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AGE, LENGTH, AND WEIGHT STUDIES OF THREE SPECIES OF COLUMBIA RIVER SALMON
(ONCORHYNCHUS RUA, 0. GORBUSCHA, AND 0. KISUTCH),1

By John C. Marr

INTRODUCTION

The salmon runs of the Columbia River have held an important place in the
economic structure of Oregon and Washington since the beginning of their exploita-
tion in the 1860's. The fishing intensity has increased constantly. The reduction
of spawning areas, brought about by the construction of dams and other developments
of water resources, have acted unfavorably to modify natural conditions and the
productivity of the fisheries. These threats to a valuable natural resource have
stimulated investigations into the biology of the fishes entering the commercial
catch, because such knowledge is of primary importance in an intelligent conserva-
tion program. The fishes include the salmons of the genus Oncorhynchus and the
steelhead trout. In the commercial fishery of the Columbia River the Chinook (else-
where called Tyee, spring, Quinnat, or king) salmon, 0. tschawytscha (Walbaum), is
of first importance; followed by the steelhead (rainbow or salmon trout), Sainte
gairdnerii Richardson; the blueback (sockeye), Oncorhynchus nerka (Walbaum); the
silver salmon (coho), 0. kisutch (Walbaum); and the chum (dog) salmon, 0. /seta
(Walbaum). Pink (humpback) salmon, 0. gorbuscha (Walbaum), are rarely seen, and do
not occur in sufficient numbers to be of commercial importance.

It has been shown by Rich (1942; 1943) that the Chinook runs are seriously
depleted. The blueback runs have been decreased greatly, but have stayed at a fair-
ly constant level since 1900. The trend of the catch of silvers and chums has been
upward in recent years, but this has been due to an increased fishing intensity for
these species, as the availability of Chinooks and bluebacks has been reduced,
rather than to an actual increase in the abundance of the less valuable species.
Silvers and chums, since they spawn in the lower tributaries, have suffered rela-
tively less from the destruction of spawning beds, in contrast with the Chinooks
and bluebacks, which ascend to the higher reaches of the river system. Under these
conditions the silvers and chums will probably become increasingly important in
the commercial fishery. In previous investigations of the biology of the Columbia
River salmons these two species have been relatively neglected in favor of those of
greater commercial importance. As a basis for sound management, it is now pertinent
to go more thoroughly into their life histories.
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Materials and data on chums, pinks, and silvers which can be utilized for
this purpose were collected during the year 1914 by W. H. Rich. These consist of
scales, length and weight measurements, and sex determinations, for a series of

samples taken at random from the commercial catch, and have been used here for a
preliminary study of the relationships between age, weight; length, and sex. A
knowledge of these phases of the biology of the salmons is essential as a founda-
tion for the more extensive studies of the fishes and fisheries that should form
the basis for conservation methods; studies which should include consideration of
racial characteristics, growth rates, sex ratios, variations in size, age, and sex
ratios during the course of a run, and other related aspects of fisheries biology.

The materials and data on which this paper is based were taken consistently
in all of the collections: the scales were taken from the mid-lateral portion of
the fish, just above or just below the lateral line; length was measured to the
nearest whole centimeter, with a tape over the body from the tip of the snout to
the distal end of the middle caudal rays; weight was measured to the nearest whole
ounce, on a spring scale; sex was determined by inspection of the gonads.
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CHUMS

During the last fifty years much information has been accumulated about the
salmons, but very little is known about the chum salmon in particular. Evermann and
Goldsborough (1907) gave length and weight measurements on Alaskan specimens. Cham-
berlain (1907) described the appearance of the fry and fingerlings from Alaskan
material. McMurrich (1909; 1912; 1913a; 1913b) attempted to interpret . the life
history of chums by scale examination. Gilbert (1913a) described accurately for the
first time, on the basis of scale examinations, the general features of the life
history of Puget Sound chums. Further contributions to the knowledge of the chum
have been made occasionally since then, notably by Gilbert (1922) on material from
the Yukon River; Fraser (1916b; 1920; 1921) and Pritchard (1932; 1943) on fish
taken in the Gulf of Georgia; and Rounsefell and Kelez (1938) on'Admiralty Inlet
specimens. Catch data for Columbia River chums have been presented by Craig and
Hacker (1940) and by Rich (1942). The latter has also included information on the
nature of the run. All of these accounts are limited in scope. So far as is known,
no comprehensive report on the biology of the Columbia River chum salmon has been
made.

The samples used in this study were taken from the commercial catch on Octo-
ber 13, 22, 23, 30, 31, and November 16, 17, and 20, 1914. This period does not
cover the entire chum run, which lasts from early October to late December, but
does include the peak. In fact, roughly 90 per cent of the total run occurs between
October 15 and November 20 (Rich, 1942: 110). Of the total sample, 91.3 per cent
were taken by gill nets in the lower Columbia River and landed at Ilwaco, Washing-
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ton. The remaining 8.7 per cent represents fish taken in traps, all from the lower
Columbia River near the mouth of the Chinook River. Those taken in traps presumably
represent a random sample of the run. While it is true that gill nets are selec-
tive, it must be remembered that they are used with the intent of catching as many
fishes as possible. The practical fishermen know, of course, the approximate size
of the fishes constituting the major, part of a run at any given time, and provide
nets with mesh of the most efficient size. It follows, therefore, that the samples
from the gill net catches, in addition to being typical of that part of the com-
mercial catch, approach a true representation of the most abundant size and age
groups. In these samples there will be a tendency for the smaller and younger and
the larger and older fish to be inadequately represented in relation to the entire
run; but it is a reasonable assumption that the samples fairly represent the com-
mercial catch.

AGE AND LENGTH.--Ages were determined from the scales by accepted methods of
interpretation. Fish scales have long received much attention and, from the time
that Johnston (1905) first examined salmon scales with reference to age determina-
tion, much has been written on the subject; therefore it is not necessary to go
into the matter here. Detailed information on the scales of the Pacific salmons is
given in Gilbert's (1913a) paper on the subject. Discussions of the scale method in
general and extensive bibliographies are given by Creaser (1926) and Van Oosten
(1929).

Two pairs of scale readings were made; each scale was read at least four
times. All readings were made without reference to the length or weight of the
fish. The first pair of readings was made with a compound microscope. The scales
were read once, and later reread without reference to the previous reading. Then
the results were compared. If the two readings of a scale did not agree or were
recorded as doubtful, the scale was examined a third time, and a final decision
reached as to the most probable age. After this set of readings had been completed,
a device became available which projects an enlarged image of a scale by means of
mirrors used in conjunction with a compound . microscope. With this instrument, a
second pair of readings was made as . an additional check on age determination. Each
reading was made without reference to any preceding readings. Again, disagreements
and doubtful determinations arising in this pair of readings were reviewed; then a
final decision was made as to age.

Disagreements occurred in 12.6 per cent of the total number of scales read
(518) in the first pair of readings (made with the microscope), and in 9.1 per
cent of the total number of the second pair (read by projected image). About half
of the disagreements were common to both pairs of readings; and the same final
decisions were reached for slightly less than half of these common disagreements.
Under ideal conditions, the same age should be observed upon successive readings
of a given scale; this was the case with most of the chum scales studied. The dis-
agreements and doubtful age determinations that did arise upon successive readings
were due almost entirely to scales which had prominent "accessory checks" (i.e.,
irregularities in the spacing of the circuli that simulate annuli). Accessory
checks inevitably increase the variation in age determination due to personal in-
terpretation. Since, however, chum scales in general are easily read, it is felt
that fairly accurate age determinations were made. The results of the second pair
of readings (by projected image) have been used here, because of the closer agree-
ment between successive readings.

It is known that chum salmon migrate to sea very soon after they become free
swimming; their scales show only the record of oceanic life. This was observed in
the samples studied. Ages of three, four, and five years were recorded. No grilse
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Fig. 1. Chum: scale from	 Fig. 2. Chum: scale 	 Fig. 3. Chum: scale
a three-year-old male, 74	 from a .three-year-old 	 from a four-year-old male,
centimeters long, taken in female, 71 centimeters 	 88 centimeters long, taken
the lower Columbia River on long, taken in the lower in the lower Columbia
November 20, 1914. 	 Columbia River on Novem- River on October 22, 1914.

ber 16, 1914.

Fig. 4. Chum: scale from 	 Fig. 5. Chum: scale from
a four-year-old female, 77	 a five-year-old male, 82 cen-
centimeters long, taken in	 timeters long, taken in the
the lower Columbia River on	 lower Columbia River on Octo-
October 22, 1914. 	 ber 13, 1914.
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(two-year-olds) were found. Figures 1 to 5 are photographs of representative scales

of all sex-age categories.
After the ages had been satisfactorily determined, length-frequency dis-

tributions were prepared for each ultimate category defined by a single age, sex,
method of capture (gill net or trap), and date of collection. The "gill net" dis-
tributions were then examined for heterogeneity by means of analysis of variance
(see Snedecor, 1934).

There was some indication that the length of the three-year-old males varied
significantly with time: collections taken in November had a relatively higher
proportion of individuals 70 centimeters or shorter than did those taken in Octo-
ber. The six distributions involved were therefore combined into two, defined by
month of capture, and the difference in the means of these two distributions was
tested for significance by the usual t test (Snedecor, 1937: 52). The difference
was 2.41 centimeters, and the standard error of the difference of the means was
0.84. The probability that this difference would be exceeded by chance is less than
0.01; but, since this condition was not observed in any of the other sex-age class-
es, it seems possible that this one instance has been due to the unintentional
sampling of a catch from a smaller mesh net than was generally used. The several
groups were therefore combined into a single frequency distribution.

The three-year-old females and the four-year-old males were all shown, by
analysis of variance, to vary to a 'greater extent within the means of the date
classes than between the means of the date classes; the separate length-frequency
distributions of these two groups were accordingly combined to form one distribu-
tion for each sex-age category.

Comparison of the four-year-old female distributions indicated that there
may be a significantly greater variation between the means of the date classes
than within the means of the date classes. The F value obtained through analysis

of variance lies approximately at the 3 per cent level of significance. Inspec-
tion of the distributions showed no trends except a tendency for longer fish to be
taken on October 23 and 30 than on the date preceding and on the dates following.
No explanation for this apparent tendency is available; and, since it was not evi-
dent in other age classes, it was decided to combine all date classes into one
distribution.

Since the total number of fish in the "trap group" was only 45, it was not
practical to examine them for heterogeneity. However, it was seen by inspection
that these distributions agreed well with those of the gill net fish. Consequently,
trap and gill net fish were combined.

The resulting length frequencies, grouped by sex and age without reference
to date or method of capture, are shown in Table 1. As would be expected, older
fish are seen to be significantly longer than younger fish, and males are signifi-
cantly longer than females. This provides an indirect confirmation of the accuracy
of the scale readings; groups of fish that were considered to be homogeneous for
age are independently shown to be homogeneous for a related characteristic, namely,
length.

As can be seen in Table 1, the major portion of the run consisted ofthree-
year-old fish; 70.5 per cent of the total were three years old, 28.7 per cent were
four years old, and 0.8 per cent were five years old. It is possible that these
percentages might have been somewhat different had samples been taken over the
entire run. A. discussion of this is included below in the consideration of the
changes occurring during the course of the run.

GROWTH.--In the course of reading scales for age determinations, data were
obtained that are useful in determining the growth rate of the chum salmon. When
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Table 1. Length-frequency distributions of 518 chum salmon from
the Columbia River, 1914, grouped by sex and age

Three-year-old Four-year-old

d 4

Five-year-old
Length in cm.

d a

_ .

60 1
1
2 1
3 1
4 3

5 3
6 3 13 1
7 4 11
8 1 17 3
9 4 24 1 1

70 3 28 1 5 1
1 8 23 1 4
2 10 19 2
3 14 16 3 5 1
4 20 9 4 7

5 11 4 2 4
6 24 4 4 8
7 21 1 9 15
8 19 5 6
9 16 1 4 3

80 7 5 2 1
1 8 7 2
2 10 6 1
3 1 4
4 7

5 4
6 3
7 1 5 .
8 1 3
9

90
1 2
2 1

Means 	 75.85 70.02 80.59 74.85

Standard
deviations 	 4.05 3.06 5.51 3.89

Number 	 186 179 81 68 4

Per cent of
total number 	 70.5 28.7 0.8
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the age was read from the projected image, the relative position of the center of
the scale "nucleus," the margin of each year's growth, and the periphery of the
scale were marked on slips of paper; and the distances from the center to the mar-
gin of each year's growth were later measured. These scale measurements may be
considered to be in arbitrary units, which is permissible since actual size is
not of direct importance. All measurements were made with the sane degree of magni-
fication, and the units used were actually equal to 0.03 millimeters. The measure-
ments were made as consistently as possible along a line in the anterior quadrant

of the scale, perpendicular to the axis formed by the juncture of the exposed and
covered portions of the scale. The anterior quadrant was used in order to eliminate
any variation that might arise from measuring radii without respect to a particular

region of the scale. Furthermore, the annuli were generally more clearly defined in
this region. The terminal portion of the scale was missing in a few instances (4),
and these scales were discarded in making the growth study, although it was pos-
sible to make accurate age determinations from them. Particular attention was paid to
the possibility of the absorption of scale margins, a characteristic of all sea-run
salmon shortly after they enter fresh water. An excessive amount of absorption
would result in errors in scale measurements, and in the calculations based on
them. Absorption was noted in a few cases, but was not far advanced. The net effect
seemed to be only the obliteration of a few terminal circuli on the surface of the
scale; the margin apparently remained intact.

The method of utilizing such data was first described by Dahl (1911), and is
based on the assumption that scale growth is proportional to fish growth throughout
life. That is to say, Rt:Lt=R.:L., where "R t" is the total radius of the scale,
"L t" is the length of the fish when collected, "R." is the total radius of the
scale at the end of any given year, and "L 1" is the length of the fish at the end
of that given year. If this relation holds, as it does approximately, it is clear
that the length of the fish at the end of any given year may be calculated from the
other three measurements.

The assumption that scale growth is proportional to fish growth assumes that
the scale's start to grow as soon as the fish is formed. Actually, the scales do
not appear until the fish has attained some length. Fraser (1916a) first made a
correction for this differential growth, which may be expressed as Rt:Lt-a=R.:L.-a,
where "a" equals the initial fish growth before scale formation. This method over-
corrects for initial fish growth, since the scales actually grow faster when first
formed than the fish does, as has been demonstrated in the sockeye salmon by Dunlop
(1924), in the yellow perch (Perca flavescens ) by Bile and Jobes (1941), and in
other fishes.

Apparently, the relationship of scale radius to fish length is not linear,
but curvilinear. As mentioned above, the fish attains some size before the scales
are formed, and then, for a while, the scales grow relatively faster than the fish.
However, the rate of scale growth soon becomes about the same as the rate of fish
growth, and the two are practically equal for some time. Finally, in older fishes,
the rate of fish growth exceeds the rate of scale growth, so that the scales become
relatively smaller. This, again, has been pointed out in the sockeye salmon by Dun-
lop (1924). Bile and Jobes (1941) recognize this discrepancy in the yellow perch,
but assume that it is negligible.

The true and the commonly assumed relationships between scale size and fish
size are compared graphically in Figure 6. The line "OP" represents the relation-
ship based on the assumption that scale growth throughout life is strictly pro-
portional to the growth of the fish; while the curve "IJ1T" shows the true rela-
tionship. The initial fish growth before scale formation is shown by "a." The line
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"IF" takes into consideration Fraser's correction for initial fish growth; "IJ"
similarly shows the effect of Hile and Jobes' correction for rapid early scale
growth; "ML" the effect of the corresponding correction for the later, relatively

Fig. 6. Relation of scale growth to fish growth. The curve and corrections are
generalized, representing no particular species. See text for explanation.

slow, scale growth; while the straight lines connecting the points I, J, M, and
L give the resulting corrected "curve" combining the two corrections. The amount of
correction commonly necessary, particularly for initial fish growth and rapid early
scale growth, is exaggerated in the diagram. Dunlop (1924) found in the sockeye
salmon that scale growth and fish growth became approximately proportional at a
fish length of 7.1 centimeters.

If samples of chums covering the complete range in size were at hand, it
would be a simple matter to obtain the "curve" IJML by calculating the regression
lines IJ, JM, and L. However, no chum fry and fingerlings are at present avail-
able, so that the line IJ, at least, cannot be determined. There is some evidence
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that the rate of scale growth falls below the rate of fish growth in the older
(larger) chums. That is, IJMT does fall below OP at their upper extremities. This

can be shown by calculating the regression line of R/L on fish length, where "R" is
scale radius, and "L" is fish, length. For the data studied, this regression line is
that of the equation R/L-1.45-0.0028xL. If fish growth and scale growth were pro-
portional, this regression line would be parallel to the I (length) axis, but its
negative slope (downward to the right) indicates the disproportionate increase of
scale length and fish length. Had females alone been considered, the slope would be
somewhat less (see p. 168).

In spite of the fact that these corrections may be applied quite properly to
Dahl's original method, the question arises as to whether or not, for practical
purposes, they are necessary or even desirable. The differences obtained by the use
of the several methods are slight in most salmons (and probably in most other fish-
es), except when lengths are calculated at such early ages as to involve the period
previous to the time at which the scale size "catches up" with the fish size. (It
is mentioned above that the differences are greatly exaggerated in Figure 6.) It is
seldom of importance to estimate the size of salmons at very early ages, so that
the correction for disparity between scale and fish growth in fry and fingerlings
may be omitted ordinarily. Disporportionate scale and fish growth in larger chums
has been demonstrated; but if the scale measurements are to be used only compara-
tively, the correction for this also may be omitted ordinarily. Mottley (1942) has
pointed out that measurements of the scales of rainbow trout (Salm() gairdnerii) can
be used directly as a measure of size, without making any of the corrections that
have been used by other workers.' Except for special purposes, it seems safe to use
the simple, uncorrected method of Dahl, and this has been done throughout the pres-

ent study.
It is well to point out, however, that, for the chum salmon at least, varia-

tion in scale length is relatively greater than variation in fish length. The co-

efficients of variation for scale radius and for fish length are 8.73 and 6.90,
respectively. The standard error of the difference is 0.348. By a t test, the prob-
ability that this difference would be exceeded by chance proved to be less than
0.001.

Because fish lengths are calculated from scale measurements, the regression
of fish length on scale radius is the correct one to use, instead of the regression
of scale radius on fish length, which is generally used. The importance of this has
been emphasized by Weymouth, McMillin, and Rich (1925).

As stated above, the calculation of lengths at earlier ages has been done
by assuming the simple proportion R t :Lt=R 1 :L1 to hold. The calculations were made
by means of a ten-inch slide rule, which is sufficiently accurate for the purpose.
From these calculated values, the common means of scale radius and fish length were
determined for each year in each sex-age category. The means and the annual growth
increments are presented in Table 2. The lines relating the means of scale size and
fish size for each sex-age group are shown graphically in Figure 7. The line rep-
resenting five-year-old males is probably not reliable, since only four fish are
involved. In the other four lines, it will be noted that the ratio of scale radius
to fish length (R/L) is consistently higher for females than for males, and con-
sistently higher for younger than for older fish. To determine the significance of
these differences, the ratio R/L was determined for each individual, and R/L fre-
quency distributions were formed for the four sex-age groups. The actual known
ratio (total radius to measured fish length) was used, because, on the assumption
made, this ratio determines the rest of the line. The means and standard devia-
tions, respectively, of these R/L distributions were: for the three-year-old males,
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Fig. 7. Chums: relation of scale radius to fish length in
Columbia River chums, grouped by sex and age.

123.70 and 10.05; for the three-year-old females, 126.75 and 10.36; forthefour-
year-old males, 119.85 and 9.65; and for the four-year-old females, 123.95 and
10.55. Comparison of the means of the distributions by a t test showed a signifi-
cant difference to exist between three-year-old males and three-year-old females;
three-year males and four-year males; three-year females and four-year females;
and four-year males and four-year females. The fact that the R/L ratio is signifi-
cantly higher for younger than for older fish is another indication of the dispro-
portionate growth rates in scale and fish length in the older fish discussed above.
The fact that the R/L ratio is significantly higher for the females than for the
males may be interpreted as an indication of the relatively greater modification of
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the sexually mature males. It has been pointed out by Gilbert (1922) that the male
chums entering the Yukon River were more advanced sexually than the females: "It
was the rule for the males to exhibit elongated jaws, provided with canine teeth,
and to show the beginnings of the bright cross-bars that characterized the spawn-
ing male of this species." The greater modification of the males as sexual maturity
develops is well known in all Pacific coast salmons. Relatively more elongation
in the snout and jaws of males would naturally produce greater length measurements
for them, thereby lowering the ratio of scale radius to fish length.

Fig. 8. Chums: growth curves and annual growth increments for all sex-age cate-
gories. The lower series of points for each year of age after the first are the

increments.

Because these significant differences were found between the age classes and
sexes, these groups were retained without further combination. The growth curves
for all sex-age classes, and the annual growth increments, are shown in Figure 8.

LENGTH-WEIGHT RELATIONSHIP. —The relationship between length and weight may
be expressed as W=kL x, where "W" is weight, "k" is a constant, "L" is length, and
"x" is a power closely approximating 3. This relationship has been demonstrated in
Leuresthes tenuis by Clark (1925), in Leucichthys artedi by Van Oosten (1929), in
Perca flavescens by Hile and Jobes (1941), and in many other fishes.
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Since the length frequencies of the different age classes overlap to a large
degree, and since the relationship of length and weight is approximately constant
after the adult form has been attained, age classes were combined in the study of
this relationship. Males and females were first examined separately. Measurements
were available for 194 males and 181 females. Lengths were seriated in two-centi-
meter intervals, and the average weights determined for each length class. Since
this is a power relationship, the logarithms of all measurements were used, and the
regression line of log weight on log length (logW=a+bxlogL) was calculated by the

method of least squares. For the males, the regression coefficient and its standard
error are 2.50 and 0.0569, respectively; for the females, 2.82 and 0.0765. Compari-
son of the regression coefficients by a t test showed that the probability that the
difference between them would be exceeded by chance is between 0.8 and 0.9. The re-
lationship between length and weight apparently does not differ significantly be-
tween males and females, and the data were therefore combined. It should be noted
that, in the calculations of the regression lines and the regression coefficients,
the mean weight for each length was used, instead of the original paired variates.
Since an estimate of the average weight for any given length was desired, this was
permissible in the calculations of the regression lines. These regression coeffi-
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cients are not exactly the same as though calculated from the original paired val-
ues, but are considered to be close enough to the true value for the purposes of
the comparisons for which they have been used.

The length-weight curve for males and females combined is shown in Figure 9.
The equation of this curve is W=0.0001378xL2•6°°4

SEX RATIO.--The ratios of males to females for the different dates during
the course of the collections are presented in Table 3. The ratio for the total
sample is 1.10. If these samples have in fact been drawn from a population wherein
males and females are equally represented, then the difference between the observed
ratio and the theoretically expected ratio of 1.00 may be examined by the chi-
square test. Chi-square and P values of 0.556 and 0.454, respectively, were ob-
tained. It may be concluded, therefore, that the observed ratio of males to females
for the total sample does not differ significantly from the theoretically expected
ratio. However, certain variations in the sex ratios of the different samples will

be noted, and these are discussed in the following section.

Table 3. Chums: sex ratio during the course of the run as sampled

Date
Three-year Four-year

Five
year Total

d d 9 d d3 99 N gd/99

10/13/14 4 .. 4 1 1 9 1 10 9.00
10/22/14 28 11 10 10 1 39 21 60 1.86
10/23/14 48 31 10 15 ... 58 46 104 1.26
10/30/14 24 43 20 14 ... 44 57 101 0.77
10/31/14 46 51 31 17 2 79 68 147 1.16
11/16/14 7 20 1 4 ... 8 24 32 0.33
11/17/14 14 16 4 3 ... 18 19 37 0.94
11/20/14 15 7 1 4 ... 16 11 27 1.45

r
Totals 186 179 81 68 4 271 247 518 1.10

Totals 35.9 34.6 15.6 13.1 0.8

dd/99 1.04 1.19

CHANGES DURING THE RUN.—As has been pointed out in the discussion of age,
no consistent differences in the length frequencies of fish of the same age and
sex for the different dates could be detected. Possible exceptions were noted in
the case of the three-year-old males and the four-year-old females, but no changes
in size were evident except such as might result from changes in the sex ratios, or
in the relative abundance of the different age classes.

Table 4 shows the changes in the sex ratio over the course of the run, as
sampled. The dates of collection were, so grouped that it was convenient to com-
bine them into periods, thereby removing irregularities due to small numbers. These
periods are October 13 to 23, October 30 to 31, and November 16 to 20. Gilbert
(1922) and others have observed the predominance of males in the early parts of
salmon runs, with a reversal of the sex ratio later in the runs. This condition
also obtains in the Columbia River chum salmon. The ratio of males to females in
the mid-October group, 1.56, is significantly different from the expected ratio
of 1.00 (chi-square test: P<0.046). The late October group is in almost perfect
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concordance with theory. While the low value for the mid-November group, 0.78, does
not show a significant difference statistically from 1.00 (chi-square: P=0.38),
it still affords an indication of the continuation of the downward trend of the

male-female ratio as the season advances.

Table 4. Chums: changes in the sex ratio during
the course of the run as sampled

Date dd 99 N % dd dd/99

10/13-10/23 106 68 174 61.0 1.56

10/30-10/31 123 125 248 49:5 0.98
11/16-11/20 42 54 96 43.8 0.78

The predominance of males in the early part of the run is apparently related
to the relatively greater abundance of older fish at that time, since males are
more numerous than females in the older age classes. Table 5 shows that the five-
year-old fish are not represented at all in the November collections; that the
highest percentage of four-year-olds is in the late October series; while the high-
est percentage of three-year-olds is in the mid-November group.

Table 5. Chums: changes in the percentage of year classes
during the course of the run as sampled

Date 3-year 4-year 5-year N % 3-year % 4-year % 5-year

10/13-10/23 122 50 2 174 70.1 28.7 1.2

10/30-10/31 164 82 2 248 66.1 33.1 0.8

11/16-11/20 79 17 ... 96 82.3 17.7 ...

RACIAL CHARACTERS OF TEE COLUMBIA RIVER CHUMS. —A study of the racial char-
acters of Columbia River chums should, ideally, be based upon large numbers of
scale examinations, length and weight measurements, meristic counts, etc., taken
from runs entering each tributary of the Columbia River in which chums spawn. It is
quite probable that each of these tributaries may have its own race, whether dis-
tinguishable by anatomical or physiological characters, or both. The data used
here, from the commercial catch on the Columbia River, are not divisible save by
dates of collection. As shown previously, no consistent differences in lengths
were demonstrable between dates, and the data were therefore combined. If races do
exist in the Columbia River, it is impossible, on the basis of present knowledge,
to distinguish them as mixed in the commercial catch. The observed changes in the
sex ratios and in the percentages of year classes may, however, be an indication
of the presence of such races. Thus, certain races may tend to mature in the fourth
and fifth years and enter the run of any particular year earlier than those races
that tend to reach maturity in their third and fourth years.

While independent races within the Columbia River system cannot be defined
at present, it is believed that the data available may be used for comparison with
similar data from other river systems. This belief is based upon two assumptions:
that such races as may enter the Columbia River resemble each other more closely
than they do races, say, from the Fraser or Yukon Rivers; and that spawning indi-
viduals are more likely to stray within the tributaries of the Columbia than they
are to stray from the Columbia to rivers in British Columbia or Alaska.

Data from the following localities are available for comparison: Belling-
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ham (Gilbert, 1913a); Admiralty Inlet (Rounsefell and Kelez, 1938); Chemainus,
Nanaimo, and Qualicum (Fraser, 1920; 1921); Deep Water Bay, Granite Bay, Johnstone
Strait, and Robsons Bight (Pritchard, 1932); and the Yukon River (Gilbert, 1922).
The numbers, means, and standard deviations of the length-frequency distributions,
grouped by sex and age, and listed from south to north, are given in Table 6. Roun-
sefell and Kelez (1938) and Pritchard (1932) give no length measurements, so only
the numbers in each age class can be shown.

As stated above, the Columbia River material was measured to the nearest
whole centimeter, with a tape over the body from the tip of the snout to the end of
the middle caudal rays. Centimeters have been here converted to inches for compar-
ative purposes. Gilbert's material from Bellingham and the Yukon River was appar-
ently measured to the nearest half inch, in the same manner. Fraser's material from
Chemainus, Nanaimo, and Qualicum was measured to the nearest half inch, exclusive
of the caudal rays, and apparently not over the body. No data are available from
which to derive a conversion factor for standardization to one or the other methods
of length measurement. It must therefore be borne in mind that Fraser's measure-
ments will be somewhat low by comparison with the other data. Gilbert (1922: 328)
adds 7A per cent to Fraser's measurements to make them comparable, but gives no

indication of the basis for this correction. It should also be noted that only the
Columbia and Yukon data concern fish actually taken from rivers. However, it is
reasonable to assume that fish taken in the PugetSound--Gulfof Georgia area would
have spawned in the streams close to the region of capture. The fact that these
samples were not taken in the spawning streams may have resulted in an incorrect
south-to-north listing as given in Table 6, since fish taken at Bellingham, for
example, might conceivably have spawned north of the spawning grounds of fish taken
at Chemainus. In considering the distance between the Columbia and Yukon Rivers,
such discrepancies, if they exist, will be of minor importance. Other possible
sources of variation may be mentioned: (1) some samples were taken from a small
portion of the run, while others covered the main portion; (2) the samples taken in
coastal waters, especially those taken over a considerable period of time, may have
been taken from discrete local populations successively passing a given point;
(3) the fish from different localities were taken by different types of gear (Co-
lumbia River fish were taken largely by gill nets, with a few trap fish; Gilbert's
Bellingham material was apparently secured by purse seines; Rounsefell and Kelez'
Admiralty Inlet samples were taken by purse seines; Fraser's material apparently
was taken by purse seines; Pritchard's fish were taken by purse seines; and Gil-
bert's Yukon specimens apparently were caught in gill nets); and finally, (4) the
data utilized cover a period of twenty-five years, and samples taken in any par-
ticular year may reflect varying oceanographic conditions, such as temperature,
abundance and availability of food, etc. At present, little else can be done other
than to acknowledge the existence of these possible sources of variation.

Consideration of Table 6 shows that the average length of each sex-age class
consistently decreases from south to north. There are a few exceptions to this,
largely in the small samples, but the trend is clearly evident. Mean lengths of
each sex-age class are plotted against latitude in Figure 10. In relation to the
distance between localities, the decrease in mean length from the Columbia River to
the Gulf of Georgia is relatively greater than the decrease from the Gulf of Geor-
gia to the Yukon River. However, latitude, as used here, is only an approximate
expression of the sum of such environmental factors as abundance and availability
of food, temperature, etc., with which rate of growth is actually correlated. Gil-
bert (1922) compared his Yukon and Bellingham material and Fraser's (1920) Gulf of
Georgia material, and noted the northward decrease in size. In faot, he refers to



No. 6	 MARR: THREE SPECIES OF COLUMBIA RIVER SALMON
	

173

Table 6. Comparison of length (in inches) and age classes of
Columbia River chums with material from other localities

is number, M is the mean, and SD is the standard deviation.)

Source
2-year 3-year 4-year 5-year

N
d d Y d Y d

Columbia River, Oct. 13- 5 N 	  	 186 179 81 68 4 	 518

Nov. 20, 1914 t 16
29.86 27.57 31.73 29.47 30.02

SD 1.60 1.21 2.17 1.53

Gilbert (1913a), Belling-
ham, Aug. 2-3, 1910

M'! N
(SD

21.00
1 	 21

27.10
2.17

10
25.00

17
29.94
2.86

9
27.67 35.00

1 	 59

Rounsefell & Kelez (1938) ,( N 	 334 463 78 875
Admiralty Inlet,Oct.10 : M
-Nov. 11, 1935 (SD

Fraser (1921), Chemainus,5
1917 t MSD

N 	
65

24.99
1.23

61
24.31
0.87

4
28.50 27.89

9 	 	 	 139

Fraser (1921), Nanaimo,
N 	   116 150 59 53 1 	 379

1917
m{ 

SD
26.58
1.10

25.89
1.03

29.10
0.91

27.92
0.71

31.00

Fraser	 Qualicum,(1921)	 ,
N 1 	 94* 93* 232 83 3 	 506

' 1917 { M
SD

21.00 26.6 25.9 29.12
1.03

27.96
0.80

30.83

Fraser (1920), Qualicum ( N 395 379 767 436 22 2000
Nanaimo, Sept. 5- 1 M 25.98 25.31 28.53 27.04
Oct. 7, 1916 SD 1.13 0.96 1.31 1.15

N 	 6 18 3 27
Pritchard (1932), Deep
Water Bay, 1929

S m

SD

Pritchard (1932), Granite{
Bay,	 Sept. 30-Oct. 8, M

N 	 186 319 7 512

1930 SD

Pritchard (1932), John-
stone Strait, 1929

)i	 111
SD

5 
N 	 2 1 3

Pritchard (1932), Robsons 5 11	 	
81 264 4 349

Bight, Sept. 9-19, 
1930 (SD

Gilbert	 (1922), Yukon N 	 8 7 164 141 86 42 448 
River, June 15-July 31,
1920

M
1

SD.

24.00 23.00 26.42
1.19

24.43
1.02

28.24
1.36

25.66
1.08

*Due to what is apparently a typographical error in Fraser's (1921) paper the
means and standard deviations of these length frequencies cannot be calculated.
These two means are Fraser's; all other means and standard deviations have been
calculated for this paper.
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the Yukon chums as the "northern race," but does not go into the problem,of whether

diminution of length, retarded age at maturity, etc., are heritable characteris-
tics, or merely the limitations imposed by the environment upon each individual
fish, or a combination of the two.

Fig. 10. Chums: relation of mean lengths of sex-age categories to the latitude
of the localities. Gulf of Georgia data are the weighted averages of Bellingham
(59 specimens), Chemainus (139), and Nanaimo (379) samples.

The percentages of age classes are given in Table 7. In addition to the
previous comparative data, percentages as given by Pritchard (1943) are included.
His data represent fish from Qualicum, Johnstone Strait, and the Strait of Georgia,
the west coast of Vancouver Island (Nootka and Barkley Sound), and the Queen Char-
lotte Islands (Skidegate Inlet, Moresby Island, Athlow Bay, and Inakip Channel).
All fish involved were "taken by commercial gear."

Apparently, two-year-old chums are a rarity in the commercial catches. Omit-
ting the smaller samples (those having less than sixty specimens) from considera-
tion, examination of Table 7 reveals that there is a generalized south-to-north
trend in the relative abundance of the different age classes; the southern locali-
ties tend to have a larger percentage of younger fishes, and the northern locali-
ties to have a larger percentage of older fishes. Pritchard (1943) has pointed
this out in his British Columbia material. Not included in Table 7 are two seven-
year-old chums, determined "with reservations" by Pritchard. He also records six-
year-old chums, which, as far as is known, have not been observed previously. It
should be noted that his age determinations include a greater percentage of older

fish than have been obtained previously from any locality.
Especially interesting, as pointed out by Fraser (1921) and by Pritchard

(1943), are the differences in the relative abundance of age classes in samples
taken at the same locality in successive years. Since these samples were not taken
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in rivers, the question arises as to whether or not they are comparable as succes-
sive annual samples from a single population. They are recorded by year only, so it
is impossible to obtain any information by the comparison of the monthly dates of
successive collections. If these samples are from the same populations and were
taken from comparable parts of the runs, the fluctuations must be reflections of
the biotic conditions in the sea. Davidson (1940) has pointed out that, with the
exception of the pink salmon, which always mature in their second year, the average
length of a year class of the Pacific salmons remains fairly constant from year to
year, and, while the percentage of age classes is fairly constant, it may at times
fluctuate as a result of environmental factors.

Judging from the comparison of lengths, it is to be expected that weights
are also reduced from south to north, if the weight-length relationships remain
fairly constant. Data from all collections are not included, but the Yukon River
data are given in Table 8, as an example. These data may be compared with the Co-

lumbia River chums' length-weight curve (Fig. 8).

Table 8. Average lengths and weights of Yukon River chums
given for all sex-age groups*

3-year 4-year 5-year

d 9 d 9 d 9

Average weight in pounds 6.5 5.6 8.3 6.5 10.5 7.7

Average length in inches 24.00 23.00 26.42 24.43 28.24 25.66

*The data are taken from Gilbert (1922 .

Data on growth are available from Fraser (1921) for comparison with similar
data on the Columbia River chums. These are presented in Table 9, as annual incre-
ments in terms of percentage of fish length at maturity. Here again, it must be
remembered that, due to the difference in method, Fraser's fish length measure-
ments will be low. Also, due to Fraser's method of correcting for initial growth,
the calculated lengths for the Gulf of Georgia material will be relatively high in
comparison with those of Columbia River chums. Since only four fish are repre-
sented, the data for the five-year-old Columbia River chums are not reliable. In
chums from all localities, it is evident that the amount of growth in any par-

ticular year of their life is greater in the younger fish than in the older fish.
The major differences in rate of growth between Columbia River and British Columbia
chums are in the first and last years of life. Columbia River fish seemingly grow
more in the last year than do those from British Columbia. This may be due to the
fact that the British Columbia specimens were taken in coastal waters, and probably
from a relatively earlier part of the run, than were those from the Columbia River;
the latter were all taken after the runs had entered the river, and thus enjoyed a
somewhat longer period of growth in their last year. If this is in fact the case,
then it may be that there is really no difference in the first year's growth; that
is to say, if the British Columbia chums had been taken at a later date in their
spawning streams, they would have been larger, the percentage of growth in the
last year would have been increased, and the percentage of growth in preceding
years correspondingly reduced.

The sex ratios shown in Table 10 are in close agreement with the expected
ratio of 1.00, with three exceptions: the one sample from Bellingham, and the two
from Qualicum. In each of these samples, the ratio of males to females is high,
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Table 9. Chums: comparison of growth, expressed as annual increments in
percentage of length at maturity, in samples from different localities

Source Year
2-year 3-year 4-year 5-year

d 9 d 9 d Y d

Columbia River, 1914. 1 .... .... 43.6 44.5 37.7 38.8 37.0 ....
2 .... .... 34.6 33.2 28.1 27.2 26.9 ....
3 21.8 22.3 18.4 18.3 12.8 ....
4 15.8 15.7 10.8 ....
5 12.5 ....

Chemainus, 1917 	 1 .. 48.1 42.5
.2 32.8 28.1
3 19 1 17.8
4 11.4

5

Nanaimo, 1917 	 1 46.4 40.2 31.3

2 33.3 28.7 24.2

3 21.5 18.5 18.7

4 12.6 15.0

5 10.0

Qualicum, 1917 	 1 57.1 45.4 40.8 35.0

2 42.9 33.6 28.2 25.7
3 21.0 18.5 17.9
4 12.6 13.3
5 8.4

and the difference from the hypothetical 1:1 ratio is statistically significant.
No satisfactory explanation of the predominance of males in these collections is

available. As stated previously, no monthly dates were given by Fraser, but it
seems quite possible that the ratio of males to females would not have differed
significantly from theory had the entire run been proportionately represented in
the sampling. In all samples, except that from Chemainus, the males are in excess
in the four- and five-year classes. Since these older males are relatively more
abundant in the early portion of the runs, it may be that the Qualicum collections
oversampled the early part of the run.

Table 10. Chums: comparison of sex ratios in samples from different localities

Source N
2-year 3-year 4-year 5-year Total

ddNY 3d/YY dd/YY dd/99 dd/99

Columbia River 	 518 1.04 1.19 4/0 1.10
Bellingham 	 59 1/0 2.10 1.89 1/0 2.11
Chemainus 	 139 1.07 0.44 0.99
Nanaimo, 1916 	 700 0/1 0.74 1.64 6/0 1.14
Nanaimo, 1917 	 379 0.77 1.11 1/0 0.87
Qualicum, 1916 	 1300 1.33 1.82 4.33 1.64
Qualicum, 1917 	 506 1/0 1.01 2.80 3/0 1.88
Yukon River 	 448 1.14 1.16 2.05 1.36
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The time of the runs also changes with the latitude of the streams. In the
Columbia River the major portion of the run occurs in October and November; in
the Gulf of Georgia region it is in September and October; while the Yukon run is
in the latter part of June and in July.

It would seem that the differences demonstrated above are, in all probabil-
ity, expressions of genetic differences, due to the selective effect of varying
environmental conditions. Data, other than that already presented, are not avail-
able for North American chums, but Katayama (1935) has apparently been able to
distinguish races of chums near Japan, on the basis of certain meristic counts.
Kubo (1938) attempted to separate races on the basis of characteristics that are
merely expressions of the degree of external modification accompanying sexual ma-
turity and the spawning runs.

Knowledge of the differences between the salmon races of different river
systems, while of biological interest, will probably be of little use in a fisher-
ies management program, unless it should later prove possible to follow the various
races of salmon during their oceanic life, and to connect them with a parent stream
on the basis of these known characteristics. However, knowledge of the racial char-
acters of the races of various tributaries of a single river system may be of ex-
treme importance; for if the races of the various tributaries are sufficiently dis-
tinct, it would be possible to determine by sampling which particular races were
passing through the commercial fishery at any given time. The fishing intensity
could then be regulated, as the various races pass through the fishery, in accord-

ance with the escapement necessary to maintain the runs of the tributaries. The
differences between the races of the tributaries of the Columbia River will prob-
ably prove to be of the same nature as those demonstrated above between river sys-
tems.

PINKS

As stated above, the pink salmon does not enter the commercial catch of the
Columbia River; only occasional specimens are seen, and these are probably strays
from other streams. In the samples at hand, there are data on six pinks: one male,
and five females. The male was secured on July 28, two females on July 28, two on
July 30, and one on August 18, 1914. There is nothing distinctive about the scales,
which follow the general pattern of pink salmon scales in more northern waters,
where this species has its center of distribution. All scales show evidence of
two years of growth in the ocean and none in fresh water. Scales of male and fe-

Table 11. Pinks: data on individual specimens

Sex
Length
in cm.

Weight in
pounds

Total scale
radius in mm.

Scale radius at end
of first year in mm.

Estimated lelength
at end of first

year in cm.

M 68 7.5 1.57 0.81 35
F 59 5.0 1.83 1.04 34

F 54 ... 1.73 0.99 31
F 53 4.0 1.43 0.87 32
F 50 3.5 1.57 0.89 28
F 47 3.0 1.83 1.00 26



Fig. 13 (left). Silver:
scale from a two-year-old
male that had gone to sea
in its second year (22),
44 centimeters long, taken
in the lower Columbia River
on November 12, 1914.

Fig. 14 (right). Silver:
scale from a three-year-old
male that had gone to sea
in its third year (3 2 ), 46
centimeters long, taken in
the lower Columbia River on
October 22, 1914.
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male pinks are shown in Figures 11 and 12, respectively. The data relating to the
individual specimens are given in Table 11. Little more can be said about such a
small sample, and the data are presented here chiefly as a matter of record.

Fig. 11 (left). Pink: scale from a
two-year-old male, 68 centimeters long,
taken in the lower Columbia River on
July 28, 1914.

Fig. 12 (right). Pink: scale from a
two-year-old female, 53 centimeters
long, taken in the lower Columbia River
on July 30, 1914.

SILVERS

Silver salmon have received relatively less attention in biological investi-
gations than have the Chinook and blueback salmons, but are better known than the
chum salmon. In addition to the references cited above for the chums, which also
include information on the silvers, further contributions have been made by Fraser
(1917), by Snyder (1931) on the run in the Klamath River, and by Pritchard (1936;
1940) on the accessment of age. Little has been known of the details of the biology
of the Columbia River silver salmon.

The samples studied were taken at random from the commercial catch on August
22, September 12, 16, October 12, 13, 21, 22, 28, 29, and November 12, 16, and 20,
1914. During this period, approximately 95 per cent of the run passes through the
lower part of the river (Rich, 1942: 109). All fish were taken in gill nets in the
lower Columbia River and landed at Ilwaco, Washington. The assumptions made for the
chum samples hold here; namely, that the samples are representative of that part of
the commercial catch from which they were drawn, but are not truly representative
of the total run, inasmuch as there Will be a tendency for the smaller and larger

sizes to be inadequately represented, because of the selective action of the gill
nets by which the fish were taken.

AGE AND LENGTH.—Ages were determined from the scales by the accepted meth-

ods of interpretation. All scales were examined twice, with a compound microscope,
and without reference to length or weight measurements, or to previous examina-
tions. Of the total number of scales examined (885), disagreements and doubtful
age determinations amounted to 17.3 per cent. As in the case of the chums, doubtful
determinations and disagreements between successive readings were reexamined and
final decisions made; as a result, changes amounting to 12.1 per cent of the total

were made.
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Fig. 15. Silver: scale from a three- 	 Fig. 16. Silver: scale from a three-
year-old male that had gone to sea in	 year-old female that had gone to sea in
its second year (32), 74 centimeters 	 its second year (3 2 ), 58 centimeters
long, taken in the lower Columbia River long, taken in the lower Columbia River
on August 22, 1914.	 on November 16, 1914.

Fig. 17. Silver: scale from a four- 	 Fig. 18. Silver: scale from a four-
year-old male that had gone to sea in	 year-old female that had gone to sea in
its third year (4.), 79 centimeters 	 its third year (43), 74 centimeters
long, taken in the lower Columbia River	 long, taken in the lower Columbia River
on October 22, 1914.	 on November 16, 1914.
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Silver salmon scales are relatively more difficult to interpret than chum
scales, since the silvers may leave fresh water in their second or third years, and
may return from the ocean in their second, third, or fourth years. This greater
complexity naturally introduces a greater amount of variation due to personal in-
terpretation. It must be stated, therefore, that all age determinations, particu-
larly in the four-year-old group, are tentatively given until such time as they may
be verified by marking experiments. However, the results obtained do not differ
materially from results obtained by workers in other localities. In recording age
categories, the convenient system used by Gilbert and Rich (1927) was adopted.
This consists of two figures, of which the second is written as a subscript to the
first. The first figure designates the year of life in which the fish was captured,
which is usually the age at maturity. The subscript shows the year of life in which
the fish made its migration from fresh water to the sea. Thus fish that had gone
to sea in the spring of their second year and returned toward the end of their
third year are designated by the symbol 3 2 --the most common category of Columbia
River silver salmon. Other categories in the collections studied are 2 2 , 3 3 , and
4 3 . Representative scales of all sex-age categories are shown in Figures 13 to 18.

Pritchard (1936; 1940), in addition to the above age categories, has re-

ported silvers from British Columbia that left fresh water in their first year (as
fry), and returned either in their second (2 1 ), third (3 1 ), or fourth (4 1 ) year;
and fish that left fresh water in their second year, and returned in their fourth
year (42 ). These will be discussed below in greater detail.

Examination of Figures 13 to 18 will reveal some of the main difficulties
encountered in interpreting these scales. The circuli representing the fresh water
and estuarine growth in the early part of the year in which the fish went to sea
may at times be confused with a full year's life in fresh water. A similar diffi-
culty was encountered by Rich (1920) in his study of Columbia River Chinook salmon.
The silver salmon scales, particularly those which have been interpreted as rep-
resenting fish which matured in their third year and went to sea in their second
year (3 2 ), had a tendency, in many instances, to have a split band of winter cir-
culi at the end of -ale second year, or an accessory check immediately preceding the
band of winter rings that forms the second annulus. Generally, the true annulus
was easy to recognize, due to its relative position, prominence, and its union
with the accessory check at the dorsal and ventral margins of the scale. There were
various degrees of separation of the true annulus and the accessory check; and, in
a very few instances, the accessory check was more prominent than and so widely
separated from the annulus that it was impossible to decide whether the fish be-
longed in the 3 2 or the 42 category. It is believed that these fish were, in real-
ity, 32 , but since no corroborative evidence from marked fish is available, they
were omitted from further consideration. The number of scales omitted, due to this
indecision as to age, or to regenerated "nuclei," broken margins, etc., amounted
to only 1.5 per cent of the total number examined.

The length-frequency distributions according to sex and age are given in
Table 12. It will be noted that the sex-age groups seem to be fairly distinct; that
males tend to be larger than females, and that older fish tend to be larger than
younger fish. An apparent exception to the last statement is shown by the length
frequencies of the four-year-old fish (4 3 ), which are slightly smaller than the
fish of the 3 2 group, from which they differ only in having spent one more year in
fresh water before migrating to sea. If the ages have been determined correctly,
the four-year-old fish apparently have a slower rate of growth than do the three-
year-olds (3 2 ). The 32 fish are the predominant year class, comprising 83.9 per
cent of the total sample. The 4 3 fish make up 9.7 per cent, the 2 2 fish 6.1 per
cent, and the 3 3 fish amount to only 0.3 per cent of the total. The single 2 2 fe-
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Table 12. Length-frequency distributions of 885 silver salmon from the
Columbia River, 1914, grouped by sex and age

Length
in cm.

22 33 Length 32 43

d 9 d
in cm. d - a

34 1 55 1
5 1 6 1
6 2 7
7 2 8 1 2 1
8 1 2 9 2
9 8 60 1

40 7 1 2 1
1 3 2 1 1
2 5 3 3
3 7 4 10 1
4 6 5 4 6 1
5 1 6 9 8 1 2
6 1 1 7 6 4 5
9 8 10 3 1
8 9 11 19 1 2
9 1 70 7 18 1 4

50 1 10 14 4 2
1 2 20 22 2 3
2 3 12 29 1 3
3 4 27 35 3 6
4 5 13 34 1 3
5 6 14 29 1 4
6 1 7 20 29 2 4

8 12 30 4
9 20 34 1 3

80 19 25 1 5
1 16 12 2 1
2 21 12 1 1
3 15 6 1
4 15 2 4
5 13 3 2
6 8
7 6
8 4
9 8 1

90 4
1 4
2 1
3
4
5 1

Means 	 41.81 76.70 75.04 75.69 74.22

Standard deviations 3.87 7.30 4.56 6.52 4.76

Number 	 53 3 731 85

Per cent of
total number 	 6.1 0.3 83.9 9.7
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male is included with reservations. No female grilse have been reported previously,
and it is probable that this individual was a male, and that an error has been
made somewhere in the recording or transcription of data.

GROWTH.-The silver salmon scales were measured in the same manner as the
chum scales. However, instead of projecting the scale images, the relative dis-
tances were measured directly by means of a measuring device consisting of an Ames
gauge attached to a mechanical stage under a compound microscope. This permitted
direct measurement of scale radii in units of 0.01 millimeter.

As before, careful attention was paid to the possibility of absorption of
the scale margins. Little of this was detected, but apparently these scales were
more fragile than the chum scales, and had suffered more marginal destruction in
handling. However, in most cases where the margin was injured, only small fragments
were actually missing, so that it was possible to determine the true periphery of
the scale. It was necessary to omit 52 scales from the growth study, due largely to
the fact that the scales were mounted in such a way that it was impossible to meas-
ure the radii in the anterior quadrant, even though age determinations were readily
made. New mounts might have been made, except for lack of time.

The calculation of length at earlier ages was done, as in the chums, by
assuming the proportion R t:Lt- R.:L. to be true, and the calculated lengths were
read directly from a ten-inch slide rule. The common means of scale radius and fish
length were determined for each year in each sex-age category, and are presented in
Table 13. The trend for the ratio of scale radius to fish length to be greater for
females than, for males, and greater for younger than for older fish-so clear in
the chum salmon-is greatly reduced or absent here. Lack of time prevented further
examination of these data to determine if the small differences present were sig-
nificant. However, since these differences are small, whether statistically sig-
nificant or not, it was decided to combine the data by age classes for this study.

Table 13. Silvers: means of scale radius (R) in 0.01 millimeter and of
fish length (L) in centimeters at each age for each sex-age category*

22 d 33 d 32 d 32 Y 43 d 43 9

Age N = 50 N=3 N=325 N-379 N-34 N=49

R L
-	

R L R L R L R L R L

End 1 1 37.60 7.74 30.67 6.33 35.35 7.20 34.35 6.92 27.20
_

5.32 25.35
1
5.06

End 22 198.50 41.72 49.33 9.67 241.30 49.51 237.10 48.15 49.95 9.91 48.40 9.67

End 32 .... 374.80 76.79 370.20 75.06	 	 .... ....
End 33 206.67 40.67 238.85 48.24 240.75 48.18

End 43 374.90 75.79 371.90 74.25

*The terminal ("oldest" figures in each column represent actual size of scale
and fish at time of capture sometime during the last year of growth, and are not
necessarily, if ever, the end of the last year's growth.

The common means of scale radius and fish length, and the annual growth increments
for each age class, are given in Table 14, and the lines relating these common
means are shown in Figure 19. Growth curves for each age class are presented in
Figure 20,

LENGTH-WEIGHT RELATIONSBIP.--Length and weight measurements were available
for 285 males and 320 females. The regression of weight on length was determined
separately for males and females, as for the chums. Comparison of the regression
coefficients by a t test showed that the length-weight relationship did not differ
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Table 14. Silvers: means of scale radius (R) in 0.01 millimeter, Of fish
length (L) in centimeters and the calculated annual growth increments

(I) at each age for each age class

Age
22 33 38 43

R L I R L I R L I R L I

End 1 1
End 28
End 3 8
End 33
End 4 3

37.60
198.50

7.74
41.72

7.74
33.98

30.67
49.33

206.67

6.33
9.67
....

40.67

6.33
3.34
....

31.00

34.85
239.10
372.40

7.05
48.80
75.97

7.05
41.75
27.17	 	

26.10
48.90

239.95
373.10

5.17
9.77
....

48.21
74.88

5.17
4.60
....

38.44
26.67

significantly (P-approximately 0.3) between males and females, and the data were
therefore combined. This relationship for the combined data is expressed by the
formula W0.0000373xL 2 ' 8945 , where "W" is weight and "L" is length, and is shown
graphically in Figure 21.

SEX RATIO.--The sex ratios for the collections are given in Table 15. The
ratio of males to females for the combined collections is 1.02, which is in almost
perfect agreement with the theoretically expected ratio of 1.00. Females are in
excess of males in the older age classes, but this excess is offset by the pres-
ence of grilse, which are almost invariably males. Changes in the sex ratio over
the course of the collections will be considered in the following section.

Table 15. Silvers: sex ratio during the course of the run as sampled

Date
2 2 33 32 43 Total

d a d 9 d 9 dd 1 99 N dd/W

8/22 	 1 .... ... 56 38 10 9 67 47 114 1.43
9/12 	
9/16 	 5 1(?) ... .... .... ... ... 5 1 6 5.00
10/12 	 2 .... ... 19 19 1 1 22 20 42 1.10
10/13 	 19 .... 2 16 18 1 1 38 19 57 2.00
10/21 	 ... .... ... 18 23 1 2 19 25 44 0.76
10/22 	 3 .... 1 29 31 2 4 35 35 70 1.00
10/28 	 10 .... ... 29 46 2 4 41 50 91 0.82
10/29 	 1 .... ... 78 60 7 9 86 69 155 1.25
11/12 	 1 .... ... 31 49 4 8 36 57 93 0.63
11/16 	 2 .... ... 26 26 3 3 31 29 60 1.07
11/20 	 3 .... ... 50 70 4 9 57 79 136 0.72

Totals 	 52 1(?) 3 352 379 35 50 441 431 872 1.02

% Total 	 6.0 0.1 0.3 40.3 43.5 4.0 5.7

dd/99 	 52.00 3/0 0.93 0.70

CHANGES DURING THE RUN.--Previous workers, including Gilbert (1913b), Fra-
ser (1917), and Rounsefell and Kelez (1938), have noted the remarkable growth of
silver salmon in the summer immediately preceding sexual maturity. This condition
was observed in the data studied, particularly in the 32 fish.



Fig. 19. Silvers: relation of scale radius to fish length in
Columbia River silvers, grouped by age classes.

Figure 22 shows the mean lengths of the 3 2 males and females for each col-
lection. It is apparent that the collection made on August 22, comprising 67 males
and 47 females, is composed of distinctly smaller fish than those of the October-
November collections--a difference that is probably associated with the fact that
the fish taken later in the season had spent approximately two months longer in
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Fig. 20. Silvers: growth curves for all age categories.

the sea. Omitting the August collection, the data for the others were further stud-
ied, by means of the analysis of variance, to determine whether there were any
other changes in length associated with time during October and November. In the

case of the males, the differences between samples were slightly above the 1 per
cent level of significance; for the females, the differences were slightly below.
The 22 , 3 3 , and 43 fish, when segregated by dates of collection, did not lend them-
selves well to analysis, due to the small numbers in each collection. However, by
inspection it was seen that there was a general tendency within these age groups
for longer fish to be taken on the later dates. The mean lengths of the 3 2 males
and females for each collection are shown in Figure 22, and from this it appears
that there is probably a slight increase in the length of the males during the
period covered by the October-November collections. No evidence of such a trend
is apparent in the case of the females, and it therefore seems probable that the
slight increase in the males is due to the development of the elongated snout that
is characteristic of the breeding males.

The sex ratios during the course of the run, as sampled, are presented in
Table 16. To remove irregularities due to small numbers, and to facilitate com-
parison with respect to time,- the collections were combined by months: August (Aug.
22), September (Sept. 12 and 16), October (Oct. 12, 13, 21, 22, 28, and 29), and



Fig. 21. Silvers: length-weight curve based on 605
Columbia River specimens, 37-92 centimeters in length.

Table 16. Silvers: changes in the sex ratio during
the course of the run as sampled

Date dd Y9 N % d dd192

8/22 	 67 47 114 58.8 1.43

9/12-9/16 	 9 1(?) 10 90.0 9.00

10/12-10/29 	 241 218 459 52.5 1.11

11/12-11/20 	 124 165 289 42.9 0.75



Fig. 22. Silvers: mean lengths of 3 2 males and females for each collection.

November (Nov. 12, 16, and 20). The September collections may be omitted from con-
sideration, because they were small and probably selected, since all specimens
were grilse of the 2 2 age group. As with the chum salmon, males were in excess in
the early part of the run, and females in the latter part of the run. The probabil-
ities that these ratios would be equaled or exceeded by chance (that is, differ by
chance from 1.00) are: for August, P<0.2>0.1; for October, P<0.5>0.3i and for No-
vember, P<0.1>0.05. None of these differences are significant when judged by com-
monly accepted statistical standards, but the trend from more males in the early
part of the run to more females in the latter part of the run is clearly shown.

The percentages of age classes are given in Table 17. The collections have
again been grouped by months. Although the relationship between changes in the
percentage of age classes and the sex ratio probably is not as simple in the sil-
vers as in the chums, certain tendencies may be noted. The September collections
again are omitted from consideration, as are 3 3 fish, since only three were taken.
The 22 fish, which may be considered to be all males, increase in relative abun-
dance from August to October, but decrease in November; the lowest percentage is
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in August. The 3 2 fish, with females in excess of males, increase slightly in rela-
tive numbers from August to November. The 4 3 fish, with females again in excess,

are relatively less abundant in October and November than in August, but the lowest
percentage is in October. The apparent trend is for the relative abundance of 22
and 32 fish to increase with time, and for that of 4 3 fish to decrease with time.
These are similar to the conditions observed in the chum salmon run. It should be
stated, however, that the percentage of 2 2 fish Probably is not exceedingly reli-
able, insofar as the total run is concerned. Due to their relatively small size,
and the selective action of the gill nets, they may be inadequately represented
in the commercial catch; but the representation on different dates should be pro-
portional to the true abundance.

Table 17. Silvers: changes in the percentage of age classes
during the course of the run as sampled

Date 22 3 3 32 4 3 N %22 % 3 3 Y03 2 % 43

8/22 	 1 .. 94 19 114 0.9 ....

_

82.5 16.7

9/12-9/16 	 10 .. ... .. 10 100.0 .... .... ....

10/12-10/29 	 35 3 386 35 459 7.6 0.7 84.1 7.6

11/12-11/20 	 6 .. 252 31 289 2.1 .... 87.2 10.7

RACIAL CHARACTERS OF THE COLUMBIA RIVER SILVERS.--As stated previously, a
study of the racial characters of the salmons entering the Columbia River should
be based upon consideration of the populations entering each tributary of the Co-
lumbia in which the species in question spawns. Such data are not available, so
that it is not possible at present to distinguish races as mixed in the commercial
catch. However, comparison of the data at hand with similar data from other local-
ities, while it may or may not provide a basis for the separation of the various
populations during their oceanic life, will probably provide a qualitative estimate
of the differences that later may be demonstrated between populations of a single
river system, and also provide information of biological interest.

Data from the following localities are available for comparison: Puget Sound
(Gilbert, 1913a); Strait of Georgia and Neah Bay (Fraser, 1917; 1920); Quathiaski
cannery (Cape Mudge to Heriot Bay), Lasqueti cannery (Lasqueti and Texada Islands),
Fraser River (Nanaimo cannery, but "definitely localized on the way to the spawning
grounds"), and Nanaimo cannery (Lasqueti Islands, Qualicum, Northwest Bay, Win-
chelsea Islands, to Gabriola Pass and Cowichan Gap) (Fraser, 1921); British Colum-
bia ("the north coast of the Queen Charlotte Islands in the north to the Strait of
Georgia in the south") (Pritchard, 1936; 1940); and the Yukon River (Gilbert, 1922).
The sources of variation in these data are of the same nature as those described
for the chums.

The numbers, means, and standard deviations of the length-frequency dis-
tributions, grouped by sex and age, and listed from south to north, are shown in
Table 18. As previously explained, Fraser's measurements are somewhat low in com-
parison with the others, and Gilbert's samples are very small, but the reduction
in mean length of each group, from south to north, is very evident. It is inter-
esting to note that the variation in length is, in every instance, greater for
males than for females, as in the chum salmon. This may again be due to the vari-
ation in the degree of modification of the secondary sexual characters of the male
at maturity.

The percentages of age classes, as shown in Table 19, do not include 7 spec-
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Table 18. Comparison of length (in inches) and age classes of Columbia River
silvers with material from other localities

\(N is number, M is the mean, and SD is the standard deviation.)

Source
2 2 32 33 43 54

N
c5Y(5 4 dYd9 (5

Columbia River,
8/22-11/20,
1914

{
N
M
SD

52
16.46
1.52

1(?)
18.50

852
30.20
2.87

379
29.54
1.79

16.01
3 	 35

29.80
2.57

29.22
1.87

50 	 872

Fraser (1921), 43 46 	   	  	  	 	 89

Fraser River,
1917

M
SD

{N	 	
22.98
2.13

23.56
1.29

Fraser (1921),
N	 	   234 270 	   	  	  	  504

Nanaimo, 1917
II 
SD

22.75
2.00

22.37
1.56

Fraser (1920),

StraitofGeorgia,
7/7-10/6, 1916

{N
M

SD

13.82

1.54

28 	 999
22.11

2.08

22.07

1.67

973 	 	  2,0002,

Fraser (1921),
Quathiaski, 1917 M

11.	 	 	 	 159
22.03 21.71

248 	 407

SD 1.19 1.02

Fraser (1921), 199 222 	   	  	  	  421

Lasqueti, 1917 M 21.40 21.76
SD 1.51 1.12

Pritchard (1940),
British Columbia,

IN
M

6,179 2 54 	  6,242

1925-1930 is)

Gilbert	 (1922),
Yukon River,
6/15-7/31, 1920

i
SD

{N.	 	 6
23.8* 24.6*

4	 	 11
24.5*

6
25.3*

1
23.0*

28

*These figures are Gilbert's; all other means and standard deviations have been
calculated for this paper.

imens of 2 1 fish, 11 of 3 1 , 4 of 41 , 46 of 4 2 , 2 of "older types" given by Prit-

chard (1940), and 1 of 5 4 given by Gilbert (1922). In general, there seems to be a
tendency for younger fish to be relatively more abundant in the south, and for
older fish to be relatively more abundant in the north. However, ages, as deter-

mined by Fraser and Pritchard, seem to differ from ages as determined for this
paper and as determined by Gilbert, in that Fraser has reported no 4 3 fish, and
Pritchard very few of this age class; and, in addition, the latter has recorded
fish that had apparently gone to sea as fry. Chamberlain (1907: 44), speaking of
silver salmon fry in Alaska, says that "....the greater part seek the sea as soon
as they become free-swimming." Gilbert (1913a: 16) states that "....very few indi-
viduals of undoubted sea type have been examined," but gives no definite number.
Fraser (1917: 42), in reference to scale examinations of nearly 400 individuals
from Neah Bay, remarks that "....only three showed indication of going to sea as
fry," but later (1920: 196) states that "The three .... reported from Neah Bay were
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dog salmon 	 " Fraser (1921) and Gilbert (1922) report no fry migrants from Brit-
ish Columbia and the Yukon River, respectively. Pritchard (1940) records silvers
that had gone to sea as fry, as noted above; however, he also points out that the
percentage of this type is very small, and that Chamberlain's record of a high per-
centage of fry migrants was probably due to the fact that some of the fry do mi-
grate downstream, and then later return upstream, without entering salt water. The
latter migration was probably overlooked by Chamberlain. It is also possible that
Chamberlain was in error as to the species.

Table 19. Silvers: comparison of the percentage of age classes
in samples from different localities

Source Year
22 32 33 43

N
N % N % N % N %

Columbia River 1914 53

_

6.1 731 83.9 3 0.3 85 9.7 872

Fraser River 1917 .. ... 89 100.0 .. ... .. .... 89

Fraser (1921)

Nanaimo 1917 .. ... 504 100.0 .. ... .. .... 504

Fraser (1921)

Strait of Georgia 1916 28 1.4 1,972 98.6 .. ... .. .... 2,000

Fraser (1920)

Q,uathiaski 1917 .. ... 407 100.0 .. ... .. .... 407
Fraser (1921)

Lasqueti 1917 .. ... 421 100.0 .. ... .. .... 421

Fraser (1921)

British Columbia 1925- 7 0.1 6,179 97.9 2 + 54 0.9 6,312

Pritchard (1940) 1930

Yukon River 1920 .. ... 10 35.7 .. ... 17 60.7 28

Gilbert (1922)

These disagreements are probably not important in consideration of the com-
mercial catch, since the 3 2 age class is undoubtedly the dominant one in the fish-
ery. However, if ages as reported here and by Gilbert are correct, and if there is
a fairly orderly south-to-north change in the percentage of age classes, then it is
to be expected that the percentage of 4 3 fish in the silver salmon populations of
British Columbia is higher than previous work has shown. If these older fish are
more abundant in the early parts of the runs, it may be that these portions of the
runs have been undersampled in the British Columbia collections.

Data on growth have been given by Fraser (1921) for 3 2 males and females
combined. These are compared with similar data, as determined for Columbia River
silvers, in Table 20, with the annual growth increments expressed as percentages of
the length at maturity. At first inspection, it would seem that the fish from Brit-
ish Columbia grew more in their first year, less in their second, and more in their
third year, than did the fish from the Columbia. However, because of Fraser's meth-
od of correcting for initial fish growth before scale formation (see explanation in
section on chums), it would be expected that the first year's growth for British
Columbia fish, as calculated by him, would be greater than that calculated here for
the Columbia River fish. Also, because Fraser's fish were taken in coastal waters,
before they entered the spawning streams, it would be expected that the last year's
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growth would be less for the British Columbia fish than for the Columbia River
fish, which were taken in the river, and thus had had a longer period of growth in

the sea. However, if the correction for initial fish growth is removed from the
averages as given by Fraser, the resulting calculated lengths agree closely with
those for the Columbia River fish. An example of these- calculated lengths without
correction is given for the Quathiaski fish (see "without correction" in Table 20);
and this shows that the relative amount of growth in the fish from the two locali-
ties agrees closely for the first year, is somewhat less for the British Columbia
fish in the second year, and somewhat more for the British Columbia fish in the
last year. This latter difference probably would be increased if the British Colum-
bia fish had been taken from a comparable (later) part of the run.

Table 20. Silvers: comparison of growth, expressed as annual
increments in percentage of length at maturity, in

samples from different localities

Source 11 22 32

Columbia River 9.3 55.0 35.8

Quathiaski
Corrected 16.1 48.2 36.2
Without correction 9.3 50.7 38.5

Lasqueti 16.2 48.2 35.7

Fraser River 15.9 46.4 37.8

Nanaimo 16.0 47.6 36.9

The length-weight curve for Columbia River silver salmon, males and females
combined, and unweighted average weights at each length for male and female sil-
vers from the Nanaimo cannery, as given by Fraser (1921: 19, 20), are shown in
Figure 23. Since Fraser measured length to the base of the caudal fin, and not to

Table 21. Silvers: 3omparison of sex ratios in samples from different localities

Source N
22 33 32 43 Total

dd/W dd/99 dd/W dd/W dd/W

Columbia River 	 872 52/1 3/0 0.93 0.70 1.02

Fraser River 	 89 .... ... 0.93 •••• 0.93

Nanaimo ... 	 504 .... ... 0.87 .... 0.87

Strait of Georgia 	 2000 28/0 ... 1.03 P." 1.06

Quathiaski 	 407 .... ... 0.64 .... 0.64

Lasqueti 	 421 .... ... 0.90 •••• 0.90

Yukon River 	 31 .... ... 1.50 1.83 1.80

the end of the middle caudal rays, it is to be expected that his fish would ap-
pear heavier for a given length than those from the Columbia; but, even if allow-
ance is made for this, the curve for the Nanaimo silvers is steeper than that for
the Columbia River fish. Apparently, the length-weight relationships differ, and
the British Columbia fish are relatively heavier.



Fig. 23. Silvers: comparison of the length-weight relationship in samples from
the Columbia River and Nanaimo.

The sex ratios for the total collections for each locality are shown ir.
Table 21. The two marked deviations from the expected equal representation of males
and females occur in the samples from Qnathiaski (females in excess), and the Yukon
River (males in excess). Possible causes of these deviations have been discussed
in the consideration of the chum salmon and will not be repeated here.

As in the chum salmon runs, the silver salmon runs occur earlier in the year
with increasing latitude of the stream in which they spawn. In the Klamath and

Columbia Rivers the major part of the run is in September, October, and November;
in British Columbia waters it is slightly earlier; and in the Yukon River it is
in July and August.

It is felt that differences similar to those described above may be demon-
strated between the races of silver salmon entering the Columbia River. As with the

chums, such knowledge may be of the utmost importance in sampling the commercial
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catch, and in regulating the fishing intensity in accordance with the escapement
necessary to maintain the particular races passing through the fishery at that

time.

SUMMARY

Samples, consisting of scales, length and weight measurements, and sex de-
terminations of chum, pink, and silver salmons, were taken from the commercial
catch in the Columbia River in 1914.

Five hundred eighteen chum scales were examined. All fish had gone to sea
early in their first year; and 70.5 per cent had returned in their third year, 28.7
per cent in their fourth, and 0.8 per cent in their fifth. Growth curves, based on
scale and fish measurements, are given for all sex-age groups. The length-weight

relationship may be expressed by the equation Weight = 0.0001378xLength 2 .6004 . Tend-

encies were noted, during the course of the run, for older fish and for males to

be relatively more abundant in the earlier portions of the run. In comparisons with

data from other localities, it was demonstrated that, from south to north: (1)
there is a decrease in mean length at the same age; (2) older fish are progressive-
ly more abundant; and (3) the runs are progressively earlier.

Pink salmon are uncommon in the Columbia River, and only six were examined.
All had gone to sea early in their first year, and all had returned in their sec-
ond year.

Eight hundred eighty-five silver salmon scales were examined. Of the total,
6.1 per cent had gone to sea early in their second year, and returned late in their
second year (2 2 ); 0.3 per cent had gone to sea early in their third, and returned
late in their third (3 3 ); 83.9 per cent had gone to sea in their second, and re-
turned in their third (3 2 ); and 9.7 per cent had gone to sea in their third year,
and returned during their fourth year (4 3 ). Growth curves are given for all, age

groups. The length-weight relationship may be expressed by the equation Weight=
0.0000373xLength •8945 . As in the case of the chums, changes were noted during the
run in the sex ratio and the percentage of age classes. Comparison with data from
other localities revealed south-to-north changes in size and in abundance of dif-
ferent age groups, similar to those demonstrated for the chums.

It is felt that the differences between races of a single river system will
prove to be of the same nature as those here demonstrated between populations of
different river systems. Knowledge of the differences between the races of salmons
entering the Columbia River may be of extreme importance in the management of the
fisheries.
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