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Seasonal Variations in Weight of Columbia River
Chinook Salmon'
By Thus H. RICH

D
URING the fall and winter of 1938-39 the writer, in collaboration with
Dr. R. D. Calkins of the University of California and Dr. W. F.

Durand of Stanford University, made a study of the fishery problems raised
by the construction of the Grand Coulee Dam on the upper Columbia River.
It fell to my lot, as the biologist of the group, to try to determine the relative
importance of the salmon runs that have normally spawned in the Columbia
basin above the site of Grand Coulee. In the course of this study it became
important to estimate the number of salmon taken in the commercial fishery
for the purpose of comparing this with the number counted as they passed
the dam at Bonneville. The commercial catch is recorded as pounds landed
and no complete and reliable figures are available as to the numbers of fish
taken. It was necessary, therefore, to estimate the number of fish taken by
dividing the poundage landed by the average weight.

Unfortunately there was no satisfactory information as to the average
weight of Columbia River Chinook salmon, which species was of primary
importance to the problem under consideration. It has been a general under-
standing for many years that the average weight of these fish is approximately
22 pounds, although the data on which this statement has been based are not,
so far as we know, a matter of record. This figure was used as the basis for
one series of estimates given in the report of the Board. However, it is well
known that there are fairly wide seasonal fluctuations in the weight of Chi-
nook salmon during the several months that these fish are running in the
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Columbia. It seemed important, therefore, to try to adjust for this fluctua-
tion. After various inquiries it seemed reasonable to believe that an estimate
of the number of fish taken in the fishery based on an average weight of 15
pounds for May, of 20 pounds for June and of 25 pounds for the remainder
of the season would come nearer the true figure than would an estimate based
on an average of 22 pounds throughout the season. A second series of esti-
mates based on these figures was therefore given, although it was fully rec-
ognized that neither series was above criticism. There were, naturally,
considerable differences in the estimates arrived at on these two bases, espe-
cially for certain portions of the season, but these differences seemed not to be
serious for the immediate purposes of the study of which they formed a part.

For the sake of more satisfactory conversion figures that could be used
in a revision of the study of the salmon runs of the Columbia of 1938 and for
future similar studies of the runs of other years, an attempt was made during
the season of 1939 to accumulate data providing more accurate estimates of
the average weights. The results have proved to be of considerable interest
and are presented herewith.

The data were secured through the kind and effective cooperation of a
number of the canning companies who, through their receiving stations, re-
corded counts of the number of Chinooks delivered as well as the weight.
Our thanks for this assistance are due especially to the Columbia River Pack-
ers Association, the Columbia River Salmon Company, P. J. McGowan and
Sons and the Union Fishermen's Cooperative Packing Company. From some
of these companies almost complete records were secured from the time that
counts were started to the end of the spring season on August 25. From others
samples only were counted each week. On the whole the data secured from
the different companies were remarkably uniform (with certain exceptions
that will be mentioned) and there seems every reason to believe that they
present a fairly accurate picture of the variations in weight of the commercial
catch during the spring season of 1939.

For the purpose of showing the reliability and consistency of the data as
well as significant variations, the details are given in the following tables so
far as necessary. These tables show the number of fish counted and the
average weight for (1) each week, (2) each company and (3) each receiving
station.

Data given by Calkins, Durand and Rich show that between 85 and 90
per cent of the poundage of Chinook salmon taken from the Columbia River
catches during the spring season of 1938 were taken in the lower 40 miles of
the river, opposite Pacific and Wahkiakum counties, Washington (Zones 1
and 2 in the Oregon records). It is obvious, therefore, that the data given in
Tables 1, 2, and 4 are of primary importance in determining the trend of
weights in the commercial catch. The data of Table 4, for reasons that will
appear, are not directly comparable with the others so that those of Tables 1
and 2 remain as the best available for the purpose. Examination of these will
show a quite remarkable uniformity in spite of the fact that several com-
panies and numerous individuals were concerned with their collection.

These data, on which is based our best estimate of the seasonal variations
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in weight, are presented graphically in Figure 1. The mean weights deter-
mined from the combined data given in the last column of Table 2 are
indicated by the solid circles and the range within which fall all of the com-
ponent means derived from data secured from individual stations or compa-
nies is shown by the short horizontal lines placed above and below the circles.
This range is short and entirely consistent with the grand means shown by
the circles. This consistency is, we believe, proof that the general averages
and the trend to be mentioned below show reliably the changes in weight that
occurred during the spring season of 1939—particularly in view of the large
numbers of fish that entered into the determinations.

7 14 21 213 4 11 1t3 25 2 9 16 23 30 6 13 20 27
May	 June	 Ju ly

	 August-

Fig. 1. Variation in weight of Chinook salmon taken on the lower Columbia River
during the spring season of 1939.

The circles are the weighted means derived from all data given by companies "A", "B" and "C".
The short, horizontal lines above and below each circle show the limits within which fell all of the indi-
vidual means from the different stations and companies. The open circle for May 21 was based on only
nine fish. The straight lines passing through the "swarm" of circles is the trend (see text).

The straight lines of trend shown in Figure 1 have been fitted to the
average weights given in the last column of Table 2. One line fits the data
for the weeks from the beginning of the series up to and including the week
of July 9. The intercepts on the July 9 ordinate are 30.0 pounds for the first
including, again, the figures for the week ending July 9. Using the method of
averages the slope of the line fitting the data for the first part of the season
was found to be +1.78 and that for the line fitting the data for the last part
of the season —.60. The greatest average weight obviously comes in the week
of July 9. The intercepts on the July 9 ordinate are 30.0 pounds for the first
half of the season and 30.2 for the last half. If, for convenience, we assume
that the intercept for the last half of the season also came at 30 pounds (a
minor change) the slope for the last part of the season becomes —0.55. This
has the advantage of giving the two lines of trend a common point at 30
pounds on the July 9 ordinate which may then be taken as the origin on the
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time axis. On this basis the equation for the trend for the period previous to
the week of July 9 is y = 30 ± 1.78x while that for the last half of the
season is y =30 - 0.55x, in which y is the estimated average weight and
x the week with origin at July 9.

TABLE 1

AVERAGE WEIGHTS AND NUMBER OF FISH COUNTED AT FOUR STATIONS OF
COMPANY "A" ON THE LOWER COLUMBIA NEAR ASTORIA

1939	 Station 1	 Station 2	 Station 3	 Station 4	 Total
Week	 Mean	 Mean	 Mean	 Mean	 Mean
Ehding	 No. Weight	 No. Weight	 No. Weight	 No. Weight	 No. Weight

	May 28	 53 18.6	 43 19.7	 15 20.1	 111 19.2

	

June 4	 235 21.0	 158 20.5	 23 24.6	 198 22.9	 614 21.6

	

11	 184 22.1	 152 22.7	 60 24.2	 225 24.5	 621 23.3

	

18	 269 24.8	 178 23.8	 63 25.3	 247 26.9	 757 25.0

	

25	 458 24.9	 347 25.9	 141 26.9	 615 26.8	 1,561 25.8
July	 2	 335 28.4	 196 26.4	 125 29.2	 303 29.9	 959 28.6

	

9	 335 27.8	 224 28.5	 191 31.1	 572 31.0	 1,322 29.9

	

16	 348 30.7	 244 29.3	 226 29.2	 878 30.2	 1,696 30.0
	23	 225 27.9	 102 28.7	 78 30.2	 475 29.8	 880 29.2

	

30	 650 29.0	 274 28.8	 403 29.0	 1,129 29.0	 2,456 29.0

	

Aug. 6	 788 27.6	 430 28.0	 407 27.7	 1,613 28.6	 3,238 28.1

	

13	 2,342 27.2	 1,320 28.2	 897 28.1	 2,785 27.8	 7,344 27.6

	

20	 2,462 26.3	 1,064 26.8	 1,291 26.2	 377 26.2	 5,194 26.4

	

27	 4,329 25.7	 792 26.6	 1,793 24.4	 6,914 25.4

TABLE 2
AVERAGE WEIGHTS AND NUMBER OF FISH COUNTED AT SEVERAL STATIONS OF Two

COMPANIES ON THE LOWER COLUMBIA NEAR ASTORIA, AND THE
TOTALS FOR COMPANIES "A", "B", AND "C"

Totals for "A",
1939	 Company "B"	 Company "C"	 "B", and "C"
Week	 Mean	 Mean	 Mean

Ending	 No.	 Weight	 No.	 Weight	 No.	 Weight

	May 21	 9	 14.3	 9	 14.3

	

28	 94	 18.9	 205	 19.1

	

June 4	 184	 21.9	 ...	 ...	 798	 21.7

	

11	 271	 22.2	 ...	 ...	 892	 23.0

	

18	 305	 23.4	 645	 23.6	 1,707	 24.2

	

25	 468	 25.7	 898	 26.5	 2,927	 26.0

	

July 2	 383	 28.0	 1,294	 28.8	 2,636	 28.5

	

9	 494	 29.1	 1,152	 30.5	 2,968	 30.0

	

16	 356	 29.5	 1,225	 29.0	 3,277	 29.6

	

23	 351	 28.6	 717	 28.7	 1,948	 29.0

	

30	 164	 27.2	 1,411	 28.7	 4,031	 28.8

	

Aug. 6	 323	 26.5	 179	 27.5	 3,740	 28.0

	

13	 1,072	 28.0	 ...	 ...	 8,416	 27.7

	

20	 775	 26.6	 5,969	 26.4

	

27	 856	 24.4	 7.770	 25.4

We fully appreciate the fact that this method of fitting a "curve" to ob-
servational data is entirely unorthodox since it involves the use of two curves
instead of one-no matter how complicated that one might have to be to
give a satisfactory fit. But, since the purpose is only to graduate the data
without any attempt to develop a rational equation (a difficult if not impossi-
ble task) and, since the combination of these two straight lines fits the obser-
vations remarkably well we see no reason for avoiding the method. The
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chi-squared test has been applied to estimates of the number of fish in the
samples that were obtained by dividing the recorded weight received by the
estimated average weight as determined from these equations, these estimates
then being compared with the actual counts: The test shows that the fit

TABLE 3
AVERAGE WEIGHTS AND NUMBER OF FISH COUNTED AT STATIONS BETWEEN ST. HELENS,

OREGON, AND BONNEVILLE DAM AND OF FISH TAKEN AT CELILO FALLS

1939	 St. Helens-Bonneville	 Celilo
Week	 Mean	 Mean

Ending	 No.	 Weight	 No.	 Weight

	

May 28	 16	 16.0	 94	 14.2
June	 4	 35	 18.2	 50	 11.2

	

11	 46	 19.1	 20	 14.1

	

18	 65	 21.4	 9	 14.2

	

25	 45	 26.0	 5	 7.0
July	 2	 139	 23.6	 2	 21.0

	

9	 169	 27.5	 ..	 ...

	

16	 444	 27.7	 ..	 ...

	

23	 136	 27.5	 ..	 ...

	

30	 114	 24.9	 20	 26.3
Aug.	 6	 ...	 ...	 ..	 ...

	

13	 93	 22.4	 69	 17.3

	

20	 288	 22.2	 108	 24.6

	

27	 217	 17.4	 ...	 ...

TABLE 4
AVERAGE WEIGHTS AND NUMBER OF FISH COUNTED BY COMPANY "D" ON THE

LOWER COLUMBIA FOR 1938 AND 1939

Week
Ending

]93k	 1939
Mean

No.	 Weight	 No.
Mean
Weight

May	 7 168 17.2 224 17.0
14 158 16.6 128 19.2
21 74 17.8 21 21.1
28 8 19.2 24 22.2

June	 4 29 23.0 60 27.8
11 26 21.4 39 27.4
18 122 26.8 45 28.6
25 311 27.8 158 29.9

July	 2 134 29.4 87 31.2
9 113 29.0 196 31.0

16 225 29.4 265 31.3
23 203 28.7 443 29.5
30 504 28.7 432 29.8

Aug.	 6 1,164 28.2 1,086 29.6
13 857 27.6 1,470 28.5
20 1,109 27.4 1,143 28.4
27 610 25.0 2,486 26.9

1 Data for one day of this week omitted because obviously a typographical error had been made in the
record.

secured by using these two straight lines is entirely reasonable. (P lies be-
tween .20 and .30.) The data were also fitted by an orthogonal polynomial of
the third degree using the methods of R. A. Fisher, but the results were
obviously not satisfactory and it has seemed hardly justified to go on to
fitting with polynomials of higher degree. For the third degree equation the
chi-squared test, made on the same basis as that for the fit of the two straight
lines, gave a P value between .01 and .02.
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On the basis of these two equations the following table (Table 5) has
been prepared, showing the estimated average weights for each week of the
1939 spring season. Since the first three weeks of the season were not ade-
quately represented in the data we have extrapolated to get tentative esti-
mates for these weeks. In Figure 1 this extrapolation is shown by the broken
part of the line of trend.

TABLE 5
ESTIMATED AVERAGE WEIGHTS FOR EACH WEER OF THE 1939 SPRING SEASON

BASED ON THE Two LINEAR EQUATIONS GIVEN IN THE TEXT

Estimated
Week Ending	 Average Weight

	

May 7	 13.98'

	

14	 15.76'

	

21	 17.54'

	

28	 19.32

	

June 4	 21.10

	

11	 22.88

	

18	 24.66

	

25	 26.44

	

July 2	 28.22

	

9	 30.00

	

16	 29.45

	

23	 28.90

	

30	 28.35

	

Aug. 6	 27.80

	

13	 27.25

	

20	 26.70

	

27	 26.15

Extrapolated.
These data indicate that during the first week of May the average weight

was probably about 14 pounds and that the weight increased regularly at the
rate of 1.78 pounds per week up to July 9, at which time the maximum
average weight of 30 pounds had been attained. After this time the average
weight declined at the rate of 0.55 pounds per week to the end of the spring
season on August 25 at which time the average weight was approximately 26
pounds.

It is important to note that these figures apply only to the Chinook sal-
mon taken in the commercial catch in the lower part of the river during the
spring season. They do not apply to the run of Chinooks as a whole, to the
fish that are caught in the upper reaches of the river, or to those that escape
the commercial fishery and ultimately reach the spawning grounds. Further-
more, a very large percentage of the fish on which the study is based are
taken by gill nets—a type of gear that is highly selective, depending upon
the size of the mesh employed. The size of mesh used varies greatly during
the season, smaller-meshed nets being used when the smaller fish are running
and larger-meshed nets replacing them as the fish get larger. The average size
of the fish in the commercial catch is, therefore, the resultant of the actual
change in the size of the fish as the season advances plus the effect of changes
in the size of mesh used in the gill nets. The changes in the average size of
the fish are doubtless due partly to growth and also to changes in the stocks
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forming the run, with resulting changes in the age-group composition, etc.
The exact percentage of fish that were captured by gill nets for our samples is
not known but it was undoubtedly high. But the percentage of the total
catch made by gill nets is also high, especially in the lower river. In recent
years this percentage of Chinook salmon taken by drift gill nets alone has
been close to 70 per cent, as given by the Reports of the U. S. Commissioner
of Fisheries—appendices on the Fishery Industries of the United States. We
believe, therefore, that our data are representative in this respect of the catch
in the lower river as a whole and that the average weights given in Table 5
may be used properly in estimating the number of fish in the catch from the
record as given in pounds.

It has been of interest to estimate the average weight for the entire spring
season to compare with the generally accepted estimate of 22 pounds for the
Columbia River Chinook. Because the 1939 catch figures are not yet avail-
able we have weighted the estimated weights as given in Table 5 by the
poundage reported for each week as given in Table 1 of the report by Calkins,
Durand, and Rich. The resulting mean is 25.6 pounds. Although the method
necessarily used in arriving at this figure is not entirely satisfactory, the
result at least serves to indicate that the average weight of fish in the
commercial catch is noticeably higher than is usually thought. It is quite
likely that, in earlier years, before the smaller, early fish were so seriously
depleted and the later running fish were not so eagerly sought, the mean
weight of the fish in the commercial catch was approximately 22 pounds;
but apparently that is not true today.

The data for the two upper portions of the river as given in Table 3 are
shown graphically in Figure 2. For comparison, the line of trend is given as
determined for the lower river and it is repeated twice—moved to the right so
that it falls, respectively, one week (dashes) and two weeks (dots and dashes)
later in the season. Calkins, Durand, and Rich have shown that, in general,
the fish taken in the region from St. Helens to Bonneville in any given week
were in the lower river the previous week and will be in the region of Celilo
the following week. The trend shown by the line of dashes, then, is to be
compared with the data from the region St. Helens to Bonneville while the
trend shown by the line of dots and dashes is to be compared with the data
from Celilo.

In the middle river, from St. Helens to Bonneville, the observed average
weights parallel the trend (line of dashes) quite well for the first half of the
season—up to about July 16—but the observations fall, with only one
exception, below this trend by about a pound and a half in the average
weight. The average weights drop after July 16 just as those on the lower
river dropped after July 9, with the difference that; the decrease in weight in
the middle river is much more rapid, so that, by the end of the spring season,
the average weight is only about 20 pounds as compared with over 26 pounds
on the lower river. Some of these apparent differences between the fish taken
in the middle river and those taken in the lower river may be due to the fact
that the samples from the middle river are much smaller than were those for
the lower river and, therefore, the averages are less reliable. It is clear, how-
ever, that there is a distinct tendency for the fish taken in the middle river
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to average less. This is undoubtedly due at least in part to the selective
action of the gill nets operated on the lower river which have tended to take
out the larger fish. It may be due also, in part, to loss in weight during the
interval between the time the fish were in the lower river and the time they
reached the middle river. We can offer at this time no explanation for the
apparently more rapid decrease in the average weight during the latter part
of the season unless, as suggested above, it is due to "sampling error."

Fig. 2. Variation in weight of Chinook salmon delivered between St. Helens and
Bonneville and at Cello.

The data from Celilo are not satisfactory on account of the small numbers
of fish in the samples, and also because there are rather wide gaps in the data.
However, when compared with the appropriate trend (the dot and dash line
in Figure 2) the average weight shows a tendency to rise during the first part
of the season and to fall during the last part. In general the variations at
Cello appear to parallel those in the other parts of the river but the weights
are much lower, especially during May and June. The same reasons given
for the fact that the average weights in the middle river were lower than
those for corresponding periods on the lower river undoubtedly apply in still
greater degree to these data from Celilo, but there is the further fact that a
large, but unknown, percentage of the fish in the samples were taken by dip
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nets and not by gill nets, and the dip nets are not selective in the same way
as are the gill nets. The data are not, therefore, strictly comparable. About
all that can be stated definitely is that the fish caught at, or near, Celilo show
seasonal changes somewhat similar to those observed in the lower river but
that the general average is much lower—perhaps as much as 5 pounds less
than fish taken in corresponding periods in the lower river.

7	 14 ZI 2f3 4	 II 18 25 2	 9	 lb 23 30 E)	 13 20 27
May	 June	 July	 August

♦ 1938
lq3q

Fig. 3. Variation in weight of Chinook salmon delivered on the lower Columbia to
Company "D" during the seasons of 1938 and 1939.

The data from Company "D," Table 4, are shown graphically in Figure
3, together with the trend as determined from the other data from the lower
river. The remarkable thing about these is the fact that the 1938 data agree
exceedingly well with the calculated trend while those for 1939 consistently
lie above the trend and above the figures for 1938. During May and June
this difference is, generally, between 3 and 4 pounds (approximately 15%).
During July and August the difference is only about half as great but it is
equally as consistent.

This difference is rather difficult to understand, but it is definitely not
due to a confusion of the data—that has been checked. It is possible that
this company, through some random or intentional selection of fishermen in
1939, received fish throughout the season that averaged heavier than those
received by the other companies from which data were secured.

Whether the same condition existed in 1938 or not, we do not know, as
there are no data from the other companies for that year. It would seem, on
the face of this record, that there are fairly large fluctuations in average
weight from year to year, but that the seasonal fluctuations within each year



1940, No. 1	 COPEIA	 43
March 30

follow the general pattern shown by the lines of trend that we have accepted
as descriptive of the 1939 run. It certainly would not be astonishing if there
were differences from year to year, not only in the general level of the average
weights but also in the time at which the maximum weight for the season is
attained, and the rate of change.

It is hoped that additional information can be had in future years that
will make it posible to improve the estimates made here and will throw light
on the extent and nature of annual fluctuations.
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