa- 
tion on this matter is available. Prior t o  
1958, size and bag limits were so lenient 
that few were discarded, bu t  i n  1958 20- 
and 22-inch total length size l imits were 
instigated in Washington and Oregon 
which prevented the retention of small 
chinook. I n  addition, the bag l im i t  was 
reduced, probably causing anglers to be 
more selective. Sampling a t  Westport and 
the mouth of the Columbia in  1955-57 
showed that f rom 1 1  to 17% of  the chi- 
nook landed were below 20 inches. 

Mortal i ty of  released f ish may be quite 
high. Based on physical damage alone, 
Van Hyning and Naab ( 1 957) estimated 
that 30% of  a large sample of  troll- 
caught chinook under 2 4  inches would 
probably die i f  released. Mi lne and Ball 
( 1956) suggest a hooking mortality o f  

one-third to one-half for small chinook 
and coho, based on holding in  live pounds. 
Parker and Black (1959) bring up an- 



other point, that of death through ex- 
haustion or hyperactivity associated with 
high blood lactate levels. They estimate 
a mortality rate of 71 % with 95% con- 
fidence limits of 40 and 86% for troll- 
caught chinook. There is a suspicion, 
however, that such high mortality may 
have been partially caused by confine- 
ment and stress in a live box (Ellis, 
1964). Wi th some recent tagging ex- 
periments giving returns as high as 47% 
(Table 3 ) ,  a hooking mortality greatly in 
excess of 40% can hardly be accommo- 
dated when conrsidering tag loss, tags 
recovered but not turned in, natural mor- 
tality, and tagged fish undetected on the 
spawning grounds. An estimated hooking 
mortality of 40% appears reasonable 
after considering the foregoing informa- 
tion. Additional numbers of legal-sized 
fish are hooked but escape with torn 
mouth parts and gills. Their mortality 
rates are unknown. 

The crux of this discussion is that the 
number of fish landed does not represent 
the entire fishing mortality. For example, 
in 1957, when over 1 million chinook 
were landed in the troll fishery from cen- 
tral Oregon to Vancouver Island, perhaps 
an additional 250,000 were discarded at 
sea, of which 100,000 may have died. 
Thus, catches since 1948 for Oregon and 
Washington and since 1957 for British 
Columbia could be increased by approxi- 
mately 10% over those reported. The 
unrefined estimates do not warrant fur- 
ther analysis at this time, but do show 
that there is fishing mortality beyond 
that recorded in the landing statistics. 

Combined Influences of Ocean Fisheries 
Biologically, the marine habitat of Co- 

lumbia River fall chinook has been divided 
into southern and northern areas. The 
northern shows a long-term decline in 
production, the southern an increase un- 
til 1952 then a sharp decrease. This is 
seen in Figure 10 where the troll catch in 

pounds within each area was summed up 
and compared with the estimate ( in  
pounds) of fall chinook entering the Co- 
lumbia River each year. The ocean catch 
was correlated with the run in the Co- 
lumbia until the catch in the southern 
area increased markedly; then the num- 
ber entering the river decreased. 

Since the fish are being cropped at 
a younger age and smaller size, the 
poundage landed in more recent years no 
longer reflects the production of which 
the stock is capable, nor what was pro- 
duced by the same number of fish in 
earlier years. For this reason, numbers of 
fish taken should be considered. Such 
estimates were compiled from a variety 
of sources and showed a trend similar to 
Figure 10, but with a much more rapid 
buildup of the catch by the ocean fishery 
and higher peak coincident with the de- 
cline in the fall run to the Columbia 
River. 

An accurate estimate of the number of 
Columbia River fall chinook landed in the 
ocean fishery is badly needed, but data 
are not ava-ilable. Attempts based on 
ocean tagging and subsequent tag recov- 
ery in the rivers have been criticized on 
the ground that the chance of recovery in 
the Columbia is greater than in other 
rivers without intense fisheries or hatch- 
eries. Silliman ( 1948) , in making an es- 
timate of the troll catch of Columbia 
River chinook from the early British Co- 
lumbia offshore tagging results, succinct- 
ly stated the problem: 

"It is well to recognize that  their suit- 
abi l i ty  for this purpose is entirely depend- 
ent upon the fishing intensity and recovery 
ef for t  i n  the various regions. For instance, 
we assume a stock of 1,500 tagged sal- 
mon, composed of  1,000 British Columbia 
and 500  Columbia River fish. Disregarding 
other mortal i ty, and assuming 100 per cent 
recovery of tagged fish caught, a f ishing 
intensity of 2 5  per cent i n  British Co- 
lumbia and 50 per cent i n  the Columbia 
River would result i n  2 5 0  recoveries of  tags 
in each region, and evidence f rom .recover- 



ies alone would point  t o  50 per cent Colum- 
bia River instead of the t rue 33-1/3 per 
cent. When efficiency i n  recovering the 
caught fish, as well as f ishing intensity i t -  
self varies, the situation is further com- 
plicated." 

Although a number of tagging pro- 
grams have since been conducted and we 
have refined catch statistics, there is 
st i l l  a lack of  information on fishing in- 
tensity i n  the various recovery areas out- 
side the Columbia River. A further com- 
plication is the much larger sea recover- 
ies f rom more recent tagging than early 
tagging.. I f  one race of  chinook is more 
available or vulnerable to ocean fishing 
than another, tagged fish of  that race 
would be selectively reduced before they 
reached their natal stream, whi le the less 
available race would not, tending to dis- 
tor t  the estimates of importance. Like- 
wise, i f  a tagging area contains mostly 
mature fish from one river bu t  immature 
f rom another, the immatures would be 
exposed to a longer fishing period and 
tag loss, reducing their apparent impor- 
tance to the area as compared to matur- 
ing fish which returned to the river soon- 
er. That such a situation may exist is 
shown in  Figure 5, where both mature 
and immature Columbia River chinook 
were found o f f  Barkely Sound whereas 
the Puget Sound-Fraser River chinook 
were largely mature. Mi lne and Godfrey 
( 1964) stated that the average gil l-net 
catch of chinook in  the Fraser was 

150,000 and the escapement about 
100,000. This gives a fishing mortality 
of  60%) similar to the Columbia River 
in  more recent years. Mi lne (1957) 
stated that the Columbia River contribu- 
tion to the southern Vancouver Island 
fishery was probably about 30% and the 
Fraser 20%. Later this was changed to  
I I one-quarter or less" for the Columbia 
(Mi lne  and Godfrey, 1964) .  NO clear 

basis for these estimates is given and 
they must be regarded as opinions or edu- 
cated guesses. 

Returns of  marked fish suggest a sub- 
stantial contribution of  Columbia River 
hatchery chinook to the ocean fisheries 
bu t  past marking experiments were not  
designed to accurately produce such sta- 
tistics. Preliminary results of returns 
under the Columbia River Fishery Devel- 
opment Program, which evaluates the 
contribution of  hatcheries are presented 
i n  Table 7. The 1962 brood experienced 
poor survival compared to broods in 1 96 1. 
and following years, bu t  in 1965 Colum- 
bia River hatchery fall chinook alone con- 
st i tuted 16 to 3 1 % of  the ocean catch 
o f f  Washington and Vancouver Island. 
The 1961 brood showed a high survival 
rate and the proportion of  hatchery fish 
in the catches was likewise high (29  to  
43 % )  in  the 2 years covered. Further- 
more, the estimates are not  corrected for 
differential survival rates of  marked and 
unmarked fish. 

Table 7. Estimated percentages of Columbia River hatchery fall chinook in selected 
fisheries. 

Fishery 

Estimated Contribution by Age 
1961 Brood 1962 Brood 1965 Catch 

As 3-Year As 4-year As 3-Year 
Fish in Fish in Fish in 
1964 1965 ( l ) + ( 2 )  1965 ( 2 )  + ( 4 )  

( 1 )  ( 2 )  ( 3 )  14) (5)  
% Yo ?b % % 

Vancouver Island Troll ................................................. 17.3 11.4 28.7 4.9 16.3 
Washingtan Trall ............................................................ 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 



Cleaver ( 1969) states: "It appears 
that the marks caused a reduction in  
dumber returning to the hatcheries of 
from 52 to 7 2  per cent." A dispropor- 
tionate number of 'hatchery fall chinook 
may be caught by the ocean and river 
fisheries because they are more available 
than w i ld  stocks; but, on the other hand, ' 
hatchery fish were less abundant than 
w i ld  fish returning to the Columbia. For 
example, i n  1965, 76,000 w i ld  fall chi- 
nook escaped over McNary Dam while 
18,000 were enumerated at Columbia 
River hatcheries. I n  addition, w i ld  popu- 
lations spawn below McNary Dam and 
i n  lower tributaries. I n  any event, Co- 
lumbia River fall chinook are a major 
component of the catch and the use of 
tag returns may give a conservative rather 
than exaggerated estimate of the propor- 
tion present in various areas. 

At tent ion should be called in  Table 7 
to the relative change in  the percentage 
of 3- and 4-year fish in the ocean catch 
of the 1961 brood. Thus the Washington 
troll contained 30% 3-year fish and 
13% 4-year fish. This could mean that 
Columbia River fish are more available 
as 3-year olds than 4-year olds and are 
replaced by other stocks of 4-year fish. 
The other ocean fisheries show the same 
trend whi le the Columbia River catch 
ratio of 3's and 4's remains basically the 
same. The significance of this difference 
w i l l  be developed later. 

A l l  tagging and marking results indi- 
cated that Columbia River fall chinook 
were an important, and sometimes dom- 
inant component of the offshore catch 
from central Oregon through southeast- 
ern Alaska. The agreement in  fluctuations 
in ocean catches and size of the fall chi- 
nook run during 1935-48 illustrates the 
dominant effect of this population and 
conversely the effect of the ocean fishery 
on the stock. 

I n  spite of uncertainties, some mea- 

sure of the offshore catch seems desir- 
able, even though only an estimate of 
magnitude is possible. To do this I ap- 
plied the proportion of Columbia River 
fall chinook found in the various areas, 
as shown by tagging results, to the 
number landed by area. For central Ore- 
gon, Columbia River, and Washington 
coastal ports, 28, 72, and 62%, respec- 
tively, were used. For areas around Cape 
Flattery, tagging of f  the northern Wash- 
ington coast (Umatil la Reef) showed 
50% and Swiftsure Bank 37%; the 
average, 44%, was used to estimate the 
number of Columbia River fall chinook 
landed at Neah Bay and other Puget 
Sound ports. For the Canadian fishery, 
Southern Vancouver Island showed 40% 
and Northern Vancouver Island 36%; 
38% was the average used. For the 
ocean sport fishery, a value of 65% 
was assigned. For northern British Co- 
lumbia and Alaska outside fisheries, 
19 and 40%, respect~vely, for the per- 
centage of Columbia River fall chinook. 
These proportions were based on early 
Canadian tagging, as noted, and on 
Alaska tagging which showed 31 % Co- 
lumbia River fal l  chinook in  southern and 
middle Alaska catches and 5 2 %  i n  north- 
ern catches. The results are shown in  
Figure 13. 

Assuming these values are acceptable 
as an index of Columbia River fall chi- 
nook taken at sea, combining them w i t h  
the number actually entering the Colum- 
bia gives the population size. I t  is clear 
that the drop i n  the late 1940's was less 
drastic than previously shown, bu t  there 
has ijeen a gradual decline followed by a 
second major drop in  the late 1950's co- 
incident w i th  a reduced ocean catch. 

Although the increase in  the ocean 
take appears to account for much of the 
decrease in  stocks, one aspect is sti l l  
puzzling. In general, the annual harvest of 
Columbia River chinook at sea increased 



by 200,000 i n  the period 1935-50, bu t  
the run entering the river declined 
by perhaps twice that much after 
1950. A possible explanation is an 
underestimate of  the ocean harvest 
of  Columbia River chinook. Previously 
I noted the effect of  one race of  
f ish being more available or vulnerable 
to ocean fishing than another, and how 
this could distort abundance calculations 
using tagging results. I also noted that 
Columbia River fall chinook of  hatchery 
origin composed 16-43% of  the catch 
o f f  Washington and Vancouver Island. 
Examining mark returns f rom another 
point of view corroborates this conclu- 
sion. For example, 1949-brood fish mark- 
ed at Kalama and Oxbow hatcheries were 
taken at sea and entered the river i n  the 
ratio of 2 .4 : l  and 2.0:1, respectively 
(Heyamoto and Kiemle, 1955, and Pul- 
ford, 1964a). Compare this w i t h  a com- 
puted ocean catch-to-escapement ratio 
of  1.7: l  for the years 1952 and 1953, 
when these fish were taken, as shown in 
Figure 13. For the 1961 brood, all hatch- 
ery marking, the ratio o f  ocean catch to 
return to river was 1.5 : 1 (Bureau of Com- 
mercial Fisheries, 1964 and 1966a and 
b ) .  Figure 13, based on tagging results, 
shows a 1 : 1 ratio i n  1961, however. 
Knowing the ocean catch and return of  
marked fish, and assuming they are rep- 
resentative of the run, i t  appears that 
using tag returns underestimates the 
number of  Columbia River chinook taken 
at sea possibly by as much as 40%. 

The ocean catch o f  Columbia River 

fish appears to have decreased f rom the 
high levels in the mid-1950's. Trollers 
probably were fishing less on concentra- 
tions of  Columbia River chinook - the 
March 15 to  Apr i l  15 closure would have 
had this effect. Also, w i t h  the decline in  
the runs, the fish may not  have been as 
abundant in  their former haunts causing 
boats to deploy elsewhere. This possible 
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Figure 13. Estimated number of Columbia 
River fall chinook taken in the ocean 
fisheries and number entering the Colum- 
bia River, 1935-63. 

lessening of the ocean catch may explain 
why the number entering the river main- 
tained a relatively level trend after the 
init ial decline. 

Thus the evidence is rather conclusive 
that the increase i n  ocean fishing was an 
important cause of  the drop in the fal l  
chinook run. The rest of the paper w i l l  
explore the fresh-water environment to 
detect factors there which might have al- 
tered productivity o f  the stock. 

River Life of Chinook Salmon 
River Fisheries 

Commercial Fishery 

The history of  the Columbia River 
commercial fishery is wel l  documented 
by Craig and Hacker ( 1940) and others. 

Salmon canning on the Columbia be- 
gan in  1867 when Wi l l iam Hume and his 
partners moved their operations f rom the 
Sacramento River. The river fishery, de- 
veloping on virgin stocks o f  spring and 
summer chinook, reached a peak of over 



4 0  mi l l ion pounds i n  1883. In 1889, 
spring and summer chinook catches drop- 
ped to  18 mi l l ion pounds. There is small 
wonder that the opportunity t o  process 
fa l l - run chinook was quickly seized in 
order t o  maintain production; there were 
also warnings even then that  the runs 
migh t  be overfished. 

The  early industry was based ent irely 
on  the highest qual i ty spring and summer 
chinook, but as they became less abun- 
dant and demand for  canned salmon in -  
creased, other and less desirable runs 
and species were ut i l ized. By 1900 coho 
and chum were being canned i n  consider- 
able volume, indicat ing that the fal l  r un  
of  chinook was also being harvested. The  
exact t ime when the fa l l  run  was fu l l y  
u t i l ized is no t  known, b u t  i n  1892 9% 
o f  the chinook catch was made in August 
(Smith, 1895 ) ,  reaching 37% by  1912 
(Rich, 1 9 4 2 ) .  By W o r l d  W a r  I, w i t h  the 
increasing demand for food, a l l  salmon 
runs were heavily uti l ized. In 1919 and 
1920 the August r un  was of  overwhelm- 
ing  importance, comprising 66 to 70% 
o f  the total chinook catch (Smith, 1921 ) .  

T o  understand the relation between 
the fall, spring, and summer runs, w e  
should review br ief ly the historical t rend 
o f  catches since the incept ion of the 
river fishery. Figure 1 4  shows total  chi-  
nook landings f rom 1 866  t o  1963, broken 
down in to  run  components where pos- 
sible. Data for  1866-1927 are f rom Craig 
and Hacker (1940); 1928-37, f rom 
Gangmark ( 1957 ; and 1938-63, f rom 
Fish Commission of  Oregon and Wash-  
ington Department of  Fisheries. The  
catches are estimated by  r u n  in some 
early years using the proportional catch 
by  month  as given by  Smith ( 1 895 and 
Rich (1942). 

A rapid bui ldup in the fall fishery oc- 
cured between 1890 and 1920. At  the 
peak of  the fishery, dur ing and imme- 
diately after W o r l d  W a r  I, probably be- 

tween 16 and 20 mi l l ion pounds o f  fa l l  
chinook were harvested annually. Another  
period o f  h igh product ion occured dur ing 
W o r l d  W a r  I I. Probably the lower pro- 
duct ion f rom 1922 to 1940 was due t o  
the depression ( Gangmark, 1 957 ) . 

The chinook fishery was maintained a t  
a high level for about 5 0  years, f rom 1870 
to 1920. Figure 14  shows that  this was 
due to  the fal l  chinook catches increas- 
i ng  a t  about the same rate as the summer 
run  catches were decreasing. Beginning 
i n  1920 a steady downhi l l  t rend in total  
catch started. Evidently by 1920 the  fal l  
r un  was being harvested a t  or near i ts  
maximum and contr ibut ion t o  the fish- 
eries could n o t  be  increased by  fur ther  
f ishing effort, wh i le  the harvest o f  the  
summer run  cont inued t o  fall off. The  
spring run  has shown a much less rapid 
rate o f  decline than the summer run. 
Between 1940 and 1950, the fal l  run 
vir tual ly supported the Columbia River 
fishery, but i t  subsequently fe l l  to a l ow  
level wh i le  the spring and summer runs 
had modest increases for  a br ief  period. 

This analysis tends t o  support Thomp- 
son's ( 195 1 ) hypothesis that  the ef fect  
o f  f ishing on Columbia River chinook 
changed the character o t  the run  in tha t  
i t  ser~ously reduced the ma in  summer 
run, leaving the spring and fa l l  runs, 
wh ich  had received some protection, 
dominant. 

A f t e r  the in i t ia l  development, the his- 
tory o f  the river fishery has been marked 
by  increasing restrictions on gear. In the 
early days every conceivable fo rm o f  f ish- 
ing  apparatus was used: d r i f t i ng  gi l l  nets, 
set g i l l  nets, drag seines, purse seines, 
f ish wheels, traps, trolling, and dip nets. 
Gradually through gear f ights and legisla- 
tion, d r i f t  gi l l  nets became the only  legal 
fo rm of  commercial f ishing in the lower 
river. D i p  nets and set gi l l  nets are s t i l l  
used b y  Indians above Bonneville dam. 
Un l i ke  other salmon fisheries which show 



I 
an increased fishing ef for t  despite de- 
creasing runs, the number of licensed gil l- 
net fishermen on the Columbia River de- 
clined steadily-from 1,191 in 1938 to 
683 in 1965. In addition, elimination of 
f ixed gear further reduced the fishing 
effort; b u t  Johnson, Chapman, and Scho- 
ning ( 1948) conclude: "It appears that 
the elimination of any one type of gear 

I on the Columbia River has served only to 
I increase the catch by other gears rather 

than increase the escapement." They be- 
I lieve the beneficial effect of removing 

traps and seines, i f  any, was in favor o f  
the fall run. 

Recent regulations have shortened 
both seasons and areas &en to  commer- 
cial fishing in an attempt to maintain the 
runs (Wendler, 1966) . O f  particular im-  
portance was the closure of the area 
above Bonneville Dam in 1957. When the 
decline of the fall run became evident 
in the early 1 9501s, stringent regulations 
were imposed on the August-September 
fishery which included reducing the open 
periods and increasing the weekend clo- 

Spri  ng Run -+ 

Figure 14. Chinook salmon landings by the Columbia River commercial fishery, 1866-1966. 



sures. I n  recent years only Indians have 
been permi t ted t o  f ish commercially 
above Bonneville Dam. 

Even some o f  the earliest observers 
were concerned about the ef fect  o f  the 
intense fishery on the Columbia River 
resource. Smith ( 1 895) wrote:  

" I t  being generally recognized that  the 
decline i n  the abundance of chinook sal- 
mon is due to the fact that  the length of 
the fishing season and the avidity w i th  
which the fishery is prosecuted prevent a 
sufficient number of salmon reaching the 
spawning grounds to  repair the annual des- 
struction by man . . ." 

Smith was speaking pr imari ly o f  the sum- 
mer run, since the season closed on Aug-  
ust 10 i n  those years. However, he noted 
the August run i n  1893 was extraordin- 
ari lv heavv and obviated what  would have 
been a poor season. The continued decline 
i n  the June-July run  resulted only i n  
opening most o f  August, t o  partial ly com- 
pensate for loss o f  summer chinook. 

That  the fishery seriously reduced the 
spawning population is wel l  documented. 
Gi lbert  and Evermann ( 1895) toured the 
Columbia and Snake River basins in 
1 891 -93 and McDonald ( 1 895 )  quoted 
Evermann as follows : 

"Salmon were abundant in  the Columbia 
River a t  Kettle F ~ l l s  as late as 1878. Since 
then there has been a great decrease. They 
have been scarce since 1882. Since 1890 

3 6  t o  43  mil l ion'  pounds between 1880 
and 1885 cannot be easily discounted. 

A n  estimate of  escapement became 
available when count ing began i n  1938 
a t  Bonneville Dam. Rich (1942)  sum- 
marized the f i rs t  year and revealed the 
rather start l ing fishing morta l i ty  on  some 
runs : 

"Percentages of chinook salmon escape- 
ment are less than 15 during May; 17 dur- 
ing June and July; and 33 during the re- 
mainder o f  the year. The June and July 
runs are now greatly depleted, and a n  im-  
portant part o f  these runs spawns above 
Rock Island Dam . . . M a i n  runs of salmon 
to  the Columbia River are practically un-  
protected and are fished with destructive 
intensity." 
Rich did no t  have a complete count  o f  

the 1938 spring run  and subsequent 
counts i n  1939-41 showed an average 
escapement o f  45%.  His  concern for the 
summer run was fu l ly  justif ied and es- 
capements f rom 1938-40 were only 1 1 % 
o f  the run. As  escapements increased i n  
the mid -  1940's the run  showed a healthy 
response un t i l  1 957 when another decline 
began. The  recent decline i n  the summer 
run  is no t  associated w i t h  the spawning 
escapement which has been maintained 
a t  a relatively high level. 

T o  conclude: there can be  l i t t l e  doubt 
that  the summer run was l i terally "f ished 
out" and the fall run  took its place i n  

there have been scarcely any a t  Kettle maintaining production.  thing inher- 
Falls. Essentially the same information was 
obtained regarding the decrease of salmbn 

en t  i n  the river fishery, however, seems 

in  other parts of the upper tributaries of related t o  the decline of the fal l  run. 
the Columbia, viz: a t  Spokane, in  both the Since 1935 it has had a history of  decreas- 
Big and L i t t le  Spokane rivers, and in  the i ng  rather than increasing f ishing effort ,  
Snake River and its various tributaries." and there was n o  regulation change as- 

McDonald states: sociated w i t h  the d r o ~  i n  ~ r o d u c t i o n .  As  , 
"There is no reason to doubt - indeed, the poor fall r un  continued, regulations 

the fact is beyond question - that the 
number of salmon now reaching the head to  maintain or augment escapement had 
waters of streoms in the Columbia River l i t t l e  Or nO effect.  Further information on 
Basin is insignificant in  comparison wi th  escapement w i l l  be given i n  a later sec- 
the number which some years ago annually tion. 
visited and spawned i n  these waters." 

The  remarkable coincidence o f  the Indian Fishery 
shortage o f  salmon i n  the upper areas Salmon was the staff o f  l i fe  o f  the 
fol lowing the high annual production of pr imi t ive northwest Indians; many early 



explorers commented on the large num-  
bers of I n d i a ~ s  gathered at fishing en- 
campments along the Columbia River. 
Craig and Hacker ( 1940) estimated that 
50,000 lndians in the Columbia Basin 
caught 18 mil l ion pounds of salmon an- 
nually before whi te men made their 
appearance. Although 18 mil l ion pounds 
is considerably more than landings i n  re- 
cent years, i t  is much less than whi te 
men caught between 1870 and 1920. 
lndians were efficient fishermen; Craig 
and Hacker record them using weirs, dip 
nets, basket nets, spears, hook and line, 
seines, and set gi l l  nets. 

Through thousands of years of adapta- 
tion the Indian population might be 
expected to have come into balance w i th  
its principal food supply. One can specu- 
late that 18 mil l ion pounds may have been 
near the maximum sustainable yield for 
Columbia River salmon (see Figure 1 4 ) .  
The lndians succumbed in  large numbers 
to the whi te man's diseases and by 1850 
there were perhaps only 8,000 lef t  in  the 
Columbia River basin outside the upper 
Snake River Valley. Thus, while primit ive 
lndians must have maintained a fairly 
large fishery which could have exerted 
some influence on the runs, by the t ime 
the canning industry began the lndian 
tribes had declined to one-sixth of their 
former numbers w i th  a consequent re- 
duction in the fish catch. 

Most of the lndian catch was probably 
chinook because i t  was the largest and 
most abundant species. Studies from 1947 
to 1950 at Celilo Falls (Schoning, Mer- 
rell, and Johnson, 1951 ) showed that the 
bulk of the fish caught came from the 
upriver fall run. Although spring and 
summer chinook were more available on 
the smaller upper tributaries, high water 
conditions in the main Columbia during 
spring and summer often made fishing 
at the usual main river sites ineffective. 
Fall chinook, on the other hand, migrat- 

ing during the low-water period, were 
extremely vulnerable at such places as 
Celilo Falls. I n  addition, the closed season 
in  late August and early September in the 
lower river allowed significant numbers 
to reach Celilo. Probably summer chi- 
nook were more important before the 
whi te man's fishery emerged to crop the 
runs before they reached the upriver sites. 

The lndians soon realized that the 
fish they caught could be sold for a prof i t  
and a commercial dip-net fishery devel- 
oped i n  the vicinity of Celilo Falls and a t  
a few other places. The picturesque fish- 
ery has been described in  the literature 
cited. From 1889 to 1892 an average of 
only 101,000 pounds was landed at Celilo 
(Smith, 1 895) . This level probably per- 
sisted unti l  about 1930 when catches be- 
gan to increase, reaching 2.5 mil l ion 
pounds by 1941 (Schoning, Merrell, and 
Johnson, 1951 ) ,  due in large part to 
elimination o f  fish wheels in  Oregon in 
1927 and all f ixed gear in  Washington 
in  1934-35. Landings fluctuated greatly 
bu t  maintained a level trend unt i l  1948 
when they declined coincident w i th  the 
general drop in the fall run. I n  1957 the 
reservoir was fi l led behind The Dalles 
Dam, thus flooding out the historic fish- 
ing sites at Celilo Falls and all commercial 
fishing above Bonneville Dam was halted. 
I n  the years 1938-56 the lndians ac- 
counted for 12% of the total commercial 
landings of fall chinook on the Columbia 
and 68% of the landings above Bonne- 
ville Dam. 

There was also a large personal-use 
fishery during the closed commercial 
season. Schoning, Merrell, and Johnson 
( 195 1 ) sampled this fishery from 1947 
to 1950, and the U.S. Fish and Wi ld l i fe  
Service ( 1955 ) f rom 195 1 to  1954, and 
estimated that the lndians took each 
year an average of 380,300 pounds of 
fall chinook for their own use and sale 
to tourists i n  addition to 1,150,100 



pounds sold commercially. The  personal- 
use total remained near 1/2 mi l l i on  
pounds (404,000-536,000) f rom 1 947 
to 1952. This amount apparently f i l l ed  
their  need. I t  dropped t o  127,000 i n  
1953 and 64,000 i n  1954. 

Af te r  the loss o f  Celi lo Falls, Indian 
landings fe l l  t o  almost noth ing for a f e w  
years; then a f ew  enterprising Indians 
discovered that salmon could be caught 
by  set g i l l  nets and a new  fishery r ap~d l y  
developed. This new fishery is somewhat 
d i f ferent  f rom the previous i n  that much 
e f fo r t  is concentrated i n  the Bonneville 
pool where many hatchery fa l l  chinook 
congregate. The gi l l  nets also take upriver 
stocks that  are passing through. At Celi lo 
Falls f ew  hatchery-reared fish were taken. 
A legal technicality has allowed the I n -  
dians to  sell their "closed-season" g i l l -  
net catch. This fishery is increasing and 
is approaching the level o f  the d ip  ne t  
catch at Celi lo Falls before 1957. 

Sport Fishery 
The river sport fishery on fa l l  chinook 

occurs above the estuary, f rom Tongue 
Point, Oregon upstream. The  estuary 
catch was considered w i t h  the ocean sport 
fishery. 

Fishing for fal l  chinoolc along the Co- 
lumbia River is intensive bu t  the catch is 
low. Surveys by the Washington Depart- 
ment  o f  Fisheries o n  the main stem u p  to  
Kl ick i ta t  River indicated that 5,507 fal l 
chinook were caught by  sportsmen i n  
1963 and 5,200 i n  1964 (Stockley and 
Fiscus, 1965 . The  catch consisted most- 
ly o f  2- and 3-year males. The  river sport 
fishery is newly developed and the catch 
probably never exceeded the most recent 
figures. 

There is also a minor fishery in  lower 
Columbia tributaries wh ich  takes most ly 
jack salmon. Fall chinook are generally 
dark and sexually mature when they en- 
ter the spawning streams, hence are no t  
particularly desirable for either sport or 

food. 
I n  the upper areas fall chinook <Dawn 

i n  the main stem o f  the Columbia and 
Snake rivers and are largely unavailable 
to  sportsmen. I n  contrast t o  spring and 
summer chinook, there has apparently 
never been a sport fishery o f  consequence 
on fall chinook in  Idaho. W e  must  con- 
clude that  the river sport fishery has had 
n o  measurable impact on the fal l  chinook 
run. 

Size and Age Composition of the Run 
Knowledge o f  the age composition o f  

the adult  fal l chinook run  enter ing the 
Columbia is basic t o  understanding year- 
class survival and changes i n  the stock. 
Unfortunately, only sporadic data are 
available pr ior t o  1957 i n  the fo rm of  spot 
age samples, marked fish returns, and 
length-frequency distributions. For a 
discussion o f  the method used in  est imat- 
ing the age composition o f  the run  f rom 
1938 t o  the  resent and documentation 
o f  changes, see the original thesis. 

The  percentage o f  f ish returning a t  
each age f rom any brood di f fers f rom the 
ages found i n  a random sample of a sea- 
son's catch. Seasonal catches or runs are 
composi tes o f  several brood years w i t h  
d i f fer ing survival rates and total pro- 
duct ion and age compositions between 
successive years are variable. Age comp- 
ositions f rom separate brood years, on  
the other hand, are much less variable i f  
the age a t  matur i t y  is assumed to be rela- 
t ively constant. Table 8 summarizes 
observations on  age composition o f  Co- 
lumbia River fal l  chinook on  bo th  a run  
and a brood-year basis. 

A series o f  13 marking experiments 
f rom the 1938-43 brood years a t  Spring 
Creek, Oxbow, and Bonneville hatcheries 
were summarized by  Holmes (1952). 
The purpose o f  his study was to  ascertain 
the loss of  fingerlings in  passing Bonne- 
vi l le Dam as measured by return o f  adult  
fish f rom fingerlings released above and 



Table 8. Summary of observations on age composition of Columbia River fall chinook. 

Percentage a t  Age 
Year 2 3 4 5 6 Source 

1919 run 
1919 and 1922 broods 

1938-43 broods 

1947-48 runs 

I949 brood 

1954-57 broods 
1955-59 broods 
1957-64 runs 

tr. 16 68 15 

15 13 72 

tr. 15 84 tr. 

3 R~ch  119251, trap and seine fishery somples. 
Rich and Holmes (19291, marked fish returns 
to  rlver fishery and hatchery. 

tr. Holmes i 1952), marked hatchery fish returns 
to  river f~shery. 
Length-frequency of  lower river trap catch 
and length-age of troll sample (Van Hyning, 
1968). 
Klemle ( 1962) and Pulford ( 1964~1, marked 
hatchery flsh returns to rlver f~shery and 
hatchery. 

Average age composltlon of 9111-net catch. 

below the dam. The  preponderant age a t  sume a 4-year cycle, as used in the past, 
matu r i t y  o f  hatchery stock dur ing this or the 1957-64 average for years before 
period was 4 (68% ) , w i t h  lesser 1950. Samples of  the catch are assumed 
numbers o f  3-year ( 1  6%)  and 5-year t o  represent the age composition of  the 
fish ( 1  5 % ) .  Two -  and 61year f ish were run; it w i l l  be shown later that  this is 

I scarce. Except for 1939 the numbers re- no t  an important source o f  error. 
I 

turning at  each age were Table 9. Average age  omp position of 
constant, w i t h  3-year f ish varying f rom Columbia River fall chinook. 
1 1  t o  20% and 4-vear f ish f rom 6 3  t o  
7 2 % .  compared w i i h  the 191 9 and 1922 Percentage a t  Age 

I experiments (Rich and Holmes, 1929) ,  year z 3 4 5 
the 1938-43 work  showed an increase i n  

I 
I percentage of  4-year old, and a decrease '95'-560 

3 8 47 8 

~ i n  5-year olds wh i le  the 3-year f ish re- 1938-50 l o  
15 60 15 

~ mained the same. 
I n  1957 the Oregon and Washington 1 fishery agencies began a systematic 

I 
sampling program o f  the Columbia River 

1 commercial gi l l -net fishery. O n  a run-year 
I basis, considerable f luctat ion i n  age was 

noted, w i t h  3-year f ish ranging f rom 19 

1 to  5 3 %  and 4-year f ish f rom 34 t o  66%, 
averaging 3 8 %  3-year and 47% 4-year 

I f ish. O n  a brood basis the f luctuat ion was 
much less, w i t h  3-year olds ranging f rom 
4 0  t o  4 7 %  and 4-year olds f rom 3 6  to  
48%,  averaging 4 3 %  each. 

I n  order t o  prorate each year's run  pr ior 
t o  1957 to  the proper escapement year, 
the average age compositions shown in 
Table 9 were used. A l though figures for 
years pr ior t o  1957 are estimates, i t  is 
preferable to  use them rather than as- 

@ Average of 1957-64 somples. 

Table 10 shows the estimated num-  
ber o f  f ish a t  each age i n  the Columbia 
River fa l l  chinook run  f rom 1938 to  1964. 
Despite the unref ined and incomplete 
age data for earlier years, there was a 
sharp decline i n  4-year f ish whi le  3-year 
olds remained constant. The  question 
migh t  be asked i f  the decline i n  older age 
groups is due t o  ocean fishing, as suggest- 
ed, why  did no t  the 3-year f ish decrease 
since they were also exposed t o  increased 
fishing? A possible answer is the increase 
i n  fish matur ing as 3-year olds in recent 
years. This m igh t  balance the increasing 
catch o f  3-year olds and fur ther  reduce 
the number l e f t  t o  mature as 4-year olds. 

The average weight  of fal l chinook 



Table 10. Estimates of number of fish at each age in Columbia River fall chinook run, 
1938-64 

Total Run 
Year (Thousands of Fish) 

Thousands of Fish 
2 Year 3 Year 4 Year 5 Year 

caught should reflect to some degree 
changes in age composition. Average 
weight data have been collected for many 
years and are summarized by Pulford 
(1964b). In the early period (through 
1954) the August weights fluctuated 
arounds 26 pounds per fish; since 1955 
they have been around 22 pounds. This 
suggests that age composition remained 
relatively constant in the early years of 
the fishery. In 1955 older and heavier 
fish became relatively less abundant, and 
the average weight declined. September 
values dropped more than August values. 
Pulford found a significant decrease in 
average weight of fall chinook between 
the 191 8-39 and 1951 -61 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 pro- 

nounced change in age composition of 
the fall chinook run during the period 
of this study. Sporadic observations in 
the years 191 9-48 indicated that age 
composition was relatively stable with 4- 
year fish dominant, comprising from 60 
to 68% of the run, 5-year olds 15 to 
23 %, and 3-year olds 13 to 18%. Two- 
year fish were apparently of negligible 
importance. More recent sampling of the 
gill-net fishery and marked fish returning 
to the river has shown an increased pro- 
portion of 2- and 3-year olds, and fewer 
4- and 5-year fish with considerable fluc- 
tuation between 3- and 4-year olds. Of 
particular interest and facility for com- 
parison are returns of marked fish from 
the 1938-43 and 1954-57 broods. In the 
earlier period the returns comprised a 
trace of 2-year fish, 16% 3-year fish, 
68% 4-year fish, and 15% 5-year fish; 
in the later period, the figures were 6 %  



44%, 45% and 5%, respectively. Data 
on a brood year basis i n  a more recent 
study con f i rm this change, as does the 
sketchy early age work .  Thus, one can 
say that  2-year f ish have increased f rom 
negligible numbers t o  perhaps 10% of 
the  run, 3-year olds f rom 15 to  40%, 
4-year f ish dropped f r om  60 to  40%, and 
5-year olds f rom 15 to  less than 1096. 
The  changes resulted in a drop in aver- 
age weight.  Increased ocean f ishing could 
be a logical and major contr ibutor t o  this 
phenomenon. Tha t  an increase in f ishing 

intensi ty reduces the number o f  older 
f ish is axiomatic i n  f ishery management. 
The period o f  t ransi t ion appeared to  co- 
incide approximately w i t h  the decline i n  
the fa l l  run  beginning i n  1949. I t  is sug- 
gested tha t  increased ocean f ishing was 
largely responsible for  the decrease in 
average size and age. 

Escapement 

Dam Counts 

The advent o f  dams has provided 
counts o f  anadromous f ish going upstream 

Figure 15. Counts of fall chinook salmon at Columbia River dams. (Rock Island Dam count 
in hundreds of fish.) 



and thus has given us information on 
population size and escapement. 

Rock lsland Dam near Wenatchee, 
Washington (453 miles from the mouth)  
was the first on the main stem of the 
Columbia and the first to pass and count 
fish. Fish and Hanavan ( 1948) consider- 
ed that the run passing Rock lsland was 
composed only of spring and summer chi- 
nook, although they showed passage over 
the dam into October. French and Wahle 
( 1960) present evidence on the fall run 
which they consider passes Rock lsland 
after August 27. Here, unl ike other dams, 
there is no sharp distinction between 
summer and fall runs. Counts of fall chi- 
nook at Rock lsland Dam (chinook count- 
ed after August 2 7 )  and other Columbia 
River dams are shown in  Figure 15. Ap-  
parently, 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. Rock lsland counts continued a t  
a low level unt i l  1957 then began to rise. 
This might be associated w i th  the cessa- 
t ion o f  Indian fishing at Celilo Falls, bu t  
French and Wahle (1965) also offer 
another possible reason: the pool behind 
Priest Rapids Dam (56 miles below Rock 
Island) formed in  1960 "may have dis- 
placed some fall chinook formerly spawn- 
ing there and caused them to move 
upstream to spawn." 

A factor to be considered in  all dam 
counts is the number of "jacks" or 2 -  
year-old precocious males. A t  Rock Is- 
land, fish under 22 inches are considered 
jacks. Separate adult and jack counts are 
available only since 1959, and the per- 
centages of jacks in  the September- 
October count were as follows: 1959, 
51 96; 1960, 35%; 1961, 4396; 1962, 
2396; 1963, 88%; and 1964, 7396 
(Zimmer and Broughton, 1965) . There is 
considerable fluctuation but an increase 
occurred in  the last 2 years. For example, 

the very large count in  1963 of 8,800 
consisted of only about 1,500 adults, and 
the remainder jacks. The reason for the 
increase in jacks is not clear. Perhaps 
they are more prone t o  wander and seek 
different areas i f  their l imited spawning 
areas are saturated. Obviously the total 
chinook count does not give a realistic 
picture of the productive element of the 
population. 

Counts began at Bonneville Dam in 
1938, as shown in  Figure 15. These f ig- 
ures, less the recorded commercial catch 
above Bonneville, have been used by man- 
agement as representing the escapement. 
Actually this is not the case. Many small 
male chinook under 2 4  inches are includ- 
ed in the count. Furthermore, a substan- 
tial Indian personal-use fishery which 
existed prior to 1957, amounting to  
22,000-30,000 fish annually between 
1947 and 1952, is not considered. Thus 
the counts even w i t h  the above-Bon- 
neville landings subtracted do not  rep- 
resent the true reproductive potential 
bu t  are a considerable overestimate. 

Since the Bonneville count does rep- 
resent the status of the run as i t  reaches 
the dam the decline of fall chinook from 
1948 to 1953 is again evident. Except for 
the unusual years 1958 and 1959, the 
counts have leveled o f f  but  w i th  a mod- 
est upward turn in  more recent years, 
probably due mostly to increasing restric- 
tions on the commercial fishery below 
Bonnevil le. 

Bonneville counts record the number 
of chinook under 18 inches as jacks 
(Corps of Engineers Annual Fish Passage 
Reports and Donaldson, 1965, personal 
communication). These are only a por- 
t ion of the true number since many jacks 
are up to 24  inches i n  length. A compari- 
son w i th  length frequencies taken a t  
Bonneville in  1948, 1950, and 1956 sug- 
gest that an average of 7 3 %  of the jacks 
were counted as jacks in  August bu t  only 



35  % in September (Van Hyning, 1968). 
The  values appear consistent in reflecting 
changes i n  the relative numbers o f  jacks, 
however. In other words, these counts are 
a fair ly good indication o f  the number of 
f ish under 18 inches and, comparing the 
number counted w i t h  the percentage 
under 24 inches, a relative index of the 
total  number o f  jacks. 

T o  obtain an escapement index, con- 
servatively corrected for jacks, I sub- 
tracted the recorded number o f  jacks a t  
Bonneville f rom the total  count, and then 
subtracted the recorded above-Bonnevil le 
commercial catch f rom this value. The 
result ing figure whi le  an improvement 
s t i l l  includes jacks between 18 and 24 
inches and does n o t  correct for  the Indian 
personal use catch, thus is s t i l l  an over- 
estimate o f  the actual escapement. Since 
f ew  f ish under 18 inches enter hatcheries, 

or are o f  any consequence in the fisher- 
ies, they can be safely excluded f rom 
consideration in the above-Bonneville 
picture. Bonnevi l le counts and escape- 
ments are detailed in Table 1 1, separating 
the above-Bonneville catch and the re- 
tu rn  t o  hatcheries f rom the upriver es- 
capement. This  table shows a slightly 
increasing trend until 1948, a sharp de- 
cl ine until 1954, then a rise. The  1952 
peak was caused by  a fishermen's str ike 
which permi t ted a larger than usual par t  
o f  the run t o  escape, and the peaks i n  
1958-59 were caused by late runs which 
entered and passed upriver during the 
closed season, when there was almost n o  
fishing above Bonneville. 

McNary Dam, 146  miles above Bon- 
neville, which began count ing in 1954, 
offers a good index o f  escapement in  the 
upper Columbia and Snake Rivers. The  

Table 1 1. Bonneville dam counts of fal l  chinooksalmon and adiusted escapement, 1938-65. 

Thousands of Fish 
Bonneville Count Zone 6 @ Adjusted Adult Escapement 

Year Jacks Adults Landings Hatchery Upriver Combined 
- 

1938 30 204 77 3 1 96 127 
1939 50 136 59 23 54 77 
1940 75 228 103 35 90 125 
1941 39 334 188 32 114 146 
1942 42 294 163 32 99 132 
1943 15 219 93 18 108 125 
1944 30 168 79 22 67 89 
1945 27 200 59 22 118 140 
1946 34 293 125 3 1 138 169 
1947 22 286 156 37 92 129 
1948 44 354 150 53 152 204 
1949 9 172 69 30 72 102 
1950 28 222 96 46 8 1 126 
1951 8 130 57 4 1 3 1 73 
1952 18 202 77 40 85 125 
1953 9 95 49 22 24 46 
1954 24 83 44 24 14 39 
1955 21 84 30 2 1 34 55 
1956 26 1 1 1  38 26 47 72 
1957 10 122 2 37 83 120 
1958 7 242 3 7 8 160 239 
1959 18 177 1 54 122 176 
1960 1 1  9 1 2 28 6 1 89 
1961 17 100 6 21 7 3 94 
1962 9 109 5 24 80 104 
1963 28 1 1 1  23 25 62 87 
1964 17 @ 155 23 28 104 132 
1965 44 @ 113 29 13 7 2 85 

@ Jacks are under 22 inches compared to I8 inches in  previous years. 
.Q Zone 6 is the area above Bonneville Dam. 



low level to which upper river fall chi- 
nook descended was apparent when 
counting began, as only 12,000 to  17,000 
of these fish passed the dam i n  1954-56 
(Figure 1 5 ) .  I n  1955 and 1956 a refer- 
ence length of 24  inches was established 
for jacks, thus providing a good measure 
of adult escapement. I n  all other years 
the jack size was 18 inches. I n  1957-58 
the count increased tremendously then 
dropped to a median level. This increase 
has been directly associated w i th  the 
cessation of fishing at Celilo Falls. 

I n  1957 The Dalles Dam was completed 
and counts here are intermediate be- 
tween Bonneville and McNary. Hatcheries 
between Bonneville and The Dalles ac- 
count for much of the discrepancy i n  
counts between these two  locations; also 
there was considerable natural spawning 
between The Dalles and McNary. I n  1957 
counts began at Brownlee-Oxbow com- 
plex on the middle Snake River (no t  
shown).  Here numbers of fall chinoolc 
declined steadily from 15,160 in  1957 to 
945 i n  1963 (Haas, 1965) reflecting 
failure of fish passage. The Brownlee- 
Oxbow counts dropped from 29 to 2% 
of the McNary count. 

I n  1962, counts at Ice Harbor Dam, 
near the mouth of the Snake River, and 
Priest Rapids Dam on the Columbia, 
allowed an inventory o f  the escapement 
into the Snake and upper Columbia 
Rivers. The Ice Harbor fall chinook count 
dropped from 30,000 to 1 1,000 i n  3 
years, whi le the Priest Rapids escapement 
increased slightly. There is considerable 
spawning between McNary pool and 
Priest Rapids Dam, bu t  the Ice Harbor 
count accurately estimates the numbers 
entering the Snalce River. I n  1962 the Ice 
Harbor count was nearly 7596 of the 
McNary count, bu t  in 1963-64 only 25 96. 

Spawning Fish Counts 
The counting of spawning salmon or 

redds in  streams is a traditional method 

of establishing an index of abundance. 
Although this procedure does not give 
a total count, i t  is better in  some respects 
than dam counts because only fish reach- 
ing the spawning grounds are inventoried 
and observations can be made on sex ra- 
tio, size, and spawning success. Spawning 
fish surveys on the Columbia River are 
many and varied, bu t  l i t t le has been 
published. Much of the material present- 
ed here is taken from files of the Fish 
Commission of Oregon. 

Two  series of redd counts were studied: 
( 1  in the main Columbia from Rock 
Island Dam to the mouth o f  the Snake 
River or head of McNary Reservoir, and 
( 2 )  the formerly important Snake River 

area from Swan Falls to Marsing. A l -  
though subject to error due to  water con- 
ditions, visibility, and variable timing, the 
redd counts depict actual spawning ac- 
t iv i ty. The Columbia counts show a gen- 
eral decline from 1946 to 1956, a sharp 
rise coincident w i th  the flooding of 
Celilo Falls, then a return to a low level. 
These data are probably not  meaningful 
after 1959 because of the flooding of 
spawning areas by Priest Rapids, Rocky 
Reach and Wanapum Dams. The upper 
Snake had a very high redd count in 1947, 
a drop to a lower level which continued 
unt i l  the increase in  1957, then a steady 
decline unt i l  this race was exterminated 
by Brownlee-Oxbow Dam operations. 
Counts in  both areas reflect in  a general 
way counts a t  the main-stem dams 
(Figure 15)  : they show a decrease from 
the high in 1947 to a very low level in 
1954-56, again a high level in 1957-59, 
followed by a return to an intermediate 
level. 

Spawning fish surveys are of special 
importance in the tributaries below Bon- 
neville because there are no dams where 
the salmon must pass and be counted. 
The Washington Department of Fisheries 
has a good series of observations on the 



Kalama River, one o f  the  most important 
fal l  chinook spawning streams (Wendler  
and Junge, '1 9 5 5 )  . Both f ish-per-mi le 
index counts and a populat ion estimate 
based on stream survey information, 
hatchery counts, and some tagging are 
available. Both measures show a high level 
of  spawning f ish in  1945-52, then a 
sharp drop i n  1953, continuing- to  1964, 
except for  1958. The year 1952  is unus- 
ual  because o f  a fishermen's strike; i f  
f ishing had been normal the downward 
trend between 1948 and 1955 wou ld  
have been continuous. The  agreement be- 
tween the Kalama populat ion estimate 
and Bonneville count  is good. 

Systematic surveys have been made 
since 1947 on f ive small Oregon t r ibu -  
taries o f  the lower Columbia River 
(Youngs, Lewis and Clark, Clatskanie, 
and Hood Rivers and Lindsey Creek) to  
determine fal l  chinook abundance. A l -  
though each is of  a minor  importance, 
these streams collectively cont r ibute an 
appreciable number of f ish t o  the stock. 
They show the same k i n d  o f  f luctuat ion 
inherent i n  all stream surveys bu t  a gen- 
eral agreement is evident w i t h  the Ka- 
lama counts. 

A n  important facet o f  the escapement 
is no t  only quant i ty  b u t  qual i ty.  Tha t  is, 
has there been a change i n  sex ratio and 
a reduced number of females, or a size 
reduction causing lowered fecundity? A l -  
though a vi tal  question, there are almost 
no  data to  throw l ight  on  the issue. W i t h  
a decrease i n  size and increase in  number 
of 3-year f ish (h igh  proportion o f  males),  
a decline could occur in egg potent ial  
more dramatic than tha t  shown by mere 
f ish counts. Analysis o f  hatchery records 
may supply information on this point .  

Hatchery Returns 

Creelts and Big and L i t t l e  W h i t e  Salmon 
Rivers i n  the Columbia Gorge are shown 
in Figure 16 ( f r o m  Fish Commission o f  
Oregon-Washington Department of  Fish- 
eries, 1967) . The general t rend is stable, 
b u t  several periods o f  relatively high and 
low escapements are recorded: average 
escapements are indicated for 1938-46, 
fol lowed by an increase and high level 
f rom 1947-52  then a drop in 1953-56, 
good numbers in  1957-59  and again a 
drop. I f  the three exceptional years 1957- 
59 are overloolced, a general decline since 
1948 wou ld  be evident for  the f ive 
hatcheries. The  numbers o f  fal l  chinoolc 
handled a t  Bonnevil le Hatchery, just be- 
l ow  Bonnevil le Dam, is also shown in 
Figure 16 (Wal l is,  1964a) .  Fish were 
no t  counted in 1946-48  b u t  egg takes 
were near record highs so undoubtedly 
over 10,000 f ish per year were handled. 
The  trend after 1949 is similar t o  the 
hatcheries above Bonnevil le except t ha t  
the high response in 1958 is n o t  shown. 

Fall chinook are reared a t  hatcheries 
On the River and the returning Figure 16, Numbers of fall chinook entering 
adults are inventoried. Returns t o  f ive five hatchery streams above Bonneville 
hatcheries at  Spring, Eagle, and Herman Dam and Bonneville Hatchery. 
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I n  a previous section i t  was noted that 
there was a sharp decline in  survival rate 
for hatchery fish from fingerling to re- 
turning adult from the 1946- to 1953- 
brood years, an increase for the 1954-56 
broods, then a decrease to  an intermed- 
iate level. This coincides w i th  fluctuations 
in  the number of adults reaching hatchery 
streams, and i t  follows that the abun- 
dance of adults is primarily an expression 
of the survival rate. I t  was also pointed 
out that the number of adults returning 
to Fish Commission of Oregon hatcheries 
shows a trend similar to that noted on 
the spawning grounds and the Bonneville 
count. 

Salmon egg takes would be a good 
measure of the change in  potential pro- 
duction of a stock of fish, except that 
they often dq not reflect the number of 
females present. I n  some years, hatchery 
capacity was reached or weirs were flood- 
ed out  and many fish were allowed to 
spawn naturally; also expansion in facil- 
ities and changes in  practices and pro- 
cedures have occurred. I t is noteworthy, 
however, that substantial increases in 
fall chinook eggs taken and fingerlings 
released resulted in  the hatcheries merely 
maintaining their status quo as far as re- 
turning adults is concerned. 

I n  the discussion of the commercial 
river fishery, we noted that there has 
been a decrease in size and age composi- 
tion in  the catch of fall chinook. This 
change is even more pronounced when 
considering only the hatchery population. 
I n  the early worlc w i th  marked hatchery 
fish (Rich and Holmes, 1929; Holmes 
1952) ,  4-year olds comprised 60-6896 of 
the returns and 3-year fish 16%. In  the 
period 1954-57 this ratio had changed to 
almost equal number of 3- and 4-year 
fish (44-45% 1 .  I n  more recent years 

1 1 960-64) systematic hatchery samples 
show the proportion of 3-year fish to be 
even higher, generally dominant, and oc- 

casionally approaching 8096, while 5-  
year fish have virtually disappeared from 
the hatchery scene. Two-year fish have 
increased, but  in  an erratic manner. 

Junge and Phinney ( 1963) give length- 
frequency measurements at L i t t le  Wh i te  
Salmon Hatchery for 1955-59 and Spring 
Creek Hatchery for 1959. During these 
5 years the females showed a decrease 
in  size, suggesting a shif t  in  modal age 
of return from 4 to 3 years. Cleaver 
(1969) shows differences in  age and 
length at return for various hatcheries 
and implies that ,life in the ocean is 
not the same for all hatchery stocks. 
He  believes that the change in  maturi ty 
is due to changes in  genetic makeup, 
caused by the selective pressures of in- 
creased fishing and hatchery environment. 

A n  interesting facet of the change in  
age composition of hatchery returns is 
the great number of 3-year females now 
present. Rich and Holmes ( 1929) show- 
eckthat 19% of the returns of the 1922- 
brood a t  Big Wh i te  Salmon Hatchery 
were 3-year fish, w i th  23% being fe- 
males. I n  1963 and 1964 most of the 
returns to Columbia River hatcheries 
were measured, sexed, and aged under 
the federal hatchery evaluation pro- 
gram (Bureau of Commercial Fish- 
eries, 1961 and 1966a).  I n  1963, 
54% of the 3-year fish were females and 
i n  1964, 51 5%. I n  1963 and 1964, 65% 
and 71 % of the 4-year fish were females, 
compared to 51 % in  the Rich and Hol-  
mes' experiment. Even a few 2-year 
females are present among fall chinoolc 
hatchery stocks. For the eight major 
hatcheries 3-year females outnumbered 
4-year females by some 3,000 fish each 
year. Thus even though the average size 
and age of the population has been re- 
duced, the ratio of females has per- 
haps increased. Furthermore, since the 
size of the 3-year fish is approaching that 
of the 4-year olds, the average fecundity 



remains about the same a t  about 5,000 
eggs per female (Bureau o f  Commercial 
Fisheries, 1964, and Fish Commission of 
Oregon hatchery records).  

Spring Creek Hatchery records (Junge 
and Phinney, 1963)  show tha t  eggs per 
female remained steady f rom 1941 t o  
1958, a t  about 4,800, wh i le  eggs per fish 
handled (a reflection o f  the number of 
males and jacks) also remained constant, 
a t  about 2,000. The  rather attractive 
hypothesis that the decline i n  size and 
age has caused a reduction i n  product iv i ty 
through lowered fecundity is thus dis- 
proved, a t  least for hatchery stocks. 

Gear Selectivity 
Ci l l -net  f ishing is wel l  known for i ts  

selectivity o f  size, species, and sex. Since 
fal l  chinook are exposed to  a gauntlet of 
gi l l  nets as they migrate through the 
lower Columbia, i t  is possible that  the 
size, age, and sex composition of  the es- 
capement could be substantially altered. 
I f  the gi l l  nets selected large, o ld  females, 
for example, the potent ial  fecundity o f  
the population could be reduced even 
though there m igh t  be l i t t l e  change nu -  
merically. 

I n  some years the age composition o f  
the hatchery escapement was consider- 
ably d i f ferent  f rom that  of the commer- 
cial river catch. For example, i n  1963, the 
gi l l -net fishery age composition was 2- 
year fish, 7 %; 3-year fish, 2 5  %; 4-year 
fish, 60%; and, 5-year fish, 896, whi le  
the weighted hatchery age composition 
was 674, 61 %, 32%,  and 1 %, respec- 
tively. I n  1964, the fishery comprised 5 %  
2-year olds, 5 3 %  3-year fish, 34% 4- 
year fish, and 8% 5-year f ish whi le  the 
hatchery composition was 1 %, 66%, 
33 %, and trace. Hatchery returns thus 
favor 3-year fish, suggesting ne t  selec- 
t iv i ty  on the larger and older specimens. 
However, the age composition of  w i l d  
and hatchery races m igh t  be di f ferent,  
and they cannot be distinguished i n  the 

fishery unless marked. 
I n  1965, 3 brood years ( 1961 -63 ) of  

marked fish returned t o  the Columbia 
River f rom the Bureau of Commercial 
Fisheries hatchery evaluation program 
as 2-, 3-, and 4-year f ish. This  may be 
regarded as a random sample since ap- 
proximately 10% o f  each brood year was 
mzrlted a t  each hatchery. A n  unusual 
fe2ture of  1965, however, was the rela- 
t ively small re turn o f  3-year fish, caused 
by poor survival o f  the 1962 brood. Plot- 
t ing gi l l  ne t  and hatchery length fre- 
quencies by  age group (Figure 17 shows 
that  the fishery tends t o  take larger 2- 
and 3-year f i sh  than those wh ich  arrive 
at  hatcheries; w i t h  4-year f ish the situa- 
t ion is reversed, the fishery taking smaller 
specimens than the hatcheries. The fish- 
ery took a relatively greater proportion 
o f  28 to  35-36- inch f ish than escaped, 
b u t  above and below tha t  size, the pro- 
port ion returning t o  hatcheries increased. 

I n  1965 the age composition o f  marked 
fish taken by gi l l  nets was 2% 2-year 
fish, 19% 3-year fish, and 7 9 %  4-year 
fish, whi le  a t  the hatcheries comparable 
groups were l o%,  1 3 %, and 77 %. Thus 
the hatchery returns leaned heavily 
toward 2-year f ish b u t  the other age 
groups were no t  disproportionally repre- 
sented. The fishery took relatively more 
3-  and .fewer 4-year olds than returned 
t.3 the hatchery. 

There is some indication of  selectivity 
toward males in  the gi l l -net fishery. The  
1964 fishery took marked 3-year f ish 
a t  the ratio o f  6 8 : 3 2  males to  females; 
b u t  the 3-year f ish a t  the hatcheries had 
a sex rat io o f  nearly 50:50. I n  1965 the 
difference was sl ight 64 :36  i n  the fishery 
and 61 :39 a t  the hatchery. Likewise 4- 
year f ish i n  1965 showed l i t t l e  difference, 
35 :62  fishery and 34:66 hatchery. Part 
of  the selectivity may be due t o  age 3 
males being larger than age 3 females; 
b u t  run  t iming may be equally or more 
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important. It is wel l  known  that males 
precede females i n  arrival a t  the hatch- 
eries ( th is  is particularly true o f  jacks). 
I n  the 1964 gi l l -net fishery, for  example, 
the proportion of  f ish under 28 inches 
(most ly males) decreased f rom 74 to  
2 4 %  between the f i rs t  and last weeks 
of  the August f ishing season (Ju ly  29 to 
August 2 5 ) .  I n  1965 the change was 
less: f rom 3 9  t o  22%.  Since the fishery 
closes for almost 3 weeks after August 
25, i t  can be seen how  this could alter 
the sex ratio o f  the escapement. Since 
females migrate later than males, they 
have the advantage o f  greater protection 
dur ing the closed season. Variation in 
t im ing  could thus cause considerable vari- 
at ion in  the sex ratios in the fishery and 
at the hatcheries. 

T o  summarize: gi l l  nets do no t  evince 
a damaging selectivity in tak ing the 
larger, most fecund members o f  the popu- 
lation. On the contrary, they seem to  
select the medium-sized members or 
most abundant size groups. Using age 
composition data i n  the fishery to  esti- 
mate age composition o f  the total r un  
does no t  introduce serious errors for 
most years, and no  correction is neces- 
sary for gear selectivity. The  number o f  
2-year f ish in  the population would be 
underestimated, bu t  they are o f  minor 
importance, bo th  numerically and re- 
productively. 

Optimum Escapment. 

The relationship for  fall chinook be- 
tween spawning stock and subsequent 
return of progeny ( recru i tment)  has 
been published elsewhere (Van  Hyning, 
1970 ) .  Opt imum escapement for Colum- 
bia River fal l  chinoolc was shown t o  be 
about 90,000-1 00,000 spawners, a value 
that was realized or exceeded during most 
years of  study. Escapement remained rel- 
atively stable compared w i t h  the large 
drop i n  returns, and there was no  evi-  
dence of underspawning dur ing the 

~ e r i o d  of  the decline. 

Dams 
Major  obstacles facing upstream m i -  

grants are the large power dams on  the 
Columbia and Snake Rivers. Fish ladders 
to  pass adults are par t  o f  these projects 
and are generally considered successful. 
Ye t  there is evidence that mor ta l i ty  and 
delay is experienced a t  the dams. A l is t  
of  dams which migh t  have significance 
in fall chinook passage are given in 
Table 12. Many  o f  these projects are far 
u p  the tributaries, beyond usual fal l chi-  
nook migration, b u t  could affect water 
quality; for example, through storage 
wh ich  reduces f low in the early fall. 

The early dam builders were pr imari lv 
reclamationists concerned w i t h  supplying 
water for  irr igation o f  dry lands in east- 
ern Oregon, Washington, and Idaho. Dur-  
ing the period 1910-37 many storage 
dams were bu i l t  on  tributaries o f  the 
Columbia and Snake; for example, Black 
Canyon on  the Payette River ( 1924) and 
Tieton on  the Yakima River (1925). 
Mos t  o f  them were high, had n o  fish 
ladders, and subsequently k i l led o f f  runs 
o f  spring and summer chinook, sockeye, 
and steelhead. I n  addition, innumerable 
small irr igation dams were built on  
streams which frequently took most o f  
the f low i n  the dry season. Fall chinook 
spawn pr imari ly i n  the main stem or 
large tributaries and are believed less af -  
fected by  dams on  the smaller tributaries. 
T w o  early dams-Swan Falls ( 191 0) and 
Rock Island ( 1  933)-may have had 
some adverse effects, b u t  the former was 
near the upper l im i t  o f  fal l  chinook m i -  
gration on  the Snake whi le  relatively few 
fall chinook ut i l ized the upper reaches 
o f  the Columbia and these seemed to pass 
Rock Island successfully. The main devel- 
opment of  hydroelectric power by  "run- 
of- the-r iver" dams started w i t h  Bonne- 
vi l le and ushered i n  a new  era o f  f ish 
versus dam problems. 



Table 12. Important dams in the Columbia River Basin possibly affecting fall chinook. 
Miles from Structural Gross 

Head@ " 

( Feet) 
24 

- 
Reservoir Reservoir 

CopacityO Length 
(Acre Feet) (Miles) 

Mouth of Height@ 
Stream Columbia ( Feet 

Snoke, Ida 780 
Comments Dote3 Name 

1910 Swon Folls 
-. 

lnodequote ftshwoy, few ~f any 
fall chlnook passed above. 

Now called Rlver M I I I  could 19 10 Estocodo Clackamas, Ore. l I0 
ha ie  affected foll run In 
upper Clockamas. 

Above Swon Falls, probobly 1910 Lower Solmon Snake. Ido. 896 88 

White Solmon, Wn. 
a t  upper limit of migration. 

Impassable, run maintained by 
hatchery. 

1913 Condit 

191 5 Long Lake Oom 
191 5 Arrow Rock 
191 9 Warm Springs 
1923 Pawerdale 

Spokane, Wn. 
Boise, Ida. 
Molheur, Ore. 
Hood River, Ore. Flow fluctuations hove adverse 

effect. 
No fishwoy. 1924 Block Canyon 

1925 Dee Dam 
1929 Cleorwater 

Payette, Ida 
Hood River, Ore. 
Clearwoter, Ida. lnodequate fishway eliminated 

spring and summer chinook 
runs, few i f  any falls involved. 

No fishways, mode large part 
port of river inoccess~ble. 

1931 Merwin-Ariel Lewis, Wn. 

1932 Owyhee 
1932 Thief Valley 
1933 Rock Island 
1935 Agency Volley 
1937 Unity 
1938 Bonneville 
1940 Roza 

Owyhee, Ore. 
Powder, Ore. 680 
Columbia. Wn. 453 
~ o l h e u r ,  'ore. 789 
Burnt, Ore. 694 
Columb~o. 0re:Wn. 146 

. . ..,- - - 

25,000 
197 5 9 537,000 45 
67 2,200 May hove involved o few fall 

chinook. has f ~ s h  ladder. 
Yoktmo, Wn. 

Columbio, Ore.-Wn. 597 

Snake, Ida. 

550 343 9,402,000 151 No passoge facilities; upper 
Columb~o runs trapped ond 
tronsferred to tribs below. 

120 7 0 1,000 5 lnitiol servlce 1949. Above 
Swon Folls Dam: few ~f onv 

194 1 Grond Coulee 

foll chinook offected. 
1952 Albernia Falls 
1952 C. J. Strike 

1953 McNary 
1955 Chief Joseph 

1957 The Dalles 
1957 Pelton 

1958 Brownlee 

Pend Orielle, Ido. 
Snake, Ida. 

Columbia, Ore.-Wn. 
Columbio, Wn. 

Columbia Ore.-Wn. 
~eschute;, Ore. 

Snake, Ido.-Ore. 

Above Swon Folls Dam; few i f  
ony foll ch~nook offected. 

No possoge fac~ l~es  blocked 
remolnlng runs. 

Few fol l  chinook above this 
point. 

Ineffective possoge facilit~es 
decimated run above. 

1959 Priest Ropids Coiumb~a, Wn. 397 180 84 
1961 Ice Horbor Snake Wn. 334 186 97 
1961 Oxbow snake: Ore.-Ida. 597 205 122 
1961 Rocky Reoch Columbla Wn. 47 4 123 93 
1963 Wonopum ~o lumb ia :  Wn. 41 5 170 80 
1963 Mayfield Cowlitz, Wn. 120 235 185 
@ Date of init101 service or dote i t  first offected fish runs. 
@ Verticle distonce from the lowest point of the foundat~on to the top or crest elevation. 
3 Difference in elevotion between foreboy and tallwater. 

Same as Brownlee. 



Completed in  1938, Bonneville Dam 
incorporated a complex fish passage facil- 
i ty  which apparently worked satisfactor- 
ily. The dam seemed to have had no 
detrimental effect on the run. For 8 
years, 1938-45, large numbers of fall 
chinook passed upstream and produced at 
a high level. Grand Coulee Dam, w i t h  no 
fish passage facilities, followed in  1941 
but  i t  probably had l i t t le  direct effect on 
fall chinook production since so few 
ut i l ized the upper Columbia. McNary 
Dam in  1953 signaled the phase of in- 
creased activity and Chief Joseph, The 
Dal les, Brownlee, Priest Rapids, Ice Har- 
bor, Oxbow, Rocky Reach, and Wana- 
pum dams followed in  rapid succession. 
A l l  of these projects had or w i l l  have 
some effect on fall chinook and other 
salmon stocks. 

The important thing is that the decline 
in  the fall run occurred when river con- 
ditions were stable-that is, i n  the 1946- 
50  runs which had only to pass Bonne- 
ville, a feat they successfully accomplish- 
ed the previous 8 years. By the time 
McNary went in to service, the run had 
already stabilized at a much reduced 
level. 

I n  spite of the apparently successful 
passage of hundreds of thousands of sal- 
mon over the low-head main-stem dams, 
there was increasing awareness of fish 
passage diff iculties. Schoning and John- 
son (1956)  showed a 2.5 to 3.0-day 
delay i n  migration of fall chinook at 
Bonneville Dam in  1948, and French and 
Wahle ( 1966) a 2- to 4-day delay for 
chinook and sockeye at Rock Island Dam 
in 1954-56. On bccasion, numbers of 
dead salmon were noted below the im- 
poundments. Merrell and Collins ( 1960) 
summarized these observations and con- 
ducted a tagging experiment to determine 
how many chinook died i n  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 coincided w i t h  peak flows 
in  the Columbia and they presented evi- 
dence of a relationship between spillway 
discharge and mortality rate. Fortunately 
for fall chinook, they pass during the 
period of low f low and are not subjected 
to high flows. Still, substantial numbers 
of dead adult fall chinook were observed 
below Bonneville in  certain years. Whi le  
Merrell and Collins made no estimate of 
this mortality, the implication was that 
i t  was not serious compared w i th  other 
species and runs subjected to higher 
flows. 

A problem that has plagued biologists 
in  recent years is the discrepancies in fish 
counts at successive dams. This is 
attributed to mortality, passage through 
navigation locks, and species misidentif i- 
cation. Fredd ( 1966) analyzed variations 
i n  counts at Columbia River dams since 
1957, and after subtracting known be- 
tween-dam losses, concluded that count- 
ing error and spawning escapement to 
intermediate tributaries was inadequate 
to explain most of the differences. Aver- 
age unaccounted differences for the 
period 1957-65 for fall chinook were 
24,000 between Bonneville and The Dal- 
les, 23,000 between The Dalles and 
McNary, and 31,000 between McNary 
and Priest Rapids-Ice Harbor. Virtually 
1 00% survival between dams was shown 
by sockeye and jack summer chinook also 
exhibited excellent survival; thus sug- 
gesting that most mortality may be 
inf l icted on the larger fish. 

Gangmark ( 1957 compared abun- 
dance and production rates (return per 
spawner) for chinook before and after 
construction of Bonneville Dam, using 
catch-per-unit effort  of the gil l-net fish- 
ery as the index of abundance. He  found 
the spring run to be better after darn 
construction, the summer run worse, and 



the fal l  run about the same, result ing i n  
"no special decline in trend after the con- 
struct ion o f  Bonneville Dam." 

In summary, the fact that adult  fal l  
chinook can suffer mor ta l i ty  in passing 
dams is wel l  documented. There is not, 
however, any relationship between dam 
construction on the Columbia and the 
period o f  fal l chinook decline. Further- 
more, lower river and hatchery popula- 
tions, unaffected by  dams, showed the  
same fluctuations in abundance as the  
upper-river stocks, thus indicat ing that  
some other factor was responsible for 
the decline. A direct mor ta l i ty  a t  one 
dam migh t  be considered in the  same 
l ight  as fishing mortai l  ty. As  long as only 
the harvestable surplus is killed, n o  harm 
may result t o  the stock. Junge ( 1  9 7 0 )  
shows that theoretically an adul t  kill 
has much less of  an ef fect  on  yield 
than a smolt  kill o f  the same magni- 
tude. This was further borne out  in 
the escapement-return relationship 
where production was shown t o  be largely 
independent o f  escapement. Thus, it is 
l ikely that any adul t  mortal i ty a t  dams 
which occurred pr ior t o  completion o f  
McNary  ( 1953) had a negligible ef fect  
on  the fall chinook stock. Whether  such 
a conclusion can prevail under the  cumu- 
lative effect of the number of successive 
dams that  exist today is open to  question. 
Further consideration w i l l  be given t o  the 
effect of dams in  the sections on  repro- 
duct ion and downstream migration. 

Parasites and Diseases 

A d u l t  salmon enter ing the river t o  
spawn are subjected t o  a number o f  
diseases (Rucker, 1963 ) Columnaris 
( CIzondrococcus cohlmnaris 1 can become 

serious i f  the water is warm, and has ac- 
counted for high losses i n  spring and 
summer chinook and sockeye. Furuncu- 
losis ( Aeromonrrs srrln?onicida and A. 
liquefociens) may cause losses among 
prespawning fish. The myxosporidian 

Ceratomyxa creates lesions i n  the intes- 
t ine and extensive damage t o  the organs 
and is associated w i t h  prespawning 
deaths. Some o f  the bacterial diseases 
such as f ish tuberculosis (Mycobacterium 
salmoniphilrlm 1 and kidney disease 
(Conynebacterinm sp. may be impor t -  

ant. On the spawning grounds adults are 
subject t o  fungus (Saprolegnia parasit- 
ical infections because o f  pr imary infec- 
tions and injuries and inabi l i ty to  repair 
damaged tissue due to  senescence. "lch" 
(Ichthyophthirius multitilus) , Trichodina 
sp., and Costia sp. are common parasites 
on  the gills and body surfaces o f  pre- 
spawning adults. Bacterial gi l l  diseases 
are caused by a variety o f  myxobacteria; 
w i t h  high fish density death of  adults 
may result. The  thesis summarizes in for -  
mation on  salmon diseases u p  to  1967; 
Columnaris is considered t o  be the only 
potentially important one i n  the fall ch i -  
nook decline. I t  has accounted for some 
spectacular fish kills, b u t  an actual record 
of  signif icant prespawning loss i n  natu-  
ral fal l chinook populations has no t  been 
documented. Columnaris affects f ish 
when temperatures rise above 6 0  F and 
causes h igh losses when they approach 
7 0  F (Rucker, 1 9 6 3 ) .  Columnaris has 
k i l led spring chinook which enter the 
river i n  the spring and remain i n  the up-  
per areas through the warm summer 
months before spawning i n  early fall, and 
also summer chinook and sockeye wh ich  
enter dur ing the warmest months o f  the 
year. Fall chinook, o n  the other hand, en- 
ter i n  the fall; proceed directly t o  the 
spawning areas, and spawn w i t hou t  a 
long resting and matur ing period i n  wa rm 
water. 

Burrows ( 1  9 6 3 )  gives the op t imum 

temperatures for  salmon during upstream 
migrat ion and maturat ion as between 45 
and 6 0  F. In this regard an examination 
of water temperature records when the 
fal l  chinoolc run  passes Bonneville Dam is 



of interest; Figure 18 shows temperatures 
for the period August 16 to September 
20 by 5-day averages for  the years 1938- 
62. Although they generally averaged 66- 
67 F during early September, and in  some 
years approached 70 F, there is no indi- 
cation of an increase in recent years or 
during the period of fall chinook decline. 
Thus, i t  is unlikely that the chance of 
acquiring Columnaris in passing through 
the lower river has increased. Further- 
more, temperatures started to decline by 
the t ime the peak of the run passed Bon- 
neville (September 6-  16). 

Davidson ( 1964) reports on Columbia 
River temperature data taken at Rock 
Island Dam from 1933-60. He demon- 
strates that there has been no increase 
in  average water temperature during Sep- 
tember and October ( t he  principal month 
of spawning). I n  fact, there was a gen- 
eral decrease in  September f rom 1940 to 

1954. October shows a level trend f luc- 
tuating around 6 0  F after 1940. As far as 
adult fall chinook are concerned, the 
chief effect o f  Grand Coulee Dam was 
to delay the drop in temperature in late 
fall and raise the September-October 
temperature by perhaps 4 degrees from 
pre-1940 levels; this d id  not have any 
apparent effect on the reproductive suc- 
cess of the 1940-46 fal l  chinook runs. 

An examination o f  mean October water 
temperatures at Rock Island Dam and 
production and return per spawner by 
brood year showed a complete lack of 
rela tionship. 

The Snake River, meandering through 
the desert area o f  southern Idaho and 
eastern Oregon and Washington, has 
been considered a warmer river than the 
Columbia which heads in  the mountain- 
ous area of British Columbia, Idaho, and 
Montana. This is especially true i n  sum- 

August 16-20 

August 21-25 

- 
-------------- 

August 26-31 
- 
d ---------- 

September 1-5 

September 6- 10 

September 11-16 

September 17-20 - 
- 

1 . 1 . 1 . 1 . 1 . 1 , 1 . 1 . 1 , 1 . 1 . 1 . 1 .  

1938 40 42 44 46 48 50 52 54 56 58 60 62 
Figure 18. Five-day average water temperatures at Bonneville Dam, August 16-September 20, 

1938-62. 



mer, bu t  the difference rapidly disap- 
pears in  the fall. The average September 
1954-56 terbperature of the Snake River 
a t  its mouth was 66.8 F and for October 
60.8 F, compared w i t h  62.7 and 60.0 F 
at Rock Island for the same period (Syl- 
vester, 1959) .  Although the Snake in  
September and early October seems a 
poor environment for salmon, this system 
historically produced large runs and was 
l i t t le  changed unt i l  Brownlee Dam was 
completed in  1958. 

The tributaries below Bonneville Dam 
in  which fall chinook spawn f low through 
mountainous, forested areas and are gen- 
erally cool. For example, in the Cowli tz 
River near Mayfield, Washington, maxi- 
mum temperature for August 1953 never 
exceeded 65 F, and the mean daily maxi- 
mum was 62 F. For September the mean 
maximum was 58 F. For Big Creek, Ore- 
gon, mean maximum temperatures were 
59 and 58 F in  August and September 
1953 and never exceeded 61 F (U.S. 
Geological Survey, 1958) .  

The artif icial spawning channel below 
McNary Dam was plagued by prespawn- 
ing losses (Chambers, 1965 ) .  This was 
an unnatural situation in  which both 
local and upriver races were held un t i l  
they spawned in  water coming largely 
f rom the dam forebay. Columnaris was 
considered the principal cause of prema- 
ture death bu t  furunculosis, Ceratomyxa, 
and death f rom injuries were also noted. 
The local f ish started spawning in  mid- 
September w i th  a peak in  late September 
and early October whi le the upriver race 
began to spawn in  mid-October and 
peaked in  early November. Maximum 
water temperatures were near 6 8  F in  
early September bu t  dropped to 65 F by 
the end of the month and below 60 F by 
mid-October. Survival of females to the 
spawning stage ranged f rom 38 to 89% 
for the local race and 12 to 78% for the 
upriver race. 

Although adult fal l  chinook are host 

to a variety of parasites and diseases, 
there is no  evidence of large or cata- 
strophic mortality except for a few in- 
stances under artif icial conditions. Grant- 
ed that a mass mortality could occur i n  
the main stem of the Columbia or Snake, 
i t  is unlikely that extensive spawning 
ground surveys and other observations 
would not detect it. Furthermore, nu- 
merous examinations of dead and mori- 
bund fall chinook have revealed few fish 
that were not spawned out or nearly so. 
I t  seems unlikely that disease could af- 
fect the fall chinook upriver, lower river, 
tributary, and hatchery races simultane- 
ously so as to cause a general decrease in  
each and the total run as wel l  at about 
the same time. 

Water Quality 

Temperature, turbidity, and pollution 
in the Columbia River would be expected 
to have an effect on the upstream migra- 
tion of adult salmon. Turbidity has les- 
sened in the Columbia in  recent years 
(Junge and Oakley, 1966) but  the ef-  
fect, i f  any, on upstream migrants is 
unknown. In general, adult salmon mi -  
grate 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 a t  
its lowest and clearest and the effect of 
any changes in  turbidity would be minor. 

Sylvester ( 1  958 and 1959) studied 
water quality in  the Columbia River Ba- 
sin for the years 1952-57 and was able 
to make comparisons w i t h  191 0-1 1 data. 
He concluded ( 1958) : "An analysis of 
water quality data shows that these pol- 
lutants have had no serious overall effect 
on the water quality of the Columbia 
River itself." Except for the Wil lamette 
River, no serious dissolved oxygen defi-  
ciencies were observed in any of the 
streams. Between 191 0-  1 1 and 1952-56 
there was a general increase i n  alkalinity, 
hardness, dissolved solids, sulfate, Ca+ 



Mg,  Na+K, iron, chlorides, and nitrate, 
bu t  in  no  case did a constituent increase 
to the point that the water was nearing 
the upper l imi t  for the propagation of 
fish. Most of the changes were consider- 
ed to be due to return water from irriga- 
tion and domestic consumption rather 
than from dams. He further states: "In 
summary, the Columbia River, as i t  en- 
ters the survey area, is a cool, moderately 
soft, low alkalinity stream w i t h  no qual- 
i t y  characteristics making i t  unsuitable 
for aquatic life." 

The discharge of pulp mi l l  wastes and 
attendant growth of Sphaerotilus bacte- 
ria and low dissolved oxygen values is a 
serious problem in  many northwestern 
rivers. On the main stem of the Colum- 
bia, however, w i t h  i ts large f low and 
abundant oxygen, there does not yet ap- 
pear to be an oxygen depletion problem; 
the waste and Sphaerotilus give no evi- 
dence of being toxic to adults in the con- 
centrations encountered, although the 
slime interferes w i th  the successful pro- 
secution of the fishery a t  times. I t  is 
quite possible that the fal l  chinook run 
in the Clackamas River was exterminated 
by excessive pollution and oxygen de- 
pletion in  the lower Wil lamette River, 
bu t  this happened long before the deple- 
tion of the main fall run. There is no evi- 
dence that fall chinook ascended the 
Wil lamette River beyond Wil lamette 
Falls. 

Reproduction and Incubation 
Spawning Areas 

Assuming that the fal l  chinook popu- 
lation was i n  harmony w i th  i ts pre-civil- 
ization environment, any substantial 
change i n  environmental conditions 
could reduce the reproductive potential 
of the stock. As noted, the most obvious 
change has been the construction of 
dams on the main stem. These could 
have had various effects on successful 
reproduction through : ( 1 ) delay of adult 

migration, (2)  mortality of adults, and 
( 3 )  submergence of spawning areas by 
the reservoirs. W e  have seen in previous 
sections that delays and losses do occur, 
and probably w i l l  become increasingly 
severe as the number of dams increase, 
bu t  these cannot explain the decline in 
fall chinook in the early 1950's. 

The loss of spawning areas w i l l  be dis- 
cussed in this section; i t  is assumed that 
chinook cannot spawn successfully in 
streams covered by reservoir waters. A 
summary of former and present chinook 
salmon habitat is given by Fulton 
(1968 ) .  

Fall chinook originally went approxi- 
mately 900 miles up  the Snake River to 
Shoshone Falls. Approximately 170 miles 
of the upper Snake were lost in 1910 
w i th  the construction of Swan Falls Dam, 
and another 170 miles in 1958 by unsuc- 
cessful fish passage at the Oxbow- 
Brownlee complex. Ice Harbor Dam in- 
undated 3 2  miles in 1961. L i t t le  is 
known about present spawning activity 
in  the lower Snake from Oxbow Dam to 
the mouth because of turbidity and tur- 
bulence, bu t  production of some conse- 
quence remains. I n  1962 when counting 
began at Ice Harbor Dam, 30,000 fal l  
chinook entered the Snake, of which only 
2,400 arrived a t  Brownlee-Oxbow. l t has 
been estimated that i n  recent years over 
42,000 fall chinook have ut i l ized the 
Snake River from the mouth of the Sal- 
mon River to Swan Falls Dam (Haas, 
1965) .  

Fall chinook also ut i l ized the upper 
Columbia, probably as far as the Pend 
Oreille and Kootenay rivers, but  by the 
t ime Rock Island Dam was bui l t  (1933) 
this run had been reduced to only a few 
thousand fish. Grand Coulee Dain 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) has been an important and 
productive spawning area, although 
much is now lost due to dam construc- 
tion. From 1933 to 1959 there was no 
construction in  this area, bu t  98 miles 
were inundated after Priest Rapids was 
bui l t .  Fish spawning i n  this area are being 
handled in  large spawning channels, bu t  
the success o f  this operation is uncertain 
at this time. 

The main stem o f  the Columbia from 
the upstream end of The Dalles reservoir 
t o  the mouth of the Snake River was un- 
doubtedly an important spawning area, 
the bot tom consisting of many riff les and 
gravel bars. McNary Dam (1953) in- 
undated 61 miles o f  this section. The 
area between The Dalles and Bonneville 
was not  believed tb be important for 
spawning because the river was swift, 
deep, and rocky prior to dam construc- 
tion. 

I n  the lower Columbia River below 
The Dalles Dam spawning is entirely in 
tributaries and hatcheries. These tr ibu- 
taries dif fer greatly from the main river, 
varying from large streams l ike the Cow- 
l i t z  t o  very small ones such as Plympton 
Creek. I n  the early 1900's lumbering was 
concentrated in  the lower Columbia 
River valley, and destructive logging 
practices severely damaged many streams 
w i th  impassable log jams and siltation. 
These watersheds now have second growth 
timber and their productive capacity may 
improve. Fulton ( 1  968 ) ,  using a variety 
o f  sources for the period 1957-60 esti- 
mated the average lower tributary (be- 
low Bonneville) escapement as 63,000; 
middle Columbia (mostly hatcheries) 
72,000; John Day Dam site to McNary 
Dam 34,000; McNary to Chief Joseph 
Dam 15,000; and Snake River 41,000. 
Historically upper river areas were more 
important and productive than the lower, 
bu t  their gradual loss increased the rela- 
tive value of the lower reaches. I t  was 
noted earlier that abundance of adult 

f ish in  the lower tributaries and above 
Bonneville show the same fluctuations, 
indicating a common factor affecting 
survival. The similarity between abund- 
ance trends in  lower and upper river areas, 
and the fact that l i t t le  spawning area was 
lost unt i l  the mid-  1 9 5 0 ' ~ ~  precludes as- 
signing the loss of spawning grounds as a 
major factor in  the fal l  chinook decline. 

Spawning and Incubation Conditions 
Time of Spawning and Emergence 

A n  understanding of the relationship 
between success o f  spawning, incubation, 
and emergence o f  f ry  w i t h  environmental 
conditions can be gained by examining 
the literature on the t iming of these 
events. A t  McNary spawning channel the 
"local" f ish spawned over a period o f  1 
month beginning in mid-September, w i t h  
a peak i n  late September and early Oc- 
tober, while the upriver race usually be- 
gan spawning in  mid-October, peaking in 
early November (Chambers, 1965) .  In 
the Hanford area spawning reached a 
peak the 1 st week of November 1962; 
i n  1963 spawning started October 8, 
reached a peak around November 12 ( 1 
week later than usual), and ended No-  
vember 21. I n  1964 spawning had just 
started on October 21 and was completed 
by November 1 6 (Watson, 1965).  Aerial 
surveys in  the John Day to McNary area 
sliow heavy spawning throughout October 
w i t h  l i t t le evidence of a consistent peak 
(Smith, 1966). 

I n  contrast, hatchery stocks spawn 
much earlier. Egg taking operations a t  the 
three principal fall chinook hatcheries 
operated by the Fish Commission o f  Ore- 
gon (Bonneville, Cascade, and Oxbow) 
in  1965, a typical year, ranged f rom Sep- 
tember 18 to October 1 1  w i t h  the peak 
from September 21 to 25. The alevins 
have completed their yolk absorption and 
are placed in  hatchery ponds usually i n  
February. 

Shelton ( 1955) studied the hatching 



and emergence of fall chinook in simu- 
lated spawning beds at a Columbia River 
hatchery under different levels of flow, 
gravel size, and depth of planting. 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 
4 months after hatching. The first fry 
had a portion of their yollc sac visible, but 
by March only 10% had visible yolk sac, 
and the remainder had the abdominal 
wall completely closed. 

Although information i s  scanty, natu- 
ral-run fall chinoolc in the lower tribu- 
taries may spawn somewhat later than 
hatchery fish. 

Temperature 
A review of the thermal requirements 

of incubating fall chinook eggs showed 
that temperature during the initial period 
was a critical factor. Less than normal 
survival can be expected if initial tem- 
perature falls below 42 F or goes above 
55 F. Degree of mortality attributable to 
temperature is a function of duration of 
exposure . 

Considering October as the important 
month for egg deposition in the main 
stem, average October temperatures at 
Rock Island Dam for 1933-60 were ex- 
amined (Davidson, 1964) . From 1933- 
39 they were below 57 F, but after 1940 
they increased to 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, tempera- 
tures were well below 55 F. Depending 
on the time of spawning, some mortality 
of eggs could occur in warm years. The 
warm Octobers (average temperature 
above 61 F) occurred in 1942-44, 1952, 
and 1958. The 1942-44 broods produced 
at a high level while the 1952 and 1958 
broods produced poorly. Likewise the cool 

years-1 938-39, 1946, 1948-49, 1954, 
and 1959-show a lack of correlation 
( r  = -0.095) for initial incubation tem- 
perature vs. brood year production. 

Average water temperature at McNary 
channel from 1957 to 1963 began at 64 F 
on October 1 but decreased rather rapidly 
to 56 F by November I, with an average 
of about 60 F. High temperatures early 
in the fall and siltation were considered 
to be causes of reduced production from 
deposited spawn. No correlations are ex- 
pressed in Chambers' ( 1965) report, but 
he notes that the lowest percentage 
yields occurred when high temperatures 
persisted into late October (1958 and 
1963) . Eggs deposited during late Sep- 
tember and the 1st week of October in 
the McNary channel could have high 
mortality. For the Columbia River at Mc- 
Nary Dam the average temperature for 
October 1950-55 was 57.8 F and did not 
exceed 60 F in any year (Sylvester, 
1958). Since salmon spawn through Oc- 
tober and into November in this area, 
only a small portion of the potential egg 
deposition may be lost in an average year. 

Another critical period may be during 
the winter when extremely cold tem- 
peratures could lcill or inhibit embryo 
development. Silliman ( 1950) showed a 
positive relationship between winter wa- 
ter temperatures in selected spawning 
streams and chinook returning 4 years 
later (all runs combined), but the cor- 
relation was not statistically significant. 
Grand Coulee Dam has made the upper 
Columbia River warmer during the winter 
months (Davidson, 1964). Prior to 1940 
the water temperatures decreased to 32 F 
during severe winters and i t  was not un- 
usual for the river to be frozen over. 
Since 1941, the temperature has never 
dropped to 32 F even in the coldest wea- 
ther; in mild winters i t  remains above 
40 F and the river does not freeze. This 
warmer temperature and lack of ice, 



which could cause scouring of eggs arid 
gravel, should have a beneficial effect on 
the run, offsett ing ~ e r h a p s  some of the 
detrimental effects of the dams. 

The warmer fal l  and winter tempera- 
tures would hasten the development of 
eggs and cause early hatching and emer- 
gence. W h a t  effect this might have on 
the survival of f ry  is unknown. Early 
emergence before food supplies become 
abundant in the spring might cause a mi -  
gration to the ocean before the smolts 
were physiologically ready or ocean plank- 
ton began to bloom. On the other hand, 
f ry  might benefit from an early migration 
by leaving before predatory fishes became 
active w i th  warming temperatures. 
Chambers (1965) noted that at the Mc-  
Nary channel eggs hatched and f ry  
emerged in  December and January, bu t  
most fish apparently did not choose to 
inigrate unt i l  April-June, the optimum 
time. Mains and Smith ( 1964) observed 
the downstream migration of fry in  the 
Snake River primarily in  March and Apr i l  
and in the Columbia from March through 
June. This difference would not tz ex- 
pected i f  incubation temperatures inf lu-  
enced the t ime of downstream migration, 
since the Snake is colder than the Co- 
lumbia during the winter (Sylvester, 
1958 ) .  

Oxygen and Flow 
Literature on the effects of gravel per- 

meability and dissolved oxygen concen- 
tration on survival and development of 
salmon eggs and embroys was reviewed. 
I n  general, reduced water velocity and 
oxygen in  the redds have caused increased 
embryo mortality, retarded development 
and growth, and delayed hatching. Fry 
from embryos reared at low and inter- 
mediate oxygen concentrations were 
smaller and weaker than from high con- 
cen tra tions. 

L i t t le  is known about conditions in 
chinook redds in  the Columbia River. A t  

McNary channel, water samples f rom 
nests had 8.1 to 12.5 ppm of dissolved 
oxygen while the surface water contained 
1 1.0 to 13.4 ppm (Chambers, 1965) .  
The range in  subterranean water given 
by Chambers ( 1956) for natural chinook 
spawning areas was 5.7 to 9.1 ppm. He  
noted that fall chinook spawned in the 
main Columbia a t  velocities of 2.75-3.75 
feet per second while i n  the tributary 
streams they spawned in  1.00-1.75 fps. 
Wh i l e  these values cannot be related to 
subterranean velocity, they suggest a 
rapid intra-gravel flow. The range of ox- 
ygen values cited falls wi th in the area of 
good embryo survival and growth. 

Shelton's ( 1955 experiments in  plant- 
ing eggs a t  selected depths and velocities 
showed that in  all cases of f low (average 
water surface velocity of 2.2, 1.2, and 
0.4 fps) and depth (3-1 8 inches) survi- 
val to the hatching stage exceeded 80%.  
Satisfactory survival was obtained when 
water velocity i n  the gravel was as low as 
0.002 fps, and in spite of some silt prob- 
lems. The percentage of emergence was 
much higher in  beds w i th  large gravel. 

Siltation reduces gravel permeability 
and oxygen supply in  spawning beds. Tur-  
bidity, that is, the amount of suspended 
sediment, is related to siltation. Shelton 
and Pollock (1966) showed that fal l  
chinook eggs planted in an incubation 
channel in  Abernathy Creek, a lower 
Columbia River tributary, suffered 85% 
mortality when 15 to 3094 of the voids 
in  the gravel were fi l led w i th  sediment. 
Use of a settl ing basin reduced mortality 
to 10%. 

There has been a noticeable decrease 
i n  turbidity of the Columbia and Snake 
rivers in  recent years (Junge and Oakley, 
1966) . Dam construction has created ex- 
tensive reservoirs which act as settl ing 
basins and remove much of the suspended 
matter. Thus the deposition of silt in the 
redds should have materially lessened. 



Another important criteria for evalu- 
ating spawning success is flow; high 
water can wash out  eggs, scour the gravel, 
and deposit silt loads whi le low water 
can expose eggs to freezing and desic- 
cation. The Columbia River, however, is 
remarkably constant in f low during the 
winter months, w i th  river discharge at 
Rock Island Dam varying l i t t le  from year 
to year (Davidson, 1964). There is a 
trend for increased flows w i th  less f luc- 
tuation. The Snake is more erratic, bu t  
winter floods are exceptional. Lower 
river tributaries are subject to high water 
during the winter bu t  heavy floods are 
infrequent. Meekin ( 1965) observed chi- 
nook redds below Chief Joseph Dam that 
were periodically exposed and concluded 
that damage to buried eggs was negligible. 
Oxygen levels i n  the ground water were 
sufficient for the eggs to survive w i th  as 
much as 38 hours exposure. Exposed redds 
had an egg mortality of  12% compared 
to 8% for unexposed redds. Meeltin also 
noted large amounts of sand i n  the redds 
bu t  survival was sti l l  good. 

Since Columbia River water is near ox- 
ygen saturation, siltation is decreasing, 
f low is relatively constant and fast in the 
sections not  dammed, and temperatures 
are for the most part below the critical 
level in  the fall and warmer in the winter, 
conditions for successful spawning and 
incubation of eggs and development of 
alevins i n  the remaining spawning gravels 
should be even better than during the 
early period of high fall chinook produc- 
tivity. 

Pollution and Predation 

I t  has been suggested that radioactive 
pollutants from the Hanford atomic plant 
could cause mortalities or abnormalities 
in  developing embryos. Donaldson and 
Bonham ( 1964) studied this possibility 
by submitting chinook and coho eggs and 
alevins to low-level chronic irradiation in 
excess of that found i n  the Columbia 

River. N o  difference between the control 
and experimental groups could be detect- 
ed in  the f i rst generation in survival, 
growth, or sex ratio. Even i f  there were 
damage, only a small part of the fall chi- 
nook population would be affected. Fur- 
thermore, large numbers of  fall chinook 
have reproduced through a number of 
generations wi th in the confines of  the 
Hanford project wi thout  observable ad- 
verse effects. 

I t  has also been suggested that macro- 
organisms found in  the gravel could cause 
mortality to eggs. Thompson ( 1963 
studied this problem in several Columbia 
Basin streams and concluded: "The ob- 
servations made on the fauna of  the 
streams studied indicate that salmon eggs 
buried under the gravel are in  l i t t le  dan- 
ger of predation or damage." 

Superimposition of  redds and subse- 
quent dislodging of  deposited eggs may 
be a problem in heavily spawned streams 
in  Alaska and other areas, bu t  i t  has not  
been considered significant in the Colum- 
bia Basin w i t h  its large rivers and vast 
area. Still, the existence of a density- 
dependent reproduction curve i n  the ear- 
lier years of the study (Van Hyning, 
1970) suggests that overspawning occur- 
red at the large escapements. 

To summarize: during the period of 
fall chinook decline there was no evi- 
dence of serious deterioration in the 
quality o f  available spawning areas or any 
factor that would reduce egg and larvae 
survival. Indeed, there is an indication of 
possible improvement in  winter tempera- 
ture, amount of  siltation, and flow. Con- 
siderable spawning ground has been lost 
due to dam construction and inundation 
bu t  this occurred largely after 1954 and 
in  particular following 1960. 

Stream Residence and 
Downstream Migration 

Adul t  chinook are actively sought by 
fishermen. They can be counted, weighed, 



measured, aged, and sexed in t h e  f ish- 
eries, a t  t h e  hatcheries, and  o n  t h e  
spawning grounds. In contrast, t he  iu- 
veniles, o r  smolts, s l ip downst ream 
largely unnot iced.  Avai lable environ- 
men ta l  data are rev iewed in an  a t tempt  
t o  f i n d  meaningfu l  re lat ionships be tween  
env i ronmenta l  factors a t  t h e  t i m e  of  
downst ream mig ra t i on  a n d  subsequent 
r e t u r n  o f  a year class t o  t h e  river. Several 
factors a f fec t i ng  adu l ts  also in f luence 
juveniles. 

Timing 

T h e  t i m i n g  o f  downst ream mig ra t i on  
may  b e  a very impor tan t  factor  in survi -  
val as temperature,  f low,  and  tu rb id i t y  
change seasonally. A rev iew o f  available 
i n fo rma t ion  indicates considerable varia- 
t ion.  Some f r y  s tar t  downst ream immed-  
iate ly a f te r  emerg ing in December and  
January, even with t h e  yo l k  sac s t i l l  pres- 
sent. At M c N a r y  spawning channel  
d i s t i nc t  movements  occurred in Decem- 
ber, January, February, Apr i l ,  May, and  
June. T h e  early migrat ions appeared re-  
la ted t o  popu la t ion  densi ty.  In lower  t r i b -  
utar ies peak movements  were  in February 
a n d  M a r c h  in Gnat  Creek and  A p r i l  a n d  
M a y  in t h e  C o w l i t z  River. M o s t  hatchery  
fa l l  ch inook are n o w  released a f te r  feed- 
i n g  fo r  90 days, w h i c h  p u t s  t h e m  i n t o  t h e  
r iver usual ly in May.  Formerly, large n u m -  
bers w e r e  released as u n f e d  f r y  in Feb- 
ruary  and  March.  I n  the  Snake River peak 
coun ts  were  recorded in March,  Apr i l ,  
and  May.  I n  the  m a i n  upper Co lumbia  t h e  
f r y  m ig ra ted  f r o m  M a r c h  th rough  June. 
A p r i l  cou ld  b e  considered t h e  peak m o n t h  
in b o t h  systems. Once t h e  f inger l ings 
reach t h e  estuary (probably most ly  in 
M a y  a n d  June)  they apparent ly stay 
there fo r  some time, some even th rough  
mos t  o f  t h e  early summer.  

Predation 
A l t h o u g h  predators are considered an  

i m p o r t a n t  fac tor  in survival o f  young  
salmonids, l i t t l e  is k n o w n  o f  the i r  role in 

t h e  Columbia  River ecosystem. Thompson  
( 1959a)  s tud ied the food o f  t h e  squaw-  

f i sh  (Ptychochei lus oregonensis) , probably 
t h e  ma jo r  predator in t h e  r iver.  H e  con -  
c luded t h a t  they were  omnivorous and  
somewhat  sluggish, " t ak ing  the  oppor -  
t u n i t y  t o  feed o n  foods t h a t  are available." 
Juveni le salmon comprised 3 .6% of  t he  
food  in squawf ish  stomaches, a n d  occur -  
rence was related t o  releases f r o m  ha tch -  
eries. "The role o f  t h e  squawf ish  as a 
predator o n  salmon was l i m i t e d  t o  t i m e  
and  place where  juveni le salmon concen- 
t ra t ions were  h i g h  fo l l ow ing  release." 

The re  has possibly been a decrease i n  
abundance o f  squawf ish  in the  Columbia,  
as shown  b y  Bonnevi l le D a m  counts  w h i c h  
ind ica ted a sharp d rop  f r o m  67,000 f i sh  
in 1 9 3 8  t o  15,000 in 1964. L ikewise 
M c N a r y  D a m  shows a decl ine o f  f r o m  
57,003 i n  1955 t o  5,000 i n  1964 (U.S. 
A r m y  Corps o f  Engineers, 1 9 6 4 ) .  I t  is 
possible, however, t h a t  squawf ish  have 
n o t  decl ined but mere ly  ceased the i r  
f o rmer  migra t ions due t o  the  dams. 

Thompson ( 1959b) also s tud ied pos- 
sible predat ion be low M c N a r y  D a m  in 
M a r c h  1956 w h e n  large numbers o f  f i n -  
gerl ings were  be ing  released in a d a m  
mor ta l i t y  study.  0: 106 squawf ish  s tom-  
achs examined, on l y  th ree conta ined 
salmon. T h e  stomachs o f  18 sculpins 
(Cottus cp.) examined were  empty .  

Thompson concluded t h a t  predat ion was 
s l igh t  a n d  l o w  v is ib i l i t y  (Secchi disc 
readings average 1.15 fee t  with a range 
o f  0 . 3 - 2 . 2 )  and  l o w  water  temperature  
( 3 9 - 4 0  F )  m i n i m i z e d  t h e  ef fect iveness 

o f  t h e  predators i n  f i n d i n g  f ingerl ings. 

M a n y  observers feel  t h a t  a "popula- 
t i o n  explosion" o f  scrap and w a r m  w a -  
ter  f i sh  in the  n e w l y  fo rmed  reservoirs 
is  hav ing a deleter ious e f f e c t  o n  salmonid 
f inger l ing  survival. N e i t h e r  t h e  increase 
in numbers  nor  t h e  e f f e c t  o n  salmonids 
has been documented f o r  t h e  ma in -s tem 
dams, however.  At Brownlee Dam, bass 



(~Micropterus sp.) and squawfish were 
found to  contain remnants of  salmon i n  
their  stomachs dur ing the 1960 migrat ion 
season b u t  no t  in 1959. Predation by  bass 
was also noted a t  the release site below 
Oxbow Dam and by  gulls downstream 
f rom Brownlee Dam. The  gulls had ap- 
parently gathered below the dam to feed 
on f ish that were kil led, in jured or stun- 
ned by  passing through the turbines or 
spil lway (Haas, 1965 ) .  Apr i l  tempera- 
tures a t  Rock Island Dam show a con- 
siderable decrease through the years 
(Davidson, 1964)  ; this should have an 
inhibi tory ef fect  on predatory fishes. 

Junge and Oaltley ( 1966) note the 
decrease i n  turb id i ty  o f  Columbia River 
water w i t h  extensive dam construction, 
coincident w i t h  the decline in production 
rates of upriver salmon and steelhead 
runs, and suggest that  clearer water may 
enable predators to  be more effective. 
Turbidi ty-predat ion interact ion is, o f  
course, only one possible manifestation 
of changing environmental conditions 
caused by  dam construction. 

A l though predation remains large- 
ly  unknown, there is noth ing to  suggest 
that  i t  has been an important factor i n  
reducing the size of  the fa l l  chinoolt pop- 
ulation, a t  least prior to  extensive dam 
construction beginning in 1954. 

Parasites and Diseases 

Through the years a great deal o f  re- 
search has been done o n  the problem o f  
producing healthy salmon and t rout  i n  
hatcheries, b u t  l i t t l e  is known about the 
health of  native or w i l d  fish. The sick 
and weak do no t  survive in the wild, bu t  
the survivors mus t  harbor some diseases 
because w i l d  f ish are a reservoir o f  infec- 
t ion for hatchery stoclts. Kidney disease 
and tuberculosis, contracted by  feeding 
diseased carcasses to  the young, were held 
responsible by  some biologists for  the poor 
re turn of adults to hatcheries i n  the early 
1950's. This was contradicted, however, 

by  the fact that  hatchery and w i l d  f ish 
showed the same pat tern of  f luctuations 
in abundance and tha t  omission of  un-  
pasteurized salmon products i n  the  d ie t  
did no t  result i n  any great increase in re- 
tu rn  of  fal l  chinook, despite large in -  
creases i n  numbers of f ish reared. 

A fu l l  discussion of  juvenile salmonid 
diseases has been reviewed by Rucker 
( 1963)  and others. Mos t  diseases af fect -  
i ng  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 wel l  ou t  o f  the  
streams before the summer warmup and 
thus are exposed to  min imal  warm-water 
disease conditions. A n  epidemic or  cata- 
strophic disease could have occurred i n  
the early 1950's wh ich  decimated the fa l l  
chinook population and kep t  i t  a t  a low 
level o f  abundance, b u t  there is n o  evi-  
dence that such an event took place. 

Dams and Reservoirs 

The main direct e f fect  of dams o n  
downstream migrants is mor ta l i ty  i n  
passing through the turbines o f  power 
plants or  over spillways. Holmes ( 1952) 
estimated an average loss o f  3 %  in 
fingerlings passing the spil lway and 
1 i n  the  turbines a t  Bonneville 
Dam. Schoeneman, Pressey, and Junge 
( 1961 ) indicated a morta l i ty  o f  1 1 @L. 
for fingerlings passing through the 
turbines a t  McNary  Dam, b u t  only 
2% for those going over the spillway. 
Obviously, mor ta l i ty  would depend on 
how  many dams a group o f  f ingerl ings had 
to  pass as wel l  as what  proport ion o f  the 
water was diverted in to  the turbines. The 
higher the f l ow  the greater the chance of 
survival. 

The reservoir created by  a dam can also 
be a cause of  mortal i ty.  The  slack water 
slows the fish's downstream migration, 
exposing i t  to  a longer period of pre- 
dation, causing a delay in  reaching the 



ocean. Davidson ( 1965) in  reviewing in -  
formation on these possibilities shows 
that  reservoir; cause a slowdown i n  cur- 
rent.  For example, i n  the natural r iver 
near Celi lo Falls the velocity a t  150,000 
cfs was 2.1 miles per hour, whi le  after 
the construction of  The  Dalles Dam i t  
decreased t o  0 .8  mph. The travel t ime of 
water f rom the Okanogan River t o  Bon- 
nevil le Dam (393 miles) was estimated 
a t  138 hours i n  the natural river and 352  
hours i n  the impounded river. Higher 
f lows increase velocity and should cause 
less delay. Davidson, using data f rom Anas 
and Cauley ( 19561, showed a relation- 
ship between t im ing  of sockeye finger- 
lings passing Bonneville and river flow- 
the earliest peak migration occurred w i t h  
the fastest river current. 

A delay in  downstream migration could 
af fect  survival of smolts by reducing their 
abi l i ty t o  make the transit ion tosea water. 
However, the occurence o f  f r y  and f in -  
gerlings i n  the estuary dur ing the summer, 
before there were dams (Rich, 19221, 
and the wide range o f  migration t ime sug- 
gests that  their  movement to  the ocean 
is no t  temporari ly restricted. I t  is unl ikely 
that  the t iming of fal l  chinook migrants 
is so crit ical that a delay of  any magni- 
tude could cause morta l i ty  or serious 
physiological disturbance. 

Dam construction could possibly re- 
sul t  i n  residualism, the phenomenon of  
anadromous f ish taking u p  residence i n  
lakes or reservoirs past their  normal t ime 
o f  migration. I t  can be due to  the down- 
stream migrants becoming lost or con- 
fused i n  st i l l  water, unable to  f i n d  the 
ex i t  structures, or because limnological 
conditions are unsatisfactory for migra- 
t ion. I f  this condit ion persists, the fish 
may be delayed u p  t o  a year or more i n  
going t o  sea, or they may not  migrate a t  
all. The  consequences o f  the latter are 
obvious, bu t  the effects o f  delay itself 
are no t  known.  The exposure of  migrants 

t o  an additional period of  predation i n  
the reservoir may be the most serious fac- 
tor. Except for Brownlee Reservoir (Haas, 
1965) there is no  evidence of residualism 
for fall chinook. The  perceptible current 
and rapid f lushing rate (range 1/4 t o  4 
days, average 3 )  o f  main-stem reservoirs 
would indicate that  it is not  a problem 
(Sylvester, 1959) . Furthermore, reser- 

voirs of low-head main-stem dams do no t  
have thermoclines and their  temperature 
varies only a f ew  degrees w i t h  depth. 

Flow, Turbidity, and Temperature 
I n  considering factors that m igh t  a f -  

fect  the survival o f  downstream migrants, 
two  items are crucial :  ( 1  f l ow as i t  in-  
fluences the relative amount of  water  
passing through the turbines and over 
the spillway, the velocity and thus the 
t ime necessary fo r  passage, and the spa- 
t ia l  relationship between predator and 
prey; and (2)  turb id i ty  as i t  influences 
predation. High f low and high turb id i ty  
( l ow  Secchi disc reading) would be re- 

garded as representing the most favorable 
conditions. Apr i l  was considered the peak 
month  of juvenile migration, b u t  May  was 
also examined. 

Mean daily discharge i n  cubic feet per 
second (c fs )  and mean daily Secchi disc 
readings a t  Bonneville Dam for  the 
months of  Apr i l  and May  of  the year fo l -  
lowing spawning were the variables com- 
pared to  total re turn and return per 
spawner by  brood year. I n  Figure 19 tu r -  
b id i ty  ( taken only since 1945 , average 
discharge, and fall chinook return are 
p lo t ted on  an annual basis. There has 
been a tendency for  the Columbia t o  be- 
come clearer, especially since 1956, and 
Apr i l  and May  turbidit ies are very similar. 
Discharge has remained level bu t  w i t h  
marked fluctuations. Characteristically, 
f l ow  in  Apr i l  is relatively steady, b u t  in- 
creases rapidly i n  May  and peaks i n  late 
May  or early June. I n  general, high f l ow  
and turb id  water and low f low and clear 
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water are associated although there is a 
good deal of variation (see Figure 20A, 
for 1948-60 r = -0.723, r.,, = 0.684 
w i th  1 1 d. f . )  . 

There appears to be l i t t le  relationship 
between the return of the fall chinook 
and water f low conditions at t ime of 
downstream migration. The good return 
for the 1944-45 and 1954-55 down- 
stream migrations was associated w i t h  
low flows, and the time of fall chi- 
nook decline (1946-52 broods) was 
during a period of relatively high May 
discharge and high turbidity. A series 
of scatter diagrams (Figure 20B, C, D) 
show l i t t le  relationship between flow, 
turbidity, and return of fish bu t  during 
certain series of years the suggestion of 
an inverse relationship can be discerned. 
For example, total return of brood years 
1938-46 was negatively, though not  sig- 
nificantly, correlated w i th  mean Apri l -  
May discharge (Figure ZOB, r - -0.45, 
r .,,. = 0.666 w i th  7 r l . f .1.  N o  relationship 
is shown for the 1947-49 broods. On a 
return-per-spawner basis (Figure 2OD) , 
this suggestion of an inverse relationship 
for the earlier years is again noted. 

Turbidity showns no relationship what- 
ever to return of fish (a t  least partly be- 
cause of a shorter t ime series), although 
Junge and Oakley ( 1 966) concluded that 
there was some relationship between clear 
water and reduced sockeye salmon sur- 
vival and suggested i t  might also apply to 
other upriver runs. Junge and Oakley con- 
sider Secchi disc readings of 2.5 or greater 
as clear water and 1.0 or less as turbid 
bu t  this adds l i t t le  to the analysis. For the 
1948-51 broods, all days i n  Apri l  were 
turbid but  production ranged from 
252,000 to 378,000 fish or 1.8 to 3.6 
per spawner. For the 1953 and 1954 
broods there were no turbid days and 
production was 287,000 and 376,000 
and 2.3 and 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 spawner. 
The 1954-56 broods all produced at about 
the same high level yet turbidity ranged 
from all clear days to all turbid. 

Water  temperature a t  the t ime of 
downstream migration (Apri l -May) is 
generally between 48  and 56 F, probably 
near optimal. Burrows ( 1963) reports 
that for maximum productivity of finger- 
l ing salmon water should be between 50 
and 60 F. There was a slight tendency 
toward cooler temperatures during the 
years examined, bu t  no obvious relation- 
ship exists between water temperature 
and return. 

One may conclude that the survival of 
fall chinook was for the most part unre- 
lated to conditions of flow, turbidity, and 
temperature at the t ime of downstream 
migration, even though in  the early 
years of the study there was a suggestion 
of an inverse relationship between f low 
and return. I n  any event, and contrary 
to expectations, high f low and turbid 
water were not associated w i th  good sur- 
vival. 

Estuary Conditions 

Estuarine conditions may affect juven- 
ile survival, but  almost nothing is known 
about variations in  the Columbia River 
estuarine environment or how they might  
influence salmon survival. Evidence pre- 
viously noted suggests that most o f  the 
fall chinook fingerlings arrive in  the upper 
estuary i n  May and substantial numbers 
reside there through July. Temperature 
and salinity measurements have been 
talten at Tongue Point near Astoria for 
many years ( U . S .  Coast and Geodetic 
Survey, 1962 ) .  This station is 18 miles 
above the mouth of the river and salinity 
rarely exceeds 3'J/,J, and during the 
spring is almost 0. Although a salt-water 
wedge extends upstream near the bot tom 
(Bur t  and McAlister, 1959) , surface 
waters at this point are essentially fresh. 
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A comparision of Bonneville and Tongue 
Point April- May temperatures showed 
that Tongue Point was generally 2 to 3 F 
higher than Bonneville. Average May 
water temperatures at Tongue Point 
were compared to return of fall chi- 
noon broods exposed to that tempera- 
ture; correlation coefficients for the 
1 938-46, 1947-59, and combined broods 
were -0.21 9, -0.631, and 0.101, re- 
spectively. 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 indica- 
tion of a poorer return wi th  higher river 
or estuary water temperatures in some 
years. 

Multiple Regression and 
Response Surface Analysis 

L The various environmental and survi- 
val data in this study were submitted to 
regression analysis by means of standard 
programs at the Oregon State University 
computer center. 

A correlation matrix was constructed 
relating every independent variable wi th  
every other and wi th  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. Most of these correlations have 
been discussed in appropriate sections of 
the preceding text, but a brief review of 
significant correlations wi l l  provide back- 
ground for the ensuing discussion. 

For the early period 1938-46 the total 
return was inversely correlated wi th  the 
ocean temperature at Amphitrite Point. 
Return per spawner vs. escapement gave 
a highly significant negative correlation 
and return per spawner was also nega- 
tively related to the index of ocean catch 
of Columbia River fall chinook. 

In  the second period, 1947-59 brood 
years, return to the river was positively 
correlated wi th  troll effort and negatively 

wi th  Tongue Point water temperature. 
The return vs. Tongue Point correlation is 
in accord wi th the general finding that 
warm temperatures at the time of down- 
stream movement are somehow detri- 
mental. Significant negative correlations 
are noted between Seaside and Amphi- 
trite water temperatures and troll effort 
and catch of Columbia River fish. Unlike 
the 1938-46 period, increased survival 
due to colder water at Amphitrite is not 
reflected in the return to the river 
during the later period. Seaside Beach 
and Tongue Point water temperatures 
were positively correlated wi th  each 
other. An  expected correlation between 
troll effort and ocean catch is shown. 
Bonneville flow and turbidity are closely 
related. The return per spawner is only 
correlated wi th  number of  spawners. 

Combining all the years and dropping 
a number of values that did not appear 
related, or for which data were not con- 
tinuous, shows total return to be nega- 
tively correlated wi th  troll intensity and 
ocean catch of Columbia River chinook. 
For the first time, a correlation exists 
between the two dependent variables, 
total return and return per spawner, al- 
though i t  was almost significant for the 
1938-46 period. 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 nega- 
tively correlated wi th  escapement and 
positively wi th total return. Troll effort 
was again correlated wi th  ocean catch. 

I n  multiple regression i t  is important 
to strengthen the analysis by reducing the 
number of variables to the most impor- 
tant and eliminating those 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 gen- 
erally related (although not all signifi- 
cantly), Amphitrite Point was chosen as 
best suited to describe the early ocean 
environment. It had the further advan- 
tage of being continuous through the en- 
tire time series. Bonneville Dam flow and 
turbidity were correlated, so only flow 
was used. In  the overall view, the factors 
which were deemed most worthy of fur- 
ther study as affecting the total return 
and return per spawner of fall chinook 
were: ( 1 escapement, ( 2 )  a measure 
of ocean and estaury water temperature 
at the time of downstream migration, 
and (3 )  index of ocean fishing intensity. 
Fresh-water environmental factors did not 
show any significant relationships, but  
based on other work and opinions, I felt 
that water temperature at time of spawn- 
ing and river flow during dowqstream 
migration should also be included. W i t h  
the variation in the run caused by the 
first three i tems removed, the residual 
of river temperature and flow might then 
show some relationship. 

Some judgment decisions are necessary 
in interpreting computer results. The vari- 
ables are inserted stepwise and arranged 
and printed out in decreasing order of 
contribution to the total R2. As addition- 
al variables are inserted, the degrees of 
freedom are reduced and variables change 
in significance. Therefore a step was 
chosen which gave the maximum number 
of significant variables along wi th  a reas- 
onably high R? I n  some cases nonsignifi- 
cant variables were included because they 
contributed appreciably to the R5 The 
reader is referred to the original paper 
for detailed tables of the analysis. 

The first step was a multiple regression 
analysis wi th the four variables being es- 
capement ( X I )  , ocean temperature (Xe) , 
troll intensity ( X 3 ) ,  and river flow ( X 4 )  
vs. total return ( Y , )  for the 1938-46 

period. Considering only ocean tempera- 
ture, 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 ac- 
counted for by the ocean temperature at  
downstream migration and that there is 
good f i t  to the regression plane. Including 
troll fishing intensity in the regression 
brought Ra up to 0.74 and R = 0.859. 
The addition of escapement and river 
flow brought RQnly to 0.75, indicating 
they played an insignificant role in influ- 
encing return and were not significant 
variables as shown by low t values. 

I f  the relationships are actually curvi- 
linear rather than linear, or i f  interaction 
occurs between the variables, then the 
introduction of quadratic and interaction 
terms through a response surface program 
gives a better fit. I n  this case, no benefit 
is realized, wi th  the R b f  0.74 almost 
identical to the linear model. 

The same procedure was followed wi th  
the other dependent variable, return per 
spawner for the early period. Due to the 
very high correlation between escape- 
ment and return per spawner, the other 
factors assume a rather unimportant po- 
sition. For example, escapement and re- 
turn per spawner gave a Re value of 
0.924 (R = 0.96 1 . Including ocean 
temperature brought R V o  0.980 and this 
was s t i l l  a significant factor, but  troll in- 
tensity and river flow were not signifi- 
cant. The introduction of quadratic and 
interaction terms on only escapement and 
sea-water temperature did not improve 
the relationship. 

For the brood years 1938-46 then, 
return to the river was strongly and in- 
versely correlated to ocean temperature 
at the time of downstream migration and 
less so but stil l significiantly wi th the in- 
tensity of the troll fishery. The produc- 
tion rate or return per spawner was influ- 
enced by the number of spawners and 
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Figure 21. Actual and predicted return of fall 
chinook salmon to the Columbia River 
based on multiple regression equations, 
by early and late years and all years 
combined. 

the ocean temperature. 
With such a high level o f  correlation, 

prediction of the dependent variables be- 
comes possible. This is the ult imate aim 
o f  such research. The predicting equation 
o f  the form 

E = 447 1.560 -0.293X1- 65.274X- 
- 4.073X3 - 0.107X4 

was used for the 1938-46 period. A 
comparison of predicted and actual re- 
turn to the river for the early period is 
shown in Figure 21A. The agreement is 
rather remarkable and adds confidence 
in  the conclusions reached. 

The same procedure was followed for 
the 1947-59 brood years bu t  w i th  the 
addition of a few more independent val- 
ues. Considered f i rst in the multiple re- 
gression were escapement (XI) , Amphi- 

t r i te  Point June water temperature (X,), 
Washington troll fishing ef for t  (Xs) ,  
Apri l -May Bonneville Dam f low (X,), 
Seaside June water temperature (X,) , 
and Rock Island Dam October tempera- 
ture (Xo) vs. total return. The only sig- 
ni f icant variable was trol l  intensity and it 
accounted for only 31 % of the variation. 
Including all other variables added only 
5 %  to  the regression. 

Reducing the problem to  three vari- 
ables: escapement, Amphitr i te tempera- 
ture, and troll intensity, and introducing 
quadratic and interaction terms greatly 
improved the relationship, indicating 
that nonlinear relationships existed be- 
tween one or more of the variables. I n  
order of contribution to  the R%ere troll 
intensity, troll intensity squared, inter- 
action of escapement and ocean temper- 
atures, escapement squared, interaction 
o f  escapement and troll intensity, and 
escapement. Amphitr i te Point water 
temperature had a negligible effect by 
itself. Actual and predicted returns for 
the 1947-59 broods are also shown in  
Figure 21A. Again an excellent predic- 
tion is illustrated. 

Considering the above six variables on 
return per spawner, only escapement had 
a significant effect. Escapement account- 
ed for 0.605 and sea-water temperature 
only 0.045 of the total R2 of 0.705. In- 
troducing quadratic and interaction 
terms on escapement, ocean tempera- 
ture, and troll intensity gives a total R" 
of 0.949 w i th  escapement contributing 
most to it. 

Next  I grouped all the brood years for 
the period 1938-59 into one program and 
tested escapement (XI 1 ,  Amphi t r i te  
Point June water temperature (X2 1, 
troll intensity (X,) , Apri l -May Bonne- 
vil le Dam f low (X,), Tongue Point water 
temperature (X,), and Rock Island Dam 
October water temperature (XI) against 
return ( Y , ) .  Trol l  intensity and Amphi- 
t r i te  water temperature were the only 



significant variables, with troll intensity 
highly so, but river flow and escapement 
contributed to the Rz. The total R2 was 
only 0.47, however. 

Adding quadratic and interaction terms 
on XI to X4 and carrying through six steps 
gave a R2 of 0.572. Interaction of Am- 
phitrite water temperature and troll in- 
tensity and water temperature squared, 
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 (Y,) showed significant re- 
lationships for escapement, river f low, 
sea-water temperature, and troll inten- 
sity. Escapement and troll effort were 
significant at the 5% level, the other 
two at 10%. Spawning and estuary tem- 
peratures were not significant. Wi th the 
early and late periods combined, the lin- 
ear correlation coefficient between es- 
capement and return per spawner is low- 
er (r= -0.589) than when treated sepa- 
rately ( r  = -0.961 and -0.7781, thus 
permitting the other variables to enter in- 
to the regression. This is  the first time 
that river flow has assumed a significant 
role in this analysis. However, the nega- 
tive slope indicates that i t  is not the ex- 
pected one; i.e., high flows give high re- 
turns. 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 XI through X4 on Y2 
gives a R2 of 0.796. The three significant 
variables - escapement-troll interaction, 
temperature-flow interaction, and tem- 
perature squared- built up a R2 of 0.60, 
but the addition of more variables in- 
creased i t  to 0.80, even though they were 
not significant. 

The response surface program allows a 
predicting equation to be formulated for 
the whole period which should depict the 

numbers of fish in the returning run based 
on the relationship between troll fishing 
effort, ocean water temperature, river 
flow at time of downstream migration, 
and number of spawners. 

The results of the predicted return com- 
pared to the actual return is shown in 
Figure 21B. The agreement is good ex- 
cept for 2 years, 1944 and 1952. The 
reason for these discrepancies is not 
clear; however, the equation does depict 
the history of the run fairly accurately 
and substantiates that ocean fishing ef- 
fort played a major part in determining 
the numbers of fall chinook returning to 
the Columbia River. Further confirmation 
could be obtained by predicting the out- 
come of keeping the fishing effort low 
and constant. This was accomplished by 
substituting the mean value of fishing 
effort for the 1938-42 brood years (32,- 
900 trips) for the actual value into the 
equation. Mathematically, keeping one 
variable constant exaggerates the effect 
of the others, resulting in wide fluctua- 
tion in the predicted values. Still i t  was 
clear that i f the troll fishing intensity had 
remained low, the predicted returning 
runs would have been, on the average, 
at the predecline level. 

The multiple. regression analysis yield- 
ed predicting equations which made ac- 
curate "hindcasts" of returning runs. One 
of the major problems and goals in sal- 
mon management is to predict runs with 
some degree of accuracy. A logical ex- 
tension of the present work would be to 
forecast returning runs based on analysis 
of environmental factors. Such an ap- 
proach is beyond the scope of this report, 
but i t  is suggested that a predicting equa- 
tion be computed beginning with the 
1948 brood and extending as far as pos- 
sible into more recent years. This would 
permit inclusion of British Columbia and 
Oregon troll fishing, sport fishing effort 
and the effect of dams built in recent 



years. The most meaningful variables ap- 
pear to be ocean fishing intensity, escape- 
ment, ocean water temperature during a 
brood's first summer, and river flow dur- 
ing downstream migration. Loss of 
spawning area may be a factor to consider 
in the future and also the increased con- 
tribution of hatchery-reared fish. To pre- 
dict a year's run, i t  is  necessary to pro- 
rate brood-year production into run years; 
i.e., a run would consist of elements from 
4 brood years. However, 3- and 4-year 
olds comprise most of the run, and the 
ratio is relatively constant; thus no ap- 
preciable error should be introduced. 

Discussion 

Ocean Habitat of Various Chinook 
Populations 

The hypothesis that increased fishing 
effort in the ocean was largely respon- 
sible for the decline in the fall chinook 
run in the early 1950's has been confirm- 
ed by direct correlation, by the classic 
effects of exploitation of a population, 
and by the process of elimination of en- 
vironmental variables shown to have no 
effect. Still, one question remains: why 
have not other chinook runs declined in a 
like manner? This might be explained by 
examining ocean habitat of different 
populations, fishing intensity by area, and 
growth rate. 

In the section on ocean life we showed 
that the oceanic migrations of lower river 
fall chinook are largely confined to the 
area from the Columbia River to mid- 
Vancouver Island, with some individuals 
scattering southward to mid-Oregon and 
others going as far as northern Vancou- 
ver Island. Upper river fall chinook are 
also found in this region, but many go 
to 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 migrate into northern latitudes 

where they reside until approaching ma- 
turity sends them south. Undoubtedly 
some 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 num- 
bers decreasing rapidly along the Wash- 
ington coast. Chinook from Oregon coast- 
al rivers were shown to be in fair abund- 
ance off Alaska, northern British Colum- 
bia, and Oregon (Van Hyning, 1968). 
Possibly some races of coastal chinook 
migrate long distances while others are 
more restricted in their movements - 
like Columbia River fall chinook. Puget 
Sound chinook are found from Cape Flat- 
tery north through southeastern Alaska 
but there was a definite tendency for im- 
mature-Puget Sound fish to be relatively 
less available to the fishery than imma- 
ture Columbia River stocks off Vancou- 
ver Island. 

Ocean Fishing Effort by Area 
I f  fishing intensity varies between 

areas, then some stocks could be subject- 
ed to greater mortality than others. This 
concept was explored by examining fish- 
ing days by area. Table 13 is a tabulation 
of fishing effort in 1963 by area for 
California to northern British Columbia 
(no effort data were available for Alas- 
Ita) . Days fished are given in British Co- 
lumbia catch statistics but for the other 
areas i t  was necessary to convert trips to 
days by tabulating sampling data from 
the various ports, giving the following 
values for average number of fishing days 
per trip; southern Oregon - 1.5; cen- 
tral Oregon - 1.6; Columbia - 2.6; 
Grays Harbor-LaPush - 1.6; and Neah 
Bay - 3.3. 

Since sampling at Columbia River ports 
probably did not representatively cover 
the day boats, the value of 2.0 was used 
to convert to days fished. Since the 
California fishery is similar to that of 
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southern Oregon, the figure of 1.5 days 
per tr ip was used. Sport fishing intensity 
in  angler days is also shown. The sport 
fishery of f  Vancouver lsland is assumed 
to be negligible. I n  order to arrive at a 
common uni t  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 re- 
lation to  reality because commercial boats 
commonly fish about 20 hooks. These ef-  
for t  figures are not meaningful unless re- 
lated 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 lsland and Cape 
Flattery areas were combined because 
they are continuous and most of the ef- 
fort  is on the fishing banks of f  southern 
Vancouver Island. 

A n  examination of Table 13 shows that 
considerable differences exist in fishing 
ef for t  among areas. The lowest intensity 
occurred of f  northern British Columbia 
w i t h  about 100 fishing days per mile 
while the greatest o f f  Cape Flattery and 
southern Vancouver lsland a t  almost 800 
days per mile. This explains why a large 
proportion of the chinook tagged in  the 
latter area were recovered i n  the same 
vicinity. 

Grouping the areas into ( 1  northern 
Vancouver lsland and northern British 
Columbia, (2 )  southern Vancouver Is- 
land to the Columbia River, and ( 3 )  
Oregon and California coast, reveals 
fish occupying area (2 )  are exposed 
to almost three times the fishing in- 
tensity of those i n  area ( 3 ) .  This 
corresponds roughly to the ocean do- 
main of Columbia River and Sacra- 
mento River fall chinook, respectively. 
Stocks migrating into northern Bri t-  
ish Columbia are exposed to a relative- 
ly low fishing effort .  Although no 
data are given for Alaska w i th  its long 



and rugged coastline, i t  is probably simi- 
lar to northern British Columbia. Further- 
more, fish migrating northwest o f  Cape 
Fairweather, as many upper Columbia 
River, British Columbia, and Alaska stocks 
do, are exposed to virtually no fishery 
while there. 

Growth Rates 

Additional information on selective 
ocean fishing mortality can be obtained 
by examining the l i fe  history and growth 
rates of different stocks (see section on 
Growth and Ma tu r i t y ) .  Fall chinook be- 
come available to the ocean fisheries earl- 
ier than spring chinook. For example, 
spring chinook would be largely unavail- 
able to a sport fishery w i th  a 20-inch size 
l im i t  ( 1  8 inches fork length) i n  their 
second year, whereas fall chinook would 
be available in  midsummer. Likewise, 
spring chinook would not be retained by 
the troll fishery w i t h  a 26-inch size l im i t  
(24 inches fork length) unt i l  near the 
end of their third summer, whereas fall 
chinook could be retained much earlier 
in the season. Many spring chinook ma- 
ture i n  the spring of their fourth year and 
are thus exposed to no further ocean fish- 
ing. A 4-year-old fall chinook would be 
exposed to another fu l l  season of fishing 
before maturi ty in  the late summer. 

Taking a cohort of fall chinook destin- 
ed to mature at 4 years, about one-half 
would be large enough to 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  the 3rd 
year; and all would be exposed to virtual- 
ly a fu l l  season of ocean fishing before 
entering the river in the fall of their 
4 t h  year. A similar cohort of spring 
chinook, maturing in Apri l  of their 4th 
year, would not be subjected to fishing 
unt i l  their 3rd year; most of them would 
be recruited into the sport fishery bu t  
only the larger ones into the troll fishery. 
Thus the lag i n  growth for spring chinoolc 

benefits them to the extent that they are 
exposed to a fu l l  year's less fishing than 
fall chinook. 

An analogy can be made between chi- 
nook and coho salmofl. Coho spend their 
1st year in fresh water, migrating to sea 
early in  their 2nd year. Only jacks are 
taken as 2-year olds. The 3-year old 
adults appear on the fishing grounds usu- 
ally around mid-June and are fished in- 
tensively unt i l  mid-September, when 
they slacken feeding and begin their 
spawning migration. Thus, a year class is 
exposed to only 3 months of ocean fish- 
ing. Even though large numbers are taken 
during this brief period, the condition o f  
the resource is considered good. 

The dif fer ing availability to the fishery 
of 3 -  and 4-year fish was discussed i n  ref- 
erence to Table 7.  I t  was shown that the 
proportion of 3-year Columbia River 
hatchery fish ( 1  961 brood) in the total 
Washington troll catch was 30% in 
1964, bu t  dropped to 13 % as 4-year fish 
in  1965. This further shows that Colum- 
bia River hatchery fish are more available 
as 3-  than 4-year olds and are replaced by 
other stocks of 4-year fish that had prob- 
ably been less available as 3-year olds. 

Comparison with a Puget Sound Run 

Further confirmation of di f fer ing ma- 
rine 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 ( 1  955 )  
analyze recoveries for several fall chinook 
marking experiments on Puget Sound 
streams as well as the Kalama River ex- 
periment previously mentioned. T w o  
1949-brood experiments are :particularly 
pertinent: 204,000 fall chinook were 
marked and planted i n  the Deschutes 
River (tributary to southern Puget 
Sound) in  June 1950 and 199,000 fall 
chinook were marked and planted in 
the Kalama River (tr ibutary to the 
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lower Columb;a River) the same month  
(Table 1 4 ) .  A l though the fact that  many 
Deschutes River f ish stayed in the Sound 
and were exposed t o  a sport fishery of 

> 
0 

; 
0 

; 

considerable magnitude presents a comp- 
l icat ing factor, the impor tant  th ing is the 
reversal of the ocean take on  3- and 4- 
year f ish: relatively f e w  3-year Deschutes 
f ish were captured and proportionately 
more I<alama fish were taken a t  sea in 
their 3 rd  year. The  authors' comment:  
"Most o f  the marked f ish captured by the 
t ro l l  fisheries were 4-year olds. Perhaps 
their  early l i fe  existence in Puget Sound 
delayed their entrance as a group in to  the 
ocean areas." This mav be true, since few 
3 rd  vear Deschutes c'hinook were taken 
i n  the ocean before Julv wh i le  manv Ka- 
lama f ish were caughte i n  the spriAg o f  
their  3 rd  vear. On the other hand, manv 
3-year-old Puget Sound f ish may have 
been i n  offshore areas no t  visited by the  
trol l  f leet. I f  Puget Sound f ish wen t  far- - 
ther nor th  t o  northern,Vancouver Island 
and the Queen Charlottes ( there was l i t -  - 
t le  mark recovery effort  there),  they 
wou ld  have been exposed t o  considerably 
less f ishing than i f  they remained o f f  
southern Vancouver Island or turned 
south (Table 1 3 ) .  Tagging indicates that 
this situation does i n  fact occur. Di f fer -  
ent  growth rates could also be an import-  
an t  factor here i n  determining availabil- 
i ty.  I f  Puget Sound f ish remained i n  in- 
side waters for u p  t o  2 years they would 
show a depressed g rowth  compared w i t h  
stocks that  w e n t - t o  the ocean shortly 

- ' i after leaving fresh water and wou ld  thus 
m  m  
0 O' - 7 

not  be available to  the t ro l l  gear, or could 
C C .- .- no t  be retained i f  caught un t i l  later i n  
v v 
t i t  l i fe. This certainly is the case w i t h  Puget 
alo al 
>,> 
0 0 0  

Sound coho where t w o  dist inct size 
: .v : L E  L groups can be differentiated. In any 
G 2s - 
0 - 0  

event, Puget Sound chinook were less 

6 .? Z available t o  the ocean fishery and the sur- 
L.'" L 
2, z ,:, vival rate to  the spawning stage improv- .. " ,  
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Considering the combined returns, 
1 3 % of the Deschutes fish and 7 1 % of 
the Kalama fish were taken a t  sea. The 
total catch-to-escapement ratios were 
approximately 3 :  1 for the Deschutes and 
9 : l  for the Kalama - or three times 
more for Columbia River than Puget 
Sound stock. The apparently intense in- 
side sport fishery had less effect on u l t i -  
mate survival than the outside troll; in  
effect, Puget Sound may offer a some- 
what  protected environment. This dif fer- 
ence i n  fishing mortality logically explains 
why some Puget Sound hatcheries pro- 
duced near record runs o f  chinook whi le 
Columbia River hatcheries seemingly pro- 
duced litt le. 

Conclusion 
The chief conclusion of this paper is 

that during the period o f  study fluctua- 
tions in size of the Columbia River fall 
chinoolc run were to a large extent relat- 
ed to the intensity of the ocean fishery 
and that the decreased numbers of fish 
entering the river was caused by an in- 
creased ocean harvest. This constituted 
a shi f t  i n  catch, bu t  the reproductive po- 
tential of the run was not  reduced since 
the river fishery was curtailed to main- 
tain adequate escapement. 

The results of this study apply only t o  
the years of investigation ( 1938-59 
broods) and to the fal l  chinook run and 
should no t  be extrapolated to other years, 
other species, or runs. During these years 
f resh-water factors appeared to have l i t -  
t le  influence on abundance, and during 
most o f  the period the environment 
changed relatively l i t t le. Bonneville, 
Grand Coulee, Rock Island, and Swan 
Falls dams were in  existence, bu t  for a 
period of 15 years following 1938 no  
other dam was bu i l t  affecting fall chi- 
nook. McNary went  in to operation in  
1953, Chief Joseph in  1955, The Dalles 
i n  1957, Brownlee in  1958, and Priest 
Rapids i n  1959. Rocky Reach, Ice Harbor, 

and Oxbow dams were completed in  1961 
and Wanapum in 1963. John Day Dam 
became operative in  1968 and additional 
dams have been completed or are under 
construction on the Snake River. Thus 
the effect of the recent era of intensive 
river development was hardly covered i n  
this analysis. A l l  these later projects 
have, or w i l l  have, some detrimental 
effect on fall chinook through , direct 
mortalities or flooding of spawning 
areas. The combined effects of pas- 
sage over a number of dams may 
reveal a serious reduction i n  returns 
of fall chinook and other species of 
salmon that was not  evident for the dams 
completed through 1959. Since prospects 
for continuing a high level of natural pro- 
duction do not  appear optimistic, reliance 
on maintaining fal l  chinook stocks must 
be increasingly placed on hatcheries, 
spawning channels, and better fisheries 
management. I t  behooves us t o  examine 
carefully our management policies to  de- 
termine i f  we are making the best pos- 
sible use o f  this l imited and valuable nat- 
ural resource. 



Summary 

1. Columbia River fal l  chinook salmorl 
were studied t o  determine the cause 
o f  the serious decline i n  numbers re- 
turn ing t o  the river in  the early 
1950's. 

2. Population fluctuations i n  other ma- 
jor salmon runs were examined to  de- 
tect any coastwide pattern. Other 
chinook runs were remarkably stable 
or their  f luctuat ions were out  o f  
phase w i t h  Columbia River fal l  chi-  
nook. Chum salmon runs f rom Oregon 
through southeastern Alaska have 
generally declined since the early 
1 9501s, in most areas a few years fol-  
lowing that o f  Columbia River fal l  
chinook. 

3. Ocean tagging and hatchery f in -  
marking experiments were reviewed 
to show the areas inhabited by  Co- 
lumbia River chinook and their m i -  
grations a t  sea. The f ish were rarely 
found south o f  the cental Oregon 
coast. Tagging o f f  and nor th  of  the 
Columbia River showed that Colum- 
bia River f ish predominated. Fish tag- 
ged o f f  the Columbia River i n  the 
spring demonstrated a northerly 
movement along the Washington 
coast t o  Vancouver Island. Tagging 
o f f  Cape Flattery and southern Van- 
couver Island indicated that  40-50% 
of the stream tag recoveries were 
f rom fa l l  chinook in the Columbia 
River. Both immature and mature Co- 
lumbia River f ish were tagged in  this 
area, b u t  the major i ty  o f  the Puget 
Sound stocks were mature. O f f  
northern Vancouver Island and the 
Queen Charlotte Islands, Puget 
Sound-Fraser River stocks predom- 
inated b u t  many Columbia River fal l  
chinook were also found. O f f  south- 
eastern Alaska 3 1 -52':; o f  the  stream 
recoveries were Columbia River fall 
chinook. I n  northern Bri t ish Colum- 

bia and Alaska only  upper Columbia 
River fal l  chinook were found, wh i le  
lower Columbia River f ish were con- 
f ined largely t o  the area between the 
Columbia River and Vancouver Is-  
land. Marked recoveries of lower Co- 
lumbia river hatchery stocks conf irm- 
ed the tagging results i n  tha t  f ew  
wen t  south of  the Columbia or  nor th  
of Vancouver Island. 

4 .  Growth  and matur i t y  o f  Columbia 
River chinook was br ie f ly  discussed. 
Fall chinook were larger at  each age 
than spring chinook and the fastest 
growing f ish matured a t  the earliest 
age. A change in matur i ty  pat tern 
was shown for f ish tagged in  the Co- 
lumbia-Grays Harbor areas between 
1948-52 and 1957-62. 

5. Variations i n  survival rate were found 
in  ocean tagging and marked f ish and 
hatchery returns. Tag returns f rom 
the late 1940's and early 1950's con- 
trasted w i t h  the late 1950's and early 
1960's. Total  returns were approxi- 
mately the same b u t  i n  the early per- 
iod about as many fish were recover- 
ed i n  years fo l lowing tagging as dur- 
ing the tagging season. I n  later years 
f ew  fish were recovered af ter  the 
f i rst  season. I t  was demonstrated that 
increased ocean fishing, plus the ten- 
dency for the f ish to  mature at  a 
smaller size could easily account for 
this change. Analysis o f  adult  returns 
t o  river fisheries and hatcheries in- 
dicated that  survival was high i n  the 
mid-1940is, fol lowed by a decline t o  

a low level i n  the mid-1950fs, and 
then an increase, b u t  no t  to former 
levels. Trends o f  abundance were 
similar a t  the hatcheries, on  the 
spawning grounds, and i n  numbers 
passing over Bonnevil le Dam, sug- 
gesting that  all are inf luenced b y  
some common factors. 

6.  Data on chinook salmon abundance 



were compared w i t h  various air and 
ocean water temperatures and salini- 
ties during various months of a 
brood's 1 st  year a t  sea. A significant 
negative correlation between return 
to  the river of a given brood and aver- 
age June Vancouver Island water 
temperature was found. 

7. The ocean troll and sport fisheries for 
chinook salmon from southeastern 
Alaska to central Oregon were ex- 
amined. Historically, the northern 
trol l  fisheries showed a rapid increase 
to a high level then a long-term de- 
cline. The southern area, Vancouver 
Island to  Oregon, presented a picture 
of increasing landings unt i l  1952, a 
high and level trend unt i l  1957, then 
a decline. In the earlier years ( 1935- 
48 )  ocean catches were significantly 
correlated w i th  runs entering the Co- 
lumbia River, bu t  this relationship 
broke down in  later years. Catch-ef- 
for t  statistics for the Washington 
trol l  fishery showed an increase i n  
effort, an increase i n  catch for a t ime 
then a drop, and a steady decrease in  
catch-per-unit effort. Effort  was ncg- 
atively correlated w i th  catch-per-unit 
effort, indicating that the fishery in- 
fluenced the abundance of fish. A 
decrease in size and age of chinook 
taken by the troll fishery between the 
periods 1919-30 and 1949-63 was 
demonstrated, further confirming 
that the ocean fishery had a measur- 
able effect on the offshore chinook 
population. The Japanese high-seas 
salmon fishery was absolved o f  blame 
in the decline of fall chinook. 

8. The rapid growth of the ocean sport 
fishery o f f  the mouth o f  the Colum- 
bia and Washington coast since 1950 
was documented. Hooking mortality 
of small salmon was discussed in the 
l ight of the literature on the subject. 
Converting total ocean landings to  

numbers of f ish emphasized the in- 
crease in ocean catch and decrease i n  
return to the river. Using ocean tag- 
ging data, the contribution of Colurn- 
bia River fall chinook to  the ocean 
fishery was estimated. I t  was demon- 
strated that such a method could 
under-rather than overestimate the 
actual contribution, as has been sug- 
gested. Considering both the total 
estimated ocean take and numbers 
entering the river, there was no de- 
cline in  the population in the early 
1950's. The evidence f rom several 
sources was rather conclusive that 
the increase in ocean fishing was an 
important cause of decline in the fal l  
run to  the Columbia River. 

9. The 1 00-year history and production 
of the Columbia River fishery was 
reviewed for spring, summer, and fal l  
chinook. Af ter  dropping f rom a high 
peak in  the 1 8801s, total chinook 
landings remained steady from 1 890 
to  1920. This was due to  increased 
catches of fal l  chinook compensating 
for declining summer chinook. A f te r  
1920, landings of fall chinook re- 
mained level while summer chinook 
continued t o  decrease. Evidence 
strongly indicates that overfishing 
was largely responsible for the long- 
term decline of the summer run. The 
drop in  fall run in  the 1950's cannot 
be related to any factor in  the river's 
commercial or Indian fisheries. The 
recent history of regulation has been 
one of reduction in types of gear, 
areas, and open seasons. The river 
sport fishery was of negligible im- 
portance. 

10. A study of the age composition o f  the 
fall chinook run  into the Columbia 
River showed a decrease in percent- 
age of 4-  and 5-year fish and increase 
in 2-  and 3-year fish. This change 
occurred during the period of the fal l  



chinook decline. Size compositions 
were different between August and 
September at Bonneville Dam, and 
hatchery-reared 2- and 3-year fall 
chinook were larger than w i ld  fish of 
the same age. Sizes of 2- and 3-year 
fish i n  the runs fluctuate consider- 
ably, bu t  remain relatively constant 
for 4-year fish. Some evidence was 
presented showing the relationship 
between faster growth and earlier age 
a t  maturity. Average weight of fall 
chinook landed by the river fishery 
evidenced a significant decrease. A 
cause and effect relationship between 
increased intensity of ocean fishing 
coinciding w i t h  the decrease in  aver- 
age size and age, and possibly faster 
growth and earlier maturity, was sug- 
gested. 

1 1 .  The escapement of fall chinook as 

measured by counts a t  several Colum- 
bia River dams was discussed. Bon- 
neville Dam counts were adjusted for 
numbers of jacks and the commercial 
catch above Bonneville to arrive at an 
index of above-Bonneville escape- 
ment. Spawning ground surveys in  
the upper Columbia and Snake rivers 
and in tributaries below Bonneville 
reflect the counts at the mainstem 
dams. The number of adult fall chi- 
nook returning to Columbia River 
hatcheries show a pattern similar to 
that at Bonneville Dam as wel l  as 
spawning ground counts for both up- 
per and lower river populations. For 
hatchery stocks, fluctuations were 
shown to be related to survival rate 
between fingerling and adult, and i t  
can be inferred that this also applies 
to w i ld  stocks. Hatchery populations 
have changed in composition f rom a 
predominantly 4-year to 3-year age at 
maturity. Even though the average 
age has been reduced, fecundity has 
been maintained because now over 

half the 3-year fish are females and 
are almost equal in  size to 4-year 
fish. Comparisons of size frequencies 
and age compositions for the gil l-net 
fishery and hatchery and w i ld  escape- 
ments show a minor amount of gear 
selectivity for age, size, or sex. 

1 2. The optimum escapement of Colum- 
bia River fall chinook was examined 
w i th  respect t o  return per spawner 
and the stock-recruitment relation- 
ship. The total return as wel l  as re- 
turn per spawner decreased in a simi- 
lar manner over the period studied, 
whi le the number of spawners re- 
mained relatively constant. Highly 
significant negative correlations be- 
tween number of spawners and re- 
turn per spawner in  both the early 
and late periods indicated a density- 
dependent factor operating on the 
population. Ricker-type reproduc- 
t ion curves suggested that the op- 
t imum escapement index was be- 
tween 90,000 and 100,000 fish, 
a value exceeded during most 
years of the study. Underescape- 
ment was obviously not a factor 
in  the decline of fall chinook enter- 
ing the Columbia. 

13. Columbia and Snake river dams as 
they influenced upstream-migrating 
fall chinook were reviewed. Most of 
the early dams had no direct effect on 
fall chinook, although they blocked 
other species and races. Damming of 
the lower main stem began in 1938 
w i t h  completion of Bonneville bu t  for 
the next 12 years no major dam was 
completed. The decline in  productiv- 
i ty  of fall chinook stocks thus occurr- 
ed when river conditions were stable 
and hence cannot be related to dam 
construction. Furthermore, popula- 
tions below the major dams show 
trends similar to upriver stocks. In -  
formation on delay and mortality to 



upstream migrants was reviewed, but 
these factors were considered of min- 
or importance in causing fluctuations 
in fall chinook abundance. 

14. The loss of spawning areas through 
dam construction cannot be consider- 
ed a major factor in the decrease of 
fall chinook. Some areas were lost in 
the years 191 0-41, and more in the 
period following 1953 and particu- 
larly after 1960, but the major 
change in abundance occurred when 
spawning grounds were still extensive 
and little damaged. 

15. The literature on parasites and diseas- 
es revealed a wide variety of organ- 
isms causing morbidity and mortality 
in adult salmon, particularly in hatch- 
ery or holding situations. Diseases are 
specially virulent at high tempera- 
tures but an analysis of temperature 
records at Bonneville Dam during the 
time of upstream migration gave no 
indication of a rise through the years 
studied. 

16. Water temperature at time of spawn- 
ing and early incubation is critical in 
survival and during certain years tem- 
peratures in the main stem of the Co- 
lumbia in late September and early 
October would be detrimental, but 
most spawning occurs from mid-Oc- 
tober through early November. Tem- 
peratures in the tributaries are gener- 
ally low and satisfactory. There was 
no correlation between mean October 
temperatures at Rock Island Dam and 
brood-year production. Since Grand 
Coulee Dam was completed there has 
been an increase in winter water tem- 
perature and a more constant flow. 
The literature gave no indications of 
detrimental change in water quality 
during the period of study. 

17. April is the most important month for 
downstream migration of juveniles 
and arrival in the estuary peaks in 

May. Predation in large reservoirs was 
suspected as a serious mortality fac- 
tor, but there is no evidence that this 
had an impact on fall chinook popu- 
lations in run-of the river reservoirs. 
The loss of migrants in passing low- 
head dams was not serious until ac- 
celerated dam construction began in 
1957. Delay and residualism did not 
appear to be serious except in isolated 
localities. Correlation of river flow 
and turbidity at time of downstream 
migration with subsequent return 
gave no clear result although a ten- 
dency was noted for an inverse rela- 
tionship; i.e., higher flows were cor- 
related with poorer returns than low- 
er flows. The Columbia River is  be- 
coming notably clearer as reservoirs 
are created, but this was not shown 
to affect fall chinook survival. There 
was a suggestion of an inverse rela- 
tionship between May estuary tem- 
peratures and return of adults. 

18. A multiple regression analysis was 

made of selected environmental fac- 
tors 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 accounted for 74% of 
the variability in the returning run. 
Escapement and flow at time of 
downstream migration were nonsign- 
ificant. Return per spawner during 
this period was influenced only by es- 
capement and ocean temperature. For 
the 1947-59 period troll intensity had 
the greatest influence on total re- 
turns; escapement and ocean tem- 
perature also had some effect. For re- 
turn per spawner escapement alone 
had a significant effect during this 
period. For the two periods combined, 
troll intensity and seawater temper- 



ature were the signif icant variables 
i n  total return. The  return per 
spawner for the ent ire study period 
was dependent on escapement, t ro l l  
ef fort ,  flow, and sea-water tem- 
perature. Mu l t ip le  regressions were 
used t o  der ive predict ing equations 
wh ich  agreed very closely w i t h  the 
actual run. Subst i tut ing a low and 
constant trol l  f ishing e f fo r t  i n  the 
equation resulted i n  the predicted 
run maintaining the average prede- 
cl ine level, substantiating the con- 
clusion that  ocean f ishing played a 
major role i n  inf luencing the  number 
of  fal l  chinook returning t o  the Co- 
lumbia River. 

19. The hypothesis that  the increase in  
ocean f ishing was the main contr ibu- 

tor t o  the decline i n  returns was 
shown t o  be t rue by  correlation, by 
analogy w i t h  the effects o f  exploita- 
t ion on this and other f ish popula- 
tions, and by  the process o f  elimina- 
tion. T o  answer the question why  
other chinook runs have no t  declined 
i n  a l ike manner, I studied the ocean 
habitat  o f  d i f ferent  populations, f ish- 
ing  effort, and g rowth  rate t o  demon- 
strate that  Columbia River fa l l  chi-  
nook probably were exposed t o  much 
more ocean f ishing than any other 

population. I t  mus t  be emphasized 
that  these conclusions cannot be ex- 
trapolated t o  the fu tu re  and may no t  

apply t o  other species, runs, or races 
o f  salmonids. 
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