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A Summary of Information Concerning Chum Salmon 
in Tillamook Bay 

ARTHUR L .  OAKLEY 
Oregon Fish Commission Research Division, Clackamas, Oregon 

INTRODUCTION 

The Oregon Fish Commission has collected information on chum salmon 
(Oncorhynchus keta)  in Tillamook Bay from 1947 through 1962 to obtain 
data necessary for managing the commercial fishery. This report sum- 
marizes the pertinent published findings and important unpublished data 
gathered during this period. 

Henry (1953) discussed the Tillamook Bay commercial fishery, life 
history studies, and factors affecting chum salmon production. He de- 
veloped a relationship between minimum stream flow occurring between 
January 15 and March 20 and the abundance of returning adults. In 1954 
Henry reported on the age and growth of Tillamook Bay chum salmon. 
Results of a tagging study in 1953 provided an estimate of the chum popu- 
lation as well as the rate of harvest by the commercial fishery (Henry, 
1964). Ricker (1958) made certain assumptions and used Henry's data to 
plot a reproduction curve for Tillamook Bay chum salmon defining the 
best level of escapement and yield. 

Biologists collected information on chum salmon from the commercial 
fishery in Tillamook Bay in 1947-50 (Henry, 1953 and 1954) and during 
1959-61. The Fish Commission closed Tillamook Bay to commercial fishing 
in 1962 in order to protect the stocks which had dropped to a low level 
and all data collected that year were from spawning fish sampled through- 
out the Tillamook Bay watershed. The abundance of spawners has been 
measured annually since 1947 by counting fish in specific areas of Tilla- 
mook Bay tributaries. Daily records of fish buyers have provided informa- 
tion on the average weight of fish from the commercial fishery. 

COMMERCIAL FISHERY 
Seasons and Regulations 

The general history of early fishing seasons and gear regulations for 
Oregon coastal rivers were discussed by Gharrett and .Hedges (1950). 
During the years 1935 to 1946 Tillamook Bay was open to fishing from 
May 15 to March 1. Notable changes in season regulations were made in 
1947 and 1957. In 1947 the season was closed to spring and summer chinook 
fishing, but remained open from August 15 through December 10 until 
1957, when Oregon coastal rivers were closed to commercial salmon fishing 
by initiative petition (ORS 511.055). The only exception was a 30-day 
fishing season for chum salmon in Tillamook Bay to be established between 
October 25 and December 5. From 1957 through 1961 this season was from 
November 1 to November 30. In 1962 the Oregon Fish Commission closed 
Tillamook Bay to all commercial salmon fishing. 



Salmonid Species Caught 

Four species of anadromous fish contributed to an important com- 
mercial fishery in Tillamook Bay prior to 1957 (Cleaver, 1951; Smith, 1956) 
with chum salmon usually providing the most poundage. Table 1 shows 
the magnitude of the monthly catches which indicate peak abundance of 
each species in Tillamook Bay. The landings are listed by three time 
periods that correspond to different fishing seasons. 

Records from 1923-57, when fish were caught from August to December, 
show that 88% of the total chum catch in pounds was made in November. 
About 60% of the poundage of coho (0 .  kisutch) was landed in October 
and 25% in November. Most steelhead trout (Salmo gairdneri) were caught 
in December and January. Chinook (0 .  tshawytscha) were landed in three 
periods: a spring run in May and early June, a summer run in late June 
and July, and a fall run from August through November. Thirty-two 
per cent of the fall chinook were caught in September and 47% in October. 

Numbers of fish landed during the November season since 1956 were 
calculated from average weight information obtained from fish buyers' 
records (Table 2). Chums accounted for from 40 to 88% of the total catch 
in numbers. The percentage catch of species other than chum salmon is 
determined primarily by the size of the chum catch. In 1960-61, for ex- 
ample, when small numbers of chums were landed, the percentage catch 
of other species was considerably larger than for the three previous years. 
Although the catch of incidental species during the November chum season 
fluctuated from year to year, their contribution from 1957-61 averaged 
only 25% of the total landings. 

Table 1-Landings of salmonids (round weight)  b.y month i n  the Tillamook Ba.y 
commercial fisheru, 1923-61. 

Species and Annual average catch (pounds)  
t ime  pe7iod August September October November December Total 

Chinook 
1923-47 21,552 99,045 139,951, 16,054 804 277,406 
1948-56 5,604 46,173 81,852 17,469 1,382 152,480 
1957-61 .......... .......... .......... 19,247 .......... 19,247 

Coho 
1923-47 .......... 43,496 228,655 98,730 13,775 384,656 
1948-56 .......... 17,538 69,577 33,728 3,018 123,861 

.......... 1957-61 .......... .......... .......... 9,620 9,620 

Chum 
.......... 1923-47 .......... 73,482 745,980 24,554 844,016 

1948-56 .......... .......... 8,505 281,376 16,772 306,653 
.......... .......... .......... 1957-61 .......... 69,386 69,386 

Steelhead 
.......... .......... 1923-47 .......... 8,557 28,430 36,9870 
.......... .......... 1948-56 .......... 14,519. 10,706 25,225 

.......... ......---. 1957-61 .......... 2,957 .......... 2,957 

@ A n  additional annual average catch of 22,737 pounds was made in  January and 12,530 pounds 
in February for 1923-47. 
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Table 2-Estimated numbers of  fish caught by the Tillamook Bay commercial fishery 
during the November season, 1957-61. (Per cent of total 

catch in parentheses.) 

Estimated numbers o f  fish 
Year 

Chinook Coho Chum Steelhead Total catch 

1957 635 1,040 12,669 131 14,475 

(4)  (7)  (88) (1)  

1961 501 1,075 1,530 596 3,701 
(14) 

-- 
(29) (41) (16) 
- - - 

5-year average 832 955 6,292 355 8,413 
(10) (11) (75) (4 )  

Annual Chum Salmon Landings 

Annual chum landings for Tillamook Bay are given by Cleaver (1951), 
Henry (1953), Smith (1956), and unpublished records of the Oregon Fish 
Commission. Records of yearly landings show a declining trend from 
1947 through 1961 (Table 3) .  A sharp decrease in yearly catches was 
evident after 1954. 

The trends of chum landings for the years 1951-61 in British Columbia 
(Department of Fisheries of Canada, 1962), Washington (Washington De- 
partment of Fisheries, 1962), the Columbia River and Tillamook Bay are 
similar (Figure 1). Although there is not complete agreement in the yearly 
fluctuations among these four areas, the trend is downward in all areas. 
Such similarities in years of abundance and scarcity would indicate that 
some factor or factors affecting the Tillamook Bay stocks are also influenc- 
ing the larger populations to the north. 

BIOLOGICAL STUDIES 
Data on length, weight, and sex ratio of chum salmon from the com- 

mercial fishery were collected in 1947-50 and 1959-61. Scales were obtained 
from fish during 6 seasons (1947, 1949-50, and 1959-61) to provide informa- 
tion on age composition of the catch. 

Records were kept of the number of chum salmon observed each year 
spawning in certain selected areas of Tillamook Bay tributaries. Measure- 
ments of dead fish by sex were obtained. Additional surveys were initiated 
in 1960 to increase the sample size during years of low abundance. These 
records have furnished a means of comparing the commercial catch with 
the escapement to determine if these two components of the run were 
similar in size and sex composition. 





Table  3-Estimated landings of chum salmon b y  the Tillamook Bay  commercial 
fishery, 1927-61. 

Landings 

Pounds Estimated 
(round) numbers 

10-year average 1927-36 965,795 91,110 

10-year average 1937-46 843,495 79,570 

10-year average 1947-56 313,375 29,290 

Length-Frequency Data 

There were 3,145 chum salmon (1,603 males and 1,542 females) meas- 
ured and sexed from the commercial landings during 7 different years 
(Table 4). Sexual identification was by general body color and conforma- 
tion, and development of the kype on males. Males averaged about 2 inches 
longer than females, and 99% of the fish over 31 inches were males. 

There were 1,588 dead fish (715 males and 873 females) measured and 
sexed on the spawning grounds during 7 seasons (Table 5). Analysis of 
variance tests were used to determine if there was a significant difference 
between (1) the size of fish sampled in the commercial catch and the 
escapement, and (2) among the 6 years when samples were collected 
(Table 6). Significant differences were found at the 570 level in both 
comparisons, indicating that fish sampled in the fishery were larger than 
those in the escapement and there are yearly differences in the size of 
Tillamook Bay chum salmon. 
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Table 4-Length-frequency distributions of c h u m  salmon f r o m  the  Tillamook Bay commercial f ishery, 1947-50 and 1959-61. 

Fork  
l eng th@ 1947 1948 

22 -.-. .... 

- -  
Total 

number 28 97 

Average 
length 31.1 29.8 

@ Measurements to nearest lower inch. 

Males 
-- 

1950 

Females  

1947 1948 1949 1950 1959 1960 1961 



Table 5-Length-frequency distributions of c h u m  salmon f r o m  spawning grounds in the  Tillamook Bay  water- 
shed, 1948-50 and 1959-62. 

Fork Males 

length@ 1948 1949 1950 1959 1960 1961 1962 

22 .... ..-- 1 .... -... --.. -.-. 

- - - - - - - 
Total 

number 47 36 71 119 8 69 365 

Average 
length 29.2 30.3 29.7 30.4 29.0 29.2 30.2 

Females 

1948 1949 1950 1959 1960 1961 1962 

1 .... 1 1 .... 1 .... 

1 .... 6 1 .... .... .... 

5 3 15 6 4 9 7 

6 5 17 20 2 17 2 7 

7 12 2 1 31 4 24 76 

12 12 25 40 10 24 110' 

5 6 11 44 2 18 82 

3 .... 3 21 1 9 41 

1 .... 1 16 4 3 29 

.... .... 1 4 .... 1 3 

O Measurements to next lower inch. 



Table 6-Analysis of Tillamook Bay chum salmon length samples from the com- 
mercial fishery and spawning grounds for 1948-50 and 1959-61. 

Variation 
due to SS DF MS F Conclusion 

Sample source 244.89 1 244.89 56.5 Significant 

Years 458.80 5 91.76 21.2 Significant 

Error 17,026.64 3,921 4.34 

Total 17,730.46 3,927 

F.05 = 3.84 with 1 and rn d.f. and 2.21 with 5 and os d.f. 

Use of Scales from Spent Chum Salmon for Age Analysis 

Since there was no commercial fishery in 1962, scale samples were 
obtained for age studies from dead fish on the spawning grounds. All 
dead chums (740) encountered during 25 surveys located throughout the 
watershed were measured and sexed, and scales were obtained from a 
random sample of 215 fish. An initial objective was to ascertain whether 
erosion on the periphery of such scales precluded accurate age inter- 
pretations. 

The numbers of circuli beyond the last annulus were counted on 530 
scales from 10 or less fish in each 1-inch interval, by sex, for age groups 3 
and 4. Of these, 144 were from spent fish collected during the 1962 
spawning ground surveys and 386 were samples from commercial landings 
during 1959-61. 

A comparison of these counts indicates that some erosion occurred on 
the scales of dead fish from the spawning grounds (Table 7). The mean 
circuli counts on scales of the 1962 samples were less than counts on scales 
from the commercial catch in all comparable groups except the 1959 and 
1962 3-year-old females. Mean circuli counts were exactly the same in 
this instance. The greatest difference (3.3 circuli) was between 4-year-old 
males of the 1961 and 1962 samples. 

Table 7-Mean circuli counts from the last annulus to the periphery i n  the antero- 
lateral field of scales from Tillamook Bay chum salmon. 

(Number of fish i n  parentheses.) 

Aae OTOUP and sex 

Source of 
sample Year 

Commercial 
fishery 1959 

1960 
1961 

Average 
and 

totals 
Spawning 
grounds 1962 

Males Females Males Females Combined 

Combined I 



Conclusions from these data are qualified by the comparisons being 
between circuli counts on scales from fish from the spawning grounds 
and in the commercial catch for different years. The number of circuli 
beyond the last annulus on scales from the commerical fishery alone has 
varied as much as 2.4 within a single age group between years (1959 and 
1961 4-year-old males). Consequently, the exact amount of erosion on scales 
from the spawning grounds could not be estimated. Although nearly all 
scales from spent chums had broken and visibly eroded edges, none was 
observed to have eroded to the last annulus. All scales from spent fish 
had at least 7 circuli between their last annulus and the edge of the scale. 
It was concluded that the ages obtained from scales of spent fish were 
as valid as those from scales of fish captured by the commercial fishery. 

Age Composition 

Scales collected from fish sampled in the commercial fishery and from 
the spawning grounds were pressed into plastic cards and their impressions 
used for aging each fish. Two independent interpretations were made of 
every scale sample taken from fish caught in the commercial fishery. In 
1959, agreement on first scale interpretations was better than 95% between 
independent readers. Even though the position of annuli on scales from 
chum salmon is variable (Henry, 1953), they were easy to recognize with- 
out the apparent difficulty encountered by inves t iga tors  in Alaska 
(Thorsteinson, Noerenberg, and Smith, 1963). 

The average lengths of 1,565 Tillamook Bay chum salmon are compiled 
in Table 8 by age group and sex for 7 years. All samples were from the 
commercial fishery, except 1962 data which were collected from the spawn- 
ing grounds. Males were longer than females in all years in all age groups. 
The average length of chum salmon of a certain age and sex varies from 
year to year as shown by Henry (1954). 

Lengths collected randomly from the commercial landings and age 
determinations were related to the total catch by the length measurements. 
Scales from 1,358 fish were used in the age analysis (Table 9). The esti- 
mated number of fish in the total catch was obtained by dividing the 
poundage landed by the calculated average weight. 

Fishery investigators along the Pacific Coast have reported mature 
chum salmon from 5 different age groups (Henry, 1954). Only 3-, 4-, and 
5-year-old chum salmon were identified in the Tillamook Bay samples 
and the proportion of each age group varied from year to year. In 1947 
and 1949 the catch was determined to have consisted primarily of 4-year- 
olds and in 1950, 1960, and 1961, mostly 3-year-olds. This 3-year dominance 
was also evident again in the 1962 run as 207 spawning ground scale 
samples indicated that 82% were 3-year-olds and 18% 4-year-olds. 

Henry (1954) found from a literature survey that "there is a generalized 
south to north trend in the relative abundance of the older age groups; the 
southern localities tend to have a larger percentage of younger fish, and 
the northern localities tend to have larger percentage of the older fish". 
Although Henry's results did not disclose a large proportion of 3-year-olds 
in his samples, this age has predominated in samples collected since 1950. 
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Table 8-Average length o f  1,565 c h u m  salmon f r o m  Tillamook Bay b y  sex  and 
age group. ( N u m b e r  sampled in parentheses.) 

Average fork length finches) 

Age Sex 1947 1949 1950 1959 1960 1961 1962 Total 

Females 27.4 25.5 27.3 26.4 26.4 26.6 27.2 
3 (16) (3) (135) (79) (34) (53) (85) (405) 

Males 29.6 27.9 28.8 29.1 28.2 29.4 30.4 
(5) (12) (232) (71) (26) (48) (81) (475) 

Females 28.8 27.9 28.6 28.4 27.5 29.0 29.0 
4 (20) (137) (51) (57) (12) (7) (22) (306) 1 

Males 31.4 30.3 30.5 31.5 30.9 30.1 32.5 
(23) (134) (57) (100) (19) (14) (18) (365) 

...... ...... ...... Females 30.0 28.0 29.0 28.0 / 

...... ...... ...... 5 (1) (1) (1) (1) (4) 

...... Males ...... 31.2 32.5 30.0 31.0 32.0 
...... ...... (5) (2) (1) (1) (1) (10) 

Total (65) (287) (481) (310) (92) (123) (207) (1,565) 

Table 9-Estimated c h u m  catch in numbers  o f  f i sh  and calculated age composition, 
1947-50 and 1959-61. 

Year 

Estimated Per cent 
Calculated numbers and 

number Age Length o f  catch 
per cent by age group 

in catch sample sample sampled 3 4 5 

1947 35,830 65 65 0.2 11,573 23,720 537 
Per cent (32.3) (66.2) (1.5) 

1949 39,190 287 456 1.2 1,921 37,128 141 
Per cent (4.9) (94.7) (0.4) 

1950 18,200 481 1,107 6.1 13,910 4,100 244 
Per cent (76.2) (22.5) (1.3) 

1959 6,180 310' 990 16.0 3,179 2,977 50 I 

Per cent (51.2) (48.0) (0.8) 

1960 1,150 92 160 13.9 782 353 12 
Per cent (68.2) (30.8) (1.0) 

1961 1,530 123 189 12.4 1,266 242 9 
Per cent - - (83.4) (16.0) (0.6) 

1,358 2,967 
4 

Totals 

Possible reasons for this change in age composition are: (1) some of the I 

early samples may have been inadequate because of their small size (0.2% i 

of the catch in 1947 and 1.2% in 1949) or they were not collected randomly 
throughout the run, (2) exceptionally strong year classes were present 
in the fishery in 1947 and 1949, (3) there has been a genetic change in the 
population, or (4) there has been an increase in ocean mortality. 

Average Weights 

Fish which are sold in Tillamook Bay are recorded by buyers in 
numbers and pounds. Records of fish buyers were examined to determine 
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the average weight of fish landed for 15 seasons, 1947-61 (Table 10). Aver- 
age weights of chum salmon taken during November 1947-56 were almost 
identical to the entire season average weights as would be expected, since 
84% of the catch in these years was made in that month. For this reason 
the average weights of the chum salmon taken in the November season 
from 1957 to 1961 can be considered representative of the runs. 

Although the age composition of Tillamook Bay chum salmon was 
estimated for 7 seasons, these were not continuous. If the age composition 
for other years could be determined, it would be possible to identify 
strong and weak year classes with the possibility of relating this informa- 
tion to environmental conditions and prediction of future runs. Yearly 
changes in average weight were considered as a possible means of esti- 
mating age composition. Four-year-old chums weigh more than 3-year-old 
fish (Henry, 1954 and Table 8) and as the percentage of 4-year-olds in 
the catch increases the average weight should increase unless the growth 
rate changes. An examination of data for the years in which ages were 
known show that the average weights for 1947 and 1949 when 4-year 
fish predominated were 10.5 and 11.2 pounds, respectively. In 1950, 1960, 
and 1961, when 3-year fish dominated, average weights were 10.5, 10.4 and 
10.8 pounds, respectively. It  appears from these figures that the annual 
variation in weight of the same age group is so large that it obscures 
differences in average weights which might occur from changing age 
compositions. 

Table 10-Average weights o f  Tillamook Bay chum salmon compiled from records 
of fish buyers, 1947-61. (Number o f  fish in parentheses.) 

Year 

1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 

Average weight (pounds round) 

Total season November only 

10.5 (12,084) 10.5 (9,640) 
10.0 (28,693) 10.0 (25,419) 
11.1 (7,505) 11.2 (6,793) 
10.5 (6,010) 10.5 (5,357) 
10.9 (4,603) 11.3 (1,397) 
11.6 (5,809) 11.7 (4,615) 
11.4 (6,655) 11.4 (6,132) 
11.0 (8,524) 11.0 (7,698) 
13.0 (2,185) 13.0 (2,006) 
11.0 (3,277) 10.9 (2,916) 

-- 
Total (85,345) (71,973) 

Total 

Sex Ratios 

Henry (1954) compared the sex ratios of chum salmon in the com- 
mercial catch throughout the fishing season. He found significantly more 
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males than females in the catch in late October; a nearly equal number 
of males and females in November; and more females than males in early 
December. 

Sex ratios were obtained from the commercial catch and on spawning 
ground surveys for several years following 1947 (Table 11). There was a 
consistently higher percentage of males in the catch than in the escape- 
ment. Chi-square tests demonstrated that in 1949-50 and 1959-60 there 
were significantly more males in the catch than on the spawning grounds, 
but such significance could not be demonstrated for 1948 and 1961. The 
chi-square value for the 6 years of pooled data was significant, indicating 
a greater proportion of males in the catch than in the escapement. The 
increase in percentage of females on the spawning grounds may indicate 
that nets are selective or more of the fish observed in the spawning areas 
were from the later part of the run which Henry indicated was composed 
of more females than males. 

Annual Trends in Spawning Population Abundance 

Surveys to count spawning chum salmon have been made each year 
since 1947 in identical areas of three Tillamook Bay tributaries (2% miles 
total) : Clear Creek a tributary of the Kilchis River, Moss Creek a tributary 
of the Miami River, and the Lower North Fork of the Wilson River. These 
standard surveys provide general information concerning the magnitude 
of the yearly escapement. Several surveys are usually conducted in each 
index area, but only the greatest count of live and dead fish is used in 
obtaining an annual escapement value. The total numbers of fish observed 
in these three tributaries for 14 years are shown in Figure 2 and have 
fluctuated from 2,217 chums in 1949 to only 22 in 1960. 

The catch of chum salmon in Tillamook Bay and the magnitude of the 
escapement as reflected by counts of spawning fish show similar patterns. 
The 1960 and 1961 seasons were the poorest recorded-only 1,150 chums 
were landed in 1960 and 1,530 in 1961. In spawning ground surveys only 
22 chums were counted in 1960 and 46 in 1961. This was a drastic decline 
from the 10-year average count of 765 (1950-1959). 

The reliability of the data collected during surveys in the Tillamook 
Bay standard units was reduced when two impassable culverts were 
installed in 1959 which prevented spawners from utilizing about three- 
quarters of the area formerly available in survey units on Moss and Clear 
creeks. Counts in the Lower North Fork of the Wilson River were difficult 
to obtain in 1960-62 because of muddy water from logging activities and 
road slides. Because of these environmental changes in survey areas, 
data subsequent to 1959 are not exactly comparable with those of previous 
years. However, when the surveys were made few chum salmon were 
observed spawning below the impassable culverts or found dead along the 
streams. 

Surveys were made in 11 supplemental areas in 1960-62 when it became 
apparent that new survey areas were needed to provide meaningful data 



Table 11-Chi-square analysis o f  Tillamook Bay c h u m  salmon sex  ratios observed in the  commercial fishery and from the 
escapement, 1948-50 and 1959-61. 

Numbers sampled 

Fishery Escapement 
Calculated 

Year M F %M M F %M Total chi-square values Conclusion 

1947 28 37 43 % ...... ...... ...... ...... ...... .................... 

1948 96 82 54 % 53 50 51% 281 0.16 Not significant 

1949 255 201 56% 169 199 46 % 824 8.14 Significant 

- 1950 576 531 52 % 81 113 42 % 1,301 6.98 Significant 
4 
Y 

1959 475 515 48 % 118 185 39 % 1,293 7.63 Significant 

1960 77 83 48 % 8 27 23 % 195 7.46 Significant 

1961 87 102 46 % 69 107 39 % 365 1.74 Not significant 

1962 ...... ...... ...... 363 377 49 % 740 ...... ................. 
- - - - - - - - 

Combined0 1,566 1,514 51% 498 681 42 % 4,259 25.22 Significant 

0 X2.05 = 3.84 with 1 d.f. in all tests. 
Excludes 1947 and 1962 data. 



Figure 2-Commercial catch and escapement to index areas for chum salmon i n  Tilla- 
mook Bay, 1948-62. 

(Table 12). Although all of these counts could not be compared with 
earlier years, they were made in some of the best known spawning areas 
of the Miami, Kilchis, and Tillamook rivers, and verified that numbers of 
fish counted in the standard survey areas in 1960 qnd 1961 reflected the 
overall low abundance of spawners. In 1962 the value of the 11 additional 
surveys was apparent. The 3 standard survey areas showed an increased 
spawning population of 2% times the 1961 counts, but the new supple- 
mental survey areas had counts 5 times the 1961 escapement. The more 
reliable estimate of the Tillamook Bay spawning population trend is at 
present provided by the 11 supplemental surveys because they comprise 
a larger sample in areas not subjected to adverse changes. 

Population Estimate and Fishing Mortality 

Based on the results of a tagging study (Henry, 1964), the estimated 
chum population available to the commercial fishery from November 1 to 



Table 12-Numbers o f  c h u m  salmon observed in 11 supplemental spawning ground 
survey areas in Tillamook Bay tributaries, 1960-62. 

Fish observed ( p e a k  counts)  

Stream Miles 1960 1961 1962 

Miami River 

Miami River (Area  A )  0.3 2 3 2 1 
Miami River ( A r e a  B )  0.4 4 8 163 
Miami River (Area  C )  0.8 102 136 571 
Tributary "E" 0.3 1 1 3 
Prouty Creek 0.2 17 4 0 

Kilchis River 

Coal Creek 0.7 104 154 1,142 
Kilchis River (Dolan's) 0.3 2 9 2 2 140 
Kilchis River ( L o w e r )  0.2 36 54 80 
Sam Down Creek 1.3 2 9 21 

Tillamook River 

Simmons Creek 
Tillamook River 

Total 

December 5, 1953 was 54,000 fish. Fishing mortality was 39% (22,000 fish) 
of the available run and 32,000 fish or 61% of the run escaped the fishery. 
Population estimates were not possible for other years, but it seems un- 
likely that the fishing rate during 1953 was atypical because most indi- 
viduals participating in the fishery were local residents who fished in 
much the same manner and areas each year. 

High Seas Tag Recovery 

A tag was recovered from a chum salmon on December 9, 1962, about 
three-quarters of a mile above tidewater in Moss Creek. The fish was a 
3-year-old, 24-inch, spent female which had been tagged by the Fisheries 
Research Institute of the University of Washington on May 25, 1962, in 
the Gulf of Alaska at 56" 12' N, 142" 31' W. This recovery suggests that 
some chum salmon from Tillamook Bay are spending part of their lives 
in the Gulf of Alaska in common with chum salmon from other areas. 

DISCUSSION 
A general Pacific Coast decline in chum salmon abundance has been 

reflected in Tillamook Bay by increasingly poorer commercial catches and 
escapements. Factors responsible for this decline remain obscure. Com- 
mercial fishing has possibly contributed to the decline in some areas, but 
evidence demonstrating that overfishing occurred in Tillamook Bay is 
lacking and there is no reason to believe the fishery was the primary-cause 
for the decline. It is improbable that a harvest rate of 40% on a healthy 
population could cause such a rapid decline. 



The Japanese gill-net fishery operating in the north Pacific Ocean has 
attracted considerable attention in recent years because of its possible 
impact on American stocks of salmon. The possibility exists for chum 
salmon from Tillamook Bay to be captured in this fishery. However, it 
is highly improbable that the high seas fishery has been an important 
factor in the decreasing chum salmon abundance in Oregon, Washington, 
or British Columbia because of the lack of tag recoveries from fish 
captured and tagged in the area of the Japanese fishery. There have been 
no Oregon recoveries of chum salmon tagged west of Longitude 175' W. 
where the Japanese fishery operates (Hartt, 1962). 

Deleterious watershed activities such as logging, gravel removal, stream 
diversion, improper road building, and construction of impassable barriers 
such as dams and culverts on tributary streams are constantly reducing 
the available habitat. Civilization has intensified land use and resulted 
in decreasing freshwater spawning and rearing area in the Tillamook Bay 
tributaries. However, the coast-wide decline has extended to localities 
which have not suffered pronounced environmental changes. Thus it 
appears most likely that some climatological or oceanic factor is responsible 
for the widespread decline in chum stocks. 

SUMMARY 
Chum salmon were formerly the most numerous salmonid species in 

Tillamook Bay. Landing records show a sharp decrease in their abundance 
even more pronounced than similar trends for larger chum populations in 
Washington and British Columbia. The reason for this coastwide decline 
is unknown. Possibly a climatological or oceanic condition has reduced 
survival of juvenile fish throughout their range. Detrimental environ- 
mental changes by man have adversely affected the Tillamook Bay chum 
population, but there is no evidence that the cause for the decline was 
overfishing. Regardless of the factors responsible for the decline, Tilla- 
mook Bay was closed to commercial salmon fishing in 1962 to allow all 
fish in the run to spawn. 

Populations of spawning adults have been measured by counts in 
specific index stream areas since 1947. Escapement counts have fluctuated 
similarly to the commercial landings and the declining trend of both point 
to the present need for protection of the entire chum run. 

Statistical comparisons were made between fish examined in the fishery 
and those sampled from the escapement. A significant difference was 
demonstrated between the size of fish in the catch and escapement as 
well as between different years. Fish landed commercially were larger 
than those in the escapement and the average size of males was greater 
than females. There were significantly more males in the catch than in 
the escapement suggesting that either the fishery was selective to males 
(larger fish) or the bulk of the escapement came from the later part of 
the run in which females predominated. 

Tillamook Bay chum salmon sampled from the commercial catch were 
predominately 4-year-old fish in 1947 and 1949. Subsequent age studies 
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showed a change to 3-year-old dominance. It was determined that scales 
collected from spent fish in spawning tributaries could be interpreted with 
the same validity as those obtained from fish sampled in the commercial 
landings. Average weight data cannot be used to show changes in the 
age composition of the catch. 
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Trends in Production Rates For Upper Columbia River 
Runs of Salmon and Steelhead and Possible Effects 

of Changes in Turbidity 

CHARLES 0 .  JUNGE and ARTHUR L. OAKLEY 
Oregon Fish Commission Research Division, Clackamas, Oregon 

During the construction of Bonneville Dam in the late 1930's it was 
recognized that such a dam, placed in the path of the most important 
segments of anadromous fish runs in the Columbia River, presented serious 
problems to both upstream and downstream migrants. Faced with the 
prospect of a continuous chain of such dams in the Columbia and Snake 
Rivers, fisheries agencies could give no assurance that the runs could be 
maintained under these conditions even with the outlay of large sums of 
money for fish facilities and for research and development programs. 
Studies of the direct mortalities that could occur at such dams were not 
particularly encouraging. Merrell and Collins (1960) estimated mortalities 
as high as 20% occurring to adult salmon at Bonneville Dam during periods 
of high flow. Schoeneman, Pressey, and Junge (1961) estimated mortalities 
of 11% to downstream migrants passing through the turbines at McNary 
Dam although estimated mortalities over the spillway were only 2%. 
Sources of indirect mortalities have been recognized (Andrews and Geen, 
1960), but attempts to evaluate these have been limited. Although some 
attempts have been made to assay the over-all effects of a dam on salmon 
production, the results have not been conclusive. 

Gangmark (1957) compared the estimated abundance and production 
rates (return per spawner) for chinook salmon (Oncorhynchus tsha- 
wytscha) before and after the construction of Bonneville Dam (brood years 
1928-37 vs. 1938-50). No dramatic reduction was indicated by this study. 
Estimates of both abundance and escapement were based on catch-per- 
unit-of-effort data from the commercial fishery and hence subject to the 
many sources of variation resulting from such a method. Although the 
validity of studying relative production from catch-per-unit-of-effort data 
may be questioned, it should be pointed out that before the construction 
of Bonneville Dam no other means of estimating escapement was available, 
so that the approach developed by Gangmark was the one indicated for 
the data that were available at that time. 

We still have no adequate means of comparing production before and 
after the construction of Bonneville Dam, but it is now possible to study 
trends in production since the completion of this project. If we limit 
ourselves to the time period following the completion of Grand Coulee 
Dam in 1941, we have a period of more than ten years during which no 
major dam was completed on the Columbia or Snake Rivers in areas 
involving important fish runs. Since the completion of McNary Dam in 
the fall of 1953, five additional dams have been constructed on the main 
Columbia and three on the Snake River, all of which were in areas in- 



volving fish runs (see Figure 1). In the present study we shall, therefore, 
confine our attention to runs returning from 1946 to 1964 and to the 
escapements that produced them. 

INDICES OF ESCAPEMENT AND PRODUCTION 
Since fish counting began at Bonneville Dam on May 7, 1938, a con- 

tinuous index of the spawning escapement of stocks migrating above the 
dam has been available for the important segments of the runs of most 
salmonids in the Columbia River. These include the spring, summer, and 
fall runs of chinook salmon and the summer run of steelhead trout (Salmo 
gairdneri). Counts of sockeye salmon (0. nerka) have been available at 
Rock Island Dam since 1933 and give a better index for this species since 
almost all spawning occurs in tributaries above this dam. The Rock Island 
counts constitute the escapement index for sockeye salmon. For the other 
species, the unadjusted escapement is measured by the Bonneville Dam 
counts less the Zone 6 (above Bonneville) commerical catches. 

Unfortunately, estimates of the age composition of the various runs are 
only available since 1957 so that brood year production based on age 
composition can only be determined for a few years. Such data, however, 
permit us to adjust the escapements so that they compare more reasonably 
with the runs returning to the river. 

Figure I-Map of Columbia River  and lower Snake  River  showing major  dams.  
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Since the total production of different brood years is quite variable, 
the age composition of successive runs, which are composed of the pro- 
duction of several brood years, is also quite variable. The age composition 
of successive brood years, however, is remarkably constant for the six 
brood years that have been sampled in the Columbia River.@ Leaning 
very lightly on the assumption that brood year age composition is constant, 
it is possible to construct indices for both escapement and production that 
should reduce the variability in a study of the relationship between these 
two variables. Table 1, which is used in the construction of an escapement 
index, is based on age compostions found in the Columbia River com- 
mercial fishery with small adjustments for gear selectivity. 

The process for constructing the indices may be illustrated as follows. 
The index of production is merely the run to the river as measured by the 
total commercial catch below Bonneville Dam plus the count of migrants 
over Bonnevil1e.o For most species, the composition of any run will consist 

Table 1-Age composition in percent for spring, summer ,  and fall chinook, sock- 
eye and summer-run stee1head.O ( F r o m  samples t a k e n  b y  the  Washington 
Department o f  Fisheries and the  Oregon Fish Commission i n  t h e  Columbia 
River  gill-net fishery, 1957-64.) 

Species Age 
(and run) 2 3 4 5 6 

Chinook 
Spring .... 10 60 30 .... 
Summer .... 25 5 0 25 .... 

Fall 15 30 45 10 .... 

Sockeye .... .... 100 .... .... 

Steelhead 
Summer .... .... 45 50 5 

of 3 or 4 age groups. For example, for the spring run of chinook salmon, 
recent age studies indicate that on the average 10% return as 3-year-olds, 
60% as 4-year-olds, and 30% as 5-year-olds (Table 1). In Table 2 it may 
be noted that in 1946 (last column) 123.9 thousand spring chinook com- 
prised the run to the river. The 3-year-olds in this run were produced by 
the 55.9 thousand escaping in 1943 (first column), the 4-year-olds by the 
24.5 thousand escaping in 1942, and the 5-year-olds by the 46.4 thousand 
escaping in 1941. If the age composition determined by sampling (Table 1) 
is correct then this run was produced by 10% of the production of the 1943 
escapement, 60% of the production of the 1942 escapement, and 30% of the 
production of the 1941 escapement. The logical escapement index (in 
thousands) for the 1946 run is then, 

0.10 X 55.9 f 0.60 X 24.5 f 0.30 X 46.4 = 34.2 
which is the "weighted escapement" given in the third column of Table 2. 

Looked at from another point of view, since an annual run consists of 

@ Unpublished data of the Oregon Fish Commission and the Washington Department of Fisheries. 
@These data and the Zone 6 commercial catches used for estimating escapement are given in 

annual reports compiled jointly by the Washington Department of Fisheries and the Oregon 
Fish Commission. 

@ Percentages are rounded after adjusting for effects of gear selectivity. 



a number of age classes, it is in a sense a weighted moving average of 
brood-year productions. The technique used here is to apply the best 
weighted moving average to the escapements so that the resulting measure 
of escapement is properly comparable to the run. Such weighted averages 
are relatively insensitive to variability in the weighting factors. 

Using the weighting factors corresponding to the age compositions listed 
in Table 1, weighted escapements and corresponding runs are listed for 
spring, summer, and fall chinook in Table 2 and for sockeye, summer 
steelhead, and combined chinook in Table 3. The age-compositions given in 
Table 1 are rounded values. Using 100% 4-year-olds for the age composi- 
tion of runs of sockeye salmon, for example, merely means that the 
measure of escapement is the unadjusted escapement preceding the run 
by four years. The percentages of 3-year-old or 5-year-old sockeye in the 
runs are neither sufficiently large nor sufficiently constant to justify the 
use of the weighting procedure applied to the other species. 

GENERAL TRENDS IN PRODUCTION RATES 

An important concept in the management of anadromous fish is the 
"return per spawner" or what we shall refer to as the "production rate". 

Table 2-Weighted escapement and resulting run for spring, summer, and fall 
chinook (brood years 1942-60). 

Fall chinook 

Run 
vea7 

- 

........ 
1946 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1954 

1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 

........ 

........ 



In order to maintain a significant fishery the production rate must be in 
excess of 1.0; and obviously if the production rate drops below 1.0 and stays 
below, the species will eventually become extinct. 

The production rate depends on a number of factors, and its dependency 
on population density offers a tool which management agencies frequently 
use in determining an optimum escapement level. At such an optimum 
level the production rate for healthy stocks of fish in reasonably natural 
environments is generally quite safely above the critical level. For ex- 
ample, for Alaskan red salmon runs, each spawner on the average produces 
two or three returning adults (Mathison, Burgner, and Koo, 1963). In the 
much richer water in the Columbia River and its tributaries, before the 1 
advent of dams, pollution, irrigation, and other accumulating effects of 
civilization, there are indications that average production rates of five or I 

six adults per spawner may have been maintained. 
In the last 10 years, however, an abrupt decline in production rates 

i 
can be demonstrated for all species, and two of the three important sum- 
mer runs-summer chinook and sockeye salmon-are dangerously near the 
critical level (one adult return per spawner). Although this trend may 
be illustrated by plotting the production rates from 1946 to the present, 
in the following discussion we shall avoid this approach since it could 

Table 3-Run and escapement data for sockeye  salmon, summer- run  steelhead, and 
combined chinook salmon runs.  

Brood 
year 

1941 
1942 
1943 

@Values here are merely the sums of the values given in Table 2 for each brood year. Fish 
caught during winter months are not included. 

All chinook@ 
- 

Sockeye Summer  steelhead 



mask any possible compensatory effects due to overescapement. Instead, 
we shall plot the run against the weighted escapement which produced it. 

All Chinook 

In the last two columns of Table 3 we have summed the weighted 
escapements and runs given in Table 2 for the individual segments (spring, 
summer, and fall) of chinook salmon production. These data are plotted 
in Figure 2. It may be noted that production rates are constant along any 
straight line drawn through the origin. Points above such a line have 
higher production rates and points below, lower production rates. The 
solid line in Figure 2 defines the critical production rate of 1. 

For the runs preceding 1949 the production rates were greater than 5. 
Although only three years are represented here (1946, 1947, 1948), it may 

Figure 

BEFORE 1949 4 6  
1000 PRODUCTION RATES I I / 

I GREATER THAN 5.0 1 1949-59 
/ PRODUCTION RATES 

/ 2.4 TO 3.3 I 

2-Production rates of Columbia River chinook salmon for runs returning 
1946 to  1964. Data include combined spring, summer, and fall runs. 
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be noted that landings of Columbia River chinook for almost all years from 
1871 to 1940 were as great or greater than for 1946 (Cleaver, 1951). 
Escapement estimates are not available for these earlier years, but it is 
unlikely that the production rates for these years were significantly less 
than for the runs of 1946-1948. For the years 1949 to 1959 production rates 
ranged between 2.4 and 3.3, and from 1960 to 1964 did not exceed 2.1. 
Although the first drop (after 1949) may have been heavily influenced by 
increased ocean fishing, more recent reductions may be due to environ- 
mental changes in the river. It is particularly significant that the two 
dotted lines in Figure 2 divide the data perfectly into three time periods, 
i.e. all the years for which we have data before 1949 are above the upper 
line, all the years between 1949 and 1959 lie between the two lines, and all 
the years since lie below the lower dotted line. 

In the following subsections we shall make similar plots for the 
individual segments of the chinook salmon run and for the other important 
species. 

Spring Chinook 

A plot of weighted escapements against production for spring chinook 
in Figure 3 can be divided into two groups relative to production rates. 
Here it may be'seen that for runs returning since 1956 production rates 
have always been less than 3.0. For the earlier years (1946-55), with two 
exceptions (1950 and 1951), production rates have been greater than 3.0. 
The exceptions both involve juvenile salmon that were in the river during 
the heavy Columbia River floods of 1948. This effect is reflected by 
abnormally low returns for all salmonid runs, particularly in 1950. The 
initial run (1956) in the recent years of low production was the first 
produced by juvenile migrants that had to pass McNary Dam, which was 
closed in the fall of 1953. For runs since 1961, the adult spawning escape- 
ments which produced them could have been influenced by The Dalles 
Dam. 

Summer Chinook 

A sharp reduction in the production rates of summer chinook in recent 
years is apparent in Figure 4. With present production rates very close 
to 1, it is clear that only a slight further decrease would bring it down 
to below 1. We observe a drop in 1960 and a further decline in 1961; down- 
stream migration for these runs could have been influenced by the com- 
pletion of The Dalles Dam in the spring of 1957 and Brownlee Dam on the 
Snake River in the summer of 1958. For runs since 1960, corresponding 
adult escapements could have been influenced by The Dalles Dam. 

Observing the plots for the runs up to and including the 1961 run, one 
might hypothesize that the reduced production in 1960 and 1961 was due 
to overescapement. Actually, decreased escapements in the following years 
permit a test of this hypothesis. The continued decrease in returns from 
these reduced escapements leads us to the conclusion that the general drop 
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Figure 3-Production rates o f  Columbia River spring chinook salmon for runs return- 
ing f r o m  1946-64. 

in production was not due to overescapement. A similar observation may 
be applied to the spring chinook run and the other species that will be 
considered. 

Fall Chinook 

The steady decline in fall chinook production starting in 1949 (Figure 5) 
cannot be correlated with known environmental changes in the Columbia 
River. This run, however, differs from the others we are considering in 
that (1) an increasingly important segment is produced by lower river 
hatcheries and by natural escapement below Bonneville Dam, (2) almost 
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Figure &Production rates of Co lumb ia  R ive r  summer chinook salmon for  runs re- 
t u r n i n g  f r o m  1946-64. 

all juvenile downstream migration occurs during the first few months after 
hatching, and (3) fall chinook are a major contributor to the ocean com- 
mercial and sport salmon fisheries. 

Summer Steelhead 

The escapement-return plots for summer steelhead (Figure 6) are 
similar to those of the spring chinook runs-production rates for the period 
of early years are in every case greater than for the more recent period. 
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Figure 5-Production rates of Columbia River fall chinook salmon for runs returning 
from 1946-64.  Runs af ter  1951 circled. 

Again the break occurs between the high returns in 1955 and the low re- 
turns in 1956. An expanding sport fishery from 1955 to 1959 above Bonne- 
ville Dam influenced the escapements, so that the actual spawning escape- 
ment producing the 1964 run was probably very close in magnitude to 
that which produced the 1951 and 1955 runs. When escapements are 
adjusted for the sport fishery the plots for recent years approximate a 
Ricker-type reproduction curve rather well.@ 

@ Junge, C. 0. 1965. Oregon Fish Commission, unpublished manuscript. 
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Figure 6-Production rates of Columbia River summer r u n  steelhead f rom 1946-64. + 
Runs after 1955 circled. i 

Sockeye Salmon + I 

Figure 7 presents the same plot for the Columbia River sockeye runs. 
Here, although variability is much greater than for chinook and steelhead, 
a similar severe trend may be observed. All runs before 1956 are above 
the dotted line, with production rates greater than 2.2. For 1956 and later 
years (except 1958) production rates never exceeded 1.9, and for 4 of the 
last 9 years the escapement did not even reproduce itself (i.e., production 
rates were less than 1). Except for extreme variability, the situation here 
for recent years is precisely the same as for spring chinook and steelhead, 
with the break again appearing between the 1955 and 1956 runs. 
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Figure 7-Production rates of Columbia River sockeye salmon from 1946-64. Runs 
af ter  1955 circled. 

Willamette River Spring Chinook 

If the observed reductions in the production rates of the upper river 
salmonids were primarily due to conditions encountered in the ocean rather 
than to changes in the upper river, we should expect a similar decline in 
lower river stocks. The Willamette River which enters the Columbia at 
Portland, Oregon, produces a run of spring chinook that may serve as a 
"control" group to study this possibility. 

Escapement and size of the run for the years 1946 to 1965 have been 
compiled for the Willamette River by the Oregon Fish Commission. 
Adjusted escapements have been computed as for upriver stocks with 
weighting factors based on an age composition of 5% 3-year-olds, 40% 
4-year-olds, and 55% 5-year-olds. Runs for the years 1951-65 have been 
plotted against the adjusted escapement in Figure 8. Runs since 1956 



Figure 8-Production rates o f  Wil lamet te  River  spring chinook salmon f r o m  1951-65. 
Runs  after 1955 circled. 

have been circled to compare with the earlier years. Except for the very 
large return in 1953 there is no indication that production of Willamette 
River spring chinook in recent years is significantly less than in earlier 
years, and there is no clear break such as we found for the upriver stocks 
of spring and summer chinook, sockeye, and summer steelhead. Conse- 
quently, there is no indication that the decline in production rates for 
these upriver stocks is due to factors in the marine environment. 

TRENDS IN TURBIDITY OF COLUMBIA AND SNAKE RIVERS 
It  is beyond the scope of this paper to examine all possible sources of 

mortality that could influence the drop in production rates observed here. 
We may, however, study a single factor if only as an example of how such 



mortality might occur. The decrease in production rates for spring chinook, 
summer steelhead and sockeye began with the runs returning in 1956. 
Since the majority of downstream migrants producing each of these runs, 
and all runs since 1956, had to pass through the forebay of McNary Dam 
which was formed in the fall of 1953, such an abrupt drop could occur if 
greatly increased mortality of juvenile migrants coincided with the closure 
of the dam. 

Direct mortality of juveniles due to passage through the turbines or 
over the spillway could contribute to such a decline (Schoeneman et al., 
1961). It is also recognized that even under natural conditions, a major 
source of mortality to salmonids is predation (Ward and Larkin, 1964). 
If, coincident with the closure of McNary Dam, migrants experienced de- 
creased turbidities and flow velocities in a region of increased siltation, 
predation rates could be increased. Saunders and Smith (1965) give 
evidence that trout populations were greatly reduced due to silt which 
removed the "hiding places" of juveniles. The added consequences of 
reduced turbidity and delay are immediately apparent. 

In order to examine the hypothesis that turbidity is a factor, it is 
first necessary to determine when downstream migrations occur. Although 
information on the timing of downstream migrants is somewhat limited, 
it is generally accepted that the major portion of such migrants pass 
through the lower Snake and Columbia in April and May. Studies by 
Mains and Smith (1964), Gauley, Anas and Schlotterbeck (1958), and Anas 
and Gauley (1956) give confirming evidence of the timing in the years 
from 1949 to 1955. 

In Figures 9 and 10 we have studied the distribution of turbidities for 
April and May, respectively. Daily readings are available for these months 
at Bonneville (1949-64), McNary (1954-61, 1963-64), The Dalles (1957-64), 
and Ice Harbor Dams (1962-64).@ Where turbidity readings have been 
taken on two shores, the spillway shore readings have been used. We have 
arbitrarily chosen Secchi disc readings of 2.5 or greater as representing 
conditions of relatively clear water, and above the horizontal lines in 
Figures 9 and 10 we have plotted the number of days in the month for 
which such readings are given. On the other hand, we have chosen read- 
ings of 1.0 or less as representing conditions of turbid water which might 
afford some protection from predation. Below the horizontal lines we 
have plotted the number of days in the month when this condition pre- 
vailed. 

In the years before 1953 no "clear water" days were observed, whereas 
since 1959 almost no "turbid water" days were observed, and in 1963 and 
1964 all 31 days in May were clear water days at McNary Dam. The first 
years showing values above the line may be associated with the closure of 
McNary Dam. Turbid water conditions accompanied a high run-off in 1956 
and a somewhat early run-off in 1957. The very abrupt change continuing 
since 1959 is undoubtedly associated with the closure of Brownlee Dam 
in the summer of 1958. This dam is the highest dam on the Snake River 
with a head of approximately 270 feet. Whatever the cause of fluctuations 

@ U.S. Army Corps of Engineers, 1949-1964. Annual fish passage report. Data are incomplete at 
McNary Dam for April 1954 and for both April and May 1962. 
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Figure 9-Number of days in April w h e n  water  was  relatively clear (Secchi disc 
readings o f  2.5 or greater, above line) and relatively turbid (1.0 or less 
below line) at Bonneville, T h e  Dalles, McNary, and Ice Harbor Dams 
(1 949-64). 
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Figure 10-Number o f  days in May w h e n  water  was  relatively clear (Secchi disc 
readings o f  2.5 or greater, above line) and relatively turbid (1.0 or less, 
below line) at Bonneville, T h e  Dalles, McNary, and Ice Harbor Dams 
(1 949-64). 



in turbidity, it is of interest to study whether or not production rates are 
correlated with these changes. 

Since spring chinook and summer steelhead runs are composed of three 
brood years, an abrupt change in conditions affecting a single brood year 
would not necessarily cause such an abrupt change in the run to which it 
contributes. Each Columbia River sockeye run, however, is very strongly 
dominated by a single brood year, so that any such change should be 
measured more directly by the size of the corresponding run. We may 
therefore observe whether or not any relationship exists between turbidi- 
ties and sockeye production. 

In Figure 11 we have reproduced the escapement-return sockeye plots 
for the runs from 1951 to 1964 corresponding to the years for which 
turbidity data are available. It should be noted that a two-year lag is 
required for matching so that a turbidity condition in 1949, for example, 
would affect the run returning in 1951. 

Figure 11. 
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For earlier analyses of general trends it was sufficient to divide the 
data by straight lines through the origin corresponding to constant pro- 
duction rates. An axiom of reproduction curves, however, is that for 
constant environmental conditions production rates should decrease with 
increasing escapement. In Figure 11 we have divided our data into three 
production levels with two curves similar to the standard Ricker (1954) 
curves commonly applied to salmon data. 

Since the majority of the young sockeye migration is in May (Anas and 
Gauley, 1956) we shall confine our attention to turbidities for that month. 
Comparing Figures 10 and 11 we see that the relatively turbid conditions 
before the construction of McNary Dam (1949-53) produced runs in the 
highest level of production (1951-55). The two years of relatively clear 
conditions (1954 and 1955) produced runs in the intermediate level (1956 
and 1957). The turbid conditions of 1956 and 1957 again produced runs at  
the highest level in 1958 and 1959. Reduced turbidity in 1958 reduced 
production to the intermediate level in 1960. The very clear water condi- 
tions starting in 1959, after the closure of Brownlee Dam, is associated 
with further reduced production for 1961 and all succeeding runs. Under 
the classification system we have used here, we find an almost perfect 
correlation between changes in turbidity and changes in production "level". 
Moreover the greatest drop followed the closure of Brownlee Dam which 
could not directly influence the sockeye run (relatively few of which 
originate in Snake River tributaries) and apparently could only have a 
major effect through changes in water quality that it could produce in 
the main Columbia River, below the mouth of the Snake. 

We have suggested that delay to downstream migrants could also in- 
crease mortalities. Gauley et al. (1958) noted a tendency for daytime 
migrations of yearling chinook past Bonneville Dam in 1952 and 1953 to 
decrease as water became less turbid, although the correlations were not 
statistically significant. They observed that 52% of all salmonids migrated 
during daylight hours in 1952 and 48% in 1953. Continuous trapping a t  
McNary Dam@ in 1959, however, showed only a trivial daytime migration 
(less than 10% in any month, 5% in April, and less than 3% in June). If 
during extremely clear water conditions significant migrations are limited 
to night movements, a delay in migration might be expected. 

In conjunction with the study by Gauley et al. (1958), the weekly pas- 
sage of downstream migrant salmonids at  Bonneville Dam was recorded 
during the years 1946 to 1956.0 In Figure 12 we have plotted the week of 
peak migrations of yearling chinook for these years. Peak passage during 
the turbid conditions up to 1952 occurred between the 15th and 17th week 
of the year. During the somewhat less turbid water conditions in 1953 the 
peak was reached in the 18th week, and for the two clear water years 
following the closure of McNary Dam (1954 and 1955) in the 19th and 20th 
weeks. Coincident with turbid conditions in 1956, migrations were again 
early. Here we have noted three different points, since in 1956 three 
significant peaks occurred, though the two earliest peaks were unprece- 
dented with respect to time and magnitude. We suspect that only the 

@ U. S. Army Corps of Engineers. 1960. Progress report on fisheries engineering research 
program. 152 p. 

@Unpublished data made available by courtesy of the U. S. Fish and Wildlife Service. 



Figure 12-Week o f  peak downstream migration o f  yearling chinook salmon past 
Bonneville D a m  (1946-56).  (Unpublished data f r o m  U.  S .  Fish and Wild-  
l i fe  Service.) 

latest peak represented the normal yearling migration. One of the two 
early peaks may represent fish in their third year who would normally 
migrate in their second year, and the other may represent delayed fall 
chinook migrating as yearlings. Data consistent with this supposition may 
be cited. 

Reports that temporary blocks to salmon smolts may delay their migra- 
tions a full year are not uncommon. Further, scale studies@ of Columbia 
River fall chinook show that for the 1954 brood almost 10% of returning 

@Unpublished data of a joint program of Washington Department of Fisheries and Oregon Fish 
Commission. 
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adults had a stream nucleus (i.e. migrated to salt water as yearlings in 
1956) which is higher than for any other brood year for which data are 
available (1954 to present). The spring chinook run returning in 1957 
included over 2% returning as sub-threes (i.e., migrated to salt water in 
their third year), which is consistent with a delay in 1954 or 1955. All 
other spring chinook runs (1958 to 1964) show less than two or three 
per thousand returning as sub-threes. 

Downstream migrations of sockeye salmon show a pattern similar to 
that of yearling chinook. Peak migrations were delayed in 1954 and 1955, 
returning to the usual period in 1956. For sockeye however, no winter 
migration was observed in 1956. 

If the greatly decreased turbidities following the closure of Brownlee 
t 

Dam resulted in increased availability of the prey (i.e., salmon and steel- 
head smolts), we might well expect a gradual increase in both the size 

I 
and numbers of the predators in recent years. Under this condition we 
might also expect a greater decline in the Snake River runs than in upper 
Columbia River runs, due to a greater differential in turbidities and conse- 
quently in predation in the lower Snake River. Although some direct 
mortalities could be attributed to the completion of Ice Harbor Dam in 
the winter of 1961, direct mortalities to upper Columbia River runs should 
be at least as severe as a result of Priest Rapids Dam completed in 1959, 
Rocky Reach Dam completed in 1961, and Wanapum Dam completed in 
1963. In Tables 4, 5, and 6, it may be noted that the percentage of adult 
upper river stocks of Snake River origin (based on counts at McNary Dam 
and Ice Harbor Dam) is declining steadily and seriously for spring chinook, 
'summer chinook, and summer steelhead, the three major runs in the Snake 
River. That this reduction cannot be due to the direct effects of mortalities 
at Brownlee Dam is obvious from the fact that the total number of adults 
returning to Brownlee (actually at Oxbow Dam) in 1961 was already very 
much less than the reductions observed in the table. 

Tables 4, 5, and 6 are also influenced by an unaccounted for "loss" 
of adults between McNary Dam and Priest Rapids and Ice Harbor Dams, 
an unexplained condition which may further reduce production levels of 
runs returning after 1965. Similar "losses" observed between lower river 
dams could have influenced the decline observed in this study (Fredd, 
1966). 

CONCLUSIONS 
For all upper Columbia River salmonids except fall chinook, a sharp 

decline in return per spawner followed the period of increased dam con- 
struction subsequent to the completion of McNary Dam. Direct dam mor- 

B 
talities to juvenile migrants may contribute to this decline, but indirect 
mortalities associated with general changes in water quality may also be 
important. 

In recent years critics of the fisheries management agencies have main- 
tained that the declining runs to the Columbia River are a result of 
overfishing in the river. It should be clear from the data presented here 
that such a contention is completely untenable since (1) production rates 
in recent years are reduced for all levels of escapement and (2) average 



Year  

1960 
1961 
1962 
1963 
1964 
1965 

Year  

Table 4-Spring chinook sa lmon  counts  at McNary,  Priest Rapids,  and Ice Harbor Dams,  1960-65. 

Percentaoe o f  McNaru count 

R u n  
size 

133,900 
161,400 
199,800 
147,000 
147,200 
157,300 

McNary Priest Rapids Ice Harbor Upper Col. Snake R. Unaccounted 
4 / 1 0 - 6 / S  4 / 1 5 - 6 / 1 3  4 /13-6 /11  (Priest Rapids) (Ice Harbor) for 

...... ...... 52,480 8,348 .......... 15.9 

...... ...... 68,414 7,668 .......... 11.2 
55,868 7,140 33,580 12.8 60.1 27.1 
52,076 7,420 26,684 14.2 51.2 34.6 
53,799 10,621 24,261 19.7 45.1 35.2 
28,995 5,028 12,039 17.3 41.5 41.2 

Table 5-Summer chinook counts  a t  McNary,  Priest  Rapids  and Ice Harbor Dams,  1960-65. 

R u n  
size 

Percentage o f  McNary count 

Priest Rapids Ice Harbor Upper Col. Snake R .  Unaccounted 
6 / 1 4 - 8 / 1 3  6 /12-8 /11  (Priest Rapids) (Ice Harbor) for 

Table 6-Incomplete counts  o f  s u m m e r  steelhead at  McNary ,  Priest  Rapids,  and Ice Harbor Dams,  1960-65.0 

R u n  
Year  size 

1960 199,800 
1961 227,900 
1962 251,700 
1963 228,600 
1964 159,900. 
1965 207,508 

Percentage o f  McNary count 

Upper Col. Snake R .  Unaccounted 
McNary Priest Rapids Ice Harbor (Priest Rapids) (Ice Harbor) for 

94,080 7,408 .......... 7.9 ...... ...... 
102,267 8,295 .......... 8.1 ...... ...... 

160,769 8,661 106,322 5.4 66.1 28.5 
111,082 8,527 68,286 7.7 61.5 30.8 
97,160 5,728 53,301 5.9 54.9 39.2 

116,638 8,614 56,029 7.4 48.0 44.6 

@Count  is  f r o m  June 1 t o  October 31. This  period includes alInOSt all o f  t h e  steelhead migration, but some fish spend part or all o f  t h e  winter between 
dams and ascend fishways during winter and spring months.  



escapement levels in recent years for spring chinook, summer chinook, 
sockeye, and steelhead are actually much greater than for the earlier years 
when higher production rates were maintained. In the present study it 
was, in fact, necessary to present evidence that the decline was not due to 
overescapement. 

Although the evidence given here relating to the possible effects of 
turbidity changes on downstream migrants is merely circumstantial it is, 
we believe, sufficiently strong to warrant further study of the possible 
influence of predation on juvenile migrants, particularly in the area above 
McNary Dam. In another study it is shown that non-selective smolt 
mortalities have a much more severe effect on production than other 
sources of mortality.@ Further, if depensatory predation as considered by 
Ward and Larkin (1964) is present, then increased availability of an already 
reduced population of prey could be extremely serious. 

Since production rates of two of the runs studied are now dangerously 
near to the critical level, an extensive action program is urgently required 
if these runs are to be restored to significant levels of productivity. The 
reduced production rates of the other runs, though significantly above 
the critical level are not sufficiently high to withstand any protracted 
action, particularly in view of the dams that are now being constructed 
and planned for the near future on the Columbia River. 

SUMMARY 
Escapement-production data are presented for the major upper Colum- 

bia River salmonid runs from 1946 to 1964. Strong downward trends in the 
return per spawner are shown for all runs studied (spring, summer, and 
fall chinook salmon, sockeye salmon, and summer steelhead trout). Except 
for fall chinook which are more heavily influenced by hatchery production 
and ocean fisheries than the other species, the reductions are coincident 
with the period of increased dam construction following the completion 
of McNary Dam in the fall of 1953. 

Changes in turbidity of the Columbia River and Snake River during 
the construction period are shown to be correlated with sockeye runs two 
years later, suggesting the possibility of increased predation in clear water. 
Some indications of a delay to downstream migrants in years when water 
is less turbid during the migration season are presented. Such a delay 
could induce both direct and indirect mortalities. 
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The Special 1965 Columbia River Shad Fishery 
RONALD W. HASSELMAN 

Oregon Fish Commission Research Division, Clackamas, Oregon 

INTRODUCTION 

The regular summer gill-net season (June 20-July 15) for the Columbia 
River commercial fishery was cancelled in 1965 to protect anticipated small 
returning runs of summer chinook (Oncorhynchus tshawytscha) and sock- 
eye salmon (0.  nerka). Traditionally salmon and steelhead (Salmo 
gairdneri) are of major economic importance in the summer season while 
shad (Alosa sapidissima) are of much less value to the fishery. However, 
considerable interest from the fishing industry in harves t ing  shad 
prompted the Oregon Fish Commission and Washington Department of 
Fisheries to initiate a special Columbia River shad season from June 16 
to July 3, 1965, with 30-hour weekly closures. The fishery was designed 
to permit a harvest of the shad resource, but protect salmonid runs in the 
Columbia River during the same period. Female shad are of importance 
to the fishery for the value of their roe (ovaries) and for this reason are 
actively sought while males are generally discarded (Cleaver, 1951). 

Normally the gill-net fishery extends 140 miles upstream from the 
mouth of the Columbia River to a commercial fishing deadline 5 miles 
below Bonneville Dam. In the absence of a regular summer season, the 
area open to fishing encompassed approximately 13 miles of the river in 
statistical Zone 5 from the western boundary of Skamania County, Wash- 
ington, upstream to the commercial fishing deadline. This area was selected 
because of a high ratio of shad to salmonids in landings reported by fish 
buyers in past years. 

Since 1951 the Columbia River commercial fishery has been restricted 
to drift-type gill nets, however considerable variation, from single-walled 
floater nets to multiple-walled diver gear, is allowed. Legal fishing gear 
for the special shad fishery consisted of 4-ply or less, single-walled, floater 
gill nets from 5%- to 6%-inch stretched mesh size without slackers, tram- 
mels, or aprons. The maximum length permitted was 1,500 feet as with 
other Columbia River gill nets. This gear has been specified for other 
Columbia River shad seasons to reduce the incidental catch of salmonids. 

The possession of salmon or steelhead by fishermen and fish buyers 
during the special shad season was illegal. One stipulation of the season 
provided that all salmonids, whether alive or dead when removed from 
fishing gear, were to be returned to the river. However dead salmonids 
were turned over to representatives of the Oregon Fish Commission or 
Washington Department of Fisheries when they were present at the time 
of capture. 

Oregon Fish Commission and Washington Department of Fisheries 
research personnel monitored the fishery to determine the proportion of 
salmon and steelhead caught incidental to shad. Data from these observa- 
tions are summarized in this report. 
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METHODS 
Through nearly all of the shad season, research personnel recorded the 

numbers of shad and salmonids caught, by species, from drifts made by 
representative fishermen. In addition, the sex of shad caught was recorded 
when possible. Oregon biologists made observations in the upper part of 
the fishery, from Dodson to Multnomah Falls, while Washington personnel 
checked fishermen downriver from Multnomah Falls to the lower end of 
the fishery. 

Shad and other fish were counted as they were removed from nets by 
fishermen. These observations were accomplished either on board a fisher- 
man's boat or alongside from a work skiff. Fishermen's boat numbers were 
recorded for future identification along with catch data from one or more 
drifts for the day checked. Generally, fishermen were interviewed on the 
first encounter of the season to determine the type and dimensions of gear 
being fished. 

Landing records were received from the fish buyers involved with this 
fishery after the season closed. The total shad catch was estimated by 
applying the observed sex ratio to the reported landings of roe (female) 
shad. Roe shad landings were used to compute the total catch because 
most of the males captured were returned to the river. Estimates of the 
total incidental catch of salmon and steelhead were made by applying 
the observed ratio between incidental catch and roe shad to the total roe 
shad landings. 

Limited observations were made on shad stomach contents at one buy- 
ing station near the end of the season. 

RESULTS 
Totals of 15,206 shad and 314 salmonids were caught in the 235 drifts 

sampled (Table 1). This sampling effort included 17% of the total esti- 
mated shad catch in Zone 5. As seen in Table 1, the catch of salmonids 
amounted to 2% of the total number of fish taken and did not vary 
substantially between areas of the fishery. The salmonid catch consisted 
of 70% chinook, 18% sockeye, and 11% steelhead. The percentage of 
salmonids observed remained fairly constant between weeks during the 
season which demonstrated the selectivity of the fishery toward shad, 
even though the relative abundance of salmonids in the area changed 
through the season. 

The proportion of salmonids that were dead when removed from the 
fishing gear was nearly the same for both areas and amounted to 22% of 
the total observed. This means that on the average 78% of the incidental 
catch was returned to the river alive. Our observations indicated the fish 
released alive were in relatively good condition notwithstanding the 
method of capture. It is noted, however, that the proportion of dead 
salmonids in the catch increased sharply, from 14% in week ending June 
19 to 47% for week ending July 3. An increasing mortality through the 
season could have resulted from fish being entangled in the fishing gear 
for greater periods of time during increasingly longer and slower drifts 
due to decreasing river flows. Limited observations during 1953 (16 drifts) 



Table 1-Summa~y of shad and salmonid obse~vations by  aTea d u ~ i n g  the special 1965 shad f i s h e ~ y .  

Number 
o f  drifts  
sampled 

Number observed 
-- 

Total Number 
Shad Chinook Sockeye Steelhead catch caught 

Salmonid data 

Per cent Number Per cent 
o f  catch dead dead 

Week 
ending 

Lower area (Corbett to Multnomah Falls) 

3,358 53 4 6 3,418 63 June 19 

June 26 

July 3 

Sub-total 

Upper area (Multnomah Falls to Dodson) - 
$ June 19 
Y 

June 26 

July 3 

Sub-total 

Combined 

June 19 

June 26 

July 3 

Total 



in the Corbett-Oneonta area indicated that 24% of the salmonid catch was 
dead, although the incidental catch at that time amounted to 87% of the 
fish captured. Of the salmonids caught during the 1965 shad season, the 
highest mortality rates were suffered by steelhead and sockeye as 33% 
and 30%, respectively, were dead when removed from fishing gear. The 
proportion of dead chinook was much lower at 19%. 

Examination of the numbers of shad caught by sex from sampled drifts 
indicated proportionately more females than males were caught as the 
season progressed (Table 2), although the fishing gear was definitely 
selective for females because of their larger size. The overall sex ratio 
of 1 male to 2 female shad was used in subsequent calculations of the 
total shad catch. 

T a b l e  2-Numbers of shad observed b y  s e x  dur ing t h e  special season, 
J u n e  16-July 3,1965. 

W e e k  
ending 

J u n e  19  
J u n e  26 
J u l y  3 

To ta l  

Numbers  o f  shad Ratio o f  
males t o  

Males Females females 

1,268 2,162 1 3 . 7  
833 1,703 1:Z.O 
365 1,108 1:3.0 

2,466 4,973 1:Z.O 

Shad Landings 

Landings from the statistical sections of the Oregon Fish Commission 
and Washington Department of Fisheries indicate that 254,700 pounds of 
shad were landed from this special fishery (Table 3). The total Columbia 
River shad landings for 1965 amounted to 351,400 pounds and can be com- 
pared to an annual average of 364,000 pounds for the whole river from 
1955-64. Shad landings in recent years have been above average, for 
example the total was 858,000 pounds in 1963. 

T a b l e  3-Shad landings and estimated total  catch o f  shad and salmonids 
dur ing t h e  1965 special shad f i shery .  

Shad landings Estimated numbers  caught 

S e x  Pounds Numbers  Shad Chinook Sockeye  Steelhead 

Fema le s  221,511 58,292 58,292 
Ma le s  33,148 10,693 29,146 

-- -- 
T o t a l  254,659 68,385 87,438 1,270 330 210 

Using mean weights from buyers7 records of 3.8 pounds for roe and 3.1 
pounds for buck shad, the 1965 landings amounted to 58,300 females and 
10,700 males. The majority of fishermen were not landing male shad 
because of an extremely low price of $.01 per pound and only one company 
was actively buying them during the season. I observed that most male 
shad were being returned to the river in fair condition, although as a 
result of being removed from nets a few dead males were seen in the 
upper area of the fishery. 



Estimated Catch 

Based on the observed ratio of males to females and total roe landings 
from buyers' records, an estimated 29,000 male shad were caught during 
the special season. Adding this value to the number of females landed, I 
estimate that 87,400 shad were caught. This is a surprisingly small catch 
in view of a shad run of at least 700,000 fish (Bonneville Dam count plus 
the number landed) in 1965. The catch could certainly have been greater 
had more fishermen been induced to enter the fishery. 

By applying the observed ratio of female shad to salmonids (by species) 
to the total females landed, the incidental catch of salmonids is estimated 
as 1,270 chinook, 330 sockeye, and 210 steelhead during the season (Table 
3). 

Counts of shad, chinook, and sockeye passing Bonneville Dam are shown 
in Figure 1 for the period June 15 to July 10, 1965. These counts are a 
meaningful indication of the abundance of these species during the special 
fishery that extended 5 to 18 miles below the dam. The incidental catch 
was insignificant when considering that the fishery operated on or near the 
peak migration of summer chinook and sockeye as indicated by the dam 
counts. Similarly, the fishery should have been effective near the peak 
of the shad run through Zone 5, although landings failed to signify this 
abundance. The steelhead run is later in timing than both runs of salmon 
and while not shown in Figure 1, the steelhead count at Bonneville Dam 
remained below 1,000 fish per day until July 8. 

Gear Observations 

Buyers' records that I examined indicated that 35 individuals fished and 
made landings during the special shad season. The gear of fishermen 
interviewed consisted of single-wall shad floater nets, with a range of 
5%- to 6%-inch mesh size and from 40 to 75 meshes deep. They varied 
in length up to nearly 1,000 feet but most were considerably less. One 
fisherman used a net with string slackers on the bottom half, but we were 
unable to determine if this resulted in a significantly different catch from 
that taken by other gear. 

Where data were available, observed catches were grouped by gear 
type and the proportions of each species taken were computed for 3-ply 
nylon and 139,104, and 69 denier twine nets (Table 4). A decreasing denier 
weight signifies an increasing fineness in the web, hence, 69 denier nets 
are lighter and finer than 139 nets. The three denier-type nets are ap- 
proximately equivalent to 2-ply, 1-ply, and lh-ply nylon web. Data in 
Table 4 indicate little difference exists in the proportion of salmonids taken 
between the four types of net. Under comparable conditions we would 
have expected larger differences to exist due to obvious variation in the 
strength of these nets. Several other types of net were fished, but 139 
and 104 were the most frequently observed. Considerable variation in the 
incidental catch was noticed between drifts or areas of the river fished and 
the manner in which a particular net was fished. Fishermen were of the 
opinion that some drifts or areas were more productive for salmonids than 
others. 
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Table 4-Shad and salmonid catch b y  ne t  t y p e  f r o m  the special 1965 shad f i shery .  

Number caught and per cent o f  catch 

Shad Chinook Sockeve Steelhead 
Net 
tuee Number Per Cent Number Per Cent Number Per Cent Number Per Cent . . 

3-ply  ny lon  520 95.9 10 1.8 10 1.8 2 0.4 
139 denier  4,999 98.2 68 1.3 11 0.2 12 0.2 
104 denier  2,975 97.8 47 1.5 5 0.2 15 0.5 

69 denier 1,531 96.5 48 3.0 1 <0.1 7 <0.1 

little if any protein material is found in the stomachs of mature, un- 
spawned female shad but detrital material is common. 

Roe of the highest market quality consists of ovaries containing all 
immature opaque eggs. Observations and interviews with fish buyers 
indicated that the market quality of roe remained high throughout the 
season. 

SUMMARY 
A special shad season was opened on 13 miles of the Columbia River 

from June 16 to July 3, 1965. Regulations were specified to minimize the 
catch of salmonids while harvesting shad. The possession of salmonids 
was illegal. 

Research personnel of the Oregon Fish Commission and Washington 
Department of Fisheries monitored the fishery on a daily basis, each mak- 
ing observations in different areas. Catch data by species were observed 
from 235 drifts as follows: 15,206 shad, 221 chinook salmon, 57 sockeye 
salmon, and 36 steelhead trout. Shad were taken in a 1:2 male to female 
ratio during the season. Buyers' records indicated mean weights of 3.8 
pounds for female and 3.1 pounds for male shad. 

Landings from this fishery totaled 254,700 pounds of shad, comprising 
69,000 fish of which 58,300 were females. Only 10,700 males were landed 
because of a low price. Estimates for the total catch were 87,400 shad, 
1,270 chinook, 330 sockeye, and 210 steelhead. Sampling indicated that 78% 
of the salmonids were returned to the river alive. 

Thirty-five fishermen were involved in the fishery and with one 
exception, all were using single-wall shad nets with a mesh size of 61/z 
inches or less. A difference in the salmonid catch between 3-ply, 139, 104, 
or 69 denier nylon twine nets could not be demonstrated. 

The special shad season accomplished the purpose of permitting a shad 
harvest without adversely affecting the salmonids present. This season 
clearly demonstrated that a fishery to utilize shad can be conducted in 
the Columbia River and still maintain a high degree of protection for 
summer runs of salmon and steelhead. Such a fishery would be desirable 
in the future if the shad run maintains the high level of recent years as 
indicated by numbers passing Bonneville Dam. 
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The Coho Salmon Fishery of Youngs Bay, Oregon 
EDWARD F. WEISS 

Oregon Fish Commiss ion Research Dzvision, Clackamas,  Oregon 

INTRODUCTION 
Commercial fisheries which are supported totally or mainly by hatchery 

production are rather unique in North America. An example of such a 
fishery is found in Youngs Bay, about 12 miles upstream from the mouth 
of the Columbia River near Astoria, Oregon (Figure 1). Four small rivers 
(Lewis and Clark, Walluski, Youngs, and Klaskanine) enter the bay and 
drain an area of about 211 square miles. They are typical of Oregon and 
Washington coastal streams, having low summer flows and greatly fluctu-' 
ating winter flows. An Oregon Fish Commission salmon hatchery has 
been in existence on the North Fork of the Klaskanine River since 1911. 
The Klaskanine Hatchery was remodeled and expanded to its present size 
in 1952-53 and has a rearing capacity of about 1.6 million yearling coho 
salmon (Oncorhynchus kisutch). Improved hatchery procedures and diets 
since 1958 have greatly increased the numbers of coho salmon returning 
to this station (Table 1). 

Commercial salmon fishing on Youngs Bay existed from the early 1900's 
until 1931 and a minor fishery for American shad (Alosa sapidissima) has 
continued until the present. The bay was reopened to commercial salmon 
fishing in 1962 to permit the harvest of coho salmon dest ined for 
Klaskanine Hatchery. The commercial fishery in the Columbia River does 
not adequately harvest this run because of the close proximity of Youngs 
Bay to the Pacific Ocean. 

The fishing area extends from the old Highway 101 bridge upstream 
about 6 miles to the mouth of Battle Creek Slough, and is generally less 
than 1,000 feet wide. The area is characterized by many shallow water 
areas and numerous snags. 

Table 1-Number o f  colto salmon yearlings liberated and number returning t o  
Klaskanine Hatchery, 1953-62 brood years. 

Brood 
Y e a r  

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 

Yearlings 
Liberated 

0 
699,000 
288,000 
203,000 
356,000 
410,000 
788,000 

1,124,000 
1,122,000 
1,603,391 

Number Returning 

Age 2 (Jacks) Age 3 (Adults)  

<71 110 
18,368 9,740 

205 306 
1,312 895 

604 896 
2,616 3,323 
6,918 4,086 

15,234 5,612 
6,669 8,865 

20,301 8,431 

Other commercially important species taken incidentally by the Youngs 
Bay coho fishery are chinook salmon (0 .  tshawytscha), chum salmon 
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Figure 1-Youngs Bay, Oregon. 

(0. keta), steelhead trout (Salmo gairdneri), and white sturgeon (Aci- 
penser transmontanus). 

Sport fishing in the bay is limited by turbid water conditions but 
since 1961 has expanded rapidly near the head of tidewater and in the 
Klaskanine River. 

METHODS 
The feasibility of commercial operations in Youngs Bay was determined 

by contracting a commercial gill-net fisherman and his equipment to fish 
for 12 days during September and October 1961. A biologist was present 
during all fishing periods. 

From 1962-64 commerical fishing was permitted in the bay (Table 2). 
The fishing season was identical to that in the Columbia River in 1962, 
opening September 17 and closing October 31, with 96-hour weekend 
closures and a mid-October closure of 15 days. In 1963 and 1964 the Youngs 
Bay season opened on the same date as the Columbia River season 
(September 16 and September 14, respectively) and fishing time was 
increased by opening part of the mid-October closure and allowing week- 
end fishing with gill nets of small mesh size to encourage the harvest of 



jack coho salmon. Coho salmon over 22 inches in fork length are three- 
year-olds and are listed as adults while those below 22 inches are two- 
year-olds and are called jacks. The use of this division point was sub- 
stantiated by scale aging during all four years of fishing. 

Table 2-Fishing days allowed in Youngs Bay and the Columbia River,  1962-64. 

1962 1963 1964 

Youngs Bay, no mesh restriction 17 21 25 
with mesh restriction 0 8 10 
Total 17 29 35 

Columbia River 17 18 22 

During the 1962 and 1963 seasons personnel of the Oregon Fish Com-' 
mission contacted the commercial fishermen in the area daily to record 
their catches. In 1962 we also censused the sport fishery on the Klaskanine 
River. In 1963 the commercial coho catches were sampled in conjunction 
with a Bureau of Commercial Fisheries tetracycline marking experiment 
at Klaskanine Hatchery (Weber and Ridgway, 1962). The 1964 season was 
conducted on a permit basis. Fishermen were required to obtain weekly 
permits on which daily catches were recorded. Those failing to return the 
permits were initially contacted by telephone and subsequently by form 
letter. 

The 1961 catch figures are complete since only test fishing was con- 
ducted. The 1962 catches are virtually complete and are not extrapolated 
to include the catches, if any, made by the small number of fishermen who 
left the fishing area and could not be contacted. The 1963 catches, which 
were 97% complete, were expanded by assigning the known average daily 
catch per fisherman to each missing fisherman's catch. The 1964 data, with 
98.6% of the permits returned, were not extrapolated. 

Average weight data were obtained by random sampling of catches in 
the bay, except in 1962 when buying station weights were used. Scale 
samples were collected on a non-random basis when conditions permitted. 

RESULTS 
The numbers of fish caught by weekly fishing period from 1961-64 

were summarized for comparison (Table 3).  No dates are included since 
the weekly fishing periods differ slightly each year because of the season 
opening on different dates. 

The 1962 sport fishery census indicated that about 27 adult and 140 jack 
coho salmon were taken from the Klaskanine River between September 17 
and October 31. 

Records of the commercial landings showed that peak abundance of 
coho salmon in Youngs Bay occurred during the third and fourth fishing 
weeks or the first two weeks of October. Chinook salmon apparently 
migrated through the bay prior to the season's opening while chum salmon 
were not abundant until after October 15. 
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Table 3-Numbers o f  jack and adult coho, chinook ( C H )  and c h u m  ( C M )  salmon caught commercially in Youngs  Bay, 1961-64. 

--- -- 
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Table 4 lists the estimated pounds of coho landed in Youngs Bay 
(converted from numbers using average weight data) and compares these 
to the total Columbia River coho landings for the same year. Youngs Bay 
landings show an increase in each successive year due to increased fishing 
time and larger numbers of fish available to the fishery. 

A measure of the commerical fishing effort was obtained from daily 
counts of boats fishing in Youngs Bay in 1962 and 1963 and weekly permits 
issued in 1964. The total effort was 186 boat-days in 1962 and 406 boat-days 
in 1963. In 1964 a total of 281 weekly permits were issued to commercial 
fishermen which indicated that 684 boat-days of effort were expended. 

Table 4-Average weights and estimated pounds of  coho salmon landed i n  Youngs 
Bay and the Columbia River. 

Average weight Pounds landed 

Year Adults Jacks Youngs Bay Columbia R i v e r 0  

1961 ...... ...... 5,3770 377,251 
1962 11.3 2.5 24,891 575,066 
1963 9.3 2.0 42,220 454,060 
1964 11.1 3.5 151,316 1,789,416 

@ Oregon Fish Commission and Washington Department of Fisheries data. 
0 Test fishing catches. 

The size of the coho salmon population passing through Youngs Bay 
was estimated by adding the fish landed commercially to those returning 
to Klaskanine Hatchery (Table 5). This is a minimum value since it does 
not consider the numbers of Klaskanine Hatchery coho caught by other 
fisheries or which spawn in other Youngs Bay tributaries. The run size 
of adult coho shows a yearly increase while the run of jacks has fluctuated 
from year to year. 

Table 5-Estimated size of Youngs Bay coho salmon runs, 1961-64. 
Comme~cia l  fishery Klaskanine Hatchery returns Total 

Year Adult Jack Adult Jack Adult Jack 

1961 4570 1330 3,223 6,918 3,680 7,051 
1962 2,056 663 4,086 15,234 6,169 16,0370 
1963 4,074 2,166 5,612 6,669 9,686 8,835 
1964 11,114 7,986 8,865 20,301 19,979 28,287 

0 Test-fishing catches. 
0 Total includes estimate of Klaskanine River sport catch. 

DISCUSSION 
A commercial fishery in Youngs Bay has been permitted to harvest the 

large runs of coho salmon destined for Klaskanine Hatchery. Information 
from spawning ground surveys and frequency of marked fish in the catch 
indicates that the Youngs Bay run is primarily of hatchery origin. About 
15 miles of suitable spawning area for coho salmon exists in the Youngs 
Bay drainage. Surveys of coho salmon spawning in these areas have not 
revealed natural populations of the magnitude of those returning to 
Klaskanine Hatchery. Another indication of the origin of the run was 
obtained from sampling commercial catches in 1963 for fish that were 
marked by feeding a diet containing oxytetracycline. The Bureau of Com- 



mercial Fisheries (1964) determined that the percentage of coho salmon in 
the commercial catch marked with oxytetracycline (17.4%) was very 
close to the percentage of the Klaskanine Hatchery production marked 
upon release (17.2%). Of 437 hatchery returns sampled, 21.3% were 
marked, slightly higher than the expected 17.2%. Niska and Willis (1963) 
showed that coho salmon returning to Klaskanine Hatchery have more 
fresh-water circuli on their scales than do fish of natural origin. Based on 
this, scales collected in 1963 indicate that less than 10% of the catch of 
the first five weeks was of natural origin. During the sixth week, 20% 
of the catch was assigned to natural production, but fewer coho were 
caught than in any other week. 

The management objective for the Youngs Bay fishery is to crop the 
surplus coho salmon destined for Klaskanine Hatchery. This goal is 
difficult to attain due to physical characteristics of the fishing area and 
to the rapid movement of the fish through the bay. Management tech- 
niques have involved increases in fishing time and restriction of net mesh 
size to increase the harvest of jacks. Timing of the coho salmon run 
largely determines the efficiency of the former technique, while economic 
conditions limit the effectiveness of the mesh restriction. The commercial 
fishery during the last 3 years has been unable to harvest sufficient coho 
salmon to avoid a surplus at Klaskanine Hatchery. 

SUMMARY 
Increased returns of coho salmon to Klaskanine Hatchery have exceeded 

the number required to furnish the necessary egg supply to operate the 
hatchery at capacity. Test fishing, conducted in 1961, determined that 
commercial fishing was feasible and a commercial fishery was permitted 
from 1962 to 1964 with modifications liberalizing fishing time and gear 
each year. Estimated commercial landings of 25,000, 42,000, and 151,000 
pounds were made during 1962-64, respectively. The estimated size of the 
run of adult coho salmon in Youngs Bay has increased yearly-from 3,700 
in 1961 to 20,100 in 1964--while the jack population has fluctuated from 
7,100 to 28,200 fish. Limited spawning and rearing areas for wild fish, and 
the results of scale analysis and a tetracycline marking experiment, in- 
dicate that the Youngs Bay coho salmon run is predominately of hatchery 
origin. 
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Timing of Tributary Races of Chinook Salmon Through 
the Lower Columbia River Based on Analysis of 

Tag Recoveries 
JAfiES L. GALBREATH 

Oregon Fish Commission Research Division, Clackamas, Oregon 

INTRODUCTION 
Since 1947, the Oregon Fish Commission and Washington Department 

of Fisheries have tagged anadromous salmonids in the Columbia River to 
obtain information for managing the fishery. This paper is primarily 
concerned with the timing of chinook salmon (Oncorhynchus tshawytscha) 
into tributaries based on the tagging data. Some of these individual tagging 
programs have been reported on by Schoning and Johnson (1956), Wendler 
(1959), Korn (1961), and Burck and Jones (1963). 

General timing of the spring, summer, and fall runs of chinook into 
the lower Columbia River was established by early workers (Gilbert and 
Evermann, 1895; Rich and Holmes, 1928; and Craig and Hacker, 1940). 
Time of arrival of chinook into the Snake and Salmon river tributaries 
was determined from tagging programs conducted on the Snake River 
(Pirtle, 1956; and Thompson et al., 1958). In this report, the general timing 
of the seasonal chinook runs was determined by counts at Bonneville Dam. 
Tag recoveries by date of tagging have been used to determine timing of 
the various tributary races through the lower Columbia River. 

TAGGING AND RECOVERY METHODS 

Tagging Methods 

This paper is based on 25 tagging programs from 1947-65 in which Fish 
Commission of Oregon personnel participated and from which tags were 
recovered (Table 1). Fish were tagged at locations ranging from Sand 
Island, almost at the mouth of the Columbia River, to Bonneville Dam, 
a distance of about 145 miles (Figure 1). 

The river is divided into statistical zones which facilitates analysis of 
catches. Boundaries of these areas correspond to State of Washington 
county boundaries, except for the upper limit of Zone 5. The present up- 
stream deadline is 5 miles below Bonneville Dam. Commercial fishing, 
except by Indians, has not been allowed above Bonneville Dam since 1957. 

Chinook were captured for tagging by diver and floater drift gill nets, 
set nets, commercial-type traps, and fish ladder and e leva tor  traps 
(Table 1). Several types of tags were used during the various tagging 
programs: (1) Petersen discs; (2) spaghetti tags (plastic tubing); (3) 
streamers; (4) hog rings; and (5) nylon dart-type tags. Petersen disc tags 
were used predominantly in years prior to 1960 and were applied at the 
origin of the dorsal fin with nickel or stainless steel pins. Spaghetti tags 
were applied just below and slightly forward of the insertion of the dorsal 
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Table 1-Summaru of Columbia River chinook tagging by zone and year, 1947-65. 

Zone 
and 
year Tagging area 

Tagging 
period 

Number o f  Number Gear 
tagging days tagged used 

Type 
o f  Number o f  tag 
tag recoveries@ 

Per cent 
recovered 

Zones 1 and 2 

1947 Sand Island 
Woody Island 

Aug. 18-Au~. 24 
Aug. 28-Sept. 8 

5 437 Comm. Trap 
12 2,201 Comm. Trap 

Petersen disc 5 
Petersen disc 41 

1948 Sand Island 
Clifton 
Skamakawa- 

Clifton 

July 25-Sept. 10 
Mar. 31-Apr. 29 
Sept. 2-Sept. 7 

7 410 Comm. Trap 
22 282 Gill net 
4 518 Comm. Trap 

Petersen disc 10 
Petersen disc 3 
Petersen disc 10 

Petersen disc and/ 
or hog rings 16 47 378 Gill net 

48 1,531 Comm. Trap 

113 829 Comm. Trap 

148 746 Comm. Trap 

1949 Clifton 

1951 Sand Island - 1952 McGowan 
G 

1953 McGowan 

Mar. 10-Apr. 26 

A u ~ .  12-NOV. 8 

May 11-Oct. 20 

Mar. 4-013. 16 

Petersen disc 143 

Petersen disc 55 

Petersen disc 40 

Petersen disc or 
spaghetti 48 1954-55 Astoria-Altoona Jan. 12-Apr. 25 47 1,486 Gill net 

Petersen disc or 
spaghetti 30 1955-56 Woody Island 

1960 Woody Island 

1961 Woody Island 

1962 Woody Island 

1963 Woody Island 

1964 Woody Island 

Dec. 2-Mar. 30 

Mar. 15-Apr. 28 

Mar. 11-Apr. 24 

Mar. 15-Apr. 24 

Mar. 15-Apr. 26 

Mar. 17-Apr. 26 

Mar. 15-Apr. 24 

26 520 Gill net 

23 827 Gill net 

22 584 Gill net 

2 1 686 Gill net 

22 490 Gill net 

22 346 Gill net 

2 1 726 Gill net 

Nylon dart 3 1 

Nylon dart 77 

Nylon dart 5 1 

Nylon dart 27 

Nylon dart 34 

1965 Woody Island Nylon dart 11 

TOTAL ZONES 1 & 2 



Table 1-Summary of Columbia River chinook tagging by zone and year, 1947-65.-Continued 

Zone 
and Tagging Number o f  Number Gear 
Wear Tagging area period tagging daus tagged used 

Zone 5 

Type 
o f  Number o f  tag 
tag recoveries@ 

1948 Oneonta Aug. 22-Sept. 7 6 646 Comm. Trap Petersen disc 181 

Bonneville Dam Ma$ 11-Sept. 16 31 1,467 Fishway Trap Petersen disc 3 7 

Petersen disc and/ 
1949 Bonneville Dam June 20-Sept. 15 34 871 Elevator or hog ring 32 

1950 Bonneville Dam Aug. lb -~ep t .  27 23 1,425 Elevator and Petersen disc and/ 
floating trap or streamer 64 - 

a 
1951 Bonneville Dam Apr. 30-Aug. 8 26 592 Floating Trap Petersen disc 13 

1954 St. Helens- 
Oneonta June 15-June 23 8 125 Comm. Trap Petersen disc 4 

1956 Bonneville Pam May 9-Sept. 27 43 4,383 Floating Trap Petersen disc 726 

1957 Bonneville Dgm June 3-Sept. 20 89 6,020 Floating Trap Petersen disc 335 

TOTAL ZONE 5 15,529 1,388 

Per cent 
recovered 

@ dommercial fishery recoveries not included. 



fin. The spaghetti tag was applied with a long, straight aluminum needle 
and a simple overhand knot was used to tie the ends. During three experi- 
ments a few streamers and hog rings were used in conjunction with 
Petersen discs to determine retention of different types of tags. During 
1960-65 test fishing operations, dart-type plastic tags were used. These 
tags consisted of a vinyl dart attached to a 3-inch length of spaghetti vinyl 
which in turn was glued to a numbered vinyl "flag." These tags were 
placed in the flesh of the fish near the insertion of the dorsal fin and 
lodged between the interspinous bones to help prevent tag loss. Approxi- 
mately 46% (12,988 fish) of the fish were tagged in the Columbia River 
in Zones 1 and 2 from Sand Island near the mouth to Clifton, a distance of 
33 miles. The remaining 5470 (15,529 fish) were tagged at or near Bonne- 
ville Dam in Zone 5. In one experiment 94 fish were tagged in Zone 4, 
but because of the nearness to Bonneville Dam and for ease of data tabula- 
tion, these fish were included in Zone 5. To avoid repetition of the zonal 
designation when referring to tagging sites, the terms "lower river" for 
Zones 1 and 2 and "Bonneville area" for Zone 5 are also used. 

Tagging programs by time period are indicated in Table 1. In many 
cases, tagging was conducted only during one seasonal run. However, fish 
were tagged during the McGowan experiments in 1952 and 1953, and at 
Bonneville in 1948, 1949, 1956, and 1957 throughout most of the spring, 
summer, and fall seasons. 

Recovery Methods 

The sources of tag recoveries used in this paper were: (1) sport fishery; 
(2) hatcheries; (3) Indian fishery; (4) spawning ground surveys; and (5) 
other, which includes fish taken at fishways and found dead in areas 
other than spawning grounds. Commercial fishery recoveries were not 
used, nor were recoveries of any kind in the main Columbia River or main 
Snake River below Brownlee Dam. A recovery of only one tag in a 
tributary for all seasons was not used. 

The Columbia River drainage was divided into four geographical cate- 
gories progressing upstream: (1) the lower Columbia River section-from 
the mouth upstream 125 miles through Zone 4; (2) middle Columbia River 
tributaries from Zone 5 upstream to the Snake River; (3) Snake River 
and tributaries; and (4) upper Columbia River and tributaries. Recoveries 
were tabulated by tagging area and recovery area for 2,020 tags recovered 
from 1947-65. 

DESIGNATION OF MAJOR RUNS 

Bonneville Dam Counts 

Designation of the major runs of chinook in the Columbia River- 
spring, summer, and fall-are made according to time of passage over 
Bonneville Dam as recorded by the U. S. Army Corps of Engineers.@ Daily 

@ Annual Fish Passage Report, Bonneville, The Dalles, McNary, and Ice Harbor Dams. Prepared 
by U. S. Army Engineer Districts, Portland and Walla Walla. Corps of Engineers. 



counts of chinook over Bonneville E ~r 1964 illustrate division of 
seasonal groups by time of migration (k'igure 2). Spring chinook pass 
the dam from March 1 to May 31; summer chinook from June 1 to July 31; 
and fall chinook from August 1 to November 30. This division is arbitrary 
as there is overlap and variation between years, however, based on past 
information, these dates appear to be satisfactory for a general division of 
chinook runs and are used by the fisheries agencies in management 
compilations. 

Seasonal Date of Tagging 

Although gross migrational seasons can be established by Bonneville 
counts, a different time period must be used for fish tagged below Bonne- 
ville Dam. The following criteria were used to allow for the mileage 
differences between Zones 1 and 2 and Bonneville Dam: 

Spring-tagged before May 17 
Summer-tagged from May 18 to July 16 
Fall-tagged July 17 or later 

RESULTS AND DISCUSSION 
Each tributary race is discussed by seasonal group and location in the 

Columbia River system, pointing out time of passage through the tagging 
area. A map of the Columbia River basin is presented in Figure 3 locating 
various tributaries where tagged chinook were recovered. 

The majr.r problems which prohibit a more detailed analysis of tagging 
data are as follows: 

1. Tagging intensity was not always proportional to the run. 

13 
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Figure 2-Daily counts of chinook salmon over  Bonneville D a m  for  1964, indicating 
division o f  runs  b y  t i m e  of migration. 
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Figure 3-Map o f  the Columbia River system. 



2. The influence of mortality factors such as commercial fishing and 
dams was significant. Fish tagged well before the commercial season 
opened had a better opportunity to migrate past the fishery, and 
subsequently be recovered in a tributary, than those fish tagged 
just prior or during the open season. More tag recoveries from 
upriver areas would be expected from fish tagged either above the 
fishery or from that part of the run not subjected to intensive 
harvest. 

3. Recovery effort was variable-rivers with hatcheries and intensive 
sport fisheries produced more returns than remote areas. Only a 
small percentage of tags were recovered on the spawning grounds. 
In most cases tags were returned only on a voluntary basis and it 
is not unreasonable to conclude that many tags were recovered but 
not returned. 

To make quantitative comparisons between various streams usually 
would be invalid. Many of the well known productive chinook tributaries 
had few or no recoveries from any of the tagging programs. We recognize 
that these recoveries may not at times reflect the true magnitude of the 
tributary race or the actual timing and therefore caution must be used in 
interpreting the results shown in this paper. Nevertheless, the reported 
recoveries provide general knowledge on tributary timing. 

Figure 4 indicates daily tagging and the number of tags recovered in 
Columbia River tributaries. Recoveries by date of tagging in Zones 1 and 2 
were separated from Zone 5 recoveries because of the distances involved 
between the lower and upper limits of tagging areas (about 150 miles). 

Tag recoveries by tagging and recovery area are presented in Table 2. 
Tributaries in the middle Columbia River accounted for more than one-half 

111,520 
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Figure 4-Daily number o f  chinook tagged, by zone, and number o f  tags recovered in  
the Columbia River basin, 1947-65. 
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Table 2-Tributary distribution of recovered tags for each tagging area, 1947-65. 

Taaoino area ... 

Zone Zone Woody  Zone 
Recovery area I 2 Island@ 5 Total 

Lower Columbia River 

Zone 2: 
Big Creek 7 

- 
Zone 2 Total 7 

Zone 3: 
Cowlitz River 7 

Toutle River 4 
Kalama River 5 

Zone 3 Total 16 

Zone 4: 
Lewis River 5 

N. F. Lewis River 4 
E. F. Lewis River 4 

Willamette River 8 
Clackamas River 2 
N. Santiam River .... 
S. Santiam River .... 

McKenzie River .... 
Middle Fk. Willamette River 4 

Sandy River 2 
Washougal River 1 

Zone 4 Total 30 

Middle Columbia River 
Zone 5: 

Tanner Creek 62 
Eagle Creek 12 
Rock Creek .... 
Herman Creek 39 
Wind River 5 

Little White Salmon River 34 
Spring Creek 37 
Big White Salmon River 10 

Zone 5 Total 199 

Zone 6: 
Hood River .... 

Klickitat River 2 
Deschutes River .... 

Metolius River .... 

Warm Springs River .... 

Zone 6 Total 2 

Snake River 
Tucannon River .... 
Clearwater River .... 

Grande Ronde River .... 
Imnaha River .... 
Snake River (Brownlee or above) .... 

Weiser River .... 



Table 2-Tributary distribution of recovered tags for each tagging area, 1947-65.- 
Continued 

Tagging area 

Zone Zone Woody  Zone 
Recovery area 1 2 Island@ 5 Total 

Salmon River 
.... .... Lower Main Stem@ .... 6 6 
.... .... Little Salmon River .... 4 4 
.... South Fork Salmon River .... .... 54 54 
.... .... Secesh River .... 6 6 

East Fork o f  S.  F. 
.... Salmon River .... .... 15 15 

Middle Fork Salmon River .... -... 15 23 38 
Upper Main S tem 1 1 8 69 79 

.... E. Fork Salmon River .... 1 1 2 
-... .... Pahsimeroi River .... 2 2 

.... .... Lemhi River .... 5 5 

Upper Columbia River 

Yak ima River .... .... 8 3 11 
Naches River .... .... 1 2 3 

.... Wenatchee River 2 .... 38 40 
Entiat River .... .... .... 13 13 
Methow River .... .... .... 4 4 

- - - - - 
.... Total Lower Columbia River 5 3 103 158 314 

Total Middle Columbia River 201 43 26 981 1,251 

Total Snake River 1 1 3 3 349 384 

Total Upper Columbia River 2 .... 9 60 71 

Grand Total 257 147 226 1,390 2,020 

@Test fishing at Woody Island (Zone 2 ) .  
@ Below the Middle Fork Salmon River. 

of the total tag recoveries; many of these streams have hatcheries located 
on them. Spring chinook enter some of these streams, however they are 
principally known for their fall chinook runs. 

Table 3 records the method of tag recovery by area. Hatchery returns 
were the primary method of recovery, at least in Zones 5 and 6, while 
sport and Indian fishing accounted for most of the recoveries in the other 
zones and in the area above the Klickitat River. 

Histograms indicating tag recoveries by date of tagging are presented 
for spring, summer, and fall runs, and listed by the four major geographical 
segments of the Columbia River drainage. Recoveries are also separated 
by zone of tagging (Figures 5-7). 

Spring Chinook 
Lower Columbia River 

Two hundred and fifty-eight recoveries were made from tagging in 
Zones 1 and 2 (Figure 5). The Cowlitz and Willamette rivers are the only 
two tributaries downstream from Bonneville Dam considered to have 
substantial runs of spring chinook (Wendler, 1959). The Cowlitz River 
and its major tributary, the Toutle River, provided 11 recoveries ranging 
in date of tagging from March 17 to April 18. 



Table 3-Tributar~ distribution of recovered tags b~ method of  recovery. 1947.65 . 

Recovery area 

Lower Columbia River 

Zone 2: 
Big Creek 

Zone 2 Total 

Zone 3: 
Cowlitz River 

Toutle River 
Kalama River 

Zone 3 Total 

Zone 4: 
Lewis River 

N . F . Lewis River 
E . F . Lewis River 

Willamette River 
Clackamas River 
N . Santiam River 
S . Santiam River 
McKenzie River 
Middle Fork 

Willamette River 
Sandy River 
Washougal River 

Zone 4 Total 

Middle Columbia River 

Zone 5: 
Tanner Creek 
Eagle Creek 
Rock Creek 
Herman Creek 
Wind River 
Little White Salmon River 
Spring Creek 
Big White Salmon River 

Zone 5 Total 

Method o f  recoverv 

Spawning 
Sport Hatchery Indian grounds Other@ Total  

Zone 6: 
Hood River 2 .... .... .... 1 3 

.... Klickitat River 4 58 14 11 87 
.... .... Deschutes River 14 .... 4 18 
.... .... .... Metolius River 1 3 4 

.... .... Warm Springs .... 1 1 2 
...... 

Zone 6 Total 2 1 6 1 15 1 16 114 



Table 3-Tributarv distribution of recovered tags bv method o f  recoverv, 1947-65.- 
Continued 

Method of recovery 

Spawning 
Recovery area Sport Hatchery Indian grounds Other@ Total 

Snake River 
.... .... .... Tucannon River 5 -... 5 

.... .... Clearwater River .... .... 2 2 

.... Grande Ronde River 1 .... 1 1 3 
.... Imnaha River 3 .... 2 2 7 

Snake River (Brownlee or above) 7 144 .... 3 .... 154 
.... .... .... Weiser River 2 -... 2 

Salmon River 
.... .... .... .... Lower Main Stem@ 6 6 
.... .... .... Little Salmon River 4 .... 4 

.... .... S.  F. Salmon River 52 --.. 2 54 

.... .... .... .... Secesh River 6 6 
E. F. o f  S.  F. 

.... .... .... Salmon River 15 -.-- 15 
.... Middle Fork Salmon River 29 ---- 2 7 38 
.... -... Upper Main Stem 78 ---. 1 79 

.... .... E. F. Salmon River 2 -.-. .... 2 
.... .... .... .... Pahsimeroi River 2 2 

.... Lemhi River 3 .-.. 1 1 5 

Upper Columbia River 

Yakima River 
Naches River 

Wenatchee River 
Entiat River 
Methow River 

Total Lower Columbia River 

Total Middle Columbia River 

Total Snake River 

Total Upper Columbia River 

Grand Total 

@Includes fish taken in experimental traps, found dead on banks, trapped or found in fish 
ladders, or taken at counting weirs. 

Q Below the Middle Fork Salmon River. 

Four recoveries were made in the Kalama River of fish tagged from 
March 25 to April 18, and two recoveries were reported in the Lewis River 
of fish tagged on March 23 and 25. These two tributaries have spring-run 
fish, but are considered to be of more importance as fall chinook streams. 
The fact that only two recoveries of fish tagged after mid-April were made 
in these tributaries probably results from catch of fish by the commercial 
fishery. But, it also suggests that the peak passage period may occur before 
mid-April since substantial numbers of fish were tagged after that time. 

Galbreath (1965) used Willamette River chinook tag recoveries and 
other data to point out timing of Willamette spring chinook. Indications 
were that the majority of Willamette spring chinook migrate through the 
lower Columbia during late March and early April and show peak abun- 
dance in the lower Willamette in April. 
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Figure 5-Recoveries of tagged spring chinook salmon in tributaries o f  t h e  Columbia 
River b y  date of tagging, January-May 1947-65. 

YlDOLE COLYYslh RIVER 

. ROC" GRCE" 

- w'ND .II 

MAC*" StYLP 

The range in dates of tagging for the main Willamette River chinook 
recoveries approximates that of the five spawning tributaries of conse- 
quence: Clackamas River (25 recoveries) ; North Santiam River (19) ; South 
Santiam River (4) ; McKenzie River (28); and Middle Fork Willamette 
River (27). Chinook entering the McKenzie River-the most important 
natural spawning tributary of the Willamette-have the greatest distance 
to travel and, based on tag recoveries, appear to enter the Columbia River 
slightly earlier than those fish destined for other tributaries of the Wil- 
lamette River. Only one recovery was made in the Sandy River and of 
course could not indicate timing in this stream. 
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Middle Columbia River 
Forty spring chinook tag recoveries were made from tributaries in the 

middle Columbia River area (Figure 5). Thirty-three of these recoveries 
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were from the Klickitat and Deschutes rivers. Recoveries also were re- 
ported in Rock Creek (1); Wind River (5); and Little White Salmon 
River (1). 

Wendler (1959) estimated in 1955 that 5,800 spring chinook migrated 
into the Klickitat River located about 45 miles upstream from Bonneville 
Dam. Seventeen tags were recovered from this tributary from 1947-65: 
16 from lower river tagging, and one from Bonneville tagging. The wide 
range of tagging dates of these fish (January 23 to April 30) suggests that 
early and late races of spring chinook are present in the Klickitat River, 
although recovery dates also indicate that the bulk of the run probably 
enters the river in the latter part of March and early April. Based on 
these tag recoveries, it appeared that 50% of this race had passed through 
the lower Columbia River by March 27. Wendler (1959) concluded that 
50% had passed through by March 23 in 1955. 

No fish recaptured in the Klickitat River were tagged later than April 
14 in Zone 2. If these data are indicative of the true timing, only fish from 
the later part of the Klickitat run enter the spring commercial fishery 
below Bonneville Dam which usually begins on or about April 30. 

Sixteen recoveries were made in the Deschutes River system; 15 were 
tagged in the lower river and one at Bonneville. Recoveries included one 
from the Metolius River and two from the Warm Springs River-both 
tributaries of the Deschutes River. Recoveries by date of tagging ranged 
from March 11 to May 4. The pattern of recoveries suggests early timing 
since none of the recoveries were tagged after April 5 in the lower river. 

Snake River 

A total of 46 tags was recovered in the Snake River drainage. Re- 
coveries by tributary were as follows: Tucannon River-5; Weiser River- 
2; Middle Fork Salmon River-20; Upper Salmon River-11; and Lemhi 
River-5. The Imnaha, Snake (Brownlee or above), and East Fork Salmon 
rivers had only one recovery each. 

The Tucannon River is about 75 miles below Lewiston, Idaho, and is 
the only tributary of consequence in the lower Snake River between the 
mouth and Lewiston. A total of five recoveries were made in the Tucannon 
River; two from lower river tagging on March 19 and 31, and three from 
Zone 5 tagging on May 17 (Figure 5). The latter would be comparable to 
passage near the mouth of the Columbia River in late April or early May; 
thus a considerable range in timing is evident for this group of fish. All 
of these recoveries were made by sport fishing. It is interesting to note 
that three of the five recoveries had been tagged on one day in 1956. 
Although only one recovery was made in the Imnaha River (tagged 
April 10 in Zone 2) this river is considered to have a good run of spring 
chinook (Thompson et al., 1958). 

The Middle Fork Salmon River is one of the principal spawning tribu- 
taries for spring chinook above Bonneville Dam. There is also an intensive 
sport fishery in this river. Of fifteen recoveries made of fish tagged in 
the lower river from March 19 to April 14, 85% were on sport gear. These 
recoveries were from fish tagged during test fishing operations from 1961- 



65. Five recoveries were from fish tagged at Bonneville from May 16 to 
May 23 (Figure 5). 

The upper section of the Salmon River is designated as that portion of 
the river above the mouth of the Middle Fork of the Salmon River. This 
also is an area of intensive sport fishing pressure. Eleven tag recoveries 
have been reported, 10 from tagging in the lower river from March 23 to 
April 20 and one tagged at Bonneville on May 4. There were five re- 
coveries from the Lemhi River, a major tributary of the Salmon River. 
The range in date of tagging was March 23 to April 20. This is the iden- 
tical range established for the main upper Salmon River. The early end 
of this range is probably indicative of the first appearance of upper 
Salmon River fish in the lower Columbia River since there was a sub- 
stantial number of fish tagged during and before this period. The late 
end of the recovery range has possibly been affected to an unknown extent' 
by the removal of tagged fish destined for the upper Salmon River by 
the commercial fishery. However, only 1,202 tags from the entire series 
of tagging studies can be accounted for in the April-May commercial 
fishery. 

The Weiser River flows into the Snake River 348 miles above the mouth 
and is the uppermost tributary of the Snake River known to contain 
numbers of anadromous fish. Large runs of spring chinook and steelhead 
formerly spawned in the Weiser, but their numbers are much reduced 
due to dams and diversions (Welsh et al., 1965). Only two recoveries were 
from the Weiser River and a timing pattern could not be established. 

Upper Columbia River 
The Yakima River system was the only one in the upper Columbia 

River drainage to have more than one recovery (Figure 5). A total of 12 
recoveries were made in the Yakima system; 9 from Zone 2 tagging, and 
3 from Zone 5 tagging. These fish were tagged in Zone 2 from March 21 
to April 2, and in Zone 5 from May 4-7. Five recoveries were made by 
sportsmen, 6 by Indians dip netting at Prosser Dam, and one tagged fish 
was found dead in the Naches River, a tributary of the Yakima River. 
The Zone 5 tagging dates suggest that a segment of the Yakima run is 
exposed to commercial fishing below Bonneville Dam after April 30. 

Summer Chinook 

Lower Columbia River 
Only one recovery was made of a possible summer run chinook in 

lower river tributaries during" the 13 years of tagging (Figure 6). This 
recovery was from the Clackamas River and was tagged on June 8. Be- 
cause summer chinook are separated from spring chinook by a fixed date, 
this recovery is considered as a summer run chinook. However, most 
chinook migrating to the Clackamas River are considered as belonging to 
the spring run. 

Middle Columbia River 
The Deschutes River and a tributary, the Metolius River, were the 

major Middle Columbia River streams in which tagged summer chinook 



were recovered. Five recoveries in the Deschutes River had been tagged 
between June 13 and July 15. The three recoveries in the Metolius River 
had been tagged during July 1 to July 22. These fish were all tagged at 
Bonneville. 

One fish tagged in Zone 1 on July 3 and captured at Oxbow Hatchery 
on Herman Creek was the only recovery from lower Columbia River 
tagging taken in the Middle Columbia River area. One recovery each was 
made in the Wind, Little White Salmon, Hood, and Klickitat rivers from 
tagging in Zone 5. Tagging dates of these recoveries were from June 4 
to July 23. It is likely that these were strays or late spring or early fall 
run fish since these streams are not considered to contain summer-run 
stocks. 

Snake River 

The Snake River and its tributaries contributed 188 recoveries as fol- 
lows: Clearwater River-2; Grande Ronde River-3; Imnaha River-6; 
Snake River (Brownlee or above)-3; Salmon River (lower)-6; Little 
Salmon River-4; South Fork Salmon River-54; Secesh River-6; East 
Fork of South Fork Salmon River-15; Middle Fork Salmon River-18; 
Salmon River (upper)-68; East Fork Salmon River-1; and Pahsimeroi 
River-2. 

The two recoveries made on the Clearwater River, which flows into 
the Snake River at Lewiston, Idaho, were tagged at Bonneville between 
June 12-16. These recoveries are considered unusual since the chinook 
run in the Clearwater River was almost exterminated by a dam many 
years ago and only a token remnant run remains. The total chinook count 
at the Lewiston Dam in 1957, the year the recoveries were made, was only 
152 fish. 

No recoveries were made in the main Grande Ronde River, but one 
recovery was recorded in each of three of its tributaries-the Wenaha, 
Wallowa, and Minam rivers. The three fish were tagged at Bonne- 
ville from June 18 to June 22. Although only summer chinook tag re- 
coveries were made in the Grande Ronde River system, annual spawning 
grounds surveys and recoveries from tagging at Lewiston on the Snake 
River in 1954-56 indicated that the Grande Ronde River system is also 
well utilized by spring chinook (Thompson et al., 1958). 

Six fish tagged at Bonneville were recovered in the Imnaha River. 
These fish were tagged from June 14 to July 8. Although field observations 
made during spawning ground surveys have failed to verify the presence 
of two distinct chinook spawning populations in the Imnaha River, these 
fish must be considered summer fish, at least by the method used to 
separate runs in this report. Spawning ground records over a period of 
12 years indicate that the Imnaha River is probably the most consistently 
productive chinook salmon tributary for its size in eastern Oregon. 

Three recoveries were made on the main Snake River of fish tagged at 
Bonneville from June 12 to July 23. All recoveries were made from the 
trap at Brownlee Dam. 

Most of the recoveries in the Salmon River and its tributaries were 
from fish tagged at Bonneville. Dates of tagging were June 2-20 for lower 
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river tagging and June 4 to July 23 for Bonneville tagging. The narrow 
timing range for fish tagged in the lower Columbia River was due 
principally to the limited amount of tagging in that area. Only 397 fish 
were tagged in Zones 1 and 2 in the months of June and July whereas 
7,566 fish were tagged at Bonneville during the same period. The six lower 
Salmon River recoveries were from a narrow range of tagging dates from 
June 11-21, although this range corresponded to the same period of time 
in which the majority of the recoveries in other areas and tributaries of 
the Salmon River were tagged. The lower Salmon River recoveries are 
included in Figure 6 to provide additional information on the general time 
of passage of Salmon River fish. 

The intensive sport fishery in the main South Fork Salmon River pro- 
vided 54 recoveries of fish tagged at Bonneville from June 12 to July 14. 
From observations of portions of the South Fork Salmon drainage and 
from tag recoveries, it has been theorized that runs of fish into this drain- 
age are exclusively summer-run fish (Richards, 1960). 

The Middle Fork Salmon River and its several tributaries provided 18 
recoveries tagged at Bonneville from June 5 to July 22. The major spawn- 
ing tributaries, Bear Valley and Elk Creek, are considered to have only 
spring-run fish in them (Richards, 1960), but one recovery was obtained 
from each stream of fish tagged on June 13 and June 27, respectively. 
These could have been late spring fish, but are considered summer fish 
in this report. Recoveries were scattered throughout the Middle Fork 
drainage and the bulk of the recoveries resulted from the tagging con- 
ducted between June 11 and June 22. 

The largest number of recoveries (68) of summer chinook was made in 
the main upper Salmon River which is the area above the mouth of the 
Middle Fork. Two recoveries were made from Zone 2 tagging on June 16 
and 18. Zone 5 tagging from June 6 to July 22 resulted in 66 recoveries. 
The wide range of tagging dates for these recoveries suggests an extended 
migration period for this race. The greater number of recoveries of fish 
tagged in June may not necessarily indicate a peak migration in June 
since more fish were tagged in that month and the sport fishery in the 
upper Salmon River was restricted to June 4 to July 31. 

Upper Columbia River 

A total of 57 recoveries were made in upper Columbia River tributaries 
from Zone 5 tagging as follows: Naches River-2; Wenatchee River-38; 
Entiat River-13; and Methow River-4. 

The two recoveries of summer-run fish from the Naches River, a 
tributary of the Yakima River, were tagged on June 13 and 20. All other 
recoveries from the Yakima River were of spring chinook. The sport and 
Indian fisheries concentrate effort on spring chinook in the lower Yakima 
River below Sunnyside and Prosser dams, therefore, the lack of spring 
recoveries in the Naches River may be in part due to minor recovery 
effort. Also, some of the recoveries from the lower Yakima could have 
been destined for the Naches River. 

The Wenatchee River had 38 recoveries, by far the most recovered in 
the upper Columbia River system. Most of these fish were tagged in June 



although tagging dates ranged from June 5 to July 30. The majority of 
the recoveries were made at the fishway at Tumwater Dam, approximately 
28 miles from the confluence with the Columbia River. All 13 of the 
recoveries from the Entiat River were obtained at the hatchery about 3 
miles upstream from the Columbia River. Recoveries at the hatchery were 
distributed relatively evenly throughout a wide range of tagging dates 
from June 7 to July 24. 

The Methow River had four recoveries tagged in Zone 5 from June 18 
to July 23. Most of the summer chinook spawn in the lower one-third of 
the river from the Winthrop Hatchery downstream to its confluence with 
the Columbia River. Two recoveries were made below the hatchery on 
the main river and near the mouth of the Twisp River, one recovery was 
taken at the hatchery, and one tag was recovered from the Chewack River, 
a tributary above the hatchery. 

Fall Chinook 

Lower Columbia River 
Recoveries of 55 tags (Figure 7) were made from the following major 

fall chinook tributaries in the lower Columbia River: Big Creek-8; 
Cowlitz and Toutle rivers-11; Kalama-13; and Lewis River (main stem, 
North and East Forks)-19. Two recoveries each were recorded from the 
Sandy and Washougal rivers. The overall range in dates of tagging for 
all tributaries was from August 15 to September 20. All but six of the 
recoveries came from the August 20 to September 10 tagging period. The 
restriction of the ranges, particularly in September, is due to a reduction 
in tagging effort after September 10. There were only four hatchery 
recoveries and dates of tagging indicated the same general pattern as 
recoveries by other methods. 

Middle Columbia River 
With the exception of Rock Creek and Hood River, all of the fall 

chinook spawning tributaries in the Middle Columbia River section have 
hatcheries located on them. There were 231 tag recoveries from tagging in 
the lower river and 967 recoveries from tagging at Bonneville. The re- 
coveries from tagging in the lower river were from the following tribu- 
taries: Tanner Creek-73; Eagle Creek-12; Herman Creek-50; Wind 
River-5; Little White Salmon River-38; Spring Creek-41; Big White 
Salmon River-11; and Hood River-1. The overall range in tagging dates 
was from August 4 to September 20. The 967 recoveries from Bonneville 
tagging were: Tanner Creek-51; Eagle Creek-10; Rock Creek-1; Herman 
Creek-158; Wind River-19; Little White Salmon River-176; Spring 
Creek-455; Big White Salmon River-27; Hood River-1; and Klickitat 
River-69. The dates of tagging ranged from August 12 to September 27. 
In this case tagging and recovery were proportional to the numbers passing 
Bonneville Dam therefore the recoveries should give a good idea of the 
timing of hatchery fish over Bonneville Dam. 

Snake River 
Only recoveries on the main Snake River in the vicinity of Brownlee 

Dam or above were used. Recoveries were made from fish tagged in 
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Figure 7-Recoveries of tagged fall chinook i n  the Columbia River by  tributary and 
date of  tagging, August-September 1947-65. 
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Zone 5 (Figure 7). Most of the recoveries came from the trap at Brownlee 
Dam, and unfortunately were all from one tagging experiment at Bonne- 
ville in 1957. Tagging dates of recoveries ranged from August 12 to 
September 18. Chinook are known to spawn in the main Snake River 
below Brownlee Dam, but no means of tag recovery exists in this area. 

Upper Columbia River 

The Wenatchee River was the only upper Columbia River tributary 
from which tag recoveries were reported. Two recoveries were made with 
Indian dip nets at Tumwater Dam. These fish had been tagged in Zone 1 
on August 19 and September 1. 

No fall chinook have been counted over Roza Dam on the Yakima River 
although they are present in the lower river. Aerial redd counts are made 
each year, but no redds have been observed above Union Gap near Yakima, 
Washington.@ 

Although there was a lack of recoveries in the upper Columbia River 
basin, annual fish counts at McNary and Priest Rapids dams indicate that 
about 10% of the fall chinook passing Bonneville Dam reach the upper 
Columbia River drainage (Pirtle, 1957). Very important main-stem spawn- 
ing areas are present in the Columbia River above McNary Pool, but water 
depth and visibility precluded tag recovery. 

SUMMARY 
The Fish Commission of Oregon and the Washington Department of 

Fisheries conducted extensive cooperative chinook salmon tagging pro- 
grams in the Columbia River from 1947 to 1965. In 25 experiments a total 
of 28,527 chinook was tagged. Approximately 46% (12,998 fish) were 
tagged in Zones 1 and 2 from Sand Island to Clifton, a distance of about 
33 miles, and 54% (15,529) were tagged in the vicinity of Bonneville Dam. 

The objective of this report is to utilize tag recoveries by date of 
tagging to determine the time of passage of various tributary races of 
chinook through the lower Columbia River. The Columbia River was 
divided into four geographical categories for classification of recoveries: 
(1) lower Columbia River; (2) middle Columbia River; (3) Snake River; 
and (4) upper Columbia River. Seasonal designation of the three major 
runs of chinook was defined by daily fish passage counts at Bonneville 
Dam as follows: (1) spring-March 1 to May 31; (2) summer-June 1 to 
July 31; and (3) fall-August 1 to November 30. 

Two thousand and twenty recoveries were obtained from the following 
sources: (1) sport fishing-464; (2) hatcheries-1,312; (3) Indian fishery- 
23; (4) spawning ground surveys-16; and (5) other-205 (fishways at 
dams, found dead on banks, traps, etc.). Tags were returned primarily on 
a voluntary basis, and probably many more tags were recovered but not 
returned. Problems encountered which precluded detailed analysis of tag 
recoveries were: (1) tagging and recovery intensity was not constant 
during a specific run and (2) differential mortality rates existed such as 
that caused by commercial fishing and dams. Information showing the 
@ Personal communication from Thomas Meekin, Washington Department of Fisheries, 1963. 



general timing of chinook through the lower Columbia River was il- 
lustrated by plotting tributary tag recoveries by date of tagging. 

Recoveries of 356 spring chinook ranged in date tagged from February 9 
to April 27 for fish tagged in the lower river and March 11 to May 23 for 
tagging at Bonneville. The bulk of the recoveries were from tagging in 
the lower Columbia River test fishing and were recovered in lower river 
tributaries, particularly the Willamette River system, by the intensive 
Willamette sport fishery. Chinook destined for upriver tributaries appear 
to peak later in the lower Columbia than do fish destined for lower river 
tributaries. 

Recoveries of 259 summer chinook ranged in date tagged from June 8 to 
July 3 for lower river tagging and June 4 to July 30 for tagging at Bonne- 
ville. Most recoveries were from Bonneville tagging and Snake and 
upper Columbia River tributaries all showed approximately the same time 
of migration through the Columbia River. 

Only 55 recoveries of tagged fall chinook were made in lower Columbia 
River tributaries. Recoveries indicated essentially the same tagging date 
range for all tributaries-August 14 to September 20. The majority of the 
1,350 recoveries upstream (excluding the Snake River) were of hatchery 
origin and ranged from August 4 to September 20 for tagging in the lower 
river and August 16 to September 27 for tagging at Bonneville. Recoveries 
from all hatcheries exhibited similar timing through the Columbia River 
with the peak migration period the last week of August for fish tagged 
in the lower river and about one week later for fish tagged at Bonneville. 
Snake River fall chinook exhibited the same approximate migrational 
timing at Bonneville as did hatchery fish passing upstream to the mid- 
Columbia hatcheries. 

It is evident from a general analysis of the tagging data that the 
different tributary races of Columbia River chinook salmon within the 
spring, summer, and fall runs are intermingled in their migration through 
the lower river. For example, fall chinook destined for any particular 
tributary are not a separate entity or discrete population distinguishable 
by different timing through the fishery. Royal (1953) has shown the op- 
posite to be true for different races of sockeye salmon (Oncorhynchus 
nerka) in the Fraser River. The fact that tributary races within a run 
of chinook salmon are intermixed when passing through the lower river 
fishery has significance from a management standpoint. I t  would be 
difficult to afford additional protection to chinook from any particular 
tributary race because of overlap in timing through the fishery. 
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