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The Relative Maturity Of The Chinook Salmon Taken In The
Ocean Along The Pacific Coast.

By Willis H. Rich, Field Assistant, United States Bureau of Fisheries.

This paper is in the nature of a prelimi-
nary report dealing with the maturity of the chi-
nook salmon taken by troll and purse-seine in the CAL qORNIA
ocean along the Pacific Coast, and is presented F’IS s GAME
for the purpose of making immediately available
some of the results of the investigation. It is also [RSSge st om0 st imevcy EoucATIGH
believed that the method used for determining the
relative maturity is new and may be of value to R e BT G T al J
others engaged in similar investigations. A later
report will give in detail the data upon which the
conclusions presented in this paper are based, and
will discuss several topics treated very briefly, or
omitted entirely from this paper.

The amount of trolling and purse-seining
for chinook salmon along the Pacific coast has in-
creased enormously during the past few years, es-
pecially along the northern coast of California, the
coast of Oregon, and off the mouth of the Colum-
bia River. To anyone who has observed even casu-
ally the fish thus taken in the ocean it is perfectly
apparent that a great proportion are immature and
it is a point of considerable interest and practical importance to know just what percentage
are immature and the relative degree of immaturity. The determination of the age by means
of scale studies will not, alone, give a sufficient index to the degree of immaturity since
there is such a wide range in the age at which these fish reach the spawning stage—from
two to six years. If the percentages of individuals of different ages among the mature fish
were constant, it would be possible, from a determination of the percentages of fish of dif-
ferent ages taken by troll and purse-seine in the ocean, to estimate the percentage of fish of
different degrees of maturity. This, however, is not the case. The percentages of fish of the
various age-groups vary greatly at different times among the mature fish and also among
those taken in the ocean. Presumably these variations are due quite largely to racial differ-
ences but our present knowledge of the various races of chinook salmon is quite too limited
to aid in segregating the races from mixed lots. Even if our knowledge of the races were
complete it might well be that they could not be identified and segregated accurately and
fully enough to serve the purpose. It is apparent that some other means than the determina-
tion of the age is necessary in order to learn the percentages of mature and immature fish
taken in the ocean and their relative maturity.
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Ficure 8.—Histogram showing frequency-distribution of 163 female salmon taken by troll
off the mouth of the Columbia River, May 8, 1919, based on the logarithms of the diameters

of the eggs.



Fall 2017

RELATIVE MATURITY OF THE CHINOOK SALMON

197

The method which has been developed for determining the relative maturity is
based upon variations in the size of the eggs. Obviously this can be applied only to the
females and no method has yet been devised for determining the relative maturity of the
males. The percentages of males and females found among the mature fish of the vari-
ous age groups will give some basis for estimating the percentages of mature and imma-
ture males from the determination of the relative maturity of the females, but a discussion
of this topic must be reserved for the complete report. It is sufficient to state here that,

while there is a tendency for the males
to mature somewhat younger than the
females, the error which would result
from assuming that the proportions of
fish of similar degrees of maturity were
equal in the males and females would
not be serious.

Superficial examination of the
eggs found in the females taken in the
ocean shows that there is a wide diver-
sity in the size and, further, that several
more or less distinct size-groups are dis-
tinguishable even without careful mea-
surement. It is a natural assumption that
these various sizes of the eggs indicate
different degrees of maturity. A care-
ful study of several collections of fish
taken within the Columbia River and
by troll off the mouth of the Columbia,
in Monterey Bay, California, and along
the northern coast of California con-
firms this assumption and shows that,
by means of a study of the variation in
the size of the eggs and a determination
of the age by means of the scales it is
possible to distinguish, with certainty,
in many cases, and with reasonable
probability in most, between fish which
would have spawned during the year in
which they were taken and those which
would not have spawned for at least one
more year. The distinction between fish
which would not have spawned for two
years is not quite as definite but in some
collections the interpretation is clear.

In studying these collections
the age has been determined by the
usual method of scale study. The size of
the eggs has been determined by mea-
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FiGure 9.—Histogram showing frequency-distribution of 48
females taken by beach seines and wheels near Warrendale,
Oregon, June 16, 1919, based on the logarithms of the diam-
eters of the eggs.
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suring ten of each sample and taking the average. The larger eggs—those over 1 mm. in
diameter—were measured in a simple device which consists essentially of a small trough,
V-shaped in cross-section and with closed ends, which is graduated in millimeters. In use
this is partially filled with water, the eggs are placed in a row in the bottom of the trough,
and then are carefully pushed up to the zero end of the scale by means of a small piece
which fits the bottom of the trough and on which is graduated a vernier enabling one to
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read accurately to tenths of a millimeter. The measurement of ten eggs by this scale gives
directly, by simply moving the decimal point one place to the left, the average size of the
eggs to hundredths of a millimeter. As a matter of faet this measurement is finer than is
necessary in the great majority of cases. In preparing eggs for this measurement it is neces-
sary to free them very carefully from the ovarian membranes so as not to break the delicate
shell and yet to clear them of all shreds of tissue which might tend to affect the measure-
ment. The smaller eggs—those less than 1 mm. in diameter—were measured by means of a
microscope fitted with an eyepiece micrometer carefully standardized. In using this method
it was necessary, of course, to measure the ten eggs separately and then the average of these
measurements was found.

The tabulating and plotting of these egg measurements has been done on a loga-
rithmic basis—that is, the logarithms of the actual measurements have been tabulated rather
than the measurements themselves. The main advantage of this sort of tabulation lis in the
fact that proportional variations in size are equally shown independent of the actual size,
and it is the relative size of the eggs, rather than the actual diameter, which is significant.

In preparing the tables and charts the classes have been arranged with intervals of
.02 in the logarithm of the diameter of the eggs. This signifies that the mid-value of each
class is 4.713 percent greater than that of the class next proceeding.

The following collections have been used in the preparation of this preliminary
report:

1. 163 females taken by troll off the mouth of the Columbia River, May 8, 1919

2. 68 females taken by troll off the mouth of the Columbia River, June 4, 1919.
3. 48 females taken by beach seines in the Columbia River near Warrendale, Oregon,

June 16, 1919. (Warrendale is approximately 150 miles above the mouth of the

river.)

4. 48 females taken by traps in Baker Bay, Columbia River, July 3, 1919. (Baker
Bay and Sand Island, where the next collection was taken, are both just within the
mouth of the river.)

5. 41 females taken by beach seines on Sand Island, Columbia River, July 6, 1919.

6. 101 females taken by troll off the mouth of the Columbia River during August 13
to 17 and September 16 to 17, 1918. (But five of these were taken in September
and these have been considered with the August collections.)

7. 95 females taken by troll off the mouth of the Columbia River, August 13, 1919.

8. 63 females taken by troll in Monterey Bay, California, June 19 to 21, 1918.

Full data including scales were taken with each of the above collections. In addi-
tion to these the following two collections consisting of eggs alone were studied:

1. Eggs from 144 females taken by troll in Monterey Bay, June 29, 1915.

2. Eggs from 64 females taken by troll near Drake’s Bay, August 15 and 16, 1918,
and Fort Bragg, July 17, 1918, on the coast of northern California. Scales and
data were also collected from the females at the same time the collections of egg
samples were made, but the records were not kept so that the egg samples could
be referred to the corresponding data and scales. It has been necessary, therefore,
to treat egg samples and other data independently.

It will be impossible, in this report, to give in detail the evidence necessary to
prove the validity of this method for determining the relative maturity. The graphs will,
however, give illustrations of typical results obtained from the measurement and tabulation
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of the eggs. An examination of the graphs shows that, in the collections of undoubtedly
mature fish from Warrendale, the eggs were fairly uniform in size, ranging from about 2.5
to 6 mm. in diameter. The obvious graduation in size of the eggs in the different age groups
is probably significant of racial differences, but a discussion of this point cannot be given
in this paper. In the case of the fish taken by troll in the ocean the frequency distribution
based on egg sizes shown a distinct grouping around several modes which are usually quite
well separated.
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FiGure 11.—Histogram showing frequency-distribution of 144 females taken by troll in Monterey Bay,
June 29, 1915, based on the logarithms of the diameters of the eggs.

Three modes are especially distinct and, in the case of the collections for which
age determination were also made, and which have, therefore, been separated into the
component age groups (Monterey, 1919, and Columbia River, May, 1919) it is apparent
that the group characterized by the largest eggs (above 2 mm. in diameter) is composed
chiefly of fish in their third, fourth and fifth years, whose scales show the ocean type of
nucleus, and of fish in their fourth and fifth years whose scales show the stream type of
nucleus. [The nuclear growth here referred to is that located close to the center of the
scales and represents the portion of the scales formed during the first year. The “stream”
type indicates that the fish remained in the stream during the entire first year of its life. The
“ocean” type of nuclei indicate that the fish have migrated seaward sometime during the
first year, usually early.]

The group representing the next smaller size of eggs (1.25 to 1.5 mm.) in diam-
eter is characterized especially by fish in their third year with either ocean or stream nuclei,
while the group representing the smallest eggs (.6 to .8 mm.) is characterized chiefly by
fish in their second year with ocean nuclei. The size of the eggs in the group having the
largest eggs corresponds, in each instance, with the size of eggs in the Warrendale collec-
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tion and are, therefore, without doubt fish which would have matured during the year in
which they were taken.

It is apparent, then, that in general the group characterized by the largest eggs
is composed of fish one year older than those composing the group with eggs of the next
smaller size, and that these in turn are one year older than those composing the group with
the smallest eggs. These differences in the size of the eggs are not dependent on corre-
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Ficure. 12.—Histogram showing frequency distribution of 64 females taken by troll near Drake’s Bay and
Fort Bragg, California, July and August, 1918, based on the logartithms of the diameters of the eggs.

sponding differences in the size of the fish. There is, indeed, a distinct correlation between
the size of the fish and the size of the eggs, but, as will be shown in the more detailed report,
this correlation is by no means ample and is unquestionably modified by the approach of
maturity. Of particular interest and significance is the presence of two groups of individuals
within the same age group which may be definitely separated on the basis of egg sizes. This
is shown with unusual clearness in the third year fish with ocean nuclei taken at Monterey
in 1918. The group with eggs greater than 2 mm. would undoubtedly have spawned during
the fall of the same year in which they were taken, while the fish composing the other group
would not have spawned for at least one more year. These facts which have been so briefly
and incompletely discussed seem to fully justify the conclusion that the size of the eggs is
a fairly reliable index of the relative degree of maturity of Chinook salmon.

Without attempting to discuss further the method used for determining relative
maturity, a tabular summary will be given of the results obtained by the study of the 10
collections which have formed the basis for this report. It is hoped that further study will
increase the accuracy of the results, and it seems probable that some of the percentages
given in the table may be somewhat modified by additional investigations. It is believed,
however, that the results as given here are fairly reliable. In preparing the table care has
been taken to include doubtful cases always with the more mature of the two groups to
which they might be assigned. This has been done in order not to exaggerate the degree of
immaturitv exhibited by any of the various collections.
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From the data contained in these tables the following generalizations may be
made:

1. The fish taken in the ocean off the mouth of the Columbia River contain, in the
spring and early summer, approximately 70 percent of individuals which will not become
sexually mature for one or two years.

2. By the middle of August this condition has changed so that nearly 90 per cent
are fish which will soon enter the river for the purpose of spawning. The rate at which this
change takes place and the time at which it occurs have not yet been determined, but will
be taken up in the later report.

3. A comparatively small percentage of the fish found just within the mouth of
the Columbia River are immature. It should be mentioned in this connection that it is only
occasionally when unusual tidal conditions obtain that any immature fish are taken inside
the mouth of the stream.

4. The fish taken by troll in Monterey Bay in June contain a considerable propor-
tion of immature individuals. The data obtained in 1918 are most reliable, and indicate that
only about 40 per cent of the fish taken would have spawned during the same year. The data
for 1915 indicates that 75 per cent were mature, but selection may well have taken place in
making this collection which, as noted above, consists of egg samples only.

5. The fish taken near Drake’s Bay and Fort Bragg in July and August, 1918,
contain approximately 30 per cent of immature fish. It is of interest to note that this is an
approach to the conditions found off the mouth of the Columbia River in August and sug-
gests that the composition of all the schools found near the coast changes materially during
the summer season.

Ricn, W. H. 1921. The relative maturity of the Chinook salmon taken in the ocean along the
Pacific Coast. California Fish and Game 7(1):12-22
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Composition as to age groups

taken by troll off the mouth of the Columbia River, May 8 to 10, 1919,

MATURITY OF THE CHINOOK SALMON

TABLE I.
and relative maturity of a collection of 165 females

Age groups

&ean nuclei—

Number of specimens and per cent which would

mature during:
i & . Total
Year taken | Tollowing year

|
S i
Second year |

following |

Number PPer cent Number Per cent Numlrer‘l'er cent Number Per cent

IEMByearis oo e e 11.5
In 3d year. 102 61.8
In 4th year___ 18 10.9
Inothiyear—___—_._ . ]! 100 il 6
Stream nuclei—
In 3d year. 18 10.9
Indth year— . __ 2 10 2 1.2
In 5th year. 3 100 3 1.
In 6th year__ 2| 100 2| 1.2
[TotalsME oL oo 23| 17 16 .
TABLE II.

Composition as to age groups and relative maturity of a collection of 68 females
taken by troll off the mouth of the Columbia River, June 4, 1918,

Age groups

Ocean nuclei—

Stream nuclei—
In 3d year
INAREYeRT Ao s
T A e

flebalsame s =

Number ot specimens and per cent which would
mature during:
. Total

Year taken Following year
| |
Number (Per cent | Number [Per cent

(

Second year
following

Number Per cent INumhcr l Per cent
|

18 10 18 25
1 1| 3 33 485
j 1 15
100 | e I
| 10| 10 147
2 50 2 4 5.8
________________ 1 1 15
3| 4 46 68 |oeoeeee

|

TABLE II1.

Composition as to age groups and relative maturity of a collection of 48 females

taken by seines and whee

Is near Warrendale, Oregon, June 16 and 17, 1919.

Age groups

Ocean nuclei—

In 4th year______
In 5th year__
Stream nuclei—

Iadtheyear-. ... ... . ... ...
InEGthEyearsto . oo ool i ool

Totals. - _______

Number of specimens and per cent which would

mature during: Total

| 3 C
Tollowing year | S?g?{éﬁl‘,i?r
il g

Year taken

Number Per cent Per cent Number Per cent Number Per cent

Number

1| 2
10 21
78
0 42
48 i

203
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TABLE 1V,

Composition as to age groups and relative maturity of a collection of 51 females
taken by traps in Baker Bay, Columbia River, July 3, 1919,

Number of specimens and per cent which would
mature during: Total

Second year

Age groups Year taken Following year following
Number Per cent [ Number |Per cent | Number |Per cent | Number |Per cent

Ocean nuclei— 1
In 3d year. 1| 100 | 2l 2
In 4th year o 24| 107 l 24 47
InGthiyearsoes S oR AT e 17 10 | 17 33
In 6th year. 8| 100 i 3 [ _

Stream nuclei— A !

R 5 B -7 R [N RS | 1| 100 1 2
In 4th year- e 4 100 4 8
Invsthiwean = 1| 100 . 1 ]

Totals. 50 98 l 1 2 51
TABLE V.

Composition as to age groups and relative maturity of a collection of 41 females
taken by beach seines on Sand lIsland, Columbia River, July 7, 1919,

Number of specimens and per cent which would
mature during:

[, Total

Age grous | Yeartaen | wollowingvear | SERCIET

Number |Per cent | Number }Per cent | Number [Per cent | Number | Per cent
Ocean nuclei—

In 2d year. 5( 100 5 124
In 3d year. 1 § 1 50 2 48
Infdthfyear SRcses s s e 20| 100 20 488
In 5th year 8| 100 |- 8 18.5

Stream nuclei— .
In 3@ year. A " 4| 10 4 9.7
TRty en T N Tl 1000 | 1 24
Inibthivear (Cis o wew o 1| 100 1 2.4
Totals... 31| 76 1| 2 9| 2 4 |l

TABLE VI,

Composition as to age groups and relative maturity of a collection of 102 females
taken by troll off the mouth of jche Columbia River, August and September, 1918.

Number of specimens and per cent which would
mature during:
= Total

Age groups following

Year taken Following year ‘ Second year

Number | Per cent| Number |Per cent 1Number Per cent | Number |Per cent

Ocean nuclei—
In 24 year. 1 20 5 5
In 3d year. 21 84 4 16 25 .5
Enidthiyears = iR oI 19 9% 1 5 20 195
In 5th year. . 19 100 & 19 185
Stream nuclei—
In 3d year. - 2 10 2 2
In 4th year. 3 100 . 3 3
In 6th year. 271 100 27 265
In 6th year .. .. _______________ 1| 100 1 1
{130 £ ] 5 AR 90 88.3 8 7.8 4 3.9 102 ...
|
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TABLE 1IV.

Composition as to age groups and relative maturity of a collection of 51 females
taken by traps in Baker Bay, Columbia River, July 3, 1919.

Number of specimens and per cent which would
mature during:

Total
Age groups Year taken Following year sggfﬂi{;gr_
Number Per cent | Number [Per cent | Number (Per cent | Number |Per cent
Ocean nuclei—
1] 100 & & 1 4
21| 100- | 24 4
wl wo | - 2| EREEREE R 17 33
In 6th year-.__..__ 8| 100 | - = 3 (1 i
Stream nuclei— . l
In 3d year. AN 3 TR 1) B e ) [ 1 2
4| 100 - 4 -]
1] 100 ] ........ 1 2
Totals 50 98 )} 1 2 51
TABLE V.

Composition as to age groups and relative maturity of a collection of 41 females
taken by beach seines on Sand Island, Columbia River, July 7, 1919,

e Number of specimens and per cent which would
mature during:
o e Total
Second year
Age groups _ Yesriaken | Following year following
Number (Per cent | Number ;Per cent | Number |Per cent | Number | Per cent
Ocean nuclei—
In 24 year e el 5| 100 5 124
1 5 1 50 [l 2 48
20| 100 = 20 438
8 100 e 8 195
Stream nuclei— .
In 8@ year oo e o|ecmaneen 4| 10 4 8.7
In dthiyeari o . . 1 100 e 1 2.4
In 5th year. 1 100 = 1 2.4
Totals . 31| 76 1 2 9| 2 41 (el
TABLE VL

Composition as to age groups and relative maturity of a collection of 102 females
taken by troll off the mouth of _the Columbia River, August and September, 1918,

Number of specimens and per cent which would

mature during: Total
SN = . SR PRI R ota.
ol Tours Year taken I Following year ‘ s;g‘l’l"‘)evf:g“
Number E Per cent| Number |Per cent %Number Per cent | Number |Per cent
e e s e A -Tf e e = R
Ocean nuclei— | l
In 2d year. = ! 1 20 4 80 5| 13
In 3d year . 21 84 4 [ ESTERT R 25 W5
In 4th year .o e 19 9 ‘ 1 O e aa 20 195
In 5th year 19| 100 19| 185
Stream nuclei—
2 | 2
3| ]
27 .
In 6th year oo 1 1 ”i‘
Totals . = 90 102 ‘__- -




