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INTRODUCTION

As one of the most important means of studying the life histories of salmon, the
Bureau of Fisheries, in cooperation with the Oregon Fish Commission, has conducted
an extensive series of marking experiments during the past 11 years. In these experi-
ments young, artificially reared salmon were marked by removing certain of the fins
and then were liberated in the streams on which the various hatcheries are situated.
The experiments that were begun during 1916 and 1917 were described in United
States Bureau of Fisheries Economic Circular No.45. Other experiments have been
initiated since then and are described here for the first time. A
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Inthis rep'ort are presented the data collected up to and including the season of 1927

as the result of marking young chinook salmon.

Additional returns are to be expected

during the next two or three years from some of the experiments described herein, and
a number of experiments have been started from which no returns are yet due.
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Fia. 1.—A portion of tho Columbis River and its tributaries, showing the location of hatcheries and the localities iu which

marked salmon were recovered

The experiments have been planned with the advice and cooperation of Dr. C. H.
Gilbert, Commissioner of Fisheries Henry O’Malley, and R. E. Clanton, formerly
director of hatcheries for the State of Oregon, and the success of the work has de-

pended largely upon the aid received from these officials.

The actual marking of the

i

young fish was under the direct supervision of the writers, who were assisted ably by
numerous hatchery operatives.



BurL., U. S. B. ., 1928. (Doc. 1047.)
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Fi16. 2—Chinook salmon marked by the removal of the adipose fin and the right ventral fin. Illustrating a typiecal scar resulting
from the removal of a ventral fin
F1G. 3.—A typical scar resulting from the removal of the posterior half of the dorsal fin
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It had previously been determined that the rayed fins regenerated if not removed
very close to the body of the fish, regeneration being most complete when only a
part of the distal portion of a fin was removed. When the fins were carefully re-
moved without leaving any stubs of the rays, there was slight regeneration of a
soft, fleshy tissue but no indication of regeneration of fin rays. The appearance of
the scars on the adult fish recovered gives further evidence of the slight amount
of regeneration. In these the point where the removed fins were inserted is typically
represented by a slight growth of flat or slightly projecting, soft scar tissue, the
surface of which is invariably smooth and bears no scales. In some cases, fin rays
have partly regenerated, but even in extreme cases the regenerated stub consists
of only three or four rays less than one third the length of those of a normal fin.
A typical scar resulting from the removal of one ventral fin is shown in Figure 2.
The appearance of the dorsal fin when the posterior half has been removed, as in
experiment No. 4, is shown in Figure 3.

In order to test the immediate effects of the marking some of the marked fish
in each case and as a matter of routine were retained in the hatchery until they had
recovered fully. It was necessary to take this precaution in order that the per-
centage of return might not be affected by an unusually high mortality resulting
from the operation and the handling incidental to marking. In two instances
experiments were begun that had to be abandoned on account of the high mortality.
These two, however, presented unusual conditions, for in all other instances there
was no serious mortality; in fact, in most cases the fish showed no signs of injury
from the operation.

The removal of fins from young salmon as a means of marking them for identi-
fication when they return to fresh water to spawn has been practiced for many years.
The earlier investigators who employed this method used marks that were duplicated
easily in nature or that did not persist throughout the life of the fish. As a result,
the reported returns from their experiments seem to have consisted, for the greater
part, of fish whose fins had been mutilated accidentally. The conclusions based
upon this erroneous evidenco have since been shown to be incorrect, and the reliability
of this method of marking has been questioned. It therefore seems advisable to
point out the causes of error in the earlier experiments and to emphasize the precau-
tions taken in this series of ‘experiments to assure pm1t1ve identification of the marked
fish and thus to prevent similar confusion.

The groatest cause of error in the earlier experiments was the failure of the
investigators to realize that salmon occasionally lose one or more of their fins in
other ways, and that as a result, if only one fin is removed experimentally, the mark
may be duplicated accidentally. TFor example, Hubbard removed the adipose fin
from chinook fingerlings at the Clackamas hatchery in Oregon in 1895.' The re-
ported returns from this marking are so greatly opposed to the known facts of the life
history and growth of chinook salmon that they are obviously in error, and there
can be no question that they included fish not marked by Hubbard. In 1903
Chamberlain marked sockeye salmon at Naha River, Alaska, by removing the two
ventral fins.? Returns from this marking were reported as late as 1911, when the

I Fora description of the experiment and returns, see Omf'on ¥ mhenes Department (1898 and 1900) and Gilbert (1913).
2 For a deseription of the experiment and returns, see Marsh and Cobh (1908, 1909, 1910, and 1911); and Chamberlain and
Bower (1913).
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fish would have been in their ninth year, an age greater than the maximum attained
by sockeye salmon. Chamberlain later observed fish with both ventrals lacking
and concluded that they were not of his marking.?

Another unsatisfactory mark, which has been used on several occasions on the
Columbia River, is the removal of a small piece of the caudal fin. In some cases
the tip of the dorsal lobe of the fin was removed, but more frequently a small
U-shaped piece was clipped out of the posterior margin of the fin. These marks
are unsatisfactory for two reasons: First, because the caudal fin frequently is muti-
lated in nature; and second, because, as mentioned above, fin rays regenerate rapidly
unless they are removed at their base. Supposed marks of this nature are brought
to the attention of the authors every season. They have been found on all species
of salmon and on the steelhead and cutthroat trout, although no such marks have
been applied to any but chinook salmoh. The condition observed most frequently is a
U or V shaped notch in the posterior margin of the fin. The rays that form the margin
of the notch generally are bent and distorted. Occasionally the distortion extends for
a considerable distance back into the fin; indicating that the notch was much larger
originally and that it was reduced by regeneration. Some of these supposed marks
obviously are the results of attacks by seals or sea lions. In some cases this is indi-
cated clearly by tooth marks, which can be traced across the side of the fish and
across the caudal fin to the apex of the notch. :

By marking two or more widely separated fins in the present series of experiments
we believe we have obviated, as nearly as may be, the possiblity of having our marks
duplicated by accidental means. The validity of every record of recovery of marked
fish has been checked by careful examination of the scars resulting from the removal
of the fins. Where there has been any question as to the validity of the marks the
records have been excluded. The scars, particularly those resulting from the removal
of the ventral fins, have been found to be so uniform and characteristic in appearance
as to make it seem almost impossible for them to be produced by other means than
amputation with a clean-cutting instrument. It is.not hard to conceive that an
occasional fish might lose one or more of its fins as the result of attack by enemies,
or that among the many thousands of salmon there might be a few that would fail
to have the full quota of fins at birth; but it is diflicult to imagine how such loss
could result in scars that indicate the removal of the fins at their very insertion and
leave the surrounding tissue and pelvic bones normal. It is inconceivable, also,
that such improbable accidental loss could occur to hundreds of salmon at the same
time and in just such a manner as to confound the results of our experiments.
Furthermore, the evidence of scale readings entirely corroborates the evidence
of our marks—a most unlikely occurrence if the scars were-the result of accidental
mutilation.

Marsh and Cobb (1908), in discussing the returns {from Chamberlain’s experi-
ments, describe the “scars’ of the two ventral fins as follows: ““In most cases therc
was scarcely a trace of the missing fins, the skin at the site of the base of this pair of
fins being overgrown with scales.”” In no case in the present series of experiments
have the scars resulting from the removal of the ventral fins been overgrown with

¢ Chamberlain and Bower, 1913, pp. 29-31,
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scales, and the locations of the fins are indicated clearly by an abrupt change in the
contour of the body at that point and by a slight growth of scar tissue. Fish lacking
the ventral fins and appearing as those described by Marsh and Cobb have been
ohserved by the present authors, but invariably these fish have had all .other fins
present and normal, indicating that they were not marked fish of this series. Further-
more, the pelvic bones invariably were absent, which would indicate further that
the scars were not the result of amputation but probably were caused by abnormal
development. During the marking of many hundreds of thousands of young salmon
we have observed fish occasionally with one or both ventral fins missing. Possibly
one fish in ten thousand will show this abnormality. It has been noted also that the
adipose fin is missing in about the same number of fish, but we have never observed
a case in which both the adipose and the ventrals were affected. The theoretical
probability of finding such a case in nature wou'd be about one in one hundred million,
a contingency so remote as to be of no practical importance whatsoever.

During the years that the Columbia River rmarking experiments have beenin prog-
ress, Dr. J. O. Snyder, of Stanford University, has conducted a similar but less extensive
series of experiments in California.* His method of marking and other details of his
experiments have been nearly identical with ours, and his results also have been
approximately the same. The outstanding features of his results are as follows:
Salmon marked on the Klamath River were found in the ocean as far south as Mon-
terey Bay; those marked on the Sacramento River were found in the ocean both north
and south of the mouth of that river. Notwithstanding this extensive migration, all
returned at maturity to the river system in which they were liberated. The pro-
portion of marked fish recovered was approximately the same as in the Columbia
River experiments. The scales of the adult fish have been found to be a correct and
reliable record of the age and life history of the fish.

Snyder recently conducted an experiment designated to determine the more
minute details of the homing instinct of salmon. Satisfactory returns were obtained
from this experiment during the seasons of 1926 and 1927, but the results have not
been published.

Tho collection of data from returning adults has proved difficult. One of the
authors or some other representative of the Bureau of Fisheries has spent the greater
part of each season in the commercial fishing district searching for marked salmon;
however, the one or two persons could observe only a small proportion of the salmon
taken from the river, as the fish are divided between about 20 canneries distributed
along 200 miles of the river. It has been necessary, therefore, to depend largely
upon assistance from fishermen, cannery employees, and hatchery men. Theodore
F. Rich and W. 1. Spaulding aided materially in this work during the seasons of 1919
and 1920. The greatest assistance was rendered by the Oregon Fish Commission,
which since 1920 has paid rewards for records of the recovery of marked fish. During
1920 and 1921 a reward of 50 cents for each record was offered. From that time until
about the middle of the season of 1926 the reward was $1, but because of the many
records of marked sockeye salmon recovered during 1926 it became necessary to
reduce the rewards to 50 cents during the latter half of the season. A reward of 50

4 See Snyder, 1921, 1922, 1923, and 1024,
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cents was paid during the season of 1927. Most of the returns have come as a result
of these rewards.

On account of the manner in which the data were collected it is necessary to
accept the measurements of the fish with some reservation. In all probability the
data as to sex are reliable, but those as to length, weight, and time of capture are
less dependable. - Measurements of length and weight were made by persons usually
untrained, and it is more than likely that instruments for taking accurate measure-
ments were not available to them. It is also pos-
sible that the length was measured differently; for
example, the rays of the caudal fin may have been
included in some measurements and excluded from
others.

These experiments were planned with several
purposes in mind. First and foremost they were
designed for the very practical purpose of testing
pre- the relative efliciency of wvarious procedures in

opercle opercle artificial propagation. It is believed that this
e method of investigation, more than any other,

' \’” promises information of vital importance in the

/ upbuilding and improvement of current hatchery

o / practices. - The experiments also bear upon impor-

\47 tant problems in the life history of the salmon, such
\i"‘\’j:? as the home-stream theory both as applied to entire
branchiostegal rays™ river systems and to the tributaries of a single

Fl;;;gt;?ﬁlﬁ :ff IL:; f}flgzgvizgzigr:algﬁ system, the factors affecting the age at maturity,
the case of yearlings marked with 1 clip in the the time of entering the river, and the hereditary
B i e e character of the quality of the flesh. And finally,
X—X, indicates approximately the original an examination of the scales of marked fish, the
B e oty the odoee ot tho Bonas and tns history of which is known aids materially in the
stippled areas the parts filled in with soft tissuo - interpretation of various difficult types of scales fre-
on the gilt cover of the returned adult fish quently encountered in general collections from the

regular runs. On this account special attention has been paid to the scales and.detailed

measurements and ring counts are given in the accounts of the several experiments.

EXPERIMENT NO. 1. BONNEVILLE HATCHERY, FEBRUARY-APRIL, 1916

Bggs from: Willamette River, 1914.

Reared and marked at: Bonneville hatchery.5

Mark used: Removal of adipose fin and U-shaped clip in right gill cover.
Number marked: 4,000.

Liberated: In Tanner Creck during February, March, and April, 1916.
Age: Approximately 18 months.® .

These fish had been reared in the ponds at the hatchery with a much larger
number of sockeyes of the same age. It was during the course of the marking of
50,000 of the sockeyes that these few yearling chinooks were marked incidentally.
As no special attempt was made to select chinooks, comparatively few were handled.

5 For location of hatcherles and fishery locations, see fig. 1.

¢ The ages given are counted from the time the eggs were taken and include the period of incubation. “This is done on account
of the confusion arising in counting the age from the time of hatching, due to the variable length of the incubation period, which is
dependent upon temperature, '
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For the same reason the mark adopted was not the best. It was felt that the clip
in the gill cover would not prove satisfactory and that nearly complete regeneration
might be expected. The results have shown this to be the case. In order to reduce
the possibility of complete regeneration the clip was placed low on the opercle, so as
tb cut through the branchiostegal rays, the interoperclé, and into the preopercle. The
line X X on the diagram (fig. 4) indicates the approximate extent of this clip.

A number of specimens were held in a-tank at the hatchery for several months
and the process of regeneration noted. At the end of about four months the clipped
section was regenerated almost completely, so that but a slight indentation of the
margin of the gill cover remained. This regenerated tissue seemed to be mainly soft,
however, while the bones apparently were regenerated more slowly.

Fifty specimens were preserved for reference during the course of the marking.
These average 134.6 millimeters (5.3 inches) in length. The scales show a more or
less well-defined growth of the first year, followed by a band of wider rings repre-
senting the second year’s growth. Figure 5 illustrates a scale showing a well-defined
winter band terminating the first year’s growth, and Figure 6 a more typical scale in
which the boundary between the first and second years is not shown so definitely.
The average number of rings in the first year’s growth is 15.2 and in the second 6.6.

The average length of the anterior radius of the scale is 46.5 millimeter to the end

120
of the first year and %858 millimeter to the periphery.” The complete data for this

collection are given in Table 1.

TasLe 1.—Chinook-salmon yearlings marked at Bonneville hatchery March 2 and 11, 1916

Seale record

. - Number of rings
Length in milli-
meters (mid-value
of class)

First year’s growth . Second year’s growth

. -
1]‘12’]3 Jtlilﬁ 10[17 lSil'J (280102304756 7]8;9;10/1113 14

Totale eaeemaee E 8| 8 87 3] 21 2! 51 41 1] 1

Averoge........ 15.2 6.6

7 In practice the image of the scale, as projected by a eamera lucida to the level of the base of the microseope, is measured by
means of 8 millimeter scale. The magnification of this projected image used in making this study is 120 diameters. For the sake
of convenience the measurement is given as a fraction, the numerator of which is the moeasurement of the image and the denominator
the magniftcation used.
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TaBLE 1.-——Chinook-salmon yearlings marked ai Bonneville haichery March 2 and .11, 1916—Contd.

1
t

Seale 1 ecord

Length of anterior radius, in millimeters X120

£

Length, i il
ength, in milli Males | Femsles| Total

melers (mid-value N , ] l

of class) First year’s growth (mid- { Second vear’s growth (mid-value of class)
i
|

value of class)

i
1
R ‘
|
32.5 {'& 542 .5 47. 552, 5157. 562, 5i47. 5{52 5\57. 5i62. 5I67. 572, 5!77‘ 582, 5/87. o]07 .;1'117 sl
| ! o i RN S !
H 1 i
! 1 esieeean 1
1. R 4 2 6
i ! 7 5 12
| -] 7 4 11
I i 7 2 9
| 4 1 5
)R O, 1
__________________ 2 2
F 3
34 16 50

1135.2 133. 4 134.6

Average. . ..... 46.5 68. ¢

”1 In this and subsequent tables the averuges given at the foot of the columns of frequencies represent the average length in
millimeters.

Note.—Groups in parentheses each contain 1 individual whose scales show no second year’s growth,

A slight narrowing of the rings about midway in the first year’s growth is ap-
parent in some of the scales. (See fig. 6.) This narrowing or check is comparable
to that which the senior author (Rich, 1920) observed in the scales of many seaward
migrants and has termed “primary check.” In this connection the term *primary *’
was Intended to be descriptive from the standpoint of time, but to some readers it
has given the impression of first in the order of importance. In view of this con-
fusion of meaning it seems advisable to discontinue its use and to introduce the more
general term “‘incidental check,” to be applied to all checks other than annuli, which
represent a winter in the life of the fish. The significance of this check, formed
during the first year’s residence in fresh water, is not always clear, but it has been
shown in some cases to have resulted from some abrupt change in the environmental
conditions. (Rich, 1920.)

Only one adult fish has been recovered that unquestionably shows the mark used
in this experiment. This fish was a male weighing 48 pounds (21.8 kilograms) and
was taken in one of the wheels near The Dalles, Oreg., on May 4, 1920. The adipose
fin was entirely lacking and the right opercle showed unmistakably the scar resulting
from the clipping. Figure 4 shows the approximate extent of the scar. One other
specimen was obtained that probably is of this series. This doubtful specimen was
taken on May 28, 1920, near Warrendale, Oreg., and was sent by the finder to the
Oregon fish commission. The data, including scars, were forwarded to the writers,
together with data from several other marked fish. En route the package was
damaged badly, and from this specimen only the scar of the adipose fin remained.
It is not known whether the gill cover was included in the original shipment or not.

The scales of these fish are similar and show that they were in their sixth year.
The central portions of the scales, the “nuclei”” (representing the growth of the first
year), are typical of the stream type deseribed by Gilbert (1913) and correspond
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closely to the scales of the young fish preserved at the time of marking. Figure 7
shows a scale from the one undoubted marked fish, and Figure 8 shows the nuclear
area enlarged. 'The margins of the scale are rather badly absorbed, and the winter
band of the fifth year and the beginning of the sixth year’s growth do not show.
The width of the outer (fifth) summer band is conclusive evidence, however, that
the fish was actually in the sixth year and not in the fifth, as might appear to be the
case. In the majority of fish taken at this time of year, whose scales are complete,
the new growth of the current year has seldomn more than three or four rings. Fre-
quently the marginal rings are those of the preceding winter. The marginal band
of summer rings shown on the scales of this fish is virtually as wide as the summer
band of the preceding (fourth) year and particularly in view of the fact that serious
absorption of the scale had taken place, could not possibly be interpreted as being
the new growth of the current year. The remainder of the scale offers no difficulty
whatever to interpretation.

EXPERIMENT NO. 2. KLASKANINE HATCHERY, JULY AND AUGUST, 1916

Eggs from: Willamette River, 1915.

Reared and marked at: Klaskanine hatchery.

Mark used: Removal of right ventral fin and anterior half of dorsal fin.
Number marked: 50,000,

Liberated: In Klaskanine River during July and August, 1916.

Age: Approximately 11 months.

A collection of 50 specimens was preserved on July 16, 1916. The average
length is 81.8 millimeters (3.2 inches). Their scales vary but slightly in general
appearance. In general the rings are strong and well spaced, indicating that a
vigorous and uniform growth had been maintained. In this respect these scales
resemble closely those of wild fish, although as a rule the scales of hatchery fish show
a more irregular growth. An occasional incidental check is found (see fig. 10), and
in many the narrower marginal rings indicate that the slower growth of the fall and
winter had begun. Figure 9 shows a typical scale. The average number of rings

2 i~
is 9.3, and the average length of the anterior radius is %% millimeters. The detailed
data are given in Table 2.

TaBLE 2. -——Chmook«salmon fingerlings marked ot Klaskanine hatchery July 16, 1916

Scale record

Length of anterior radius in milli-

in millimeters (mid-value .
Lengt_h mm of class) ¢ Number of rings metersX 120 (mid-value of class) Males | Females| Total
71 8] 9110]11]12({20 |31 (3335373041 {43145
1 | IR o 2 1 3
1. 1. 1 1 2
2112 41, . 9 9 18
21 4| 651 1 1 7 b 12
b 1 6] 2; 1 4 7 2 9
025, e eccmrcecetmcmemm e cmeafemee] 1 |acal X 1 1 2 3
L7 2 PR I IO RPN VU N R W RO SRR PO HSU RN SO B A B w—- : Y . 3
Total. e ecacaaceaan 1) 712114y 4] 1) 1) 6| 9(10|30} 6} 7| 1] 1 30 20 50

AVOrAEO. o enocanancnean 9.3 36.2 82.6 80,6 81.8
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Only one individual with this mark was recovered. This fish was found by a
Chinese butcher at one of the canneries in Astoria, who preserved the scars but no
other data. The mark is perfectly clear, although it is worthy of note that the
posterior half of the dorsal fin had not grown normally. The rays were short, and
their tips bent backward as though the rcsistance of the water had modified the
growth as the growth of trees is modified by the prevailing winds. The exact date
of capture is not known, but it was some time between May 25 and June 21, 1920.

The scales of the adult fish (fig. 11) show clearly the four complete years of
growth and a narrow marginal band of wide “summer” rings, which represent the
beginning of the fifth year’s growth. Scales {rom the skin attached to the scars were
the only ones available for study, as a sample of scales taken from the central por-
tion of the body was not preserved. While the details of the life history may be as
readily obtained from perfect scales taken from unusual regions of the body as from
the more typical ones taken from the central portion, they are not as satisfactory
for comparative studies. In this case, for instance, 1t is not as easy to compare the
nuclear portion of the adult scale with the scales taken from the young fish preserved
at the time of marking. Taking this into consideration, the nuclear portion of the
adult scale (fig. 12) does, however, correspond fairly well with the typical scales of
the young fish (figs. 9 and 10).

EXPERIMENT NO. 3.—LITTLE WHITE SALMON RIVER HATCHERY, JULY AND AUGUST,
1916

Eggs from: Little White Salmon River, 1915,

Reared and marked at: Little White Salmon River hatchery.

Mark used: Removal of left ventral fin and the posterior half of dorsal fin.
Number marked: 50,000, ‘

Liberated: In Little White Salmon River during July and August, 1916.
Age: Approximately 10 months.

The average length of 50 unselected specimens preserved on July 28, 1916, is
54.4 millimeters (2.1 inches). The scales have an average of 4.8 rings and an aver-

age anterior radius of 2 90" 20 2 millimeters. Table 3 gives in detail the data relative to

these fish. Figure 13 shows a typical seale from an individual 60 millimeters in
length.

TaABLE 3.—Chinook-salmon fingerlings marked at Little White Salmon River hatchery July 28, 1916

Scale record

Length of anterior radius, in

Length in millimeters (mid-value of class) Number of rings n}ilym(;tersxl’zo (mnidvalue | Males Feximles Total
of class
]

34156 7T|15[17({19)21123/|25|27
I I U A S R N 1
3 4 IR T I - 4 § 10
21 31107 2. 1 13 4 17
4 b F 3 1 7 7 14
el 1B 1 1 4 3 7
ot Ao e 1l - ) A i
6512|1912 } 2 3 30 20 50

AVOPALO. o e oeeee e e e 1.8 2002 54.5 54.2 54. 4
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Adults developing from these marked fish were found among the spawning
fish taken for purposes of artificial propagation in the Little White Salmon River in
1918, 1919, and 1920, when the fish were in their third to fifth years. One 3-year-old,
four 4-year-olds, and one 5-year-old were recovered in this way. In addition to
those taken in the parent tributary, one was taken in the lower Columbia in 1919
and another was taken by purse seine in the-ocean near the mouth of the Columbia
in 1920. Table 4 gives the detailed data regarding the adult fish.

TABLE 4.—Chinook salmon marked at Little White Salmon River hatchery during the summer of 1916,
when approxz'lnatelJ 10 months old, and recovered during the seasons of 1918, 1919, and 1920

|
: 1 Scale of record
i | Length of ante-
; . Number of | rior radius, in
: . | Length,|Weight, rings millimeters
Date of capture Place of capture . Sex _in in X120
inches |pounds
qi(x)uf:li{“ Total T&gf_ S| otal
dental stream dental stream
check |SFOWEh} hec) |ErOWth
1918 . Little White Salinon River hatchery. .. _._....__ ' Male....| 19.8 9 5 12 16 31
Aug, 25, 1919..... ASLOT 8. oo e ', Formale foemoo oo 6 16 23 46
Oct. 8, 1910....__. Little White Salinon River hatchery. . TR [ 33.5 6 16 20 45
0191 do. 7 20 20 52
Dol 0 16 21 47
Do.l. 5 18 14.5 41
Aug. 21, 1020-.___| Oce ---| Femalo.| 30 7 151 23 42
Sept. 27, 1820..___ thtle White Salmon River hatchery._._.___.___ ‘.__do ..... 36,75 |-eeacnnn 7 17 27 60

1 Date not reported.

The scales of the fish recaptured at the hatchery were absorbed to such an extent
that no part of the original margins remained. As there is no criterion by which the
amount of absorption may be determined, it is impossible to determine the age from
such scales. A scale from the 3-year-old fish recovered at the hatchery is illustrated
in Figure 14. The two fish taken before they reached the spawning grounds have
complete scales marked by the expected number of summer and winter bands. Scales

from these fish (4 and 5 years old, respectively) are shown in Figures 15 and 17.

The nuclei of the scales of these fish present peculiarities that may be discussed
more conveniently in connection with the scales of the adult fish in experiment No. 8.
The discussion of them therefore will be deferred until the latter have been considered.

EXPERIMENT NO. 4.—BONNEVILLE HATCHERY, SEPTEMBER, 1916

Eggs from: Umpqua River, 1915.

Reared and marked at: Bonneville hatchery.

Mark used: Removal of right ventral fin and posterior half of dorsal fin.
Number marked: 25,000.

Liberated: In Tanner Creck during September, 1916,

Age: Approximately 12 months,

Fifty specimens were preserved on September 13,1916, These average 67.6 milli-
meters (2.7 inches) in length. The average number of rings on the scales is 9.2, and

the average length of the anterior radius is 31.8 millimeters. (See Table 5.) In
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a large proportion of cases the scales are characterized by a distinct narrowing, an
incidental check, some five or six rings from the center. A narrowing of the marginal
rings is typically present also, indicating the beginning of the slower winter growth.
Figure 21 shows a typical scale with a distinct incidental check five rings from the
center and the narrower winter rings at the margin. Figure 20 shows a scale from the
smallest fish of the collection. This fish was only 47 millimeters (a little less than 2
inches) in length, and the scale shows only five rings, with no indication of either the
incidental check or the marginal winter rings.

TABLE 5.—Chinook-salmon fingerlings marked at Bonneville hatchery September 13, 1916

Scale record

Length, in millimeters
(mid-value of class)

Length of anterior radius, in millimeters X120 Males

(mid-value of class) Females| Total

Number of rings

3
16
13

8

8

50

Average........ : 9.2 , 3.8 67.3 67.8 67.6

Thirty-six adult fish from this experiment were reported from the commercial
fishery during the season of 1920, when the fish were in their fifth year. Table 6
gives the data regarding these recaptures. The males average 33.8 inches (85.8
centimeters) in length and 22.5 pounds (10.2 kilograms) in weight. The females
average 35.3 inches (89.7 centimeters) in length and 20.7 pounds (9.4 kilograms) in
weight. One record of 40 pounds in weight, which is obviously in error, has not
been considered in the average. No significance can be attached to the lower aver-
age length for males than for females, as the average for the former is based on only
four specimens and, as previously mentioned, the measurements are subject to con-
siderable error. With reliable data, males usually are found to average greater than
females in both length and weight.
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I‘ABLE 6.—Chinook salmon marked at Bonneville hatcher y during the fall of 1916, when approximaiely
12 months old, and recovered during the season of 1920

1
Seale record
Length of ante-
! Number of rior radius,
rings in milli-
) . Length,|Weight, . metersX120
Tage ~i capture Place of capture © Sex in in
inches | pounds|™ ™ 77"

. . Stream

: Inter- growth

Stream| medi- | S8tream| plus

| growth| ates |growth| inter-

medi-

ates
Female.. 10 | 9 29 50
11 6 35 52
9 11 23 52
8 0 20 0
12 11 39 85
11 30 70
12 16 36 74
Warrendale. - ... ooomooomooooos ool oceenan 11 9 33 55
Altoona - 12 4 35 46
Sand Island..... I PO, 3 | 8 4 24 35
Warrendale. ..o Female..{ 37.25 20 13 ] 31 46
..... d PR, crmmeafeodosoll] - 88 2L 5 12 9 34 64
Male.... 38 25 10 11 30 60
.| Female._ 10 8 29 50
10 3 35 45
9 11 31 64
9 9 29 53
6 9 20 44
8 7 30 45
16 8 35 55
10 8 33 54
15 7 30 48
19 0 506 Q0
4 13 29 68
7 12 23 57
11 0 33 65
10 17 30 46
12 12 38 72
11 9 38 70
May or June 14 9 58 90
15 10 40 72
12 7 38 56
. 11 11 35 68
Pt 14 10 46 70
Nodate.. . ..o aeiiea. 12 11 38 66
o j 11 13 36 73

1 The records accompanying these two specimens were confused, so that it was impossible to tell which specimen weighed 16
pounds and which 21 pounds.
# The data here are not exact, as the fish had been cleaned before the data were taken.
’I‘he excessive weight given for this individual is undoubtedly an error.

The examination of the scales of these marked adults has shown, as would be
expected from their known history, that the nuclei are all of the “stream” type, and
that there are invariably three complete years of ocean growth and usually a mar-
ginal band of wider rings representing the beginning of the fourth year in the ocean—
the fifth in the life of the fish. (See figs. 22, 24, 26, and 28.)

Particular interest attaches to the examination of the nuclear portions of the
scales of these fish on account of the light they throw on the interpretation of scales
from unmarked fish. The chief difficulties in the interpretation of the scales of
chinook salmon are those associated with the growth of the first year, and positive
information as to the significance of various phenomena, such as is obtainable from
marked. fish, is especially desirable. The nuclei of the scales of these fish.consist
in a central portion of true stream growth, which is usually surrounded by a more
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or less distinct band of intermediate rings, which in turn is surrounded by the wider
rings of ocean growth formed during the second year. Although the scales are all
similar, there is considerable variation, which it is important to consider in some
detail. '

The true stream growth is relatively small, ag compared with the usual size of
stream nuclei, and is often poorly defined with marginal winter rings that are not as
typical as those on the scales of wild fish. An incidental check was found on the
scales of 13 individuals. The number of rings within the incidental check ranges
from 4 to 9 and averages 5.8. The general appearance of the stream growth in these
adult scales corresponds exactly with that of typical scales from the young fish
preserved at the time of marking. (Compare figs. 20 and 21 with the stream growths
in figs. 23, 25, 27, 29, 30, and 31.) The average number of rings in the stream growth
of the adult scales (see Table 6) is 11, as compared with an average of 9.2 on the
scales of the young fish. The average length of the anterior radius to the edge of the
true stream growth is ;%—g millimeters, as compared with %}2—08 millimeters for the
young fish. It is apparent from these figures that the check considered here as
terminating the true stream growth was formed at approximately the time when
the fish were liberated at the hatchery. Immediately outside of this true stream
growth is usually found a band of distinctly wider rings forming the intermediate
growth. The term ‘“intermediate’” has been applied by Gilbert and others to the
band of rings frequently encountered between the true stream and the undoubted
ocean growth, the rings of which are intermediate in width between the stream and
ocean rings. It frequently, though not always, is developed during the time spent
in the brackish water of the estuaries during the seaward migration. The inter-
mediate growth shown on the scales of the marked fish of this lot is usually fairly
wide, averaging 9 rings and ranging from none (fig. 29) to 15 rings (fig: 27). Not
infrequently the outer rings of the intermediate band widen gradually and merge
into the ocean growth, so that it is difficult to set a definite boundary between the
two (fig. 23). In extreme cases, where both the stream and the intermediate bands
are poorly defined, the true character of the nucleus is so obscured that were the
scales presented without additional data the nuclei might be mistaken for the ocean
type. Figures 29 and 31 show such nuclei. These scales show considerable grada-
tion from a pure stream type of nucleus to what we have designated a ‘“composite
nucleus.” This type will be discussed in more detail later in this report in connection
with another experiment, which throws light on the interpretation of these scales.

EXPERIMENT NO.'5. LITTLE WHITE SALMON RIVER HATCHERY, JUNE AND JULY, 1917

Eggs from: McKenzie River, 1916.

Reared and marked at: Little White Salmon River hatchery.

Mark used: Removal of adipose fin and dorsal fin.

Number marked: 44,500.

Liberated: In Little White Salmon River during June and July, 1917,
Age: Approximately 10 months.

The average length of 45 unselected specimens of young fish preserved on July
18, 1917, is 47.4 millimeters (1.9 inches). The scales have an average of 4.4 rings,
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.

smd the aver&ge length of their antemor radn is 1‘1%—(()_) mllhmeters ‘No' pecuharltles

are notlce&ble in the scale growth A typlcal scale is shown in Flgure 32. The
detailed. data for these 45 spectmens are given in Table 7, RERNE

TaBLE 7.—Chinook-salmon fingerlings marked at Little White Salmon River hatchery July 18, 1917

Scale record

't

Length in millimeters

Length of anterior radius, in ) e '
(mid-value of class) 5 Males |Females | Total

Number of rings millimeters X120 (mid-value of class)

ol1jz|8|4]6]6 7|9 1118|156/ 17/10]212

0 T O [ O OO O U SN I U Y O 4 1 5
1.2 af o T 2|8 e el 7 8 13

SRR S W - I S N O B O - B O I 7 2 9

N ER FOOR I OB B 1 e 1] 3] 8 8 ] 1

N N e RO O S S R SO 1 3 4

2] 3] sl olas| ] 1l 6l 6f 7] ol 8] 6] 1 2 8] 4

4.4 160 . 46.9| 4.9 414

One adult specimen, a female 27 inches (69 centimeters) in length and weighing
10.5 pounds (4.8 kilograms), was recovered. It was taken during spawning opera-
tions in the Little White Salmon River on October 13, 1920, = The anterior half of
the dorsal fin was somewhat regenerated, but there was httle questmn of the rehablhty
of the mark. '

The scales show:such an extreme amount of absorption (fig. 33) that they are

useless for determining the age. Only one complete year of the ocean growth remains.
" The nucleus is usually large and poorly differentiated and probably represents the com-
posite type to be discussed later.: ' A slight check may ‘be seen about four rings from
the center, which possibly was formed at or just before the time when the fish' was
marked and liberated. It is impossible to determine the exact boundary of ‘the first
year’s growth, but apparently there'is an unusually wide band of intermediate rings,
including perhaps as many as 16 of the rings immediately within the undoubted ocean
growth.

The fish that spawn in the McKenzie River, from which the fish marked in this
experiment originated, enter the mouth of the Columbia in the spring and therefore
constitute part of the so-called “spring’’ run, which is of the highest quality and the
maintenance of which is especially to be desired. The primary object of this experi-
ment was to test the effect: of liberating young fish belonging to a race that normally
enters the river during the spring into a stream such as the Little White Salmon
(which is populated mainly by a race of fish that normally enters the river during
late summer or fall). The great amount of absorption exhibited by the scales of the
one specimen recaptured would indicate that it had spent considerable time in fresh
water. The absorption is noticeably greater than that of the scales of other fish
taken during the spawning season in the Little White Salmon. (See fig. 14, showing
a scale from a fish only 3 years old.) If the amount of absorption of the scales can
be taken as indicating the length of time spent in fresh water, it would follow. that
this individual had entered much earher than the usual run that populates the Little

105107—29——2
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White :Salmon River.. Apparently there has been a tendency for the fish hatched
from eggs taken from early-running fish to enter the fresh water early, even though
planted in a stream typically inhabited by a late-running race. A more complete
discussion of this question is given in connectmn with later experiments, which offer
more conclusive evidence.

EXPERIMENT NO. 6.—HERMAN CREEK HATCHERY, MARCH, 1920

Eggs from: Willamette and McKenzie Rivers, 1918.

Reared and marked at: Herman Creek hatchery.

Mark uséd: Removal of both ventral fins and the adipose fin.
Number marked: 20,000.

Liberated: In Herman Creek during March, 1920.

Age: Approximately 18 months.

The eggs from which these fish developed were hatched at Bonneville and the
fry were transferred to Herman Creek soon after hatching. During June, 1919,
the greater number of the fish in the ponds were liberated, but those marked in this
experiment lingered in the pond and became mixed with sockeyes of the same age,
which had been placed in the ponds a few days after the chinooks were liberated.
It was in the course of the marking of the sockeyes that the chinooks were segregated
and marked.

Twenty-nine specimens preserved during the course of the marking average
107.5 millimeters (4.2 inches) in length. Their scales have an average of 13.8 rings

_and ‘an ‘average anterior radius of 41_2262 millimeters. (See Table 8.) Scales from
26 of the 29 individuals have an incidental check inclosing an average of 8.4 rings

(radlus millimeters).’ " The winter check usually is absent but is represented on

120
a few scales by one or two broken rings at the margin of the scale. Two specimens
have a fairly distinct winter check followed by a couple of rings of the rapid growth
of the second year. (See fig. 35.) Figure 34 illustrates a scale in which both the

incidental check and the winter check are lacking.

TA#ILE 8.——-C’hinook-sdlmbn yedrh'ﬁgs marked at Herman Creek hatchery during March, 1920

Scale record
Length in milli- | : Length of anterlor radius in millimetersX120 F

meters - (mid- | ' -~ Number of rings ers Males e 1 Total

v all_xg__og clasg) N ’ ; } (mid- value of class) males

C{9]10f12{13 14|15 16(17|18{19{27|20 |83 35 8739414346 [4749|51|63|56559|63

N I 1
N 1
1 1 2
2 1 3
5 2 7
2 1 3
3 2 5
U - 2
1| 1
.- ) I P 1
B KA I Rt 1 1
Totar.:22..1 14 )3 ld 56 211l1211113251251l1|2| 1)) 22 71 2
YiAverage..| . . . 188 42.2 109.3 | 103.1 | 107,
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One adult fish that returned to spawn in its fourth year was taken during the
season of 1922; 29 five-year-olds were reported during the.season of 1923, and. .18
were taken during the season of 1924, when they were in.their: mxth year. T.ables
9-and 10 give the data regarding these captures._ N TSN I BTSSP S IS P I

TABLE 9. ~—Chinook salmon marked at Herman Creek hatchery durmg the sprmg of 1 .920 when approa:—
zmately 18 months old, and recovered dur'mg the seasons of 1528, 1 .923 *and 1.924 -

Sy, U ... i1..Scale record, first
t f L LRI N B i\').yBBl“' Vo

Length Weight' | [Length of

~ Date of capture Place of capture ; ‘Sexv in inches lin pounds| yumber- ‘anterior
f ri radlus, in

: -OLTINgS | ‘millime.,

' ' ters X120

Elisworth._.
Bonneville.._ do
Sand Island. . Female--_

emalQee e’

do
Tongue Point....

Lower Columbia,
Mouth Herman Creek.
1 Oagcade Locks
Herman Creek

The Dalles..

Lower Columb

Clatskanie. ...
The Dalles. .
‘Warrendale.
.| The Dalles. .

*| Female. . .
Jindoll o

JO: T Y,

TasLe 10.—Chinook salmon marked at Herman Créek haichery during the sprmg of 1920 ihen
approximately 18 months old,.and recovered dur'mg the seasons- of 1923 and 1994; e g

Age ) . Avo_mge length, Avemge \veight )

: " i " A A St i sv Ty
Fifth year,:1923: o L ; . Inches . | Centimeters |- Pqu'nda Kilograms
Molos 5 ‘ , ' ' : ~ TUBLT[ U BOG CIETTT TR
35.1 | 80.1 .. 18:4 : 8.4
Vo i N B . (RS RAN BFRe soy
38.6 08.0 | | .2 . 10,5
a9| - or1{ o feal ol 'R
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This' experiment adds more conclusive evidence to that given by experiment

No:5 regarding the influence of heredity on the time when the adult salmon return to
fresh water.  In this experiment, as in experiment No. 5, the progeny of salmon that
enter the river in the spring were liberated in a tributary normally inhabited by fall-
running chinooks. Of the 47 recaptures reported from the commercial fishery, 40
were taken during May, and two-thirds of these were taken during the first 10 days
of the month. In other words, the run seems to have been well under way when the
season opened on May 1. With the exception of the one fish taken on July 15, 1924,
even those caught during June and July probably entered the river during May, as
their scales were greatly absorbed and the fish themselves were reported to be dull,
soft, and thin rather than plump and bright, as are fish that have recently left the
ocean. The condition of the fish taken on July 15 was not reported, but judging
from its scales, which were less absorbed than those of many of the fish taken during
May, there is no reason to believe that it had been in the river for any length of time.
The scales of the fish taken during September, 1922, were absorbed to an extent
indicating that the fish had entered the river some time before being caught; but
this alone is not sufficient evidence to justify the conclusion that it left the ocean as
early as the majority of the fish returning from this marking. In view of the fact that
such a large proportlon of the fish are known to have entered the river during & very
short period in the spring, the-two possible exceptions need not affect the general
conclusion that the factors determining the time of entering fresh water are hereditary
and are not altered by conditions of early environment. Additional data regarding
this important question are furnished by later experiments.
/ The fact that salmon return to spawn in the river system from which they
mlgrated as fry or fingerlings, even though the eggs from which they developed may
have. been taken from another river, has been demonstrated in many instances.
Gilbert (1919) has shown that sockeye salmon, of the Frazer River at least, return
to the particular spawning district in which they spent their early life. The authors
‘have numerous unpublished data that indicate that the same is true in general of
the chinook salmon of the Columbia. This series of experiments offers an unusual
opportunity to observe this tendency, both as regards natural and transplanted
runs. In this particular experiment fish were transplanted from one tributary to
another of the same system. The absence of heredity as a factor in determining
which tributary the resulting adult fish chose to enter is shown by the fact that a
constant search at the: Willamette and McKenzie egg-taking stations (where the
eggs from which these fish developed were taken) revealed no marked fish. Their
failure to enter the Willamette is shown further by the fact that the majority of
those recaptured were taken in the main Columbia River above the mouth of the
Willamette. Not only did they fail to return to the tributary in which they originated,
but the majonty also failed to return to the tributary in which they were reared
and liberated. ' Only one entered Herman Creek. This one, a female, was found
about 1 mile above the mouth of the creek on October 1, 1923.

Herman Creek was observed on several occasions during the season of 1923, but
prior ‘to. the visit of October 1 it had not seemed necessary to look for fish above
the hatchery station, because a small dam used to divert water into the rearing
ponds had been impassable since late in May. The appearance of at least a dozen
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adult fish in the rearing ponds (which they had entered with: the ‘intake' water)
prompted a more thorough investigation of the creek. Between the hatchery
station and a small power dam, about 1 mile above, 5 living and 14 dead fish were
found. All were inspected carefully for the absence of fins, but only one.marked
fish was found. Unquestionably these fish entered the,creek early in the spring,
because not only was the dam impassable, but the creek became so low early in the
summer that nearly all of the water was diverted through the ponds, leaving the
creek virtually dry for a distance of several hundred feet.

The appearance of an occasional adult chinook salmon in Herman Creek during
the spring is not an unusual occurrence, but this was the first time that any number
of spring chinooks had been reported from there. A second run was reported in
1926, when 130 spring chinooks ran into the creek. N

Additional data regarding the tendency of salmon to return to a pa'rticular
tributary to spawn were secured from later experiments.

The scales of the adult fish present nothing unusual. Their nuclel are typlcal
of the stream type and are identical with the scales of the young fish at the time of
liberation. (See figs. 37 and 39.) The majority of those having pelfect sca,les
show an incidental check inclosing an area marked by an average of 8 xmgsnla,nd

having an average anterior radius of »1%—61 millimeters. As mentioned above, the
scales of the young fish showed an incidental check inclosing an average of 8.4 rings

and with a radius of 3;—()2—% millimeters—a remarkably close correspondence. The

average total number of nuclear rings is 16.2, and the average total radius is 1111265
millimeters. (See Table 9.) The scales of the adult fish are characterized further
by a comparatively small growth during the first year in the ocean. Figures 36
and 38 illustrate typical scales from mature fish in their fifth and sixth years,

respectively.
EXPERIMENT NO. 7.—BONNEVILLE HATCHERY, OC'I"_OBER, 1920

Eggs from: Willamette, McKenuzie, and Santiam Rivers, 1919.
Reared and marked at: Bonneville hatchery.

Mark used: Removal of adipose fin and right ventral fin.
Number marked: 65,000,

Lsberated: In Tanner Creek during October, 1920.

Age: Approx1mately 13 months.

A sample of 50 fingerlings preserved on October 14, 1920, averages 96.6 centi-
meters (3.8 inches) in length. The rings of the scales are regular in shape and evenly
spaced, giving evidence of comparatively rapid and uninterrupted growth. The
average number of rings is 15.3, and the average length. of . the anterior radlus is

%g millimeters. A typical scale is shown in Figure 40, The complete scale and

length records are given in Table 11,
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{11 o TABLE: 11.-~Chinook-salmon fingerlings marked at Bonneville hatchery October 14, 1920

| '
' i :

1 Length, in millimeters

v

Scale record

(miq-

Length of anterior radius, in millimeters X120

Fe- | potal

* L value of class) Number of rings (mid-value of class) Males| 1 nales
: ) 1)12[13]14[15] 16|17} 18|33 ] 35 41/43|45 |47/ 49|51 53| 85 57|59| 61|67
SO O U 13 A S O O A Y O N S SO AV 3
PRI i T i 2 6
AR Y A ) 6 12
2i8l2l11 ]2 5 13
33| 3 11
1 O N B 2 2
Y N O 1 1
T R A 1
90523 |5]4pi2]5]2|s]2[3]3]2]|1]1 20| 30| 50
Average. ... 15.3 46.6 98.0.1 95.6 | 96.6

From the standpoint of adult fish recovered this has been one of the most suc-
cessful experiments with chinook salmon, 252 having been taken. One 3-year-old
was taken by troll in the ocean near the mouth of the Columbia River, and the rest
were taken in the Columbia River, 8 of them during 1923, 215 during 1924, and

98 during 1925.

.and 13.

Records of the time and place of capture are given in Tables 12

TaBLe 12.—Chinook salmon marked at Bonneville hatchery during the fall of 1920, when approxi-
mately 13 months old, and recovéred during the seasons of 1922, 1923, and 1925

Scale record, first
year

) ' Length, | Welght, Length of

‘Date of capture Place of capture Sex in ig ant%riot
: : inches | pounds | Nuwber radius, in

of rings | milll-
meters
X120

_____ L0 S 5.5 15 42
16 |
1L R R
‘14 18 49
11 24 78
12.5 14 42
18 2% 70
9 16 47
8 19 68
22 22 66
39.76 17 48
27 17 - 47
18 . 18 51
5 5 81
 May 4. Rainier. ... 13 24 83
“May 5. I Bonneéville... 42.5 20 69
May & PV PSS FR
‘May 5. 50 17 ' 57
1 May 7. 27 17. 48
"May & 37 26 69
May 8. omenefeooe O 22 21 65
“Muy 8.7 25 19 47
May 11 Dodson cannery.... 23 14 35
3 Ellsworth cannery.. 21 18 51
; PUEANY: () M A 25 14 62
20 24 57
40 : 23 74
215 20 51
]ﬁ 19 53
Pillar Rock.._______ 19 ?g gg
Durlng May, exect 553501 tanieiy o 10 P
datenotrecorded. |) ~ " qo T T 26 15 38
B g S FOSRN P UIItE SO (RO i8 48
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TaBLE 13.—Chinook salmon marked al Bonneville hatchery during the fall of 1920, when approxi-
mately 18 months old, and recovered during the season of 1924 . :

Date of capture
Place of capture ! . May M June S - Total
N — viay Date un-:
29-June Xnown$ |’
17| 814 |15 | 2228 | * | 51 | 128 :
Mouth of Columbia-Vancouver. .. . ......c...... 15 5 5 1 | U PN I, e 28
Vancouver-Cascade Locks.._.___ . 24 29 8 6 4 2 1 4. 18
Cascade Locks-Celilo Falls_. ... .- 40 47 |l 575 PR PSR IR 1 093
Unknown (above Vaneouver) ...........c.coooo.e 9 - N A b2 b U PR SR 15
Total il 88 |- 84 13 14 5 3 .1 6 214

t One fish taken near Astoria during February is not included in this table.
2 All during May.

The detailed length a,nd weight data are given in ’lables 12, 14, and 15 * The
average sizes appear in Table 16. These averages can not be relied upon as accu-
rately representing the size of the fish at the three ages, because, as has been men-
tioned, the individual records are not dependable. The figures for the 5-year-olds
(as a result of the large number of data comprising them) probably are quite accurate.
The small number of records for the 4-year-olds makes the averages for that age
group least dependable. :

TaBLE 14.—Chinook salmon marked at Bonneville hatchery during the fall of 1920, when approm-
mately 13 months old, and recovered during the season of 1994

0

Length, in inches {mid-value of class) Males | Females Length, in inches (mid-value of class) - . Males | Females

1

1

1

1

2

2

3

7

5

8 ) s -

8 10 Average, inches........ O 36.7 356.2
g i3 Average contimeters. . ....icocnaaua 9324, 894

5 :

TasLe 15:-—Chinook salmon marked at Bonneville hatchery during the fall of 1820, when approm-
mately 18 months old, and recovered during the season of 1984

) Weight, in pounds (mid-value of clags) Males Females Weight, in pounds (mid-value of class) Males | Females

2 1
2 2
2 1
2 5
1 3
4 2
5 9
3 8
9 5
3 9
5 13
2 7
6 9
2 3 © Tatal.... 90 .91
3 4 Average, Eounds.., ¢ 23,0 20.1
[} 4 ‘9.1

. Average, kilograms_______ ST s
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TABLE 16.—Chinook salmon marked at Bonneville hatchery during the fall of 1920, when upprori-
mately 13 months old, and recovered during the seasons of 1923, 1924, and 1926

Age Average length Average welght
Fourth year, 1923: : s Inches Centimeters| * Pounds | Kilograms
al ...................................................................... 30.8 78.2 10.0 4.5
IOALOB. o o o e et aemceeaaaeaan 30.5 77.5 16.1 6.9
Fifth year, 1924:
...................................................................... 36.7 93,2 23.0 10. 5
1 ____________________________________________________________________ 35.2 89.4 20,1 9.1
Sixth year, 1925: . e
B U PR 38.6 08.0 . 28.3 12,9
Females. e adeanccnmeameneeaas | 36.4 92.5 21.2 . 9.6

The consistency with which these fish entered fresh water during the early part
of the season greatly outweighs the few doubtful cases in other experiments in show-
ing that the time at which the adults enter fresh water is determined by heredity
and is not affected by early environment. The parents of the fish marked in this
experiment were of the early spring run that spawns in the headwaters of the Wil-
lamette River. The fingerlings marked were reared at Tanner Creek, where only
‘salmon of the fall run are found normally; but the time when the adult marked fish
réturned to fresh water to spawn was not altered by this change in their early life.
‘This i¢ shown most clearly by the records of the 1924 recoveries. (See Table 13.)
Of the 208 recoveries for which the date of capture is known, 82 pér cent were taken
during the first two weeks after the season opened on May 1. The largest catches
were made during the first four days of the season. The date of the latest recovery
from this experiment was June 13.

“The evidence from this experiment, regarding the factors that influence the
adult salmon to return to a particular tributary to spawn, is in complete agreement
with that derived from experiment No. 8. As in experiment No. 6, none returned to
the tributaries in which the eggs were taken. Approximately one-half of the
reported recaptures were made in the Columbia several miles above the mouth of
Tanner Creek, where the fingerlings were liberated, whereas only three ran into
Tanner Creek. From these facts it is evident that heredity has no effect on the
tendency in question and that early environment is an influencing but by no means
controlling factor.

. Scales from all of the recaptured adult fish were examined microscopically in
the usual manner. ‘Evidence of absorption, which normasally sets in soon after the
fish enter fresh water, was found in nearly all cases. In the majority the original
margin was removed entirely, but there remained at least a part of the last winter
band, which in fish that leave the ocean in the spring lies just within the margin of
the complete scale. In a few of the 5-year-olds and most of the 6-year-olds the last
winter band was entirely lacking, but a wide band of well-spaced rings following the
preceding winter check is ample assurance that the fish were in their fifth and sixth
years, respectively. Typical scales from fish recovered during their third, fourth,
fifth, and sixth years are shown in Figures 41, 42, 43, and 45.

The nuclei of the scales of 50 of the 5-year-olds and of all of the other age groups
“were measured for comparison with the scales of the fingerlings. All were distinctly
"of the stream type. The range of variation in size and number of rings was shown

most clearly by the measurements of the 50 unselected 5-year-olds, which are tabu-
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lated in Table 17. - The average number of rings was 18.4; the average length of the
anterior radius was -f%g millimeters. These measurements are slightly greater than

those.for the fingerling scales, which averaged 15.3 rings and a radius of 1}1—62—5 milli-

meters. As a rule the rings were very regularly spaced and unbroken, but there was
an occasional incidental check, which probably was formed at the time of planting.
In a few cases the typical stream and ocean growths were separated by a few rings
of intermediates. Nuclei of average, large, and small size are illustrated in Figures
44, 46, and 47, respectively.:

TaABLE 17.—Chinook salmon marked ai Bonneville hatchery during the fall of 1920, when approwi-
mately 18 months old, and recovered during the season of 1924

Scale record, first year

Number of rings

11112, 1311411516117 11819120 |21 (2223 |24 |25 27 |Total
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EXPERIMENT NO. 8.—LITTLE WHITE SALMON RIVER HATCHERY, JULY AND AUGUST,
: ‘ 1920

Eggs from: Little White Salmon River, 1919.
Reared and marked at: Little White Salmon River hatchery.

. Mark used: Removal of adipose fin and left .ventral fin.

Number marked: 24,000.

Liberated: In Little White Salmon River during July and August, 1920.

Age: Approximately 10 months.
A sample of 40 specimens preserved during the course of the marking averages

149.6 millimeters (2 inches) in length. Their scales average —li%g miHimeters in radius

and have an average of 3.5 rings. (See Table 18.) A typical scale is illustrated in
Tigure 48. This sample is represented by an unusually large proportion of males,
the males exceeding the females nearly 3 to 1, This uneven representation of sexes
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could not be due to error in recognition of the sexes, as the gonads, though small,
are distinctly differentiated and independent determmatlons by the two authors
agree in every case.

TasLe 18—Chinook-salmon fingerlings marked at Little White Salmon River haichery during July
and August, 1920

Scale record

: Length of anterior radius, in :
Length, in millimeters (mid-value of class) Number of rings millimeters X 120 (mid- | Males |Females | Total
value of class) '

2| 83|45 |11(13)16|17[19]21]23

) S SR UV I N S U RS OUPON (EPSVSN SPUOIES MO 1 1 2

5] 7 5] 2} 1| 10 2 12

11} 9 41 6| 81 4 1 18 8 26

1716 4| 1} 4| 8|12 10| 5 1 29 11 40

AVOrage. ool 3.6 16.2 1T 49.6 49.0 49.8

The first returns from this experiment were reported during the season of 1923
when the fish were in their fourth year; 17 were reported from the commercial fishery
and 4 were secured in the parent tributary. During the season of 1924, 22 were
reported—14 from the commercial fishery, 7 from the parent tributary, and 1 from
the Big White Salmon River egg-taking station. The detailed data are given in
Table 19. The average lengths and weights are given in Table 20.

TaBLE 19.—Chinook salmon marked at Little White Salmon River halchery during the summer of
1920, when approrimately 10 months old, and recovered during the seasons of 1323 and 192

Scale record, first year

Number of ri Length do[ ante-
Length Weight umber of rings rior ra 1us, in
Date of caplure Place of caplure Sex in in millimeters X120
inches | pounds
T, drstl motal | TO OIS motar
Jod | st | Joek | g
onta] en
check ‘y:e’ar check | Yoo
1923: .
July 31 Lower Columbia__. ... . ... _ ... Male__._ 34 15.5 10 23 32 70
Jaly 14100 ool do.-- 34.5 15 10 19 28 49
July 191 . _ | ..-- [ 1 TP --do..... . 34 ) ¥ SRR SRS SISUPN P
Aug. Sand Island..... ... ... .. R 1, A 41 27 9 30 24 91
Aug. Lower Columbia_._.........____..._._._. Female .| 24 30 5 24 18 | . 66
Aug, Sand Island..___..._ ... L1100 d ..... 38 | 2l ¢ 9 31 32 99
Aug. Lower Columbia__....._. ... ... f...do..._. J 12 25 28 62
Aug. Sand Island 9 23 26
ﬁug, _____ d ...... 9 22.) §9 118
ug.20.._.._j Ocean.___.__.___... 8 1 21 47
Aug Lower Columbia. 7 23 26 70
Aug. 200 |eeedooo L L 8 22 23 54
Aug, Astorm ,,,,,,,,,,,,,,, 7 20 23 52
Aug bund Island_ 8 22 28 65
Aug.23. ... j....-do_._.__ 9 28 26 99
Sept Tongue Point. 9 28 29 88
Sept. Lower Columbia..___. 8 ,
Sept 11
Sot. Little White Salmon River hatchery.. H
Bept.

1 These dates probably ingorrect. Evidence from other sources has shown that observer whe reported them made other errors,
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TaBLE 19.—Chinook salmon marked at Little White Salmon River hatchery during the summer of
1920, when approzimately 10 months old, and recovered during the seasons of 1923 and 1924—Con.

Scale record, first year

Number of 1i L?ngthd(if ante-

R Length {Weight {[Yumber of rings) rior radius, in

Dale of capture Place of capture Sex in | in . milluneters)(loo
‘ inches |pounds

To first| mo 401 | T fArst Total

inci- first inci- first

dental | co | dental ésr

check | check | Yo8

12 26 34 78
8 29 23 01
9 25 31 71
_.| McGowan, Wash._. .| Female . 6 27 24 01
Aug.10._.__.| Sand Island... ... . . .. _...._. Male.... 34 29 74 29 23 92
Aug. 12._ .. _ | ...- L L NP w=-do..... 46 40 11 28 32 92
Aug. 14. . .| ¢ o RN . ...do S, 9 27 28 99
..... do. Female 7 24 © 24 76
Clifton- Male.... 8 27 23 83
| Astorta___...2C Female 13 24 37 71
Lower Columbia o--do..... 10 27 41 92
| McGowan, Wash._ PN« 1+ TN 8 23 24 68
Sand Island- ... . .. ... f---do..___ 13 19 41 55
St. Helens  _ .. iu i aiieaaan Male....} 3¢ | 82 | |eeeeicleaeiaiccicanaas
Female _ 7 28 28 92
Male.... 6 19 21 52
Female .| . 42.25 |\ |eeeeodaci e L
Little White Salmon River hatchery. 12 32 31 107
[ 15 37 63
7 23 24 73
- : . 11 38 31 83
Big White S8almon River... ... .. ..o oo 7 28 28 92

TasLe 20.—Chinook salmon marked af Little White Salmon River hatchery during the summer of
1920, when apprommately 10 months old, and recovered during the seasons of 1923 und 1924

Age Average length Average weight
Fouﬂ;h yoar, 1923 ) Inches | Centimelers| Pounds Kilograms
M ...................................................................... 36.5 92,7 22.2 10.1
al ................................................................... 35.1 80.2 2.7 9.9
Fxfth ear, 1924: . .
My ...................................................................... 40.6 103.1 39.0 17.7
Females ................................................................... 40.7 103. 4 33.9 15.4

One of the objects of this experiment was to determine at what time of year
the:salmon propagated at the Little White Salmon River hatchery pass through the
commercial fishing district on their spawning migration. The date of the earliest
reliable record of a recapture is August 2 and the latest recovery from the com-
‘thercial fishery is- September 17. The records of three that were reported as
taken. during July are believed to be incorrect, as. the person who reported them is
known to have made other errors in reporting marked fish. The period August 15
to 20, inclusive, during which nearly half of the recaptures reported from the
commercial fishery were taken, may be designated as the time of the height of the
Tun. © A closed season for commercial fishing is responsible for the- la,cl\ of recaptures
.during the period August 25 to September 10,
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This was the first experiment in which any number of the adult marked fish
returned to the tributary in which they had been liberated as fingerlings. There
appears here to be some significance in the fact that the fingerlings were liberated
in their native tributary. In most of the other experiments the fingerlings were
liberated in a tributary other than that from which the eggs were secured. Even
in this experiment the homing was not perfect, as is shown by the recovery of one
of the fish in the Big White Salmon River.

The nuclei of the scales of the adult fish from this experiment are of particular
interest because of their wide variation and the light these variations throw on the
interpretation of the scales of wild fish of unknown history. Scales with typical
stream and ocean nuclei, representing, respectively, migration to the ocean before the
scales are formed and after the first year’s growth is completed, are identified easily
and offer no particular problems; but as the senior author has shown (Rich, 1920),
the seaward migration of chinooks in the Columbia is not confined to these two
periods but is distributed throughout the year. In view of this variation in the time
of migration one would expect to find corresponding variations in the scales, ranging
from the typical stream type to the typical ocean type, with transitional stages
having varying proportions of stream and ocean growth. A third possible variable in
the nature of the scale ringsis to be expected as a result of the intermediate environ-
ment of the estuary, under the influence of which the fish grow more rapidly than in
fresh water but not as rapidly as in the ocean. Such variations in the scales have
been observed. Gilbert draws attention to them in his first paper on the scales of the
Pacific salmon (Gilbert, 1913). The senior author, in extending the work of Gilbert
to a more comprehensive study of the chinook salmon of the Columbia River,
encountered such a wide range of variation in the nuclear types that he found it neces-
sary to make a careful study of the seaward migrants before continuing with the
study of adult scales. The study of the seaward migrants was necessarily confined
to the stream and estuary growth, and it was impossible to trace the growth and move-
ment of particular individuals through their life in the ocean. This opportunity to
study the scales of mature fish of known age and early history is therefore of great
value.

The nuclei of the scales of all of the adult ﬁsh in this experiment have a central
portion of closely spaced rings, which is set off from the remainder of the scales by an
incidental check formed by & slight narrowing of the rings: or by contrast with. the
wider rings immediately following. The cause of this check is' not evident.  Its
formationdoes not seem to have been coincident with marking or liberation, as the scales
of the fingerlings at the time of marking had 3 to 5 rings, whereas there were 5 to 13
rings when the check was formed. It is sufficient in this connection to note that this
incidental check is present in all cases and. that the portlon 1nclosed by it is typlcal of
stream growth.

The area of the scale between this incidental check and the first w1nter check
shows a wide range of variation. One extreme of variation is shown in Figure 49,
which illustrates a scale in which the band following the incidental check consists of:
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rings similar to those inclosed by it. "These two bands, representing the entire first
year’s growth, form a fairly typical strealn nucleus. The opposite extreme is illus-
trated by Figure 50. Except for the small central portion of stream growth, this
scale is typical of the ocean type. The band following the first incidental check in
this case is more than twice the width of that in Figure 49, and the rings are spaced
more widely. This nucleus is fairly representative of a type very commonly found
among the chinook salmon of the Columbis River and for which the term “ composite
nucleus” is proposed. = This term will be used to designate nuclei comprised of both
stream and ocean growth.

Many intergrading stages of composite nuclel are found among the scales of this
collection. The transition from the typical stream type toward the ocean type is so
gradual as to make it impossible to divide the group of nuclei into two classes on the
basis of the presence or absence of ocean growth during the first year. Two nuclei
that fall about midway between the two extremes of variation are shown in Figures 51
and 52. Some of these intergrading stages probably involve estuary growth. A fish
may have spent a part of the first year in each of the three environments, or it may
have remained in the estuary during the latter part of the first year. A second
incidental check, which is to be found in many of the nuclei, may represent the
change from the stream to the estuary or from the estuary to the ocean.

Typical scales of adult fish in their fourth and fifth years are shown in Figures
53 and 54. These also show further variations in the composite type of nucleus.

Returning now to a consideration of the scales of the mature fish in experiment

No. 3 we find nuclei similar to some of those in this collection. Kight adult fish were
recaptured, the scales of all of which have a central area that unquestionably is
stream growth. In all but one this area appears to represent nearly the entire first
year’s growth but is not terminated by the winter check, which usually is found at the
margin of the stream type of nucleus. (See figs. 14 to 18.) This condition, combined
with the presence of rings of only moderate width surrounding the stream growth
suggests that the fish may have entered the ocean or at least the estuary before the
winter check was formed. The check at the twenty-third ring in Figures 17 and 18
may represent the winter check in that scale. In the others the boundary of the
first year’s growth is not shown definitely.
.. The stream growth in seven of these is broken by an incidental check at the fifth
to seventh rings (See Table 4 and figs. 14 to 18.) The area inclosed by this check
evidently represents the. margln of the scale at the time the fish were marked and
liberated.

In the elghth sca,le of thls collectlon (fig. 19) the stream growth extends only to
a point corresponding to the first incidental check in the other seven. From this
point the rings widen gradually into the second year’s growth, leaving no mark to
indicate the termination of the first year’s growth. This nucleus is more typically
a composite type than are the other seven.
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EXPERIMENT NO. 9.—BONNEVILLE HATCHERY, SEPTEMBER AND OCTOBER, 1921

Eggs from: McKenzie River, 1920.

Reared and marked at: Bonneville hatchery.

Mark used: Removal of adipose fin and both ventral fins.
Number marked: 50,000.

Liberated: In Tanner Creek during September and October,. 1921.
Age: Approximately 13 months.

A sample of 50 fingerlings preserved on August 24, 1921, averages 93.3 milli-
meters (3.7 inches) in length, The average number of rings on the scales is 13.1,

and the average length of the anterior radius of the scales is ‘—11—32% millimeters. (See

table 21.) An incidental check at 6 to 10 rings from the center is to be found in about
half of the scales (see fig. 55); in others (see fig. 56) there is a slight crowding of the
rings, which is not sufficiently pronounced to be termed a check.

TaBLE 21.—Chinook-salmon fingerlings marked at Bonneville hatchery August 24, 1921

Seale record

Length in millimeters (mid-value of Length of anterior radius, in millimeters Fe-

class) Number of rings X 120 (mid-value of class) Males | males | T0tal
7| 9/10{11012113(14/15}16]17|25(27|20!31|33|35(37/39]41/43|45|47|40(51]53|55(57|61

725 e amae R 1D O I 1 I 2| 2
T e e e in O 0 1 | O D 1| 4
3 1 2.t 1) 4 5
.6 1j.. 5] 2 b 11
|-l 11 3 4 5
- 1112 3 6
.21 1 10
1 1|1 2 4
R Y e 1 OO e N O O Y RO ) R RO [ DO RO P RS R OOy U ORI 2 I 2
- 1] 1
Potal.. e eeaaae 1f 31 8/ 31 4{10/11 2 50
AVOrage. - - ooeeeeeeeeeeennn 13.1 43.9 95.3 | 01.0| 93.3

The returns from this experiment are represented by three 4-year-olds recovered
during 1924, thirty-three 5-year-olds recovered during 1925, and six 6-year-olds
recovered during 1926. The detailed data regarding these recoveries are given in
Table 22. The 5-year-old males average 31.3 inches (79.6 centimeters) in length and
30 pounds (13.6 kilograms) in weight. The females of that age average 34.3 inches
(87.1 centimeters) in length and 19.5 pounds (8.9 kilograms) in weight. The 4-year-
olds and 6-year-olds are represented by too few individuals to give reliable averages.
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TaBLB 22.—Chinook salmon marked at Bonneville hatchery during.the fall of 1921, when approzimately
13 months old, and recovered during the seasons of 1924, 1925, and 1926

Scale record first

year
. . Length, | Weight, Length
Date of capture - Place of capture Sex in in of
inches | pounds | Number | anterior
: ' of radius in
rings milli-
meters X
120
Warrendale 25. 75 13 17 54
| Astoria cannery._.._ -.do_. 36.6 18 17 53
Warrendale cannery. . s U SRR AR A, 26 73
............ 26. 4 31 19 51
...... .do______ 34.5 20 16 56
...... Female._. 36 20 19 54
...................................... 13 39
.................. 35,5 8.5 14 51
.................. 27. 25 30,25 14 44
____________ L J 35 15 [ A
do._.._. 37 28 22 66
Male._. 26 17.5 22 54
Female. .. 37.5 17.5 20 59
-.do.. 30 12.5 14 44
_.do.__.__ 32 24,56 13 39
............ Male..___. 32,75 11,25 21 69
Ellsworth eanmery .. ... _____________. ... L.do.. ... 36.5 27.75 19 42
Warrendale cannery _ _ ... ... occcococnccmeecfoiiaean 36.5 17 20 82
_____ L (1 DR, cmeene w——— [ 35 17 17 56
Dahlia, Wash_ e Male...... 41 29 22 59
The Dalles__ .ol Female. .. 35 18 14 47
‘Warrendale cannery - - doo. ... 4
Ellsworth cannery
_____ [+ [+ I,
Astoria cannery....cooooooooe...
- , Pillar Rock..._._._..
Pillar Rock cannery . -
. Ellsworth cannery.- ..
Date of capture not || Warrendale cannery .. .
reported
1926: : -
February Clatskanie, Oreg. .. mruns
May2...o..... Ellsworth cannery .
May4. . |eeaee [+ 1« TR,
May b-.... Cascade Locks.....
May 4_..._. Ellsworth cannery.
May 27 e fannas L5

As in all other experiments with chinook salmon of the spring run, these adults
entered fresh water during the early part of the season. They returned to the Colum-
bia River but not to the tributary in which they were liberated. One of the 6-year-
olds was taken in February. This is additional evidence that the marked spring
chinooks start their spawning migration some time before the commercial fishing
season opens on May 1. : :

The scales of the adult fish have typical stream nuclei surrounded by ocean
growth, which is divided by distinct annual checks into the expected number of
summer bands. The margins of many of the scales have been absorbed, but enough
of ‘the scale remains in every case to show that the fish is of the correct age. Thescale
of a 5-year-old (shown in fig. 60) illustrates well the extent of absorption. As an
illustration of the scale of a fish in its sixth year, one from the fish caught in February
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has been selected. (See fig. 61.) It will be noted here that the winter check of the
fifth year is represented by only a slight narrowing of the marginal rings and that no
new growth of the sixth year is present.

The scales of one of the fish recovered during 1924 are very unusual. One of
them is shown in Figure 58. The nucleus of this scale is the largest in the collection,
and the radius of the scale to the second winter check is unusually small. . This makes
the second year’s growth appear extremely slight. The cause of such unusual growth
proportions is unknown. It is possible that this fish remained in fresh water for a
part of the second year, in which case the nucleus would represent more than the
first year. A more typical scale of a fish in its fourth year is shown in Figure 57.

This experiment is nearly an exact duplicate of experiment No.7. Bothinvolved
the progeny of the spring run of chinooks that spawn in the headwaters of the Willa-
mette River. The fingerlings in both cases were reared at Bonneville and liberated
at approximately the same time of the year. The fingerlings preserved in experiment
No. 7 are slightly larger than those in experiment No. 9, but this difference may
well be due to the difference of about six weelks in the dates on which the samples were
preserved. The size of the fish at the end of the first year, as shown by the size of
the nuclei, was nearly identical.

The number of returns from these experiments, however, differs widely. The
recoveries from experiment No. 7 represent 0.39 per cent of the fingerlings marked,
whereas only 0.08 per cent (less than one-fourth as many) were recovered from
experiment No. 9. No satisfactory explanation for this difference has been suggested.
It could not have been due to a failure of our data to be representative of the actual
returns. This may be seen by comparing the returns from the two experiments dur-
ing the season of 1925. The 5-year-olds that returned from experiment No. 9 were
nearly equaled by the 6-year-olds in experiment No. 7, whereas invariably a much
larger proportion of fish from any brood mature during their fifth year than during
the sixth. These two groups of fish were running simultaneously, and there is no
reason to believe that the cannery employees and others who were searching for
marked salmon selected one mark in preference to the other.

EXPERIMENT NO. 10.—BONNEVILLE HATCHERY, AUGUST AND SEPTEMBER, 1922

Eggs: McXKenzie and Santiam Rivers, 1921.

Reared and marked at: Bonneville hatchery.

Mark used: Removal of adipose fin and right ventral fin.
Number marked: 100,000,

Liberated: In Tanner Creek during August and September, 1922
Age: Approx1ma.te1y 12 months

- A sample of 25 of the fingerlings preserved on August 28, 1922 a.vemges 76
millimeters (3 inches) in length. Their scales have an average of 11.6 rings and an

average anterior radius of Tgéﬁ millimeters.” The scales of all but two of the ﬁnger-

lmgs show an incidental check about 7 rings from the center. The mcldental check
is followed typically by 3 to 5 rings, which stand out as dlstmctly heavier and more
widely spaced than those preceding the check. (See fig. 62.) The length and scale
data are given in Table 23.
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TABLE 23.—Chinook-salmon fingerlings marked at Bonneville hatchery August 28, 1922

Scale record
Length, in millimeters (mid- Length of anterior radius, in millimeters Fe-
Valuse of class) Number of rings X 120 (mid-value of class) Males| myes | Total
9 10;11 12 | 14 {15 {231 20 | 31 {133 | 36 | 37 | 43 | 45

|

|
3
4
;]
4
2
5
1
Totalo oo caea 1 7! e} 6| 4] 2| 1vi 3| &6/ 6| 1 8| s5{ 1| mn{ 1| 2
AVErAg0. e ccrraccanen 11.6 33.9 8L2) 71.8) 76.0

Returns from this experifnent were obtained during the years 1924 to 1927, when

the fish were in their third, fourth, fifth, and sixth years.

The 3-year class is repre-

sented by 1 recovery, the fourth by 4 recoveries, the fifth by 39, and the sixth by 31.
The data relating to these recoveries are given in Table 24.

TaBLe 24.—Chinook-salmon fingerlings marked at Bonneville hatcheiy during the fall of 1922, when

approvimately 12 months old, and recovered during the seasons of 1924, 1925, an

1926

Scale record, first year

Numberof | terors of oo
Length,| Welght umber of erior radius,
Date of capture Place of capture Sex in in Fings n m&l{g&eters
inches | pounds
Inter-
Stream Stream
growth 'gggg' growth | Total
The Dalles. . c_ocuaeeaarenan rmcmmcacn——n Male....{ 18 3 13 4 43 52
Bonneville.... 20 0 42 0
-| Cascade Lock! 16 0 44 0
.| Astoria._. 28 0 74 0
‘Warrendale canner: 25 0 60 0

Hswor
.1 Cascade LockS..........
-i Warrendale cannery.__..

Do.. .} Ellsworth cannery.....-
Do e ‘Warrendale cannery.
MY T cececcran . Ellsworth cannery......
M 80... SY IR s [+ M

BY 8. oo a0
D -
May 10...cenmoooo|oooedOmnn L

105107—20——3

Ellsworth cannery-.......ccoeeoocoooomoovan

» 7
19 18 4 72
25 16 4 50
22 17 7
2 18 5
24 18 ] 72
27 16 6 .63
14 14 5 56
19.5 (¢ :13 6
18 12 5
17.5 8 .1 :
18 17 8 72
, 25.8 1.3 E 67
Male.._.| 38 29 16 0 48 0
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TaBLE 24.—Chinook-salmon fingerlings marked at Bonneville haichery during the fall of 1922, when
approzimately 12 months old, and recovered during the seasons of 1924, 1926, and 1926—Contd.

Scale record, first year
Number of Length oé an-
Length,|Weight umber o terior radius,
Date of capture Place of capture Sex in | in rings in millimeters
inches | pounds
Inter-
Stream ;| Stream
medi- Total
growth ates growth
1926—Continued.
May 15, ... Ellsworth cannery ... ... ... . _.______ Female..| 32 17 14 0 38 [}
May 16-22__ .| Dixon Entrance, southeastern Alaska. . 19 17 6 44 62
May 17.. The Dalles._. ... ... ... - 5% J0N SRS PRI SRR P PR,
May 25 -{ Ellsworth cannery.. 18 1 4 29 36
June 4. . .. [____ do.__.._..... 21 12 8 36 54
June8... codoo. 36 18 8 48 72
Do do....__. ... 4.5 21 2 50 56
Sept. 23 .. ..... Warrendale canne 23.5 22 10 63 93
. Ellsworth cannery 17 <17 0 44 0
edoooooo . 18 19 0 54 0
Nodate....__...... odo_o. B T I S, 30 30
) IWm-rendnle cannery 15 18 0 48 0
"Panner Creek . oo e e e e
1927
Feb.22....._....... Female.. 72 SR P SN SO
Feb. 24 .o O eeiiia oo Maleo_ | 48 | 37 e e
May 1-3_. 18 0 46 0
Do 13 5 35 46
) 0 7 TR RSO ; [+ OO U SRR RIROO) FSPURUP) [P PN 19 0 49 0
Mayd. O e e e
May 1-6.. 16 55 0
L+ SRR (P 15 41 48
May 8. 17 50 63
Deo... 17 54 68
Do. 15 1 42 74
May 9..
Do.
May 4-9
Do.
Do..
Do._.
Do...
May 10..
May 11..
May 10-11. .. ... ...
May 12.._.
May 13..
May 16..__...__...| Astoria__ ... ...
May 14-19__ -1 Bllswortheannery... ... . .. 1 [N R (ESUSEPPIIS SR
May 20 ... .. ... (5 0 SN 12 1} 39 0
May 12-20 - 21 0 85 0
Do... oo, do_._...___. 15 9 46 70
June 18. Ellsworth cannery . . oo oo oocoaavno o et 13 4 41 49
June 21 .| The Dalles....... 5 24 14 0 45 0
July 5 Warrendale canne 24 15 4 44 58

One of the 5-year-olds was caught by troll in the ocean off the coast of south-
eastern Alaska, approximately 600 miles from the mouth of the Columbia River.
This record is of much interest, because it corroborates data obtained from other
sources showing that salmon travel great distances in the ocean. The tagging of
adult salmon caught by troll in the ocean has shown that chinooks found as far north
as Queen Charlotte Islands, British Columbia, may later enter the Columbia River
(Williamson, 1927). This record extends the known range of the Columbia River
chinooks to include southeastern Alaska.

In this experiment we find, for the sixth time, the progeny of the spring run of
salmon entering fresh water on their spawning migration at a definite and regular
time of the year. ~As in the other similar experiments, the majority of the recoveries
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were reported during the first week of the commercial fishing season. Only 14 of the
75 recoveries were made after the middle of May. o

One of the 6-year-olds, which was caught on September 23, represents an excep-
tion to this rule. As only one other exception was found, this record has been
checked carefully to determine if it is authentic. The scars were found to be typical
of those produced by marking, and no reason for questioning any part of the data.
presented itself. The nuclei of the scales from this fish do not agree exactly with
those of the other fish recovered from this experiment:; but the record could not be
invalidated on this score, because the nuclei in the collection show a wide range of
variation, one extreme of which might be represented by the scale in question. The
age indicated by the scales is correct.

Three possible explanations for the lrregularlty of this record might be sug-
gested: 1. It may be an authentic exception to the rule that the progeny of the spring
run return in the spring. 2. The fingerling from which this fish developed may have
been one from the fall run of chinooks that by accident became mixed with the
spring chinooks at the hatchery. 3. The fish may have lost the fins by some other
means. As there is no evidence that the second or third possibility is true, the first
must be accepted tentatively.

One of the 5-year-olds returned to Tanner Creek and was recovered in the
spillway from the hatchery ponds in which it was reared as a fingerling. This is the
fourth of the marked sprmg chinooks that has returned to the tributary in which
it was liberated.

The nuclei of the scales of the adult fish in this collection are more variable than
those of any other marked spring chinooks. Most of the variations may be grouped
into a single general type, however. In this general type the nucleus consists pre-
dominately of stream growth surrounded by a narrow band of intermediates. (See
Table 24.) The presence of the band of intermediates at the end of the first year
typically results in a gradual transition in the nature of the rings and obscures the
points of demarcation, both between the stream and intermediate growth and
between the intermediate and ocean growth. The scale shown in Figure 63 is a good
example of this condition. A scale with the three types of growth more clearly
differentiated is illustrated in Figure 64. In some cases the intermediates are dis-
tinctly differentiated from the ocean growth but closely resemble the rings of stream
growth. A scale of this nature is illustrated in Figure 65. Without a series of
scales with which to compare it, this nucleus might be considered as a pure stream
type.

The band of intermediates varies in width from a maximum of 12 rings, as shown
in Figure 66, to none, as shown in Figure 67. Figures 63 and 64 show more average
widths. The apparent absence of 1nte1med1ates in some cases-may be due to a lack
of contrast between them and the rings of stream or ocean growth. It is especially
difficult to distinguish the intermediates when they are only 1, 2, or 3 in number.
An extremely wide band of intermediates combined with a slight contrast between the
stream and intermediate growths gives the nucleus in Figure 66 the appearance of an
ocean type, and it is possible that the outer rings of this nucleus actually were formed
in the ocean. If this be the case, the nucleus should be classed as a composite type.
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" The stream growth shown on these scales generally is -divided into two parts
by an incidental check, the inner of which corresponds to a srmllar portlon observed
on the scales of the fingerlings.

The presence of -the band of 1ntermedlates within the nucleus of these scales’
indicates that the fish migrated, at least to the estuary, during their first year.. Spring
chinooks normally remain in the stream for their entire first year, and it is believed
that the probable reason for these fish leaving fresh water before that time was’
the unfavorable nature of conditions in Tanner Creek, where the fingerlings were-
liberated. . It would be impossible for this small creek to support the large numbers of’
fingerlings that are liberated in it each year from the hatchery. Similar conditions
and scale peculiarities were found in experiment No. 5. Intermediate rings have
not been found among the other marked spring chinooks, probably because they were
liberated at about the end of the growmg season.

Typical scales of mature fish in their thlrd fourth, and fifth years are shown in
Flgures 68, 69, and 70.

EXPERIMENT NO. 11 ——KLASKAN!NE HATCHERY AUGUST, 1922

Eggs from: Willamette River system, 1921.

Reared and marked at: Klaskanine hatchery,

Mark used: Removal of adipose fin and dorsal fin..
Number marked: 50,000.

Liberated: In Klaskanine River during August, 1922,
Age: Approximately 10 months.

An unselected sample of 20 ﬁngerlmgs preserved on August 18, 1922, averages
73.5 mﬂhmeters in length. The anterior radius of the scales of these fish aver ages.
%1709 mllhmeters in length.  The average number of rings. is 9.8. All but two of
the scalés have an incidental check, which mcloses 5 to 9 rings and is followed by
1to 5 more widely spaced rmgs The size and scale data are given in Table 25.

A typlcal scale is ﬂlustrated in Figure 71.

,ri . TaBLE 25 ——Chmook-salmon Jingerlings marked at Klaskanine hatchery August 18, 1922

Scale record
Length, tn millimeters (mid-value of class) | . Number of rings .I;]f:t%tr}sl ;’g ‘}%‘i’;ﬂ%{%&{ﬁg' gf‘cllggs];' .| Males mp;?és Total
89 110]13,)12 23 |25)20|31 35187 )30 )41|456] .
SR FUUTR I NN T T TR U NS0 A RS B B
s : 1 i,
R 1 3 4
RSP NN 1 244 3,
i 21 113
1 ... b2 14 3.
2 1 1 2
- 1 |oestipeforad
4{.3] 3.2 6!"2 11 .21 21 1 14..10 10 20
30 i 5.2 | 7.8 3.5,
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Only one adult fish that could be identified as belonging to this experiment
has been recovered. This one, a 5-year-old, was found during the spring of 1926
in the spillway from the rearing ponds at the Klaskanine hatchery. The scales of
this fish are absorbed at the margin, but at least a trace of the fourth winter check
is to be found at some points. The nucleus is of the composite type. (See figs.
72 and 73.) The bands of stream and ocean growth in the nucleus are of about

equal widths, the combined radius being i-g% millimeter. At the margin of the

stream growth are five rings, which may be intermediates.

It is interesting to note that here, as in experiment No. 10, a spring chinook,
upon being liberated in a tributary that normally supports only a fall run, left
fresh water before the end of the first year. :

EXPER!MENT NO. 12.—BIG WHITE SALMON RIVER HATCHERY, MAY AND JUNE, 1923

Eggs from: Big White Salmon River and Spring Creek, 1922.

Reared and marked at: Big White Salmon River hatchery.

‘Mark used: Removal of adipose fin and left ventral fin.

Number marked: 100,000.

L@berated In Columbm River at Big White Salmon River: ha.tchery durmg Ma.y and June, 1923

ge Approx1mately 8 months.

’l‘he Blg White Salmon River hatchery is situated at the mouth 01 8 sma].l creek
(&pung Creek) that empties into the Columbia River about 1 mile below the mouth
of the Big White Salmon River. At this point the Columbia River is paralleled
closely by a high cliff, and at the base of this cliff a large spring:breaks out and forms
a small creek, which flows for only.a few hundred yards across a sand bar to the
Columbia River. It is from this spring that the creek derives its name: : By con-
structmg a.dam across the mouth of: the creek a rearing pond for salmon fingerlings
was formed. The same pond is- used for holding adult salmon from:the:time. they
reach the creck until they are ready to spawn. In its natural condition the creék
was not accessible to salmon and none were known to attempt to enter it, but since
‘the hatchery has been operated there a thousand. or more adult chinooks. annually
attempt to find spawning grounds.there, and their eggs are-.taken for .artificial
propagation. . No attempt is made to keep the eggs taken in Spring Creek separate
from, those taken in the Big White Salmon River. : As a result the ﬁngerlmgs marked
in this experiment developed,from eggs taken at. both places.. i -

. The first, few thousand: marked: fingerlings. were liberated 'in. Sprmg Creek but
ab the mouph of the creek they, were attacked.by predatory fishes: (probably the
squawfish, Ptychocheilus oregonensis), which;congregated. there in large numbers,
presumably attracted by food drifting. out from the pond .and ‘occasional fingerlings
that escaped from the hatchery. The rest of the marked fingerlings were carried
to a little cove in the Columbia about 100 yards below the mouth of the creek,
where apparently they were not molested by predatory fishes.

A sample of 50 fingerlings preserved on June 12, 1923, averages 52.2 millimeters
(2 inches) in length. Their scales have an average of 5.9 rings and an average anterior
radius of 12 0 mllhmeters A typical scale is illustrated in Figure 74. The detailed
data are given in Table 26.
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TaBLE 26.—Chinook-salmon fingerlings marked at Big White Salmon River haichery June 12, 1923

Scale record

Length, in millimeters (mid-value of Number of rings Length of anterior radius, in milli- Fe-
& clags) metersX 120 (mid-value of class) | M81eS| majes {T0AL

3| 4185|678 111 15171921 |23 25|27]29

1. e Yo 1 R RO PR S 2 2
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5110 ] & |- 21716 3| 1]1 13 7 20

1 4| 24 112 57 1| 2| 8 8 7 15
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12]2101101 3| 1] 1| 6112114 6| 3| 4

5.9 20.6 523 519 | 522

This experiment has produced a greater number of returns than any other
experiment with chinook salmon. A total of 453 fish (0.45 per cent of the number
liberated as fingerlings) has been recovered. Four that matured during their second
year were taken near Astoria during August, 1924. Sixty-two 3-year-olds were
taken in the commercial fishery during the season of 1925; an additional 25 returned
to Spring Creek that season, and 1 ran into the Big White Salmon River. Ten of
those reported from the commercial fishery were taken by troll in the ocean. During
the season of 1926 two hundred and seventy-one 4-year-olds were recovered—230
in the main Columbia River, 5 in the ocean, 33 in Spring Creek, and 1 in each of three
tributaries that empty into the Columbia not far from the mouth of Spring Creek.
‘Five-year-olds recovered during the season of 1927 totaled 90; 66 were reported from
the commercial fishery and 24 ran into Spring Creek. One also was reported from
the Little White Salmon River egg-taking station, but as the scars showing which
fins were lacking were not preserved this report is not presented as a valid record of
the recovery of a marked fish. A few 6-year-olds from this experiment may be
recovered during the season of 1928.

Nearly all of the adult fish recovered from the commercial fishery were found
after .they had reached the canneries. As a result it was generally impossible to
‘determine just where the. fish were caught. As the recoveries for which the exact
place:of capture was reported are too few to be of any significance, the data from the
commercial fishery have been grouped into three general localities—(1) the ocean,
(2) the lower Columbia, which includes from the mouth of the river to Vancouver,
‘Wash., and (3) the upper Columbia, including the portion of the main Columbia
from Vancouver to the upper limit of the commercial-fishing district. The recoveries
are tabulated according to place and date of capture in Table 27,
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TasLe 27.—Chinook salmon marked al Big While Salmon River halchery during the spring of 1923,
when approximately 8 months old, and recovered during the seasons of 1924, 1925, and 1926

Place and date of capture ! 1024 ( 1925 (1926 | 1927 Place and date of capture 1924 | 1925 | 1926 | 1927
Ocean: Lower Columbia—Continued.
May 22 ) oL S,
June 14 [ 20
July 22. Nodate. cooomoomvemoamaiaaa.
July 26
Aug. 4. Total e 4 37| 183 56
Aug. 6.
Aug. 9. Upper Columbia:
Aug. 14__ Sept. 12 e 3 |ea: 1
Aug. 22._ Sept. 13..._.._._ 1 2
Aug. 251 Sept. 14. ... . 3 1
Sept. 1... ! Sept. 15...._.... 5
Sept, 12_. \ Sept. 16_..... p
No date Sept. 17_..__.
Sept. 18_._...
Totale oo cecea e 10 5 3 Sept. 20...._.
Sept. 21....._...
Lower Columbia: Sept. 22__....__.
Sept. 23_____.
Nodate. _.coooooiiiiiaos
é ...... Total. e aiienae heceeoa 16 47 7
b2 PO Spring Creek:
1 Sept. 8
2 Sept.
1 Sept.
b Sept.
|78 SO Sept.
) S Sept.
...... o1 Sept.
5 2 Sept. 20
b 1 Sept.
5 2 Sept.
4 4 Sept.
2 4 Sept.
5 1 Qcet.
1 2 QOct.
7 1 Oct.
7 3 Oct.
15 [i} QOct.
Qect.
Oct.
Qet. 11
. No date
Sept. 12__
Sept. Total. .. i aanaae 25 33 24
Sept. 14_. e
Sept. 15.. Big White Salmon River:
Sept. 16.. Sept. 30 1
Sept. Oct. 5
Sept. 18...
‘Sep't;. 2(1).. Total. i
font. 1-- Little White Salmon River: Sept. 20.|-
Sept. 26. Tanner Creek: Nodato_....o........

; Sl A c}(())sed season for commercial fishing accounts for the absence of records from the Columbia River during the period Aug. 25
0 Sept. 10. .

2 The place of ca%ture for this recovery was not reported. As it is from a cannery that handles a large quantity of troll-caught
salmon, this fish probably was caught in the ocean. ;

The length and weight data for the adult fish appear in Tables 28 and 29. Because
of the unreliability of measurements made by so large a number of persons as have
reported marked salmon, lengths and weights were not required during the season
of 1927. This accounts for the relatively few size data for that season,
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TaBLE 28.-—Chinook salmon marked at Big White Salmon- River hatchery during the spring of 1928,
when approzimately 8 months old, and recovered during the seasons of 1924, 1925, and 1926

: Ftlgl;l;n Fish in th;nrQ third | Fish in thelir fourth | Fish in th&i;_]ﬂfth
T r, 192 s
Length, in inches (mid-value of class) sacond year, 1026 year, 1926 year
year, 1924,
males Males | Females | Males | Females | Males | Females
1 -
1
D N I
4
3
4
8
8
120 | 2 eeccmcccecfrmrenennee
12 1
7 23 feacceeaene 2
8 12 1 5
11 18 |ooceeno-. . 3
7 13 1 5
10 10 |ecccccaens 1
10 2 |ewemcmmnen 2
4 3 1 2
I T PO 3 2
.............................. 1
I'otal 118 120 6 24
Average length 35.8 36.5 40.7 38.5

TasLe 29.—Chinook salmon marked at Big White Salmon River halchery during the spring -of 1923,
’ when approzimalely 8 months old, and recovered during the seasons of 1924, 1925, and 1926

‘Weight, in pounds (mid-value of cla_ss)

Fish in
their
second
year, 1824,
males

Fish in their third | Fish in their fourth
year, 1925 year, 1926
Males | Females | Males | Females

Tota
Ave

1
VIR €= (14 ¢ L P

- s et
LONAEO DI 00 s T = Q0 NI D U DY O O3

The recoveries reported by the fishermen who troll for salmon in the ocean

add to our meager knowledge of the movements of salmon in the ocean.

Sixteen

of the 18 fish taken by this means were caught by trollers who operate out of the
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Columbia River ports. These records indicate that some of these fish were to be
found within a short distance of the mouth of the Columbia during the entire fishing
season of each year. Recoveries from this district range in date from May to Sep-
tember. The two remaining records of recoveries in the ocean are from more remote
localities. Both are from the west coast of Vancouver Island—one from near
Barkley Sound, taken on August 6, 1926, the other from near Ucluelet, British
Columbia, taken on August 9, 1926. These two recoveries agree with data obtained
from tagging experiments in showing that fish that will enter the Columbia River
during the fall may be found only a short time before at a considerable distance
up the coast.

The data for the recoveries of 4-year-olds give the best indication of the time of
the spawning migration. Appearing first at the mouth of the Columbia River
during the first week of August, these fish increased in abundance up to August 25,
when & closed season for commercial fishing cut off our records. When fishing was
resumed on Septemer 10 they were caught at the mouth of the river in even greater
numbers than during August, and they appeared for the first tme in the vicinity of
Cascade Locks. About the middle of September the run began to drop off, and by
the 1st.of October the fish disappeared completely from the commercial fishery.

The dates of recovery at Spring Creek give little indication of the time at which
the fish reach the creek, because most of them were not discovered until spawning
time. The hatchery records of the general run into Spring Creek are more reliable
for this purpose. These records show that the majority of the fish enter the creek
during September. Starting early in the month, about half of the run has passed
by the 20th and only a few come in after the 1st of October. The fish are nearly
ready to spawn at the time they enter the creek, but, in the absence of a gravel
bottom on which to spawn, they retain their eggs and sperm. This makes it possible
to delay the stripping process until most of the fish have matured. The bulk of the
eggs then are taken in one or two days. ' This restricted egg-taking period a.ccounts
for the bunching of recoveries at Spring Creek.

The data at hand indicate that most of the adult fish that escaped the com-
mercial fishery returned to Spring Creek to spawn. Eighty-two were recovered in
that creek, and only four are known to have chosen other tributaries. The records
from the commercial fishery of the upper Columbia are such that it is impossible to
determine whether the fish were caught above or below the mouth of Spring Creek,
but none was reported definitely from above that point, and one of the best fishermen
from that region has reported that he searched for marked salmon but found none.
Although a few of the fish have gone astray, there can be no question that most of
them sought and, if not previously captured found the very small tributary from
whence they came.

The scales of these adult marked ﬁsh pr esent an interesting series of composite
nuclei, which, when studied as a group, offer no problems to one who is familiar with
scales of this type. To the inexperienced observer, however, the many incidental
checks that characterize this type would constitute a perplexing problem. A scale
that is representative of this collection is illustrated in Figures 75 and 76. The inner-
most 5 or 6 rings of this scale are slightly lighter and more closely spaced than those
immediately surrounding them. This portion of the scale corresponds exactly with
the entire scale of the fingerlings at the time of liberation. (See table 26 and ﬁg 74.)
At about 15 rings from the center‘a second break in the continuity of the -rings (an
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incidental check) may be seen. Still a third break is to be found at 35 rings.  From
this point there is a gradual widening of the rings into the rings of rapid growth of
the second year. TFollowing this second summer’s growth is a band of closely spaced
rings representing the second winter. This is followed in turn by the rapid growth of
the third summer, the third winter check, and finally by a narrow marginal band of
more widely spaced rings of the fourth summer. The last band and in some places
even the third winter check have been removed by absorption.

An inexperienced observer might find difficulty in determining which check on
this scale represents the first winter. If he decided upon the second check (at 15
rings), he would be forced to consider the third check (at 35 rings) as representing
the second winter.  His interpretation then would be that the fish was in its fifth
rather than its fourth year. An experienced observer would not have this difficulty.
His interpretation would be based upon a knowledge of the general nature of the
different types of nuclei and the impression he gained from the appearance of the
whole scale, neither of which is described easily. In this particular case the portion
of the scale inclosed by the second check does not resemble a stream nucleus and it is
too small to represent an ocean nucleus. TFuthermore, the band between the second
and third checks (in comparison to the other summer bands) is too narrow to represent
a second year’s growth in the ocean. Even a relatively inexperienced person probably
would interpret correctly the age of this scale if he compared it with a series of scales
of the same general type.

TasLE 30.—Chinook salmon marked at Big White Salmon River halchery during the spring of 1923,
when approximalely 8 months old, and rec‘overed during the seasons of 1924, 1926, and 1926

Secale record of first year’s growth

To first incidental check _ Ta second incidental check Total

I S : i -
L?ﬂgf,’,‘nﬂfxal%"’(’ﬁfidﬁfﬁﬂlé Fishin| Fish in { Fishin | Fishin { Fishin | Fish in
of class) their | their | their | their | their | their
second | third | fourth [ fifth |second | third second | third | fourtb | fifth

year, | year, | year, | year, | year, | year, year, | year, | year, | yoar,
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TanLe 31.—Chinook salmon marked at Big White Salmon River hatchery during the spring of 1923,
when approzimately 8 months old, and recovered during the seasons of 1924, 1925, and 1926

Scale record of first year’s growth
»

To first incidental check To second incidental check Tota)

Number of rings
Fishin | Fish in | Fish in | Fish in | Fishin| Fish in | Fish in | Fish in | Fish in | Fish in | Fish in | Fish in
their | their | their | their | their | their | their | their | their | their | their | their
second | third | fourth | fifth |second| third | fourth | fifth |second | third | fourth | fifth
year, | year, | year, | year, | year, | year, | year, | year, | year, | year, | year, | year,
1924 1925 1926 1027 1924 1825 1926 1927 1924 1925 1926 1927

1 08 4 72 80 80 4 72 | 9 80
6.4 6.4 6. h| 12. 5 17.0 16.1 16.0] ~ 28.2 30. 5 20. 2| 20.3

Total ... ._.... 4
&

These nuclei are complicated further by the presence of an incidental check in
the second year. This check may be seen in Figure 78. In this case the check is
not sufficiently pronounced to cause any trouble. Ordinarily it causes no trouble
in so far as age determination is concerned, but it may lead to some question as to
what point on the scale represents the end of the first year’s growth. This is espe-
oially true where the nucleus is poorly differentiated. The scale shown in Figures
79 and 80 gives difficulty on this score. If the check at 39 rings is the winter check,

" this nucleus is among the largest in the collection, the second summer band is ex-
tremely narrow, and the usual incidental check in the second year is absent. If,
however, the check at 23 rings is the first winter check, the nucleus falls at the lower
end of the range of size and the usual check formed at the time of liberation is lacking;
but the second summer band, with its incidental check, is typical of this collection.
The latter explanation appears to be the more logical.

Figures 81, 78, and 75 illustrate scales of fish that matured in thelr second,
third, and fourth years, respectively,
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EXPERIMENT NO. 13.—SALMON (IDAHO) HATCHERY, AUGUST, 1924

Eggs from: Little White Salmon River, 1923.

Reared and marked at: Salmon (Idaho) batchery.

Mark used: Removal of both ventral fins and the adipose fin.
Number marked: 50,000. y

Liberated: In the Lemhi River on August 22, 1924,

Age: Approximately 11 months.

A sample of fingerlings preserved at the time the remainder were liberated
averages 58.1 millimeters in length. The scales average 22.2 millimeters in radius

and have an average of 7.8 rings. The innermost three or four rings frequently
are conspicuously finer and more closely spaced than those nearer the periphery.
A typical scale from a fingerling of average size is shown in Figure 82. The size
and scale data are tabulated in Table 32.

TABLE 32.—Chtnook-salmon fingerlings marked at Salmon (Idaho) haichery August 22, 192/

Scale record

Length in mm. (mid-value of class) Number of rings Leng;(hl% %Eltiocflgélrtﬁ?})ltlsc'lsi:sls;nm Males n};ﬁ;}s Total

re]7]|8 PRI ,

S U e

e 1 s SN T S S 1 1
211 RO N I 2 1 ‘3
2! 4 6 1 ——- 7 8 15
.-l 211 N I | 3 4 7
PO B U PO PRI PO B | 2 aeeaas .2
4 8 8 1 3 2 14 14 28
7.8 58.9 | 57.3 | 681

Two3-year-olds and sixteen 4-year-olds wererecovered from thismarking. Others,
which will mature in their fifth year, will return to spawn during the season of 1928.
The detailed data concerning the recoveries appear in Table 33.

TasLe 33. —Chmoolc salmon marked at Salmon (Idaho) hatchery during the fall of 1924, when ap-
proximately 11 months old, and recovered durmg the seasons of 1926 and 1927

Scale record, first year

AT har A i Length of anterior radius,

. Number of rihgs

Date of capture ‘ Place of capture - in millimeters X120 )
o - . : Tofirst | Total To first: |, Total -

: : ' : : incidental 5tma?n m:[el(litle!;e incidentall * stream I%t’iel;
‘check. | growth °QIALeS | check | growth |Mediates

. 1926: : - : L o B
................... Astoria CaNNery .ccoaceecoeooaoo.. 7 15 g 22 41 74

927During August.__l .| Cathlamet. ... ..... : . 7 6 :,.0 210 . .. 46 HURIN 1]

. 7 19 01 21 51 0

..... - 7 15 7 21 36 56

..... do...o - I 14 .8 5 © 39 58

...... Ilwaco cannery..._. . 7 17 6 0 43 63

Astorin cannery......o....-
~|. Altoona canpery...........

7

- R |
Ilwaco cannery ......... K 9
.| Astorin cannery. : ‘é
5
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‘The chief purpose of this experiment was to furnish further information regard-
ing the conditions that determine whether a given chinook will return at maturity
as a part of the so-called spring or fall runs. - Several experiments with the progeny
of the spring run have shown-that a change in'the early environment does not alter
the time of year at which the mature fish will start their spawning migration. This
experiment ‘furnishes similar evidence regarding chinooks of the fall run: In this
case eggs from a run that enters the Columbia River during August and September
and spawns at a distance of approximately 150 miles from the ‘ocean were frans-
ferred to a station at approximately five times that dlstance from the ocean, ‘where
only a spring run of chinooks naturally spawns.

'If these fish were to become adapted to the conditions under Whlch thev spent
their early life, they would be expected to return to spawn in the headwaters where
they were liberated. They would be expected to store in their bodies a quantity of
fat sufficient to furnish energy for the long migration in fresh water.. They would
also be expected to leave the ocean early enough to allow time for the long migration
before spawning time. None of these conditions seems to have prevailed.  The
time at which they passed through the lower Columbia on their spawning migration
was no earlier than that of the Little White Salmon River chinooks that remained
under natural conditions: As in the case of the latter, they appeared in the com-
mercial catches of the lower Columbia during the last two-thirds of August. None
of these fish returned to the Lemhi River, where they were liberated, nor did any ‘
enter the Little White Salmon River, where the eggs were taken. In fact, none were
recovered as spawners. If any of them succeeded in passing the commercial-fishing
district, we have no knowledge of where they went or whether they succeeded in
reaching suitable spawning grounds. Records of the quantity of fat stored in the
body of the fish were obtained for only four individuals. Although these records
were merely approximations based upon the appearance of the flesh, they indicate
that the quantity of fat was about average for fish of the fall run, Whlch is much
less than that of chinooks of the spring run.

- The nuclei of the scales of the fish that were recovered in this expenment show
very httle variation. -All have a central area of 12 to 19 rings (anterior- radlus
36
50 10
band ‘of from 5 to 10 rings of intermediates. - (See Table 33.) The stream growth
is broken by an incidental check, which incloses from 4 to 9 rings. A typical
nucleus is shown in Flgure 85. Scales from fish recovered during their third smd
tourth years are shown in Flgules 83 and 84. :

CONCLUSIONS
PERCENTAGE OF RETURN

12?6 mllhmeters) of stream growth, Whlch in most cases is sunounded by a

 The reported returns from these experiments range from 1 out of 50 000 liberated
to 1 out of each 300 hbel ated. These figures have very little s1gn1ﬁcance, however,
because they represent not the total returns but an unknown and varying proportion
of the total.. As has been pointed out in the introduction, the authors and other
employees of the Bureau of Fisheries who have assisted them with the collection of
data have been unable 1o ohserve personally more than a small fraction of the fish
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taken from the Columbia during the time when these experiments were in progress.
It has been necessary, therefore, to depend upon fishermen and cannery employees
for most of the records of returning marked fish. The number of persons who have
searched for marked fish and the conditions that affect the efficiency of their efforts
have varied so greatly as to make it impossible even to estimate with any degree of
accuracy what proportion of the total recaptures have been reported. The apparent
failure of some of the early experiments probably was due in part to the fact that no
inducement was offered to those finding marked salmon to report their captures.
The first real interest on the part of fishermen and cannery employees came in 1920
as a result of the Oregon fish commission’s offer of a reward of 50 cents for each record
of the capture of a marked fish. An increase in the reward to $1 in 1922 caused a
greater response from those connected with the industry, but even with this induce-
ment a great deal of encouragement and publicity was required to get people started
reporting their captures. The system of collecting data has been improved con-
stantly, until during the last few years it is believed that most of the recoveries have
been reported.

Another source of error is in connection with the escapement; that is, those
fish that succeeded in evading the commercial gear and continued on to the spawning
grounds. In the experiments involving fish from Little White Salmon River and
Big White Salmon River, nearly all of the escaped fish probably returned to their
‘parent tributary and were caught in the course of the egg-taking operations. This
is not true, however, of experiments involving chinooks of the spring run, the greater
part of which did not enter the tributary in which they were liberated but continued
on up the Columbia. No record is available of those that succeeded in passing the
upper limit of the commercial fishery.

In view of the many sources of error it is useless to assign the expernnents to
rank in the order of success; but so little is known of the results of either natural or
artificial propagation that even an approximation of the general success of these
experiments will be of interest. Experiment No. 12 was the most successful, the
reported recoveries representing 0.45 per cent of the fingerlings liberated. Experi-
ment No. 7, with the reported recoveries representing 0.39 per cent of the liberation,
stands second. The records of this experiment are not accurate, in that they do not
include the escapement, which continued on up the main Columbia beyond the
commercial-fishing district. Third in success is experiment No. 6, with 0.24 per cent
recovered. Here again the escapement is not represented. KExperiment No. 8,
with 0.18 per cent recovered, is fourth. In these four experiments the records from
the commercial fishery are believed to represent the majority of the marked. fish
that were caught. The returns that have not come to our attention certainly would
ndt add enough to make the totals more than 1 or 2 per cent of the liberation.

SUCCESS OF LONG AND SHORT PERIODS OF REARING

One of the most important problems confronting those interested in the artificial
propagation of salmon is the determination of the length of time the fingerlings should
be held at the hatchery in order to get the greatest return. Some hatchery men
prefer to liberate their fingerlings very soon after the yolk sack is absorbed, whereas
others are of the opinion that best results are obtained from much longer rearing.
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Two of the more recent marking experiments were designed to provide an answer to
this question. Kach of these involved five lots of marked fingerlings, which were
liberated at varying ages. . None of the fish in these experiments. have reached
maturity to date and have not been discussed in this report; but even the compara-
tively unreliable records of return from the various experiments herein described
give some indication of the relative success of the long and short periods of rearing.

For consideration thereof the experiments may be arranged in groups. Those
involving the progeny of the spring run into the Willamette River may be taken
as one group. This will include experiments Nos. 1, 2, 5, 6, 7, 9, 10, and 11. In
this category the longer periods of rearing have given the best results, virtually
no returns having been obtained from fingerlings liberated during midsummer.
Experiments Nos. 3, 8, and 12, which involved fingerlings derived from the fall
runs into the Little White Salmon and Big White Salmon Rivers, form another
group. In this case better results have come from a very short period of rear-
ing than from liberating during midsummer. The success of the longer periods
of rearing has not been determined for this group. On the basis of what is known
of the habits of these two classes of chinooks we might have expected such results
as have been obtained. As fingerlings of the spring run normally spend the entire
first year in fresh water, best returns would be expected from the longer
period of rearing. This is especially true if the fingerlings are forced by unfavorable
conditions to leave the river as soon as liberated. In the case of the fall chinooks,
which normally leave the stream soon after the yolk sac is absorbed, the shorter
period of rearing might be expected to be the most successful.

INTERPRETATION OF SCALES

It is hardly necessary now to argue for the validity of the methods developed
for determining the age and other features of the life history of salmon by means of a
microscopic examination of their scales. These methods already have given abundant
proof of their value, especially through the careful and extensive researches of Gilbert
on the sockeye salmon. It is important to note, however, that the scales of these
fish of known history corroborate fully the theory that the arrangement of the con-
centric rings (circuli) provides an accurate record of the previous history.

Moreover, a study of the scales of these marked fish has aided materially to
solve the many perplexing problems that have arisen in the interpretation of the
scales of the chinook salmon, particularly in connection with the early history as
recorded in the nuclear area of the scales. Frequent mention of these matters has
been made in the discussion of the returns.obtained from,the various experiments.
It has been shown, particularly, that the growth of the first year (the ‘“nuclear”
growth) is subject to numerous variations, which intergrade so completely that it is
impossible to draw any sharp line of distinction. At one end of the series we have
the typical stream nucleus, denoting that the first year was spent entirely in fresh
water, and at the other end the typical ocean nucleus, denoting that the fish ran out to
the ocean immediately after emerging from the gravel of the spawning beds and
spent the entire first year there. The majority of the Columbia River chinooks,
however, have neither typical stream nor typical ocean nuclei but apparently have
spent part of the first year in fresh water and part in the ocean. The result has been
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a nuclear area composed in part of stream growth, with fine, narrow rings, and in
part of ocean growth, with wide, strongly marked rings. This is amply explained by
the habit of the young fish in the Columbia of migrating throughout the year and not,
as in many other cases, during a definite and restricted season (Rich, 1920). Ac-
cording as the length of time in fresh water is short or long, the amount of stream
growth is less or greater; in the first instance the nuclei approach the ocean type
and in the second they approach the stream type, and the intergrajd&tions appar-
ently are complete. For these nuclei, composed in part of stream and in part of
ocean growth, we propose the term ‘‘composite nuclei.”

A further complication arises as a result of the presence on many scales of
“intermediate’’ growth-—that formed during the life in the estuary while on the
seaward migration. The rings formed at this time are ‘“intermediate’ in position
and in appearance between the stream and ocean rings and vary so materially that it
is difficult to distinguish them with certainty, sometimes from the stream rings and
at other times from the ocean rings.” Nuclei composed only of stream rings and
intermediates blend indistinguishably with certain types of composite nuclei.

As a result of these variations the first year’s growth on the scales of Columbia
River chinooks frequently is very confusing and presents, in extreme cases, as many as
four or five checks, each of which might easily be mistaken for an annulus by an
inexperienced observer. As a matter of fact, however, with experience this confusion
is eliminated almost completely, at least in so far as the determination of age is con-
cerned. It may never be possible to interpret correctly the details of history recorded
in a complicated composite type of nucleus, but that is relatively immaterial for
practical purposes as long as there is no error in age determination, and our experience
with the scales of fish of known history has provided sufficient information so that
such errors may be eliminated almost entirely.

TIME OF ENTERING FRESH WATER

Perhaps the most important contribution which these experiments have made to
our knowledge of the biology of the salmon is that relating to the hereditary char-
acter of the factors that determine the time of year when the adults enter fresh water
and begin their migration to the spawning grounds. The great practical value of
determining beyond question whether this is strictly an hereditary character or not
is assoclated with the fact that the early run of chinooks (spring chinooks) is of much
better quality and is, consequently, of much greater value to the fishery than the
later run (fall chinooks).: The spring fish are sought most earnestly, and the main-
tenance of the spring run has been the chief concern of those interested in practical
conservation. This'question has been asked frequently: Is it necessary to breed from
fish'of the spring run in order to produce spring fish, or is it possible, by propér han-
dling of the progeny of the fall run, to produce fish that will return as adults to fresh
water early in the spring?

The evidence of these marking experiments shows beyond questlon the heritable
quality of this character. In 8 of the 13 experiments the young fish were derived from
eggs taken either on the Willamette Rlver orits tnbutarles the McKenzie and the
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Santiam, where the spawning runs are composed exclusively:of salmon that enter the
Columbia early in the spring. The fish were reared and liberated on tributaries of,
the Columbia that mormally are inhabited by fall-running salmon only, but the
marked fish returned to the river as adults during the spring. Of the 390 adults that.
have been recovered from these experiments, 365 were taken before June 1, and ‘there
is some-evidence that all but two of those taken after that date had entered the river
some time before they were caught. . These fish not only were subjected to an unna-
tural environment during: their early lives but also were liberated at various ages;
ranging from 7 to 18 months.. Neither of these conditions seems to have changedr
the time of their return to fresh water.

A converse experiment (experiment No. 13), in which the progeny of fa,ll chmooksv
were reared and liberated under conditions normal to spring chinooks, has given sim-
ilar results. | All of 16 mature fish recovered from this experunent sterted thelr spa,wn-.
ing migration in the fall. . .

Another interesting feature of the spawning mlgratmn demonstreted by these.
experiments is the comparatively short time during which the fish from each tributary:
leave the ocean. As has been pointed out, chinooks that spawn in the Willamette,
McKenzie, and Santiam Rivers with but few exceptions enter the Columbia River
before the 1st of June. The fish that developed from eggs taken on the Little White
Salmon -and Big White Salmon Rivers were found to be passing though the com-
mercial fishing district in August and September. All the fish in experiment No. 4,
which were introduced from the Umpqua River, were caught during s period of less
than a month, beginning May 13. It seems fairly clear that the fish belonging to any
given tributary enter the main river from the ocean at a definite and characteristic
time. This is an important. point, as it gives additional evidence of the existence.of
local races in the tributary streams and shows that each race is present in the main
river only a comparatively short time. Knowing, further, that each race -isiself-
propagating, it becomes perfectly apparent that all parts of the salmon run in' the
Columbia River must be given adequate protection if the run as a whole is to be
maintained. - The protection of only one or two portions of the run' will not be
sufficient, inasmuch as certain races will be left entirely unprotected..

AGE AT MATURITY

The relatlon between the reported returns and the actual returns has varied. so
greatly as to make only a general consideration of the age at maturity ]ustlﬁable
For this purpose. the experiments again may be divided into two classes—those in-
volving spring chinooks from eggs taken on the Willamette River and its tributaries
and those involving salmon from the Big White Salmon and Little Whlte Salmon
Rivers, which enter. fresh water during the latter part of the season,

Mature spring chinooks that. were in. their third to sixth yea,rs have been re-
covered. - ‘In every case the greatest number matured in theirfifth year. The 6-year-
olds have alwa,ys exceeded the 4-year—olds, and the 3-year-olds are, represented by
only two recoveries. . .

- The data relating to the fall chmooks are very madequate, but they mdlca.te that
the fourth and fifth years are the prevailing ages at maturity. On the whole, the fish
of this class mature one year younger than the spring chinooks. A few males mature

105107~-20——4
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in their second year, and a significant: number of both males and females return in
their third. No 6-year-olds have been recovered as yet. ‘From the standpoint of
growth, however, there is very little difference in' the time ‘of maturing; that is, the
two classes mature after approximately equal intervals of rapid growth. : The rate of
growth in fresh water is so low, in comparison to that in the ocean, that a year of fresh-
water growth is insignificant in comparison to two or more years of ocean growth.
The size attained, therefore, is proportional to the length of time spent in the ocean.
The fall chinooks normally enter the ocean early in their first year, whereas the
spring chinooks remain in the streams for an entire year before going to the ocean.
In addition, the former remain in the ocean for three or four months of ‘the rapid-
growing season of the year in which they mature, whereas the spring chinooks start
their spawning migration so early in the year that they make little or no growth
during the last season. As a result of the earlier seaward migration and later spawn-.
ing migration the fall fish spend approximately one full growing season more in the
ocean than do the spring chinooks of the same age and have spent about the $ame time
in the ocean as spring chinooks one year older.. - The relation between ocean: res1dence
and tune of maturmg is. therefore about the same for the two classes :

HOMING INSTINCT .

The so-called “pa,rent—stream” theory or ‘“home- stream theory is ‘now- sub-
stantlated by such a wealth of evidence that it seems nearly superfluous to state that
none of the salmon marked on the Columbia have been recovered in eny other river
system. :

* The records of marked Columbla Rlver chlnooks taken off the coast of Bntlsh
Columbia and southeastern Alaska show something of the wide oceanic migrations
of these fish and are in agreement withthe results of the tagging experiments:: The
tdgging experiments in British Columbia in 1925 (Williamson, 1927) showed. conclu-
sively: that a large percentage of the spring (chinook) salmon caught by troll in these
nt)rthern waters originated in the Columbia River. In view of this wide range in
the ocean, the fact that no marked fish'were reported in-any other stream than the
Columbia indicates clearly the force and discrimination of the homing instinct as it

raffects the return to the home stream. .

It is evident, furthermore, that under normal circumstances salmon predomi-
nantly ‘return to spawn in the tributary in which they spent the early part of their /
lives, although they have been shown not to do so in some instances. - It is important
to note, in thig connection, that the transplanted fish have shown no tendency to
réturii’ to' the stream from which the eggs were taken. 'The homlng instinct is not a
purely” hereditary matter, therefore, but is determined largely by the early environ-
ment. These experlments have shown that under certain circumstances ‘the return
t0 the home tributary is by no means 1nVar1ab1e and that the major part of ‘& run may
fail' to return to the tributary in which'it ‘was reared and liberated. Experiment
No. 7 géve the most conclusive evidence on ‘this point. ~ Nearly half of the 252 adults
recovered from this experiment were taken in the Columbia River-several miles above
the mouth of Tanner Creek, where 'the' fingerlings were liberated. ''As only three
were taken in Tanner Creek, itis apparent that the majority chose not to enter that
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tributary and continued up the main river. Six other experiments, which, like
experiment No. 7, involved spring chinooks that were liberated in tributaries other
than the one in which the eggs from which they developed were taken, have given
similar results. From these experiments only four returns to the place of liberation
have been reported. It may be concluded tentatively that, in part at least, some
element in the complex known as the homing instinct is hereditary, so that the
instinet does not function perfectly in the case of transplanted fish. It seems pos-
sible that this might be a determining factor in the establishment or rehabilitation
of salmon runs by means of artificial propagation.

The experiments with chinooks of the fall.run have resulted in much greater
returns to the place of liberation. Ninety-nine of the 504 recoveries recorded for
the experiments with salmon of this group were caught at the hatcheries at which
the fingerlings were reared and liberated. Five of these fish entered near-by tribu-
taries, but no others are definitely known to have strayed, the remainder having
been taken either in the ocean or in the Columbia River below the mouth of the
home tributary. The most striking instance of this return to the home stream is
that to Spring Creek. This stream is so extremely small that it is difficult to see
how the salmon could find it at all, and yet 82 of the fish marked here were recaptured
here as adults, while only 4 were taken in other spawning tributaries. This is the
most definite evidence known to us of the validity of the home-stle&m theory as
applied to tributaries.

The reason for this difference in the homing of the spring and fall chinooks is
not shown conclusively by the data at hand. It seems, however, that the homing
instinet is disturbed to some extent by transplanting the eggs from one tributary to
another, the disturbance being greatest when the eggs are transferred to tributaries
that offer least favorable conditions for the returning maturefish. The marked spring
chinooks in every experiment were transplanted in tributaries that could not support
a spring run. The fall chinooks, on the other hand, were liberated in either their
native stream or another that offered favorable condltlons for a fall run. While by
no means conclusive, the evidence indicates that the transplanting of eggs from one
tributary to another has an unfavorable influence on the homing instinct of the
resulting fish. This is § matter of considerable importance in fish-cultural opera-
tions, particularly in cases where attempts are made to rehabilitate runs by trans-
plantation from other streams. So far as these experiments go, they indicate that a
better practice would be to stock each stream with eggs native to that stream.
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EXPLANATION OF FIGURES

The magnifications indicated in all of the legends are only approximate. Abbreviations used
in the figures: . ck. indicates incidental check: st. gr., stream growtl; int., intermediate growth;
1, 2,3, etc., the age of the fish in years when the correspondmg pointson the scales were margmal
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Exrerivent 1
Fi1G. 5—Yearling, 132 millimeters, Bonneville hatchery, March 2, 1926, showing well defined winter check. X 25
F1G. 6.—Yearling, 122 millimeters long, marked at Bonneville hatchery, March 11, 1916, Typical scale showing poorly
defined incidental and winter checks. X 25
F1a. 7.—Marked at Bonneville hatchery during the spring of 1016 as a yearling. Recovered near The Dalles, Oreg., May
4, 1920, in its sixth year. Male, 48 pounds in weight. T'he scale is absorbed to such an extent that the winter band
of the fifth year and whatever may have been formed of the sixth year's growth do not show. X 13
F1G. 8.—Nuclear region of the scale shown in Figure 7. X 25
ExrerIMENT 2
F1a. 9.—Fingerling, 81 milimeters, Klaskanine hatchery, July 16, 1916. A typical scale with no incidental check. X 25
Fi1G. 10.—Fingerling, 94 millimeters long, marked at Klaskanine hatchery, July 16, 1016, showing incidental check. X 25
FiG. 11.—Marked at Klaskanine hatchery during the summer of 1916, when approximately 11 months old. Recovered
at Astoria, Oreg., between May 25 and June 21, 1920, in its fifth year. This scale was taken from the skin attached to
the scar of the dorsal fin, which accounts for its small size. >{ 13
F1G. 12.—Nueclear region of scale shown in Figure 11. X 25
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ExperiMENT 3

Fl(;‘.%l.’i].—I"ingcrling, 60 millimeters long, marked at Little White Salmon River hatchery July

28,1916, X 25

F16. 14.—Marked at Little White Salmon River hatchery during the summer of 1916 when about
10 months old. Recovered as a spawning fish in the Little White Salmon River during the
fall of 1918, in its third year. Male, 19.5 inches long. A considerable portion of the third
vyear’s growth has been lost by absorption. X< 25

F16. 15,—Marked at Little White Salmon River hatchery during the summer of 1916, when about
10 months old. Recovered at Astoria, Oreg., August 25, 1919, in its fourth year. Female.
No data as to size. X 13



BuLL., U. S. B. F., 1928. (Doc. 1047.)

s
7

EXPerIMENT 3

F16. 16.—Nuclear region of scale shown in Figure 15. X 25 .
F1G. 17.—Marked at Little White Salmon River hatchery during the summer of 1916, when about 10 months old. Re-
covered by purse seine off the mouth of the Columbia River, August 21, 1920, in its fifth year. Female, 30 inches

long and weighing 27 pounds. X 13 .

F16G. 18.—Nuclear region of seale shown in Figure 17. 3 25

F16. 19.—Marked at Little White Salmon River hatchery during the sumier of 1916, when about 10 months old. Recov-
ered in the Little White Salmon River, September 27, 1920, in its fifth year. Female, 36.75 inches in length. X 25
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EXPERIMENT 4

FiG. 20.—Fingerling, 47 millimeters long, marked at Bonneville hatchery, September 13, 1916. Smallest fish in the collection. X 25

F16. 21.—Fingerling, 69 millimeters long, marked at Bonneville hatchery, September 13, 1916. Typical scale showing incidental check. X 23

F1G. 22.—Marked at Bonneville hatchery during September, 1916, when approximately 12 monthsold. Recovered at Astoria, Oreg., May 21,1920, inits fifth year. Female,
31 inches long and weighing 18 pounds. X 13

FiG. 23.—Nuclear region of scale shown in Figure 22. A poorly differentiated nucleus. X 25
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EXPERIMENT 4

FiG. 24.—Marked at Bonneville hatchery during September, 1916, when approximately 12 months old. Recovered at
Wallace Island, June 5, 10920, in its fifth year. Male, 26.25 inches long and weighing 28.25 pounds. X 13

Fia. 25,—Nuclear region of scale shown in Figure 24. A more clearly differentiated nucleus. X 25

F16. 26.—Marked at Bonneville hatchery during September, 1916, when approximately 12 months old. Recovered at
Astoria, Oreg., May 25, 1920, in its fifth year. Female, 35.5 inches long and weighing 20 pounds. X 13

F16. 27.—Nuclear region of scale shown in Figure 26, showing wide band of intermediate growth, > 25
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ExrEriMENT 4

Fi16. 28.—Marked at Bonneville hatchery during September, 1916, when approximately 12 months old. Recovered at
Astoria, Oreg., May 18, 1920, in its fifth year. Female, either 16 or 21 pounds in weight. This seale was taken from
the skin attached to the scar of the dorsal fin, which accounts for its small size. This is the most confusing scale in
the entire collection from marked chinook salmon. In the absence of knowledge of the early history of the fish, the
check marked 2 might have been mistaken for the first winter check. X 13

F16. 29.—Nueclear region of scale shown in Figure 26. X 25

Fi1G. 30.—Marked at Bonneville hatchery during September, 1916, when approximately 12 months old. Recovered near
Altoona, Wash., June 5, 1920, in its fifth year. Female, 32 inches long and weighing 21 pounds, showing nucleus
lacking incidental check and having only two or three rings of intermediate growth. > 25

F16. 31.—Marked at Bonneville hatchery during September, 1916, when approximately 12 months old. Recovered at
Ilwaco, Wash., May 17, 1920, in its fifth year. Female, 35.4 inches long and weighing 21.5 pounds, showing a
very poorly differentiated nucleus. X 25
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EXPERIMENT 5

F16. 32.—Fingerling, 55 millimeters in length, marked at Little White Salmon hatchery, July 18, 1917. X 25

Fi16. 33.—Marked at Little White Salmon River hatchery during the summer of 1917, when approximately 10 months old. Recovered as a spawn-
ing fish in the Little White Salmon River, October 12, 1920, in its fourth year. Female, 27 inches long and weighing 10.5 pounds. Record of
all but the first 2 years’ growth has been eaten away by absorption of the scale. X 25

ExpPERIMENT 6

F1G. 34.—Fingerling, 145 millimeters, marked at Herman Creek hatchery March, 1920, showing absence of incidental and winter checks. X 25

Fi1G. 35.—Fingerling, 126 millimeters in length, marked at Herman Creek hatchery during March, 1920, showing incidental check, winter check, and
three rings of rapid growth of the second year. X 25

F1G. 36.—Marked at Herman Creek hatchery during the spring of 1920, when approximately 18 months old. Recovered at Ellsworth, Wash.,
May 20, 1923, in its fifth year. Male, 36 inches long and weighing 15 pounds. X 13

F1G. 37.—Nuclear region of scale shown in Figure 36. X 25
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ExpreriMENT 6

Fi6. 38.—Marked at Herman Creek hatchery during the spring of 1920 when approximately 18
months old. Recovered at Clatskanie, Oreg., May 7, 1924, in its sixth year. Length, 38
inches; weight, 22 pounds. X 13

F16. 39.—Nueclear region of scale shown in Figure 38. X 25
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EXPERIMENT 7

F1G. 40.—Fingerling 102 millimeters long marked at Bonneville hatchery October 14, 1920. X 25

F1G. 41.—Marked at Bonneville hatchery during October, 1920, when approximately 13 months old. Recovered by troll in the ocean on August 9, 1922, in its third
vear. Male, 23.25 inches long and weighing 5.5 pounds. X 13

F1G. 42—Marked at Bonneville hatchery during October, 1920, when approximately 13 months old. Recovered in the lower Columbia, May 9, 1923, in its fourth
year. Female, 32 inches long and weighing 18 pounds. X'13
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Exreriment 7
F1G. 43 —Marked at Bonneville hatchery during October, 1920, when approxima £
months old. Recovered at Westport, Oreg., May 1, 1924, in its fifth year. Female, 38
inches long and weighing 22 pounds. X 13 . .
F16G, 44 —Nuclear region of scale shown in Figure 43, showing nucleus of average size. X 25
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ExprerIMENT 7

T16. 45—Marked at Bonneville hatchery during October, 1920, when approximately 13 months old. Recovered
near Bonneville, Oreg., May 7, 1925, in its sixth year. Male, 40.5 inches long and weighing 27 pounds. The
last half year’s growth has been removed by absorption of the scale. X 13

16, 46,—Marked at Bonneville hatchery during October, 1920, when approximately 13 months old. Recovered
at Cascade Locks, Oreg., May 8, 1024, in its fifth year. Female, 32.5 inches long and weighing 13 pounds,
showing an extremely large nucleus. X 25

116G, 47.—Marked at Bonneville hatchery during October, 1920, when approximately 13 months old. Recovered
at Corbett, Oreg., May 6, 1924, in its fifth year. Female, 34.5 inches long and weighing 18 pounds, showing
an extremely small nucleus, X 25
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EXPERIMENT 8

FiG. 48.—Fingerling, 50 millimeters, marked at Little White Salmon River hatchery summer of 1920. X 25
FiG. 49.—Marked at Little White Salmon River hatchery summer of 1920, when approximately 10 months old. Re-
1 at Astoria, Oreg., August 22, 1923, in its fourth year. Male, 37 inches long and weighing 25 pounds. X 25
F1¢ —Marked at Little White Salmon River hatchery summer of 1920, when approximately 10 months old. Re-
vered at Sand Island, August 14, 1923, in its fourth year. Male, 45.5 inches long and weighing 42 pounds. X 25
F .—Marked at Little White Salmon River hatchery summer of 1920, when approximately 10 months old. Re-

1G. 5

covered at Sand Island, August 23, 1923, in its fourth year. Female, 39 inches long and weighing 23 pounds. X 25
Fi16. 52.—Marked at Little White Salmon River hatchery summer of 1920, when approximately 10 months old.
Recovered in the lower Columbia, August 20, 1923, in its fourth year. Female, 26 inches long and weighing
10 pounds. . X 25
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ExrerimeNnT 8

F1G. 53.—Marked at Little White Salmon River hatchery during the summer of 1920, when ap-
proximately 10 months old. Recovered in the lower Columbia, August 17, 1923, in its fourth
yvear. Female, 30 inches long and weighing 24 pounds. X 13

Fia. 54.—Marked at Little White Salmon River hatchery during the summer of 1920, when ap-
proximately 10 months old. Recovered at Sand Island, August 10, 1924, in its fifth year.
Male, 33.9 inches long and weighing 29 pounds. X 13
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EXPERIMENT 9

Fi16. 55.—Fingerling, 82 millimeters long, marked at Bonneville hatchery, August 24, 1921, showing a distinct incidental check. X 25

Fi16. 56.—Fingerling, 106 millimeters long, marked at Bonneville hatchery, August 24, 1921, showing absence of incidental check. X 25

Fi1G. 57.—Marked at Bonneville hatchery during the fall of 1921, when approximately 13 months old. Recovered at Warrendale, Oreg., May 6, 1924, in its fourth year. Male, 25.75 inches
long and weighing 13 pounds. X 13

Fig. 58 —Marked at Bonneville hatchery during the fall of 1921, when approximately 13 months old. Recovered at Astoria, Oreg., May 17, 1924, in its fourth year. The growth proportions
in this scale are very unusual. (See p. 244.) X 13

F16. 59.—Nuclear region of scale shown in Figure 58. X 25
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ExreriMeNT 9

F1G. 60.—Marked at Bonneville hatchery during the fall of 1921, when approximately 13 months old. Recov-
ered at Dahlia, Wash., May 8, 1925, in its fifth year. Male, 41 inches long and weighing 20 pounds. The
fourth winter band and whatever was formed during the spring of the fifth year have been removed by
absorption of the scale. X 13

F16. 61.—Marked at Bonneville hatchery during the fall of 1921, when approximately 13 months old. Recov-
ered at Clatskanie, Oreg., during February, 1926, in its sixth year. No data as to sex; length 42 inches,
weight 37 pounds. The rapid growth of thesixth year had not started at the time the fish was caught. X 13
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Exreriment 10
. 62.—Fingerling, 78 millimeters, marked at Bonneville hatchery August 28, 1922. A typical scale. X 25
: ‘ked at Bonneville ha wy fall of 1922, when approximately 12 months old. Recovered at CascadeLocks,
7 5, 1926, in its fifth year. Female, 37 inches and 22 pounds. A poorly differentiated nucleus. X 25
ked at Bonneville hatchery during the fall of 1922, when approximately 12 months old. Recovered in a
cannery at Warrendale, Oreg., May 10, 1926, in its fifth year. Male, 36 inches long and weighing 18 pounds, showing
a clearly differentiated nucleus. X 25
FiG. 65.—Marked at Bonneville hatchi during the fall of 1922, when approximately 12 months old. Recovered in a
cannery at Ellsworth, Wash., May 7, 1926, in its fifth year. Male, 20.5 inches long and weighing 19.5 pounds, show-
ing intermediate growth that closely resembles stream growth. X 25
Fia. 66.—Marked at Bonneville hatchery during the fall of 1922, when approximately 12 months old. Recovered in a
cannery at Ellsworth, Wash., M , 1926, in its fifth year. Female, 34 inches long and weighing 21 pounds, show-
ing a nucleus with an extremely wide band of intermediate growth. X 25
Fia. 67.—Marked at Bonneville hatchery during the fall of 1922, when approximately 12 months old, Recovered in a
cannery at Ellsworth, Wash., May 15, 1026, in its fifth year. Female, 32 inches long and weighing 17 pounds, show-
ing a nucleus with no intermediate growth, X 25
FF1G. 68.—Marked at Bonneville hatchery during the fall of 1922, when approximately 12 months old. Recovered at
The Dalles, Oreg., May 3, 1924, in its third year, Male, 18 inches long and weighing 3 pounds. X 13
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ExperiMENT 10

F1G. 69.—Marked at Bonneville hatchery during the fall of 1922, when approximately 12 months old. Recovered in a cannery at Warrendale, Oreg., during the spring of 1925
in its fourth year. Female, 40 inches long and weighing 35 pounds. X 13

F1G. 70.—Marked at Bonneville hatchery during the fall of 1922, when approximately 12 months old. Recovered at Cascade Locks, Oreg., May 5, 1926, in its fifth year.
Female, 37 inches long and weighing 22 pounds. The fourth winter band and whatever was formed during the fifth spring have been removed by absorption of the scale
X 13
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ExpErRIMENT 11

F16. 71.—Fingerling, 75 millimeters long, marked at Klaskanine hatchery, August 18, 1922. A typical scale. X 25 .

Fi16. 72.—Marked at Klaskanine hatchery during the summer of 1922, when approximately 10 months old. Recovered at the Klaskanine hatchery during the spring of 1926, in its
fifth year. The margin of the scale has been slightly removed by absorption. X 13

F16. 73.—Nuclear region of secale shown in Figure 72. X 25
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Rcu)\erolm Ilwaco, Wash., August 19, 1926, 1n n fo u ll 1year. Male, 39.3 inches long and weighing 30 pounds. X 13
F16. 76.—Nuclear region of s LllL shown in Figure 7 X 2
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ExrerimeNnT 12

F16. 77.—Marked at Big White Salmon River hatchery during the spring of 1023, when approximately 8 months oid.  Recov-
ered at Astoria, Oreg., August 23, 1926, in its fourth year. Male, 39 inches long and weighing 28.5 pounds, showing a
poorly differentiated composite nucleus. 'The first year's growth blends so gradually into that of the second year that
it is impossible to determine where the first year ends and the second begins. X 25 .

F1G. 78.—Marked at Big White Salmon River hatchery during the spring of 1923, when approximately 8 months old. Recov-
ered at Pillar Rock, Wash., August 25, 1925, in its third year. Male, 26 inches long and weighing 12 pounds, showing an
incidental check in the second year, which is not sufficiently pronounced to be coniused as an annulus. X 13

Fi6. 79.—Marked at Big White Salmon River hatchery during the spring of 1923, when approximately 8 months old. Recov-

, ered at Astoria, Oreg., August 24, 1926, in its fourth year. Female, 37 inches long and weighing 22.25 pounds, showing
an incidental check in the second year, which might be mistaken for an annulus. A part of the fourth summer’s growth
|has been removed by absorption of the scale. X 13

F16. 80.—Nuclear region of the scale shown in Figure 78. X 25

FiG. 81.—Marked at Big White Salmon River hatchery during the spring of 1923, when approximately 8 months old.
ered at Astoria, Oreg., August 2, 1924, in its second year. Male, 22 inches long and weighing 5 pounds. X 13
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ExperiMeENT 13

F1a. 82.—Fingerling, 58 millimeters long, marked at Salmon (Idaho) hatchery, August 22, 1924, X 25

I"16G. 83.—Marked at Salmon (Idaho) hut.choy_v during the fall of 1924, when approximately 11 months old. Recovered
in an Astoria cannery, August 10, 1926, in its third year. Male, 25 inches long and weighing 9 pounds. X 13

F16. 84 —Marked at Salmon (Idaho) hatchery during the fall of 1924, when approximately 11 months old Recovered
in the ocean on July 25, 1027, in its fourth year, X 13

Fia. 85.—Nuclear region of scale shown in Figure 84. X 25



