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ABSTRACT

Karluk River red salmon migrate to the ocean in their first to their fifth year. The majority
migrate during their third or fourth year. They mature, and return to fresh water to spawn in
their third to eighth year. The 5-year age group is dominant, with the G-year age group next in
importance. In the period from 1921 to 1936, the spawning escapements have fluctuated from 400,000
to 2,633,402 with an average escapement of 1,113,594. The fluctuations in the ratio of return to
escapement have been considerable, and no correlation has been found to exist between escapement
and return.

Certain adverse environmental conditions in the lake and tributary streams appear to have a
deleteriou effect upon the young red salmon. Insufficient amounts of phosphorus and silica present
in the lake waters is one such condition. This shortage of essential chemicals indirectly affects the
production of zooplankton of the lake, and thus appears to indirectly affect the growth and survival
of young salmon which depend upon zooplankton for food. A marked change is occurring in the
percentage of fish of a given fresh-water history in the escapement, in relation to the percentage
of fish of the same fresh-water history in the return. A higher percentage of fish spend 3 years in
fresh water in the escapement than in the return, and a higher percentage of fish spend 4 years in
fresh water in the return than in the escapement. Unless this relationship changes, the majority
of salmon in the Karluk River runs will be fish that have spent 4 years in fresh water, whereas,
formerly, the dominant age group was composed of fish that had spent 3 years in fresh water.

Seaward migration takes place during the last week of May and the first 2 weeks in June. The
percentage of 4-year fingerlings decreased, and the percentage of 3-year fiugerlings increased during
the period of migration. Growth rate affects the time of migration, as the fastest growing individuals
migrate first. Marking experiments at Karluk River have shown the amputation of the adipose
and right, left, or both ventral fins to be better methods of marking than those which included the
pectoral fins. The fresh-water mortality of Karluk River red salmon was found to be in excess of
99 percent. The average ocean mortality was 79 percent. The older and larger 4-year seaward
migrants cxperienccd a lower ocean mortality than the 3-year migrants; the average mortality of the
former was 76 percent as compared to 83 percent for the younger age-group. Returns from marking
experiments on the red salmon of Karluk River have been consistently greater than returns from
similar experiments in other areas.
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INTRODUCTION

One of the major problems of the Federal Government on the Pacific coast is the
conservation of the Alaska salmon resources which yield more than 280 niillion pounds
of salmon to the commercial fisheries cach year. In order to conserve these re-
sources, so as to provide for an optimum yield each scason, it has been found neces-
sary to impose certain regulations on the fishing industry. These regulations aim
primarily to provide an adequate escapement of the salmon to the streams each
scason so that they may reproduce and maintain the supply.!

Knowledge of fluctuations in the abundance of salmon populations provided
the basis upon which the regulations were formulated. Since the commercial catch
records gave insufficient and frequently unreliable information on the abundance
of salmon, picket weirs were established in a number of important salmon rivers
through which the fish wore counted on their upstream migration to the spawning
grounds. The count of the number of salmon migrating into a river, together with
the record of the commercial catch in the locality of the river, furnished information

1 Pacific salmen spend the carly part ef life in fresh water, the time spent there depending on the species and locality. They
then migrate to the ocean and after a varying peried ef time return te fresh water to spawn. Fishery Bulletin 39. Appreved for
publication May 6, 1940.
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on the magnitude of the total run during a particular season. It was soon evident,
however, that information on the fluctuations in abundance was not sufficient. A
knowledge of the causes of the fluctuations was both desirable and valuable in pro-
mulgating sound and adequate regulations.

The Karluk River on Kodiak Island, Alaska, was selected as an appropriate site
for the study of the causal factors responsible for the yearly fluctuations in the abun-
dance of a single population of red salmon, Oncorhynchus nerka (Walbaum). This
river supports a commercial red-salmon fishery of considerable importance. The
area in which the Karluk River red salmon are caught is confined to a readily delin-
eated zone near the mouth of the river within which very few red salmon from other
watersheds are taken, consequently the commercial catch can be determined quite
accurately. The stream bed and water flow of the river are of such a nature that
a counting weir for determining the number of salmon migrating upstream
can be operated successfully throughout the season. Karluk Lake, the source of
the river, and its tributaries are fairly accessible. Thus, this watershed fulfills
admirably the requirements essential for a study of the biological background of the
red salmon.

The White Act (43 Stat. 464-467; June 6, 1924) provided that there should be
a 50 percent escapement of all salmon populations. Subsequent to the passage of
that act, commercial fishing in the Karluk area has been so regulated that the catch
of red salmon for a season has never exceeded the escapement. Unfortunately, this
restriction of the commercial catch has not increased the size of the runs of red
salmon in the river to the level of abundance that existed during the early years of the
fishery. Factors other than the total number of salmon spawning in the river sys-
tem each season have played an important role in the abundance of the runs. In
this paper a statistical review is presented of the Karluk River red-salmon fishery
from its inception in 1822 to 1936, together with a report on the major biological
studies carried on to date.

STATISTICAL HISTORY OF THE FISHERY

Statistics of the catch of Karluk red salmon presented in this report are not always
identical with those published by Gilbert and Rich (1927) but do agree for the years
1882 to 1920 with those given by Rich and Ball (1931) as these latter statistics are
considered more reliable for this period. From 1921 to 1927, the statistics of the catch
given herein are not identical with those presented by Rich and Ball, who include in
their figures for the Karluk catch only those fish caught between Cape Karluk and
Cape Uyak, although they mentioned that a large part of the fish caught to the north-
east of Karluk in later years were Karluk fish. The development of the fishery be-
tween Cape Uyak and Uganik Bay resulted in the capture of a part of the Karluk run
before it reached the mouth of the Karluk River. That fish caught as far north as
Uganik Bay were chiefly derived from the Karluk run was shown by a tagging experi-
ment (Rich and Morton 1929) carried on at West Point. The Karluk area, as defined
in this report, includes all of the coast line between Cape Karluk and West Point on
Kodiak Island.
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TasLE 1.—Caich of Karluk River red salmon from beginning of the canning industry in 1882 to 1936

o Number of Number of Number of - Number of

Year fish Year fish Year fish Year fish
1882, ... 58, 800 1,492, 544 890, 839
1833. . 188, 706 1,723,132 1,323,302
1884 282,184 1, 245,275 2, 386, 335
1885 468, 580 868,422 14, 780
1886. 646, 100 540, 455 1,000, 774
1887__ 1,004, 500 §28,429 227,399
1888 2,781,100 2,343, 104 167,091
1889 _ 3,411,730 2,324,492 751,889
1880 _ 3, 148, 796 1,084, 665 674, 407
1891 3, 500, 588 1,089, £09 845,423
1892__ 2,852,458 1, 368, 526 918, 260
1893._ 2,909, 508 1,643,119 654,817
1894 __ 3,349,976 658, 159 1,077,831
1895, . ... 2,085, 984 730, 170

Table 1 gives the yearly catch of Karluk red salmon from the beginning of the
commercial fishery in 1882 up to and including the scason of 1936. There has been
a marked decline in the abundance of the run of fish. The total runs (catch plus
escapement) for the past 16 years (table 19) have averaged slightly over 2,000,000
fish per year, and the average yearly run for 12 of these years was less than 1,600,000
fish, whereas for the 7-year period, 1888 to 1894, inclusive, the catch alone averaged
over 3,000,000 fish per year.

In table 2 are presented, for the period 1895 to 1921, the coefficients of correlation®
between the catches during the years of escapement and the catches 4, 5, and 6
years later, together with corresponding values of P.*

The values of P for 4-year and 6-year intervals are such that the coefficients of
correlation cannot be considered statistically different from zero. The value of P
for the 5-year interval is such that the coefficient of correlation can be considered
statistically significant. It can be concluded from the fact that a statistically signifi-
cant correlation of over 0.6 exists between the catclies at 5-year intervals and that no
statistically significant corrclation exists between the catches at 4-year or 6-year
intervals that the runs of Karluk red salmon from 1895 to 1921, inclusive, were com-
posed largely of 5-year fish. Such a conclusion is verified by the age determinations
based on examinations of scale samples taken during 1916, 1917, 1919, and 1921.

TaBLE 2.— Valucs of coefficients of correlation between calches during year of escapement and calches
4, B, and 6 years later for the period 1895 to 1921, inclusive

)’oarly] N umber{of

interva pairs o

between | catches 2 2t ¢ Pt

catches | corralatad
4 23 0.236 0. 241 1.076 0.2-0.3
5 22 .644 . 765 3.341 .01
6 21 .375 . 394 1. 668 0.1-0.2

1 Coefficient of correlation.

* Transformed coeflicient of correlation.

3 Ratio of 2 to the standard deviation of z.

4 Probability that z is not different from zero.

2 The data for the years 1895 to 1921 were used In tbis analysis as tha fishing affort was fairly constant during this period.

3 Where tho relationship between two variables is found or assumed to be linear, tbe coefficient nf correlation r measures tha
proportion of tha variation in nne variable wbich is associatcd with the socond variable. As tbe number of pairs of observations are
relatively small the metbod of analysis given by Fisher (1930, p. 163) was used.

4 P s the probability that tha value of tbe transfarmad coaflicient of correlation z would bave been ohtained by chance, f.e.,a
valus of P of0.01 indicates tbat if the true value of z was 0.0 a value as large as the nne obtained wnuld nccur only onca in 100 random
samples. The relationship between z and r is such that the values of P also Indicate the statistical reliability of r,
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FIGURE 1.—Catch of red salmon at Karluk from 1888 to
1936, inclusive, arranged according to 5-year cycles-
Solid line indicates trend.
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It is evident from the statistical study of the catches of Karluk River red salmon
and also from the analysis of the scale samples that the iajority of the fish compris-
ing the runs during the early years of the fishery were 5 years of age on attaining
maturity. Therefore, the annual catehes have been divided into five groups and the
data are presented in ficure 1. This method of presenting the data gives a clearer
indication of the trend of catches from one cycle-year to another, as the catch of a
particular year can be casily compared with the catch during a year 5 years previous
to, or 5 years following that year. While these data represent the catches of red
salmon, not the size of the runs for the various years, the nature of the fishing opera-
tions at Karluk from 1895 to 1921 was such that the fishing effort was fairly constant
from year to year; Lience the catches, in a measure, depict-the relative size of the runs.
The trend for each of the 5 cycles has been downward since the beginning of intensive
fishing, and although such a condition might be due to a long period of unfavorable
environmental conditions, it seems -probably that overfishing must be largely

responsible.
AGE AT MATURITY

One of the major problems involved in the study of the Karluk River red salmon
is the determination of the approximate number of fish derived from each spawning
population. This necessarily involves the determination of the approximate number
of fish of each age group ® found each year, but such a determinafion is by no means
a simple matter. Karluk red salmon vary from 3 to 8 years in age, and the percentage
occurrence of the various age groups changes throughout the season.

In addition to the wide spread in time of maturity of the Karluk River red salmon
there is a further complication, in that fish of a given age have different combinations
of fresli-water and ocean histories. Thus of the fish maturing in their fifth year, some
migrate to the ocean in their second year, some in the third year, some in their fourth
year, and some in their fifth year. These four groups of fish, with different fresh-water
histories, may stay in the ocean 3, 2, 1, and 0 years (a few months), respectively, and
all return in the fifth year as mature fish. This diversity in fresh-water and ocean
liistory also occurs in the fish of other ages, so that 20 different age groups have been
found in the samples collected for age determination, the complete list being as follows:
31y 32, 33, 41, 42, 43, 44, 52y B3, By, 55, 62, 63, 64, 65y 73y 74 75, 8, and 8;.

The age of a fish may be determined with substantial accuracy by an examination
of some of its scales under a microscope, but it is impossible to examine seales from
every fish in the run. Recourse must be had to a process of sampling so that by the
examination of the scales of a few thousand fish the age-group composition of the
escapement and commercial catch can be caleulated. Samples of scales are obtained
for this purpose scveral times a week during each season from the fish caught in the
scine fishery near the mouth of the river. It is fairly certain that the fish so caught
are representative of the population of fish congregated near the mouth of the river

8 The method, first used by Qilhert and Rich (1927), for designating the age of salmon is as follows: A fish resulting from an egg
lald in the spawning gravels in 1930 and which migrated to the ocean in 1933 and returned to the river in 1935 is called a “five-three™”
and designated thus “‘53"". Such a fish would have emerged from the gravels of the spawning beds in the spring of 1931 and would
have spent two growing seasons, 1. e., the summers of 1931 and 1932, in fresh water. 1o referring to its fresh-water history it is ealled
a “three-fresh-water fish” because it migrated seaward in its third year. 1t would have spent two full growing seasons, i. e., 1933
and 1934, and part of a third year in the ocean; but in referring to its occan history it is called a “two-ocean fish,”” because it returned
as an adult in the sccond year following its seaward migration. A fish which migrated to the ocean in its fourth year and which
returned In its sixth year is called a “‘six-four’” and designated thus “‘6s”’.
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on the day of capture. Each scale sample contains scales from about 100 fish, these
fish being taken at random from the day’s catch. The scales are cleaned, mounted
in sodium silicate between glass slides, examined under a microscope, and the age of
the fish in the sample determined.

A preliminary study of the age-group composition of the various samples showed
that the composition of the run changes throughout a scason, and consequently it
was found advisable to divide the season into a series of short successive periods of
time. For the purpose of comparison these units of time should begin and end on the
same dates each year, and so the scale samples, escapements, and runs have been
grouped in 7-day periods which coincide from year to year.

Tables 3 to 16 give the age-group analyses of the several weekly samples taken in
1922, and in the years 1924 to 1936, inclusive. It will be seen from these tables that
the age-group composition of the run changes considerably during the season, and
also that the percentage occurrence of any one age group varies from year to year.

In considering the three principal age groups, 5;, 63, and 6y, it will be noted that
53 usually is the dominant age group present in the run. The percentage occurrence
of the 6; age group always decreases as the season progresses, this age group never
being important toward the end of the run. The percentage occurrence of the 6, age
group generally increases as the season progresses. This age group, while seldom of
importance in the early part of the season, usually is quite important in the latter
part of the season.

The data included in tables 3 to 16 are of further value in that they are essential
in calculating the percentage occurrence of the various age groups in the yearly
escapements and in the returns from these escapements as given in tables 18 and 25,
respectively. Since the salmon returning to Karluk each year from each of the
previous spawning populations, or escapements, can be segregated according to age,
the data in tables 3 to 16 are likewise essential in calculating the returns from known
escapements. These returns are given in table 20.

TaBLE 3.— Percentage occurrence of each age group, during week, in the Karluk red-salmon run of
1922, determined by analyses of scale samples collected from a total of 2,469 fish

Age groups
Week ending—
4 4 4 4 53 5 54 55 62 64, 6s U
66.9 [ ... .-
60.7 1.4 (.
58.7 1.9
60.3 3.0
56.0 5.3
51.3 10.0 |-
26.7 8.7 .
18.0 4.0
21.3 8.0
16. 6 8.7 |-
8.7 2.0
6.7 6.0 |-
2.7 16.2
3.3 11.2 |
1.4 2.1 |.
1.4 2.0 |-
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TaBLE 4.—Percentage occurrence of each age group, during each week, in the Karluk red-salmon run
of 1924, determined by analyses of scale samples collected from a total of 5,132 fish

Age groups
Week ending—
3 4, 43 43 4 52 53 54 6 64 T4

1.7 0.2 11.0

N2 1.1 6.1

1.9 .6 6.3

5.0 1.7 6.3

.4 .4 5.7
................ 5.7

.3 R 4.8

.6 ol 3.4

1.6 N3 2.4

.9 . .9

4.2 4.7 |oeeaean

2.9 2.2 1.0

9.2 15.1 |ooooo.

6.9 13.2 .1

9.7 11.4 .9

TABLE

5.—Percentage occurrence of each age group, during each week, in the Karluk red-salmon run

of 1926, determined by analyses of scale samples collectcd from a total of 5,618 fish

Age groups
Week ending—
3 4, 4; 43 52 5 54 63 64 6 T
0.8 0.8 [coveees 69.2 (... 26.7 2.5
.9 2.4 0.5 2.4 .. . . 18,1 5.2
6.6 2.0 -2 69.1 0.2 13.9 7.7
3.8 4.4 [ 0.4 .8 10. 5 9.0
3.3 152 1.0 69.6 -4 3.7 19.6
1.5 ¢ I I 69.2 .2 1.5 5, 74
1.8 1.5 I 72.7 o0 7 20.7
1.2 1.1 o 75.1 LT 1.9 18. 4
1.3 3.9 .4 i 1.0 .6 13.0
.4 9.5 o2 70.7 1.6 .4 16.3
.3 10.2 foaooooo. 69.3 2L eccceeac 17.4
........ 10.6 |-.-__. 52.1 7.6 ool 29.5

TABLE

1926, determincd by analyses of scalc samples collected from a total of 8,172 fish

6.— Percentage occurrence of each age group, during each weck, in the Karluk rcd-salmon run of

Age groups
Week ending—
3 4 43 43 44 52 5s | 54 (i) 64 [ et 7 84
4.8 0.8 joac-.n 4. 8 0.6 1.6 0.8
4.5 o |lococos 1.3 120 2.1 .5
4.4 B |eaacec .4 b 8.0| 28 .4
3.9 o7 ||c88ce 2.3 q 13. 4 1.6 .3
5.3 L9 |...... 2.4 . 10.9| 3.0 .5
168 | eacaed [oesce - 3.4 a 9.9 6.8 .4
6.9 I 3 P 2.4 3 9.1 5.2 1%
3.8 [cemiefaeaan 7.7 L 8.3 8.4 1.3
2.4 oo fecaaas 2.0 5 4.5]12.1 2.0
.6 o .8 a 40(11.2 I I PP P
6 5 2| 82.4 3.0 123 5
.3 5 .31 8.9 2.4110.2
.3 2 0.2 ... £6.1 1.0 9.7
N2 o |[ecamed]||=omme 84.3 L7123
...... o eee---| 83.6 21151
.3 o [lemame | oonmon 79.0 .3118.9
2.0 10 [cooeeaaan 79.8 | |eaaol 16. 4

52771

(3]

—43——2
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TABLE 7.— Percentage occurrence of each age group, during each week, in the Karluk red-salmon run of
1927, determined by analyses of scale samples collected from a total of 4,963 fish.

Age groups
Week ending—
3 4| 4 43 4 62 53 54 63 64 s T 7 S

3.0 10.6 | 69.7 | 1.5 ]15.2 |-

4 13.1 | 69.9 (_____ .

.4 911773 |-——--- 0.
1.0 13.0 | 79.0 || 7.0 ] _____
2.2 5.7 80.3 .4 .4

.6 9.4 73.8 .8 1.4

.8 56| 79.6 B3 1.5
1.0 4.5 | 76.5 1.0 6.0
4.0 3.0 780 3.0 10.0
1.7 14782 1.0 13.6
2.7 1.9 | 76.9 1.7 NN
4.4 1.4169.9| 3.6 257
6.3 .5 | 66.0| 2.8 20.0
7.4 .6 88.1 8.4 23.5
6.7 .4]49.2 1 14.4 25.9

TABLE 8.—Percentage occurrence of each age group, during cach week, in the Karluk red-salmon run of
1928, determined by analyses of scale samples collected from a total of 4,247 fish.

Age groups
Weck ending—
4 42 4 52 53 6s 63 (1] 7 K
| [IT) G ] A M b 54.5 |ocmeoaos 44.5 0.5
June 21__ 60.0 |__________ 36.0 3.0
June 28__ 44.8 | _________ 51.6 2.5
July 5___ 48.7 | 44. 5 4.9
July 12_ 41.8 | _________ 51. 4 6.2
July 19__ 43.3 | .. 35.0 13.0
July 26.. 66.3 0.3 18.2 12.4
Aug.2._ 60.7 |- __._ 13.7 19.3
Aug. 9. 72,0 |oceaeo 9.6 15.5
Aung. 16 76.7 |- 6.0 16.3
Aug. 23 78.5 1.5 3.0 15.0
Sept. 6. 64.5 1.2 3.5 29.8
Sept. 13. 43.0 2A0 4.0 46.0
Sept. 20__. g 42.3 2L 2.7 51.3
Sept. 27 oo . 35.0 4.0 1.0 59.0

TasLE Q.— Percentage occurrence of each age group, during each week, in the Narluk red-salmon run of
1929, determincd by analyses of scale samples collected from a total of 1,602 fish

Age groups
Week ending—
4 4 4 83 53 54 €3 64 73 W

June 21 ... ___...... 50.2
51.7

58.9

54.1

57 2

31.0

9.9

16.3

30.3

148

6.7

3.4
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TaBLE 10.— Percentage occurrence of each age group, during each week, in the Karluk red-salmon run of
1930, determined by analyses of scale samples collected from a total of 3,617 fish

Age groups
Week ending—
47 43 53 53 5 63 64 7 7 7
May 17 i 1.7 17.2 | 70.8
JTE) I cmmmomoareral [oaeaarocd B oo 61.9 1.3 33.9
June 21__ 11 58.9 1.6 3.2
June 28.. N> 51.2 4.3 20.2
July 26__ .7 70.7 .8 13.1
Aug. 2 __ .6 76.4 2.3 8.2
Aug. 9. 1.1 79.2 1.6 10.1
Aug. 16 1.5 73.6 2.0 4.8
Aug. 23 __ 2.3 62.0 3.3 1.9
Aug. 30 5.0 49.5 10.0 4.1
Sept. 13._ 10.6 36.9 32.5 .4
Sept. 20. . feacaoo... 12.2 23.8 40.2 1.2

TABLE 11.—Perccntage occurrence of cach age group, during each weck, in the Karluk red-salmon run of
1931, determined by analyses of scale samples collected from a total of 7,258 fish

Age groups
Week ending—
31 4 43 43 52 53 5¢ 63 64 65 T N 5
May 31 1.4 ..o 0.7 48.6 {....... 12.6 34.2 2.5
June 7___ 1.6 0.9 1.2 41. 8 0.5 20.4 3L.5 1.9
June 14 4.4 1.3 .0 33.4 |ccoaao.o 2.2 36.6 1.2
June 21 2.6 .3 1.1 37.5 .3 15.9 35.2 3.8
June 28._ 1.9 1.4 .4 47.1 1.4 1.5 34.2 1.9
July 5.__ 9.9 o8 Hlbeccacae 50.5 5 8.0 29.2 .91
July 12___ 2.5 .2 1.0 51.8 L7 9.5 31.8 1.3
July 19___. 6 | omacodd et oo 60.3 .3 5.0 28.4 1.4
July 26.. 1.7 .5 6 58.5 .3 7.0 983 1.1
Aug. 0?3 .4 3 64.9 o 4.9 23.6 .3
Aug .3 .5 3 68.7 .2 3.0 26.3 .6
Aug .3 .6 3 72.5 .3 1,7 23.9 .9
Aug 62.9 3.9 .6 3283 &)
Aug 56,7 1.8 1.2 €0 1 | |Gocoacad| laaeatas| booscas =
Sept. 43.0 4.1 0% 51.5 0%
Sept 35.7 IR0 RS 52.9 .4
Sept 3.2 8L ||oocecoms 58.5 | o4 [eemoeocfaaaos
Sept. B B 37.0 9.0 5 515 N [N G | PN | e,

TABLE 12.—Percentage occurrence of each age group, during each week, in the Karluk red-salmon run
of 1932, determined by analyscs of scale samples collected from a total of 4,700 fish

Age groups

Week ending—
4 43 43 53 & 54
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TaBLE 13.—Percentage occurrence of each age group, during each week, in the Karluk red-salmon run
of 1933, determined by analyses of scale samples collected from a total of 3,867 fish

Age groups
Week ending—
4 42 43 52 53 54 63 64 65 7 s 7

1.3 65. 3 0.2 21.3 J150] [ S

2.2 54.3 .3 29.6 L0 |

2.8 51.5 .6 26.3 .9 0.2

4.8 56.6 (._______ 15.4 10§ ______

i & 44.0 .9 23.4 2.8 |

4.2 511 |_______ 18.6 1.9 o4

1.4 55.6 il 13.2 1.1 o3

2.0 57.4 (oo . 6.9 1.0 1.0

.5 58.6 4.7 1.4 1.9 3.3

42.7 2.8 feccecee- o 1.4

22.0 4.0 1.0 .5 3.3

23.0 1.5 1.5 2.0 6.0

TABLE 14.—Percentage occurrence of each age group, during cach weck, in the Karluk red-salmon run
of 1934, dctermined by analyses of scale samples collected from a total of 6,661 fish

Age groups
Week ending—
42 43 52 53 54 63 6 65 T T 8s
May 24 el 47. 4 11.8
May 3l 38.2 5.9
June 7. . ___ 53.6 11.4
Junel4 . __ 54.3 10.2
June21.________ ... 62.8 6.0
June28. .. 48.8 14.7
July 5. .. 36.4 8.4
July12 . 29.4 15.8
AT 35.8 23.3
July 26 ... 27.5 37.2
Aug. 2. .. 22.4 35.8
Aug.9 . 16.4 42.9
Aug 16 _____________ 8.6 54.9
Awg.23 .. 6.1 52.1
Sept. 13 ... 3.2 67.6
Sept. 20 ... 3.6 63.8

TABLE 15.—Percentage occurrence of each age group, during each week, in the Karluk red-salmon run
of 1936, dctermined by analyses of scale samples collected from a total of 7,162 fish

Age groups

Week ending—
62 63 64 6s e} 7 s 8 8s
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TABLE 16.—Percentage occurrence of each age group, during each week, in the Karluk red-salmon run
of 1936, determincd by analyses of scale samples collected from a total of 7,093 fish

Age groups
Week ending—
3 4 4 4 4 52 5 54 61 63 64 8s 7 7 Ts & 8
0.81 2.8 |-----_ 4.9 (620 0.1 |.____ 13.4 | 10.8 4.9 0.3
2.6 3.8 |-cc--- 5.0 | 58.8 .4 01139112 3.7 .4
1.5 2.8 )., 7.5 | 65.6 I ) PO 10.9 8.5 |- 2.7 .4
B A A PO 6.7 | 66.3 T PO 11.5 | 8.6 2.4 .5
1.2 49 (.._.__. 1.2 ]64.7 L2 ... .. 14.6 1 3.7 |- 6.1 (._____
4.3 | 3.8 27.7 | 49.5 N2 5 9.7¢ 28| ) I 30 D,
252 || ON 53| 57.4 b N 16.6 | 11.0 |- 4.9 .1 |-
2.0 -7 4.4 L 8.81 85 |- 13 WS-
...... -7 B P 6.8 801} 1.3 .6
0 1.8 14.2 1.6 1.3
............ 1.9 | 158 |. 1.8 .9 |
1.1 .3 62231 3 L2
.8 |- .8 3.2 2.2 1.3 o (®
- 15 I DN PN 196RI22:8 1.2} 6.2
(01250 R ] ) E) (e TLEL | O L4296 |ccccc]anacnn L4 2.8

SPAWNING POPULATIONS

The determination of the size of the escapement, or spawning population, of a
river or district is of vital importance in intelligently administering the fishery. In
a self-perpetuating salmon population an adequate part of the yearly run must be
allowed to escape the fishery and continue uninterrupted to the spawning grounds
in order to insure future supplies of fish. Not only must a proper number of fish
be allowed to escape in a given area or district, but each individual salmon stream,
and in large watersheds, each small area in the watershed, must receive a sufficient
escapement if adequate runs of fish are to be maintained. Under natural conditions,
an extremely high percentage of the fish returning to spawn proceed to the same
area where they emerged from the spawning gravel as fry. There is a slight degree
of straying, but the fact remains that if a spawning area has not been sceded, there
will not be a run of fish returning to that area in one or more subsequent years. Thus,
large river systems such as the Kvichak, Copper, Fraser, Columbia, and others,
must not only receive an escapement sufficient in number, but the fish must be dis-
tributed in the proper proportions to the various tributaries in the river system. If
a part of the spawning area in a given watershed be depopulated for a period of time,
the chief hope of restoring the productivity of that watershed to its maximum value
would be to restock the depleted area by the planting of eggs or fry for a period of
several consecutive years, an expensive undertaking which would have no positive
assurance of success.

The determination of the magnitude of the escapement of Karluk River red
salmon is important not only in regulating the commercial fishery, but is also another
of the major problems involved in the biological study of this population. The
calculation of the total size of populations, the returns from known spawning popu-
lations, the mortality in fresh water, and the mortality in the ocean are based upon
a knowledge of the number of fish entering the river each season to spawn.

Table 17 gives the weekly escapements of red salmon to the Karluk River for
the years 1921 to 1936, inclusive. The escapement records are complete except for
1921, 1922, 1924, and 1934. In 1921, the first year the weir was operated, i1t was
removed on September 18, as the companies fishing in the Karluk area were about
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to discontinue canning, and the importance of keeping the weir in to the end of the
scason was not appreciated. The counted escapement was 1,325,654 and Gilbert
and Rich (1927) estimated that the total escapement that year was approximately
1,500,000 red salmon.

TABLE 17.—Escapements and cumulative lotals of the escapements of Karluk red salmon for each week
from 1921 to 1936

1921 1922 1923 1924 1925
Week ending— Escape- | Cumula- | Escape- | Cumula- | Escape- { Cumula-| Eseape- | Curuls- | Escape- | Cumula-
ment for |tivetotal,| ment for |tlvetotal,| ment for |tivetotal,| ment for |tivetotal,| ment for |tivetotal,
week [thousands; week [thousands| week [thousands| week |thousands, week [thousands
60 |. cceaaae- 141 | ... 402 | DA I S,
418 |- 1,102 1 4,149 5 30, 249 30
9,921 10 71,724 73 86,111 9 32,733 83
8.355 19 28, 843 102 148,417 239 20. 440 83
56. 739 75 42, 169 144 127, 645 367 { 263,029 3468

E OS] S ——— 31,500,000 |......_.__ 3400,000 |--coeaoens 694,578 |- 31,109,161 . ._____. 1,620,927 {-ceeeoo..
1926 1927 1928 1929 1930
Week ending Escape- | Cumula- | Eseape- | Comula- | Escape- | Cumula- | Escape- | Cumula- | Escape- l Cumula-
ment for |tive total,| ment for |tivetotal,| ment for |tive total,| ment for |tivetotal,| ment for | tivetotal,
week [thousands| week [thousands| week [thousands| week |[thousands| week (thousands
577 3 | lbcoommcnrd eoctoooaa A |fooccac SR 2| EEE—— 1, 008 1
80, 704 81 9, 539 10 13, 600 14 838 1 1,128 2
479, 455 661 52, 532 62 152, 569 166 75, 305 76 42,352 44
437,051 998 | 209,213 271 303, 976 470 85, 347 162 21, 808 66
127, 537 1,125 [ 188,798 460 97, 503 568 116, 24 278 | 228,405 295
45, 520 1,171 85, 010 545 75,234 643 60, 171 328 35,018 330
41.518 1,212 51, 492 597 55,817 699 12,228 341 22, 427 352
43, 339 1,256 13, 965 611 36,723 735 10, 376 351 10, 064 362
34,277 1,290 7,064 618 20,048 756 9,656 361 8, 901 371
30, 300 1,320 2,926 621 21, 781 777 1,125 362 4,706 378
77,956 1, 398 12,454 633 3,514 781 21,241 383 42,939 419
101, 703 1,500 53, 219 686 22,734 804 24,725 408 82,949 542
80, 647 1, 581 19, 461 708 31, 255 835 27,343 435 62,714 564
104, 139 1, 685 7,421 713 71,015 908 69, 210 804 08,491 €63
224, 592 1,909 8,456 722 67,857 974 69, 552 574 6,162 669
230, 498 2,140 15, 392 737 19, 966 994 35, 960 610 118, 970 788
91,136 2,231 10, 007 747 22, 501 1,016 109, 916 720 65.392 853
176,939 2,408 43, 245 790 14,929 1,031 93, 918 814 60, 590 914
49, 609 2,457 1.294 791 7.471 1,039 13,950 828 135,468 1,049
9,448 2,467 72,559 864 167 1,039 72,667 900 1,4 1,051
43,314 2,510 8,491 873 45,952 1,085 145 900 45, 531 1, 097
23,145 2,533 |ocececcce]ocenaaeas 9,074 3,084 | oo e i ca e cmcc e feeec e
2,533,402 |-cooooo. 872,538 | ... 1,093, 817 l .......... l 900,319 |ocoeaao 1,006,511 [cooooaoool

See footnotes at end of table.
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TABLE 17.—Escapements and cumulative totals of the escapements of Karluk rcd salmon for each week
Jrom 1912 to 1936—Continued

1931 1932 1933 1934 1935 1936

P _{Cumu- Cumu-| _| Cumu- _ {Cumu- Cumn- Cumu-

Week ending Eéf;{’tc lative E;]c:;te- lative Euslc;ie lative Eéf:;te lative El;ce‘?te' lative E;?rﬂe' lative
o tgtal, for tgtal, e tgtal, i tgtal. o tgtal. for tgtal.

. | theu thou- thou- thou- thou- thou-

week | conqs | ek | ganas | VeE | sgnds | WK | sends | V€K | sands | WK | sands

34 223 [oceeeo. 878 1 [ I 32 |occeoo
1,087 1 2,101 % 1, 631 3| 22,909 23 38, 560 39

48,191 49 | 24,581 27 201, 544 201 | 138,867 162 144,208 183

150, 058 199 | 204,014 231 169, 718 374 | 172,726 335 93,157 276

730,772 [eaeeenan 986, 765 |o-veun.- 31,146,209 ‘ ........ ] 876,335 |-cenune- 1,375,659 |.ceeaeea

1 Escapement to end of season estimated; see text.

3 Escapement for these perieds estimated; see text.

? Estimated; see text.

4 Escapement for only a part of these weeks; see text,

In 1922, there was a large escapement of pink salmon in the Karluk River, and
toward the end of their spawning season the carcasses of the fish that had finislied
spawning and died began drifting down stream against the weir. Although a crew
was engaged in removing the dead fish from the face of the weir, it finally became impos-
sible to remove them as fast as they accumulated. As the fish piled up against the
weir, they obstructed the passage of water until there was danger of the weir collapsing
from the weight of the impounded water, and eonsequently, a number of pickets wero
removed from the weir so as to allow the pink salmon carcasses to pass downstream,
The weir was not in use from August 21 to September 4, inelusive. It was replaced on
September 5, and the counting of fish was eontinued until the end of the season.
The counted escapement was 383,446, and it is cstimated that the total escapement
that year was approximately 400,000 red salmon.

In 1924, there was a tremendous run of pink salmon to the Karluk River and, as
in 1922, it was impossible to keep the weir in operation due to the dead pink salmon
drifting down against it. The weir was not replaced that season, so that it is necessary
to estimate the escapement from August 21 to the end of the season. The counted
and partially estimated eseapement was 775,705. Gilbert and Rich (1927) estimated
that the total run that year was approximately 2,000,000 fish. Subtraeting the eateh
from this figure leaves about 1,100,000 as the number of red salmon in the eseape-
ment.

In 1934, it was again impossible to keep the weir in continuous operation due to
spawned-out pink salmon damming the weir and to extremely high water in the river
caused by the run-off of heavy fall rains. The weir was out from August 22 to Septem-
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ber 17, inclusive, a period of 27 days. It was replaced on September 18, and counting
was continuced until the end of the season. Unfortunately, fishing for that season
stopped on August 18, and catch data are not available from which to judge the rela-
tive abundance of fish in the run. Data on the trend of abundance of the various age
groups in the run up to August 18 have been examined and compared with data for
previous years, and from this analysis it is estimated that the escapement duringthe
period was approximately 300,000 red salhnon. The counted escapement during the
period the weir was in operation was 846,2
The weir is located approximately 4 mﬂes from the mouth of the river and in this
4-mile stretch the river widens out to form a lagoon, the lower end of which is usually
shghtly brackish. The fish, after entering the mouth of the river, stay in this lagoon for
a varying period of time, averaging about 1 week, before they proceed up the river
through the weir. Consequently, in calculating the age-group composition of the
escapement, the percentages of the various age groups in one 7-day period, as deter-
mined by an analysis of the scale samples, (tables 3 to 16) were applied to the escape-
ment of the following 7-day period.

The percentage occurences of the various age groups in the spring, fall, and total
escapements for the years 1922 and 1924 to 1936, inclusive, are presented in table 18.
There was a considerable fluctuation in the percentage occurrence of the principal
age groups in the escapement from year to year. The percentage of the three prin-
cipal age groups in the total escapements ranged from 24.1 to 81.1 for the 5; group,
4.0 to 38.6 for the 6, group; and from 4.5 to 32.8 for the 6; group.

This variation in the age composition of the escapements was due mainly to the
fact that each year’s escapement is composed of returns from several brood years.
For example, a single escapement may be composed of 5-year fish from a brood year
producing a small run, together with 6-year fish from a brood year producing a large
run. In this instance the percentage of 5-year fish would be below average, and the
percentage of 6-year fish would be above average. However, if the 5-year fish were
from a very productive brood year and the 6-year fish were from a less productive
brood year, the results would be just the reverse.

TaBLE 18.—Percentage occurrence of the various age groups in the spring, fall, and total escapements of
1922, and of 1924 to 1936, inclusive

Age groups
Year of escapement ]
G | 4 | 420 4 ’ 4 | 5 53 5 l 55 | 62 I 63
_‘-_. CUNDVEP SN FE—
ol Pect. | Pct
1.2 | 0.3 |1
.8 | Il s
.6 (20 _.._.{ .8[80.8| .5 __._i_._.
.2 (43| 8l |77 67 || __.
4132 .4| .4|76.0 ;3.2 | ____l____
1925:
1.4 0 |- 3| 7.0 ) I I I
.6 4. 11638 3.8 | .| -
.9 2 (- 2| 66.8 2.3 --ccfcon
1926:
Spring... . oiefeeao. U I 5 3 I ) IO 1.4 | 80.0 |..... |
Fall_________. cecoll oA || G| o8 |beeee .4 81.8 [ 3 O .
7 Escapement for year ...... A W3 |2.6 | 5. .9 | 8.1 b2 IR N
1927:
i 2 L9l 10.8 | 74.6 90 | e
.1]8.1 2 .9 61.0 | 8.8 |._.._|._...
A b2 L 7.9 170.8 ' 2.7 /____l___
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TaBLE 18.— Percentage occurrence of the various age groups in the spring, fall, and total escapements of
1922, and of 1924 to 1936, inclusive—Continued

Age groups

Year of escapement
43

4 | 5 b3 54 ' s { 63

| ‘ f
1928: Pct. | Pet. | Pet. Pct.?Pcl. Pct.| Pot. | Pct.| Pet.| Pet.| Pc
.5 1

B U RO DD OUD VO™

.1
.7
.3
1931
&,
L
.8
193
.0 6.1
.6 .3
.2 | 4
.7 13.0 |..... 1 1.3
L3 44.1 PN P, L)
.3 27.9 ... cooal| ol
£]67 911 SR R RO 8 .21 W 61 88 ____.|..... 3.6 .1 0.1
Fall o .. ... .. [ A o4 ot/ 2] 58.9 2 3 1.4 o >
1935Escap«zmentforycﬂr ................ o7 || <9 .0 71257 f-cccclannes 2.9;; oll mcca
i S| 1.2 .7 9| 158 J--..- 3l1e! 31 ..
5| 7.3 ] 6| 50.1 k¢ 2 P, .90 3.6 |
742 ol 71328 5 1 6,24 1.9 1
193
3.0 4.0 .3 ol
3| 1.6 1.4 ...
1.3 | 251 1.0 |._...

The time of the scason during which commercial fishing takes its toll also has an
effect on the age composition of the escapement due to the fact that the age composi-
tion of the fish in a season’s run is not constant but varies from weck to week. If the
commercial eatch does not take a constant proportion of eacli week’s run of fish, the
age composition of the escapement is very apt to be different from that of the run of
fish from which it resulted. Except in instances where an abnormal condition indi-
cates the advisability of giving special protection to a certain part of a run, it is con-
sidered preferable to have the commercial catch so regulated that it constitutes the
same percentage of the run from week to week throughout the season. When the
catch is regulated in such a manner, the age composition of the cscapenient for a
season will closely approximate the age composition of the run from which it is derived.

The escapement data presented in table 17 are used during each scason in the
regulation of the fishery, and in addition are also used in the study of the number of
fish returning from known escapements, a subject discussed in a later section of this
publication.

The data presented in table 18 are used together with data presented in table 25
in the study of the change in the age composition of the runs. This subject also is
discussed later.

527715—43——3
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TOTAL POPULATIONS

As the commercial catch of Karluk River red salmon can be ascertained from the
records maintained by canuneries operating in the Karluk area, and as the escapement
can be determined by counting the fish passing upstream through the weir, it is
possible to determine the number of fish in the total population or run. In determin-
ing the run of a 7-day period the catch of that period has been added to the escapement
of the following 7-day period because of the aforementioned lag between the time the
fish enter the river and the time they go through the weir. The weekly cumulative
totals of the runs for the years 1921 to 1936, inclusive, are presented in table 19.

TaBLE 19.—Cumulotive tatals of the runs of Kearluk red solmon for each week from 1921 to 1936, and
percentage of the total run that had cumulated to the end of each week

|Run based on catch plus escapement of following week, as explained in the text)

1021 1922 1923 1924 1925 1926
Week Num- Per- Num- Per- Num- Per- Num- Per- Num- Per- Num- Per-
ending— ber of cent- ber of cent- her of cent~ ber of cent- ber of cent- ber of cent-
fishin | ageof | fishin | ageof | fisbin | ageof | fishin | ageof | fishin | ageof | fishin | ageof
thou- total thou- total thou- total thou- total thou- total thou- total
sauds run sands run sands run sands run sands run sands run
May 24 ... (V51N PO 1 0.1 5 0.2 30 1.0 81 1.6
May 31_. o 10 0.9 73 5.1 91 4.6 63 2.1 561 11. 4
June 7.. 5.6 23 2.2 102 7.2 25 12.8 83 2.8 998 20.1
Junc 14 10.0 96 9.1 212 14.9 427 21. 4 346 11.8 1,125 2.9
June 21_ 17.3 145 13.7 348 24. 4 548 27.4 599 20.3 1, 406 28.6
June 28 24.5 228 21.6 423 29.7 637 31.8 713 24.2 1, 561 3.7
July 5. 28.0 264 25.0 4438 31.4 703 35.2 789 26.8 1,619 32.9
July 12 31.1 303 28.7 490 34.4 772 38.6 824 28.0 1,715 34.9
July 19 WL 345 32.6 554 38.9 862 43.1 875 29.7 1,872 38.0
July 26 .4 394 37.3 662 46.5 955 47.8 1,006 34.2 2,100 42.7
Aug. 2__ 2.1 452 42.7 791 55.5 1,027 51. 4 1,391 47.2 2,415 49.1
Aug. 9. .5 502 47.5 854 59.9 1,123 56.2 1, 661 56. 4 2,733 56. 0
Aug. 16. L 561 53.1 961 67.4 1,211 60. 6 1,829 62.1 3,010 61,2
Aug. 23___ 1.5 637 60. 2 1,022 71.7 1,375 68.8 2,011 68.3 3,530 71.7
Aug. 30___ .5 704 66. 6 1,105 77.5 2,201 77.8 3,894 81.2
Sept. 6. .4 833 78.8 1, 260 88. 4 2, 367 80.4 4,348 88.4
Sept. 13__. 5 956 90. 4 1,331 93.4 2. 705 91,9 4,783 97.2
Sepl. 20| (1) fooiooio 978 92.5 1,351 94.8 2,757 93.6 4,844 98.5
Sept. 27___ 994 94.0 1,414 99.2 2,940 99.9 4,853 98.8
Oct. 4 ____ 1,024 96.8 1,423 99.9 2,944 100.0 4,8% 99.5
Oct. 11________ 1,058 ) 2 100.0
Oct. 18________ 1,058 | 100.0 |-uooo oo fciaaemcmce e cm e ecccec e e e e e e
1927 1928 1929 1930 1931
| |
Week ending— Number | Percent- | Number | Percent- | Number | Percent- | Number | Percent- | Number | Percent-
of fish age of of fish age of of fish age of of fish age of of fish age of
in thou- total in thou- total in thou- total in thou- total in thou- total
sands run sauds run sands run sands run sands run
10 0.6 14 0.7 1 0.1 2 0.2 13 0.8
62 3.9 166 7.9 76 6.7 44 3.5 63 3.9
271 17.1 470 22. 4 162 14.4 66 5.3 177 10.9
460 29.0 653 31.2 282 25.6 295 23.5 274 16.9
579 36.5 753 35.9 386 34.2 331 26. 4 352 21.7
80 42.8 869 41.5 415 36.8 412 32.9 421 25.9
757 47.7 934 44.6 445 39.5 432 34.4 444 27.3
798 50.3 1, 000 47.7 476 du 450 35.9 488 30.9
835 52.6 1,088 51.9 503 44.6 480 38.3 542 33.4
&9l 56.1 1,215 58.0 548 48.6 519 43.8 629 38.7
1, 023 04.5 1,350 64.4 G03 53.5 655 52.2 727 44,7
1,157 2.9 1,517 72,4 657 58.2 718 57.3 787 48.4
1,237 78.0 1, 686 80.5 732 64.9 817 65.2 880 54,2
1,77 o 3 b o0
1 .0
1 .6
2, ¥
% .2

See footnote at end of table.
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TABLE 19.—Cumulative totals of the runs of Karluk red salmon for each week from 1921 to 1936, and
percentage of the total run that had cumulated to the end of each week— Continued

1932 1933 1934 1935 1936

] Average

en‘:i,i(:k—- Number | Percent- | Number | Percent- | Number | Percent- | Number | Percent- | Number | Percent- | PEICeDt-

g offish | ageof | offish | ageof | offish | ageof | offish | ageof | offish | agcofl 192%—36

in thou- total in tbou- total in thou- total in thou- total in thou- total
sands run sands run sands run sands run sands run

May 24 ... 1 0.1 2 0.1 3 0.1 23 1.5 39 1.6 0.6
May3l.__._. 49 3.5 27 1.5 204 9.9 162 10.6 183 7.5 5.2
223 15.8 381 21.0 503 24.4 424 2.7 375 15.3 14.1
369 26.1 578 3.7 4 43.4 625 40.8 585 23.8 23.8
481 341 784 43.2 53.1 710 46.4 788 32.0 31.0
541 33.3 835 49. 4 56. 4 749 48.9 906 36.9 35.8
597 42.3 480 54.1 60.2 809 52.8 a17 37.4 38.7
634 44.9 1,029 50.8 63. 4 836 54.6 979 39.9 41.3
685 48.7 1,050 59.6 67.1 878 57.3 1, 069 43.6 44.7
740 52. 4 1,163 84.1 72.6 984 61.9 1,198 48.8 49.9
829 55.7 1,255 60.2 76.6 1,038 67.8 1,425 588.1 56.7
906 64.2 1,307 72.1 £0.0 1,100 71.8 1,673 64.1 62.3
961 68,1 1,355 76. 4 82.3 1,172 76.5 1,682 63.6 67.8
1,081 76.6 1, 506 83.1 1,228 80.2 1,813 73.9 72.9
1,145 &l.1 1,520 83.8 1,217 S1.4 2,125 86.6 79.3
1,147 81.2 1, 666 91.9 1,398 91.3 2,330 95.0 87.0
1,235 87.5 1,742 96. 1 1,399 91.4 2,357 96.1 92.4
1,355 96. 0 1,752 96. 6 1,514 98.9 2.439 99. 4 96.2
99.3 i 3 98.6
0 2, 4. 99.7
100.0

1 The numbher of fish in the run from here to the end of the season was calculated as explained in the text.

In discussing the time of appearance of the runs, Gilbert and Rich (1927, p. 63)
pointed out the apparent “uniformity in the development of the runs” from year to
vear and stated that if supported by future data the size of the total run could be
predicted with some degree of accuracy at least by the end of June. Unfortunately,
additional data have shown that there is considerable variation in the cumulative
percentage oceurrence of the runs from year to year. Up to the week ending July 5
the data indicate that from 25 to 60 percent of tlie run may have come in. Therefore
1t is impossible to estimate, with any degree of accuracy, the size of the total run
carly in the scason. The main reason for the variation in the development of the runs
from year to year is that the run of any single year is composed of fish of several age
groups, and the various age groups do not appear uniformmly during the season nor
is there a correlation as previously explained between the abundance or scarcity of
one age group appearing during one year with the abundance or scarcity of the other
age groups appearing during that same year.

Tigure 2 shows the average percentage of the run appearing during each 7-day
period of the season. There is a definite mode in June, a minimum during the week
ending July 12, followed by a second mode. The second mode itself is slightly bimodal;
however, the data for any single year clearly show that the minumum oceurs during
the period of the week ending July 5 to the week ending July 19 and only one
mode is present during the fall run. It appears that there are two distinet red salmon
runs to the Karluk River each year, the spring run which reaches a maximum during
June and the fall run which reaches a maximum between the last week of July and the
first week of September.

Overlapping of these two runs cannot be denied, but the bimodality of the runs
is evidenced not only in the appearance of the fish at the mouth of the river but also
in their appearance on the spawning grounds. The spring run first appears on the
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spawning grounds during the last of June and the peak of the spawning occurs during
the third week of July. These fish populate all the spawning streams entering the
lake and, to a slight extent, certain parts of the lake shores where seepage through the
gravel promotes conditions suitable for spawning. By the end of July or the first week
of August the fish have completed spawning, and there is a definite scarcity of live
fish on the spawning grounds. During late August, fish again appear in numbers on

10

PERCENT OF TOTAL RUN

O 2t a1 7 4 21 28 5 12 B % 2 9 i 23 30 6 13 20 27 &
MAY JUNE JULY AUG, SEPT. OCT.
FIGURE 2.—Percentage of total run appearing each week during season.
the spawning grounds. An appreciable percentage of the fall run spawns along the
beaches, and some of the fish spawn in the Karluk River for a distance of a mile or two
below the lake, an area never populated by fish of the spring run. The majority of the
fish in the fall run do spawn, however, in the tributary streams of the lake.

Although the two runs of fish spawn, to a great extent, on the same spawning
erounds, the time interval precludes a thorough interbreeding of the two populations.
The only interbreeding possible is between the late spawners of the spring run and
the early spawners of the fall run. Whether or not the separation between the two
groups has been sufficient to produce any anatomical differences that might be detected
biometrically has not been determined conclusively. Even though the diffcrences
could not be detected biometrically, such an absence of differences would not repudiate
the theory of two populations of red salmon inhabiting one watershed and spawning
in the same gravel. Environmental conditions undoubtedly do account, in a large
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measure, for the minor fluctuations in the time of appearance of the runs from year
to year and may be the cause of bimodality in the runs. Regardless of the primary
cause of this phenomenon, it would seem that there are two self-perpetuating com-
ponents of the red-salmon population in the watershed, and that cach should be given
adequate protection.

During the 16 years under consideration the spring runs have ranged from 303,000
fish in 1922 to 1,715,000 fish in 1926, the average being 817,000 fish. The fall runs
have ranged from 652,000 fish in 1929 to 3,205,000 fish in 1926, the average being
1,211,000 fish. The total run has ranged from 1,058,000 fish in 1922 to 4,920,000
fish in 1926, the average being 2,028,000 fish. Thus, there has been a rather wide
range in the number of fish in the runs from year to year, and the average run has been
far below that of the early days of the fishery when for a period of 7 years the catch
alone exceeded the run (catch plus escapement) during this period by more than
1,000,000 fish per year.

RETURNS FROM KNOWN SPAWNING POPULATIONS

In order to maintain the salmon runs at a high level, an adequate escapement
must be obtained for each and every suitable spawning area. The question at once
arises as to what constitutes an adequate escapement. This question has confronted
the salmon conservationist since the first attempt was made to regulate a fishery, and
it is a question that still needs considerable study. Each small section of a spawning
area must have its proper escapement, and in the final analysis, it is necessary to
determine, for each small area, the size of an adequate spawning population. The
problem is further complicated because an adequate spawning population for a given
spawning area is not neeessarily constant. Variations in meteorological conditions
result in changes in environmental conditions on the spawning grounds during the
spawning and incubation periods from year to year, consequently, a spawning escape-
ment which may be adequate in one ycar may be inadequate, or may be more than
adequate, in some other year. As therc is no meaus of predicting what meteorological
conditions will prevail during the spawning season and the subsequent incubation
period, we can at best determine an average figure for the optimum size of the spawning
population for each spawning area.

Most of the progeny from a year’s spawning population of Karluk red salmon
return as adults in their fourth to seventh year.® In order to determine the return
from the spawning of 1930, for example, it is necessary to determine the number of
4-year fish in the run of 1934, the number of 5-year fish in the run of 1935, the number
of 6-year fish in the run of 1936, and the number of 7-year fish in the run of 1937.
The numbers of these several groups are then added together to determine the total
return from the spawning of 1930. The returns from the escapements of the spring
run, from the fall run, and from the total run of cach year are given in table 20.

The escapement of 1921 (1,500,000 fish) produced a very good return both in the
ratio of return to escapement and also in the total number of fish produced. While the
return from the spring escapement was good, the return from the fall escapement was
much better and was largely responsible for the exceptionally good total return.

8 There are a few 3-year and 8-year fish in the Karluk runs which are Included in the tabulations, but their presence is quite
unimportant.
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TaBLE 20.—Returns from escapements of Karluk River red salmon

Patio of re- 5
Year and season Escapement |  Return turn o cs- |Refurn mipus
oapement | €scapemen
1921
ST I N e e T D e DI S 685, 245 1, 522, 032 2.2:1 836, 787
2] S 1 NN 1 2 e = ~ . 1 S A 814, 755 2,970,272 3.6:1 2, 155, 517
T T O 5 S 1, 500, 000 4,492,304 3.0:1 2,992,304
196, 186 1, 252, 839 6.4: 1 1,056, 653
203, 814 1,001, 461 4.9:1 797, 647
400, 900 2,254,300 5.6:1 1.854, 300
255, 351 801, 853 3.1:1 5146, 302
439, 228 1, 136, 950 2.7: 1 747,722
694, 579 1, 938, 603 2.9:1 1,294,024
540, 030 4n9, 352 .81 ~—130, 678
569, 131 435, 118 .81 —134,013
1, 109, 161 844, 470 S]] —261, 691
657, 154 538, 113 .81 —119, 041
963, 773 1, 062, 953 1.1: 1 99, 180
1, 620, 927 1, 601, 066 1.0: 1 —19, 861
1, 289, 976 336, K07 <45 1l —953, 469
1, 243, 426 1,177,101 .9:1 —66, 325
2, 533, 402 1, 513, 608 .60 1 —1,019,794
617.613 926,611 1.5:1 308, 998
254, 925 651, 563 2.6:1 396, 638
872, 538 1, 578,174 1.8: 1 705, 636
755, 511 1, 519,176 2.0: 1 763. 665
338, 306 925, 153 2.7:1 587, 147
1,093.817 2,444,629 282 1, 350, 812
360, 567 8§83, 519 2.5:1 522, 942
539, 752 623, 956 1.2:1 83, 304
900, 319 1, 506, 565 k7% 0l 606, 246

The escapement of 1922 (400,000 fish) was very poor. However, this escapement
produced a fair-size run because the ratio of return to escapement was exceptionally
high both in the spring and fall.

The escapement of 1923 (694,579 fish), although it produced a good ratio of return
to escapement, produced only a moderate run because the size of the escapement
itself was below average.

The escapement of 1924 (1,109,161), while copsidered satisfactory in size, pro-
duced a very poor return. In fact there were fewer fish in the return than in the
escapement. This was due probably to the tremendous escapement of pink salmon
in the Karluk River in 1924. Normally, the pink salmon spawn in the lower half of
the river, but in that year, because of population pressure, large numbers of this
species continued up the river and oceupied the red salmon spawning grounds. Quot-
ing from a report made by Fred R. Lucas in 1924 (Gilbert and Rich 1927):

.. . On August 21st hundreds of thousands of fish died in the twenty miles of river between the
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weir and the still water at the Larson Bay portage. The mortality included adult red salmon, hump-
backs, and trout, as well as young fish. The cause is unknown unless it was due to overcrowding of
humpbaeks, with a possible fall of the water level in the river . . . it is estimated that over four
million humphaeks passed through the weir this scason.

Quoting from Lucas’ notes taken while visiting the red-salmon spawning grounds
at Karluk Lake, September 16 to 24:

. . . Behind every rock and in every eddy piles of humpback eggs lay. Within twenty-two
steps the writer counted twelve piles that would average five gallons to a pile; and behind a small
island about six feet in diameter there were more than a fifty-gallon barrel full of humpback eggs.
These eggs were all dead; . . . a small percentage of red eggs was among them. In fact, more or
less red eggs were noticed adrift in every stream where humpbacks had spawned . . . The dead, red
eggs . . . were more numerous than the live ones.  All of these live eggs will probably be picked up
by the birds and trout before they hateh. . . .

It was apparent that there was too large a pink-salmon escapement, and this was
borne out by the failure of the pink-salmon run of 1926, the total return from the
escapement of over 4,000,000 being less than 100,000 fish. The overerowded con-
ditions on the spawning grounds in 1924 not only resulted in a very poor return of
pink salmon in 1926 but undoubtedly were largely responsible for the poor return
from the red-salmon escapement.

The escapement of 1925 (1,620,927), while good, also produeed a relatively poor
return, and the total return was slightly less than the number of fish in the eseapement.
Karluk Lake was not visited during the summer of 1925, and consequently no infor-
mation as to eonditions on tbe spawning grounds during that year is available. The
moderately large escapement should not have caused an undue mortality due to over-
crowding under normal conditions, and there is no reason to believe environmental
conditions were abnormal during the spawning period. It is known that the winter
of 1925-26 was exceptionally mild. A mild winter should cause the eggs to hateh
earlier than usual, but just what effect this would have on the fry is impossible to
state.

The excellent cscapement of 1926 (2,533,402) suffered from unfavorable conditions
caused by an exceptionally warm, dry summer, and the return was 1,000,000 fish less
than the number of spawners in the escapement. The lack of rainfall eoupled with a
large eseapement of red salmon produced econditions somewhat similar to those
encountered in 1924. Quoting from notes made by Willis H. Rich in 1926:

On July 18, in Spring Creek . . . it was very noticeable that many of the females were not
completely spawned out; six of twelve examined had eggs apparently still in good eondition. Most
of these were apparently not spawned at all, although ripe . . . Upper Thumb River . . . we saw
many dead females, ripe but unspawned, and many others that were not completely spawned out.
Causcs of death quite unknown, as most of themn appeared to be in fine eondition.

Observers at Karluk Lake in 1926 considered that “about 25 percent of the
females that reached the lake died only partially spawned out.” Not only did many
fish die before spawning, but large numbers of eggs deposited in the gravels died
because the spawning grounds dried up. Again quoting from Rieli’s notes:

August 9 . . . In Thumb River, where the spawning had been heaviest, many of the nests were
exposed by the lowering of the water. We dug in some of them and found mainly dead eggs,
although a very few live ones were found.

In many of the other streams similar eonditions were noted. Thus, the poor
return from the spawning of 1926 might have been due largely to the conditions on
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the spawning grounds during that year. The spawn of the spring escapement, in the
opinion of obscrvers, suffered the greatest loss, and it is significant that the return per
fish from the spring escapement was only one-third as great as the return per fish from
the fall escapement.

The escapement of 1927 (872,538 fish) produced & moderate-size run and probably
would have produced a better run had not the spring run suffered to some extent from
unfavorable conditions. Precipitation during the summer of 1927 was in marked
contrast to that of 1926. In 1927 the spring spawning population suffered because
the streams were at flood stage for a period of time, whereas in 1926 the fish suffered
from a lack of sufficient water.

The escapement of 1928 (1,093,817 fish) produced a fairly good run, and the ratio
of return to eseapement in both the spring and fall was equal to, or greater than, the
ratio of return of 2:1 on which the Alaska fishery regulations are based.

The escapement of 1929 (900,319 fish) produced a rclatively small run. The
spring escapement produced a good ratio of return to escapement, but the fall escape-
ment produced only a few more fish than were in the escapement for that period.

Although fluctuations in the ratio of return to escapement were anticipated,
it was expected that some correlation would be found between these two factors.
The big escapements to the Fraser River (Rounsefell and Kelez, 1938} every fourth
year prior to the rock slide in the river in 1913, always resulted in a large run 4 yecars
later. Observations made on the escapement and returns of pink salmon in Puget
Sound and Alaska indicate that usually big runs are produced from good escapements
and poor or only fair runs produced by poor escapements. The cyclic nature of the
catches at Karluk during most of the history of the fishery also indicates that some
correlation exists between escapement and return. These and many other instances
which might be cited give reason to believe that, normally, a positive correlation exists
between escapement and return.

Figure 3 shows the correlation between the total yearly escapement and the total
returns. The most striking point about these data is the utter lack of correlation
between the escapements and the returns from the escapements. That such a condi-
tion could not have existed during the early days of the fishery is apparent when one
considers that for 3 of the 9 years under consideration the ratio of return to escape-
ment did not exceed 1.0 to 1.0. Obviously, unless this ratio is greater than 1.0 to 1.0
a fishery cannot be sustained. For only onc of the years under consideration, 1921,
did the return exceed the escapement from which it resulted by an amount approxi-
mately equal to the catches made during the early days of the fishery.

In the consideration of returns from escapements the most important point is the
surplus, or return minus escapement, produced by a given escapement. The aim
of every regulatory body governing a self-perpetuating biological resource should be
to allow the greatest possible catch without endangering future supplies. The size
of the population inhabiting a watershed is, in itself, of little concern. TFor example,
if an escapement of 1,000,000 fish always produced a run of 3,000,000 fish, and an
escapement of 4,000,000 fish always produced a run of 5,000,000 fish it would be waste-
ful to require an escapement of 4,000,000 fish solely on the basis that such an escape-
ment produced the largest run. 1In this hypothetical example the escapement of
1,000,000 fish would produce a surplus of 2,000,000, and the escapement of 4,000,000
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would produce a surplus of only 1,000,000. It is then of considerable importance to
determine, for each given area, the size of the escapement which will eonsistently
produce the greatest surplus.

In figure 4 the return minus escapement, or surplus, has been plotted against the
escapement. A negative correlation between escapement and surplus is indicated,
and it appears that, overlooking the return fromn the fall escapement of 1921, the
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FIGURE 3.—Returns from the spring and fall escapements for the years 1921 to 1929, inclusive,

optimum escapement for the spring and fall runs was approximately 200,000 fish for
each period or a total yearly escapement of 400,000 fish. "There are several facts,
Liowever, that should be considered before drawing conclusions from the data. The
escapement of 1921, and especially the fall escapement, produced a very good surplus.
The Karluk pink salmon spawning population of 1922 produced an exceptionally large
surplus, as did the red salmon spawning population of that year, indicating unusually
favorable environmental conditions. Conditions on the spawning grounds were
judged to be very unfavorable during 1924 and 1926, and hence the returns from those
escapements were likely much lower than if the environment had been normal.
Furthernore, only the escapement of 1921 (1,500,000 fish) produced a surplus compa-
rable to the average cateli made during the 20-year period from 1888 to 1907.  While
527715—43—4
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it is obvious that the catches made during the early days of the fishery were such as to
cause serious depletion of the population, it would seem likely that the fishery could
have been stabilized with a yearly catch of 1,500,000 to 2,000,000 fish.
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FiGURE 4.—Surplus (return minus escapernent) produced by spring and fall escapements for the years 1921 to 1929, inclusive.

CHEMICAL ANALYSES OF LAKE AND STREAM WATERS

A factor to be considered 1n relation to the optimum magnitude of the escapemernts
of red salmon is the addition to the lake water of phosphorus and other inorganic salts
from the bodies of the fish which migrate into the watershied to spawn. Prior to the
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imception of the commercial fishery, Karluk Lake received a large supply of chemical
compounds each year because practically all of cach season’s run of fish proceeded to
the lake and its tributaries to spawn and die.  As soon as the commercial fishery began,
the spawning escapements became less, and not only were there fewer spawners avail-
able to deposit eggs i the gravel, but the yearly ineremient of chemical compounds to
the water was considerably deereased.

That the productivity of bodies of fresh and salt water is eontrolled in part by
the abundance of certain inorganic salts such as phosphorus has long been known and
the relationship between the ehemical content of the water of ponds, lakes, and the
occan and their productivity has been studied by a large number of investigators.
Soluble phosphorus has been considered by most workers to be the chief limiting
faetor in the productivity of aquatic organisms during the summer months, although
nitrogen and carbon dioxide have also been shown to be limiting factors at times.

During the 2 or 3 years that the red-salmon fingerlings spend in fresh water,
prior to their sojourn in the ocean, they feed upon certain ninute forms of animal life
existing in the lake. These animal forms, or zooplankton, are dependent upon the
plant forms, or phytoplankton, and they in turn are dependent upon the sunlight and
the inorganic salts in the lake water. Hence, fluctuations in the supply of salts in the
lake water can indirectly affect the growth and survival of the fish.

In tables 21 and 22 are presented the results of temperature and chemical observa-
tions made on the waters of Karluk and Thumb lLakes in 1935 and 1936. Similar
data collected in 1927 were presented and discussed by Juday, Rieli, Kemmerer, and
Mann (1932).

The temperature of both Karluk and Thumb Lakes was higher in 1935 than in
1927 and still higher in 1936. At Station 1, in Karluk Lake (fig. 5), for example, the
surface temperature on August 13,1927, was 11.1° C.; on the same date i1 1935 it was
12.2° C.; and in 1936 it was 15.5° €. There was evidently a marked difference in
the amount of sunshine during these 3 years, and such a conclusion is confirnied by the
preeipitation data. The June-July-August preecipitation at Kodiak, the nearest
recording station, was 22.33 inches in 1927; 13.85 in 1935; and 6.56 inches in 1936.
During the 47 years that June-July-August precipitation data has been tabulated at
Kodiak, the average preeipitation was 13.32 inches.

Soluble phosphorus was found in the water of Karluk and Thuinb Lakes in 1927
on the dates snmples were taken, and whereas the surface waters of these lakes lacked
a measurable amount of phosphorus during the summers of 1935 and 1936, it was not
until September, at the end of the salinon growing scason, that measurable amounts
of phosplorus were found.

Silica was almost entirely absent from the surface waters of Karluk Lake during
1035 and 1936, whereas a small amount was present in 1927.7 A greater amount of
silica occurred in the water of Thumb Lake in 1935 and 1936 than in 1927.
mice values should be multiplied hy 1.44 to correct a ehange in the value nsed in the caleulation. The method used
for the determination of silica is that deseribed by Diceert and Wandenbuleke (1923), and Juday. Rich, Ilemmerer, and Mann (1932)
used Diencrt and W andenbulckes value of 36.9 mgs. of pieric acid as being cquivalent to 50 mes. of silica. King and Lucas (1928)

showed this value to be in crror and indicated that 25.6 mes. of picric acid were equivalent to 50 mgs. of silica.  This latter value
was confirmed by Robinson and Kemmerer (1930a) and was used in the preseut apalysis.
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TasLE 21.—Resulls of chemical analyses of the walers of Karluk Lake and Thumb Lake in 1935

['I'he results are stated in milligrams per liter of water. Tr.=7Tracc]

KARLUK LAKE, STATION 1

. - (‘arbon Solnble .
. 0w Depth in Femper- iy ST Nitrite
Date lime? meters | ature,°C. il d';;f,':c lf;,}::.:\ Silia nitrogen
May 26 . ... 11:15 (1} 5.0 7.7 S Somm” o .
June 28_____ 10:27 0 1.0 8.2 . I 0.000 1.5 (. 002
June 28 |l 20 9.8 7.5 . 000 1.5 002
June 28 ____ 30 6.0 7.8 o0 ({ 002
June 28 e 100 4.5 7.4 -002 a N
Tuly 11_.___ 0 11.6 8.0 0.8 . 000 Tr 002
July 11 . 20 8.7 7.7 1. 2 . 000 4] .00t
July 11 30 6.9 7.6 1.8 . 000 (] .001
July 11 f . 1ne 4.8 7.3 1.8 . 002 0 .11
July30_____ 0 11.9 i .8 . 000 ] .002
July30. - .|l 100 6.0 7.5 240 . 002 0 .01
July30. .. fi. ... 124 4.9 7.1 2.4 -002 0 .001
Aug. 13 .. 0 IR 7.8 .8 L 000 Tr. .00
Aug. 13 i eceiaiaaaaas 20 8.1 7.2 1.3 Tr. 0 001
N DR e R 100 5.1 7.0 2.0 . 002 g .00
Aug. 13..___ 122 49 70 2.5 an2 Tr. .001
Sept. 0 1207 7.8 ||esaace o 006 ] -
)l Gh e | 20 10.3 T3 |- R 004 0 - -
S0 R S S R e 100 5.3 7.0 . 004 0 8 .
Sept. 6 120 5.1 70 010 .5
Sept. 6. et 124 3.1 T0 . .08 -5 .
KARLUK LAKE, STATION 2 (THE THUMB)
May 26 e, 10:50 0 5.6 7.6 L, . - - . A -
July 13, - N30 0 12. % T o6 0. 000 ‘I'r. o003
Inlyv 13 ... | Aaes 10 4 Su H N(v 1Tr. .2
July 13 ... IR - el 14 T4 14 () 1] LOUE
JEY 1B} o OO Tl ki 7, ) 5 5 1.6 Loy 0 1
Ang. 13 . | __ .. 8:00 1] 12 % X1 N .y Tr. St
Aug. 13 .. . OB 4u N 7.1 2 . uus .6 .uu2
Sept. 5. .. 212:50 1 123, ) 7.4 . au2 B
Sept. 5. 20 1.4 7.0 L2
Sept. 5. 35 (1) 7.0 L 002
SRS R R G R IR 41 6.4 6.9 L0100 |. - -
KARLUK LAKE, STATION 3

July 120 ... 8:30 0 1.8 7.9 0.6 0.000 Tr. 0.003
il 2 AR VS SE| _ _ ZC - 20 6.5 7.7 1.0 . 000 1] . 001
YT 2 R - DS [0 o o I — 30 f.0 7.4 1.6 . 000 0 Lonl
S TP A S e et R S PP A 4.8 7.2 284 .00 Tr. .00l
Sept. ... 9:18 [} i2. 6 . 4) B 02 1r.
Sept.h .. . DRRERUN N 20 85 70 R N 0
Sept. 6 SN BN 50 6.4 DN &)
Sept.ti . - i ] 53 G4 LR .h

THUMB LAKI

|
MAy 26 o o el B 10:1) 0 4.4 NS
hine 25 N 212,01 [} 06 3 (.00 70 ‘I'r.
e L TRy 1 nnz a4 i

0 iz, & 7.3 1.4 Lo Afe.

0 b | L% e

] et 71 28 L0l

[0} IR 91 1.4

Ul'ime a. nt. except as no
2'I'ine p. o,

ted.

In tables 23 and 24 are presented the results of temperature and chemnical analyses
These
data, with the exception of the silica values, agree with the results presented for 1927
by Judny, Rich, Kemmerer, and Maunu (1932).
carbon dioxide, soluble pliospliorus, and nitrite nitrogen depend, in a large degree,
on the time of day observations are made, the nmnber of fish in the streams, and the
depth of water in the streams.

made on 15 affluents of Karluk Lake during the summers of 1935 and 1936.

Variations in temperature, pll,
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TasLe 22— Resulls of chemical analyses af the waters of Karluk Lake and Thumb Lake in 1936
[The results are stated in milligrams per liter of water. Tr=Trace)
KARLUK LAKE, STATION 1
P Depth in Temper- Soluble . Nitrite
Date Time ! meters ature, ° C pH pkosphorus Silica nitrogen
0 13.6 7.6 0. 000 0
20 6.1 7.5 . 000 0
301 . .. 7.5 000 0
100 4.3 7.3 Tr. 0
0 12.2 7.6 . 000 0
20 7.1 7.5 L0 0
30 5.8 7.5 . 000 0
100 4.5 7.3 . 000 (i}
0 13.5 7.8 .hoo [j]
30 6.3 7.5 . 000 0
0 17.1 8.4 . 000 Tr. .001
20 6.5 7.3 . 000 0 .00l
i} 15.5 8.4 L 000 0 .001
20 7.0 8.0 .002 0 arfe,
100 4.6 7.1 . 003 0 -002
124 1.5 6.7 L 018 1.0 .002
0 15.0 7.9 . 000 Tr. . 001
20 S 1 .3 . 000 0 .001
30 6.1 o . 000 0 I
. B 100 4.8 ol . 005 .5 i,
Sept. 9. 9:0% 0 WYY 7.6 . 000 Tr. -001
9. - N N ecee e 21) 8.3 7.2 000 0 000
9 . . - - 30 6.8 7.1 . 000 0 . 000
L ! 100 4.8 7.1 004 Tr. Tr.
KARLUK LAKE, STATION 2
July 10:20 0 13.6 8.0 0. 000 0 0.002
11:21 [} 13.5 7.7 . 000 0 .ol
i 20 6.6 7.7 000 0 fr.
30 5.6 7.5 (Vi1] 0 Tr.
40 4.9 7.3 600 0 Tr.
0 13.8 5.0 (1) [
G I [ - 30 5.6 7.4 000 L1 I P -
Aug. 8:15 1] 16.5 8.5 . 000 LB . 002
............. ) 6.8 7.4 060 0 . 001
____________ 40 5.3 f.8 036 1) |
22:44 0 15. 6 8.3 0o ol .002
I N ) G. 6 7.2 . 000 0 . 001
40 | . - 7.2 006 .5 . 001
41 n. 8 (Y] . 008 N . 001
) 15.2 X1 000 .5 . 001
20 6.7 7-2 000 0 .001
30 5.8 7.0 004 Tr. .0nt
41 5.5 6.9 023 1.0 0ot
Sept. ] 13. 4 7.6 000 o7 .00l
________ 20 9.8 0o | Q00 0 Tr.
R 30 6.3 7.0 0n1 0 Tr.
.......... 40 5.8 6.9 023 B . 001
THUMB LAKE
June3o oo ... 0 11.7 0. 000 55 Tr.
30 8 414 . 000 5.5 Tr.
July 9 . 0 12.5 00 5 0.001
17. - ({] 15 . 000 Ad .
Angz 10 0 15.6 000 5.0 101
0. - . 9 11. ¢ [ L 005 3.0 . 000

P me g.ome exeepl as noted.
- Time p. N1

Applying the correction factor of 1.44 to the 1927 silica values, it is found that
the silica eontent of the various streams ranged from 1.4 1o 5.0 milligrams per liter.
In 1935, the silica values ranged frem 5.0 to 13.0, aud in 1936 they ranged rom 4.0 to

15.0 milligrams per liter.

of the water of any one stream varied with the stream flow.
of 1927 there was 1.6 times as much precipitation as during the same period in 1935,
and 3.4 times as much as in 1936; henee, the stream flow in 1927 must have been con-

In both 1935 and 1936, it was noted that the siliea content

In the summer months
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TABLE 23.—Results of chemical analyses of stream waters in 1935

[Results are stated in milligrams per liter of water. Tr.=Trace]

Temper- Carbon dioxide Soluble e
Stream Date Time ! ature pH | —————————| nhos- Silica nitrogen
c Free Fixed phorus
Cold Creek ? . . __.__...._ July 1 9:10 3.9 6.3 2, % 10.0 0.012 13.0 (... _._..
Spring Creek_________.___._____._. . .do___.. 9:15 5.8 6.8 7.8 6.8 . 002 11.0 0.001
July 15 9:00 6.1 6.7 {occees o eeee oot S S R,
Ang. 15 10:00 6.8 6.7 6.7 10.8 .022 90 Tr
Aug. 29 10°10 6.1 f. 7 5.9 11.0 . 006 9.0 Tr
Moraine Creek.._ __._.__....._._. July 1 9:25 7.2 7.1 3.2 11.0 .018 7.0 o3
July 15 9:30 83 Ay | AN | W . 50 9.5 ...
Aug. 15 11:15 10. 4 7.8 .8 11.0 . 022 R0 .ont
Aug. 29 1025 9.4 8.4 -0 10.2 .04 110 .001
Cottonwood Creek . _ ... ... July 1 1605 7. 7.2 288! 7.8 .06 R0 . 003
July 15 10:45 9.4 008 ||oane 2| BARE— . 0%0 9.5 (... .
July 27 9-30 7.8 7.3 1.4 13.4 . 030 9.0 .003
Ang. 15 112:01 Q2 7.7 1.0 13.6 . 020 85 .02
Sept. 7 B8:45 6.6 LI - PO . OOR SO |
Alder Creek ... ... .. July 7 %15 6.7 7.3 2.1 14.8 . 002 8.5 Tr.
AlderCreek ... __.__.. .do___ . 9:40 7.2 .2 332 15.2 . 016 9.0 L 002
July 15 11:55 8.3 To | ooooo goad |BooNREas IR - - oo [oocaas) = olloscooe- .
July 27 9:05 6.7 7.3 i.6 13.8 025 9.0 Tr.
Aug, 15 7:40 5.5 7.7 16 15.0 016 8.0 . 001
Sept. 7 .05 6.1 Gl || coo=cocma | (D |icecmmaame~
Little Lagoon Creek 2..__... ... ... May 26 10:42 3.5 o 2 PR S SO . N . 000
July 7 10:10 3.6 7,7 1.4 25.0 004 9.0 . 000
Little Lagoon Creek......._.._.__| ..do._ . 10-00 4.7 7.4 2.4 24.6 .010 9.5 | . 001
July 13 1000 | e < Fyep R L 016 T
Little Tagoon Creek 2._____.___._ | Aug. 15 750 3.3 7.8 1.4 23.0 . 006 85 - 000
Little Lagoon Creek. . NN N0 800 3.9 7.7 2.2 23.8 010 9.0 000
Lower Thumb River. ___.__...___. May 26 10:20 8.3 81 cosan||ao 5
Jnune 26 21:20 10.3 7.5 . ! -
July 9 312:05 12,2 T3 1. -
Aug, 14 900 12,2 41 U SO 5 -
Salmon Creek_....._.....__._._ .. May 2% 10:12 5.8 7.3 . B
June 25 21:00 7.2 7.3
July 9 11:40 K0 T2 2.4 12.6 016G K0 S04
July 21 944 7.3 2.0 1.4 (] 7.0 02
Aug. 14 8 40 7.5 .8 13.2 .25 7.5 N
Upper Thumb River ... ... June 25 11:45 7.1 coac R . | S -
July 9 11:10 8.3 6.9 3.8 10.0 022 7.5 . 005
July 21 9:20 8.3 7.0 2.0 10.8 025 7.0 L 004
Aue, 14 B:20 7.2 6.9 3.4 12.0 035 5.0 004
Malfway Creek 2. ___ . . . . . _ July 6 9:00 7.2 7.3 16 9.0 2 9.5 ‘Ir.
Nalfway Creek _________.____.___|... 0. 9:15 7.8 7.1 2.4 4.0 004 10.0 001
July 27 10:25 7.8 7.2 L2 8.5 . 025 9.0 Te
Ane, 16 10:00 6.t 7.3 1.2 9.2 014 10.0 L0901
) Sept, 7 8:00 6.1 AN T 010 oL . . .
Grassy Point Creek. . __.._._.__. July 6 9:40 s.9 7.0 36 10.8 036 9.0 . 005
July 27 10:00 0.2 7.2 1.6 10.8 045 9.0 005
Aug, 16 10:25 7.2 7.5 1.0 10. 4 .016 8.5 . 002
Sept. 7 8:20 6.1 Th o |- - . 014 = ool amao
Meadow Creek ... ... ...... .. July 17 9:55 8.3 TO e R R g o o - -
Ang. 16 9:10 7.2 ) 1.0 9.6 018 7.5 ($10)]
Caseade Creck_._.._.._.......___|July 3 10:35 8.9 7.3 1.6 4.5 .06 6.5 1r.
July 17 9:25 <3 V.1 2.0 15.4 024 S0 005
Ane. 16 8:50 7.2 7.6 1.2 14 2 .00 7.5 L0
Cangon Creek ... e July 3 10:15 8.9 fi 8 51 10.2 .32 5.8 005
Falls Creek .. _. s oo do.___. 9:30 8.3 7.3 3.8 7.8 L 00 5.0 00N
O'Malley River ! .do. . 1000 0.4 7.3 1 6 94 L 002 50 “I'r.
Inly 17 K:35 S0 7.3 28 10. 8 . 006 b5 . 002
Tuly 23 10:50 8.0 7 2.6 | 10. 4 U] 6.0 .02
Aug. 16 R:35 9.2 L] 22| 11.0 012 6.0 002

1 Time a, m. exeept as noted,

? Ahave salmon,

* Time p, m.

¢ Ahove Falls Creck.
siderably greater than in 1935 or 1936. The streams were Jower for o part of the
summer of 1936 than in 1935, and this is reflected in slightly higher silica values in
that vear.

Karluk Lake receives silica, in part from the action of the water on the silica bearing
rocks on the bottom and on the beaches, and in part from its tributary streams which
leach the silica from their respective watersheds.  Consequently, the yearly inerement
of silica, although undoubtedly affected by temperature and precipitation, is probably
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TABLE 24. Resulls of chemical analyses of stream walers in 1936

[Results are stated in milligrams per liter of water, Tr.="Trace]

: Jgmper: Solublo " Nitrite
Stream Date Time? aohére pH phosphorus Silica nitrogen
Cold Creck 2 . 1 3.9 (i, % 0.015 15.0 0. 000
Spring ('reek. ... .. - o %X 6.7 . 006 13.5 . 000
15 6.9 6.7 . 005 13.5 Tr.
8 6.1 6.6 005 13.0 .0nn
o 1l 4.6 6.6 .014 1L 5 .00l
Moraine Creek. oo ... _____ 1 8.3 7.5 032 9.5 . 0N2
15 10.3 7.3 . 130 9.5 .024
. 8 11.1 f.6 .135 10.0 .018
I 5.6 7.8 . 030 9.0 . 002
Cottonwood Creek..__.__._________________ 1 9.5 7.1 .015 9.5 002
15 9.2 o % . 045 2.5 . 004
8 10.7 il 10.0 .018
L. 11 5.1 7.6 9.5 .00
Alder Creek ... il 7 6.7 7.5 R e
15 7.5 7.3 9.5 . 001
8 10.0 7.3 10.0 . 008
11 5.1 7.6 8.0 . 001
Little Lageon Creek. _ ... ._______._._. 25 55 1| IO 1ILO | ...
Little Lagoon Creek 2_. 7 3.6 7.8 10.5 . 000
Little Lagoon Creek_ . 4.4 7.6 10.5 . 000
Lower Thumb River___ 30 12.2 7.4 5.5 . 000
9 12.8 7.4 5.5 . 002
7 16.7 7.5 410 | SN
29 17.1 8.9 | S oo
.6 12.3 7.3 |. .
Salmon Creek ... . o ... 30 5.3 a0 7.5 . 000
Y 7.8 7.3 7.5 002
17 12.2 6.9 7.8 e
. 10 8.4 7.0 9.0 .07
Aug. 2 11.1 T 1l 8.5 U001
Sept. 6 7.8 7.3 gu . 004
Upper Thumb River..._ ... ... June 30 8.3 T2 6.5 L 000
July S.3 7.0 7.0 002
July 17 1.7 6.7 % ) O
Aug. 10 10.0 6.9 8.5 007
Aug. 29 il & 7.0 8.0 L 001
Sept. 6 9.7 6.9 80 . 008
Halfway Creek 2. _ __________________._._..__ July 6 7.2 7.4 10.0 . 000
Halfway Creek._._ Sf-.-doo___ 7. 2 7.2 10.0 . 000
Halfway Creek 2. -| Aug. 11 8.3 7.6 11.0 . 000
Halfway Creek e __.do____ 8.9 7% 12.0 . 002
Sept. 11 4.0 7.3 9.5 .001
Grassy Point Creek . ____________.____.____ July 6 7.8 7.2 10.0 . 004
Aug. 11 9.2 083 11.5 . 006
Sept. 11 4.4 7.4 8.5 .002
Meadow Creek. - oo July 3 0, 7.0 6.5 .001
July 16 8.3 | . 7.5 . 003
Aug. 14 9.7 7.4 9.5 .007
Sept. 10 6.7 7.3 9.0 .00t
(O ASCAU CRE T CCRTNE S 10 SR 0 L July 3 83 7.6 6.5 000
July 16 9.2 ..o, B 80 LNt
Aug. 14 %9, 7 00 . 006
Sept.. 10 7.2 7. 0.0 001
(NETIY0OTN Greckais C SN, D0 DR Jnly 3 7.8 7.4 5.0 000
July 16 G54 | G.5 .03
Aug. 14 10. 6 7.4 S5 . 006
Hept. 10 a0 7.0 S0 L 003
Fals treche . oo s o iciicceceeo| July 3 &4 7.1 5.0 N
July 16 P Y 6.0 . 0no
| Anz. 1M 1007 0.8 B ||-cocoes o
| Nept, 10 12:60 1) 745 006 7.0 L0l
|

P Tiwie a. . excepl ag noled,
? Abhove salmion.
3 Time p.om.

rather constant from vear to year. A shortage of silica in the lake water would act
as a limiting factor in the production of diatoms but would not mhibit the production
of other forms of phytoplankton.

The yearly increment of soluble phosphorus is dependent, very largely, upon the
number of spawning fish which enter the lake each year. There was from 1% to 10
times the concentration of phosphorus in the water at the mouths of the streanis as
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in the water of the same streams, on the same dates, above the area where spawning
and spawned-out salmon were found. IFurthermore, a part of the salmon spawn
along the beaches of the lake and eventually die, and the carecasses, together with the
caveasses which drift downstream into the lake fromn the tributaries, decompose and
the phosphorus contained therein becomes available to the phytoplankton. A
shortage of phosphorus in the lake water would inhibit the growth of all forms of
phytoplankton.

It is apparent from a study of the chemical analyses of the lake water and of the
streamn waters that both phosphorus and silica are being absorbed, during the sum-
mer months, by the phytoplankton as fast as they become available, for otherwise
the concentration of these chemicals in the lake water would approach that found in
the streams. Siuce the concentration of these cheinicals in the lake water during
most of the summer was less than a measurable amount, it is evident that they must
be limiting factors i the production of the phytoplankton and may possibly be
affecting indirectly the growth and survival of the red salmon fingerlings of Karluk
Lale.

CHANGE IN AGE COMPOSITION OF THE POPULATION

The percentage occurrence of the various age groups in the population, as deter-
mined from a study of the seale samples (tables 3 to 16), appears to he changing
from yvear fo year. [However, a direct comparison of one year’s data with another
eannot truly represent the change, if any, since a given year's run is composed of
the progeny from the eseapements of several years.

To determine whether or not a change has been taking place in the age composi-
tion of the population, it is necessary to compare the age composition of the escape-
ments with the age composition of the fish returning from the respective escapements.
The age compositions of the escapements for a series of years are presented in table
18, and the age compositions of the returns from the escapements appear in table 25.

The pereentage of 5; fish in the escapements for the years 1922 and 1924 to 1929,
inclusive, was 59.3, 76.0, 66.8, 81.1, 70.8, 56.9, and 34.8 while the percentage of 5,
fish in the returns from these escapements was 50.0, 49.3, 41.2, 52.5, 45.2, 9.5 and
42.0, respeetively.  There was a lower percentage of 5; fish in the return than there
was in the escapement for every year with the exception of 1929. A similar condi-
fion is found to exist if the returns from the spring and fall escapements are consid-
cred separately.

The pairs of pereentages fov the 6, age group for the years 1922 and 1924 {o 1920,
inclusive, are as follows (the first fizure being the pereentage of the 6, group in (he
escapement for w given year and the seeond figure being the pereentage of the 6,
eroup in the return from the escapement): $.0:11.3; 10.5:22.8; 15.8:30.37 7.6:33.2;
$5.1:20.4; 9.0:20.3; 35.1:27.7.  Tn all years except 1929 there was a greater pereentagze
of the 6, group present in the return from the eseapements than there was in the
escapements.

In considering these two major age groups there appears to be a decrease in the
relative abundance of one, and an increase in the relative abundance of the other.
It thus becomes of interest to determine if a change is taking place in the length of
ocean residence and in the length of fresh-water residence of these fish.



208 SALMON OF THE KARLUK RIVER, ALASKA

TABLE 25.—Percentage occurrcnee of various oge groups in relurns from escapements of the spring,
fall, and total run for the years 1920 to 1929, inclusive

Age groups
Year of escapement =
3 | 4 | 42| 45| 4 | B2 53 5 | 62 63 64 65 | 73 | T4 | Ts | 8 | 8
Pect. | Pct. | Pet.| Pet.
710} [-oo.. 21.9
4131 (.. 3.1
5122 |- 8.6
i 2 PO D 6.4
L9 .3 |--. =7
.4 N S 2.6
.9 SN 35.9 1.3 .4
.6 | 4.5 |.____ 11.1 | 23.8 oD
LO| 2.1 |-—- 24.8 | 11.3 oD
L9 | 30.4 IS [P | 50
bl O PO 6.9 27.4 1.0
By 4 ___.|16.4 | 17.1 | ____|.____ o9
“Spring 11| el 20467 .. 36.0 (1.2 || .1[24
Fall___. _._ ... 1.3 9 (.. L1518 .6 ... 10.2 | 33.8 [ |..... 1.0
Returns for year e 6 |- 11493 .4 (. |227] 228 R O 1.7
1925:
Spring. .o R I U ) DR PR L4431 | L7 {1161 [30.7 | .. |..... 6.4 .1|._._. ~
A o4 - L1140.2 12,0 |___ 2.0} 43.7 1 - 3 T T s coo
6] .3 - 6 41,2 856 ... 6.4 | 39.3 1 2.5 =4 P
YT F— 1.2 | 6L.5 o8 [-o--- 1L9 | 19.4 | ____ 2]37 o [Jecaen 0.2
. [ 3.7 - .2 (49.9 (3.9 -] 28|32} ____|..... .3 I T RPN S
Returns for year._ 3.1 - 482532} .. 4.8 [33.2 ) |- L5 | L2 | oo faaoo
1927:
Spring 1.5 .4 . 1.4 | 50.0 S E— 25.9 5.2
Fall_.___ ______ 57 .8 |- L9 [ 387128 (.. 4.4 2.1
Returns for year .2 .6} __.|L2|46.2( 13 I S | 3.9
1928:
Spring__ oo IR S A (R N I 211387 . 43.4 | 8.3 | ... 160 .1
Fall. ___ _____ 2 o o -z 71409 L9} ___ 11.8 | 39.9 ) I P 1.0 19
Returns for year ol .3 T 1.6 ]39.5 81 .. 3.4 | 203 | .. 1441 .8 |-
w8 8| .6 11)02|3L0| 43| 141 .4
.4 .3 N P 4.8 | 46.7 7 13925
.G .4 9 1]20.2]27.7 3 4.0 |13

In figures 6 and 7 is presented tlie relationship between the percentage of fish
of a particular ocean history in the escapement and the percentage of fish of the same
ocean history in the return. In these and the following figures in this section, lines
purportedly fitting the data have been omitted intentionally. The two important
auestions on which information is desired are (1) whether or not there is a correlation
between the percentage oecurrence of a particular age group in the escapement and
the percentage oecurrence of that same age group in the return, and (2) whether or
not the values fluctuate around a ratio of 1 to 1. To facilitate ohservation of the
sccond point, a line representing a ratio of 1 to 1 has been ineluded in each fignre.

The relationship between the percentage of fish of a eertain ocean history in the
escapement and the percentage of fish of the same oeean history in the rvetirn, may be
considered linear and is such that there will be approximately the same pereentage of
fish of a single ocean history in the return as there was in the escapement. There
appears to be a shight indieation that the two-ocean fish are making up a lesser per-
cenitage of the returns than they did of the esecapements and, conversely, that the
threc-ocean fish are making up a greater pereentage of the returns than they did of
the escapements, but the tendeney is not marked and probably is not significant.
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In figures 8 and 9 is presented the relationship between the percentage of fish
of a particular fresh-water history in the escapement and the percentage of fish of the
same fresh-water history in the return. There is a positive correlation between the
the two variables, although the relationship is very peculiar. For each 1 percent of
three-fresh-water fish in the escapement there is approximately 0.75 percent of three-
fresh-water fish in the return, and for eaeh 1 percent of four-fresh-water fish in the
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FIGURE 6.— Uercentage of two-ocean fish in return plotted against pereentage of two-ocean fish in escapement for the years 1922 and
1924 to 1929, inclusive. The straight line represents a ratio of 1 to 1.
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eseapement there is more than 2 percent of four-fresh-waier fish in the vetwrn.  Such
a condition could not have prevailed for any great Jength of time.  Obvionsly, if such
a relationship had existed for several complete eyeles, the three-fresh-water fish wonld
disappear from the population and only those that migrate to the accan in their fourth
vear would remamn.

The age analysis based on scale samples colleeted during 1916, 1917, 1919, and
1921 (Gilbert and Rich, 1927), demonstrated 88.5, 88.1, 91.3, and 93.4 percent,
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respectively, of three-fresh-water fish in the samples.  While the percentages of three-
fresh-water fish in the small samples taken from the runs of those ycars are not
exaclly comparable to the data under consideration, it is evident that the three-fresh-
water age group was dominant.

The change v age composition might, be due to any one, or a combination, of
the following canses: (1) An increase in the ncean mortality of the 3-year scaward
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PERCENTAGE OF THREE-OCEAN FISH IN ESCAPEMENT

FiouRE 7.~ Lercentage of threc-oecan fish in the return plotted ageinst percentage of three-ocean fish in escapement for the years
1922 and 1921 to 1929, inclusive. The straight line represents a ratioof 1 to 1.

migrants or a decrease in the oeean mortality of the 4-vear seaward migrants; (2) an
increase 11 the fresh-water mortality of the 3-yvear scaward migrants or a decrease in
the fresh-water mortality of the 4-year scaward migrants; (3) an inercase m the
length of fresh-water residence.

The ocean mortality of the 4-yesr scaward migrants, as determined by the mmarking
experiments reported in a later section, is less than that of the 3-year scaward migrants.
This might be cxpected as they are larger at the time of migration than the 3-year



FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE 271

migrants. There is no evidence that a marked change has taken place in the ocean
mortality of cither the 3-year or the 4-year seaward migrants.

A change in cnviromment that would increase or decrease the mortality of the
fingerlings in the lake should affect each age group of seaward migrants in a similar
manner. No data are at hand to indicate that environmental conditions have
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FIGURE 8.—Percentage of three-fresh-water fish in the return plotted against percentage of three-fresh-water fish in escapement for
the years 1922 and 1924 to 1929, inelusive. The straight lino represents a ratioof 1 to 1.

altered in such a manner as to affect the mortality of one age group without affecting
the mortality of the other age group.

It is probable that the shortage of phosphorus and silica in Karluk Lake during
the summer months, which aects as a limiting factor in the production of phytoplankton,
also indirectly affects the growth of the red salmon fingerlings. A decreasc in the
growth rate of the fingerlings may well result i an increase in the length of time spent
in fresh water. Data presented in a later section indicate that the fastest growing
fingerlings migrate scaward sooner than do the slower growing ones. Conscquently,
anything affecting the growth rate of the fish would probably cause a change in the
time of seaward 1migration.
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years 1922 and 1924 to 1928, inclusive. The straight line represents a ratio of 1 to 1,

SEAWARD MIGRATIONS

The seaward migration of Karluk River red salinon takes place during the last
week of May and the first 2 weeks of June each year. A few fish migrate sometimes
a day or two earlier or later than this period but the major part of the migration, and
frequently the entire migration, takes place during these 3 weeks.  During the migra-
tion period the seaward migrants can be observed mi front of the counting weir where
they congregate in schools of a few hundred to tens of thousands. Only occasionally
can they be scen going through the weir during the daytime, but just at dusk the
schools above the weir drop downstream and begin to pass through the spaces between
the pickets.  Where there is any appreeiable current, the fish always head upsiream
even when migrating downstream. Seaward migrants are present in the river above
the weir for only 10 to 16 days each year, although the migration period may extend
over a period of 3 weels. They may be quite abundant one day, entirely abseut the
next, and present again the following day.

The percentage oceurrence of the various age groups in the random samples of
seaward migrants collected at the weir site is presented in table 26, Samples were not
collected every day that migrants were present in the river, but since 1930 samples
have been taken every day that fish were abundant.
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TaBLE 26.— Pcreentage oceurrence of various age groups in the random samples of seaward migrant
red salmon for the years 1925 to 1936, inclusive

2-YEAR SEAWARD MIGRANTS

Week ending— 1925 1926 1627 1928 1929 1930 1931 1932 1933 1934 1935 1936

May3l_ . . a b . 38.8 32.5 L3 81.0 58.8

June 7. __ 7 b b 53.0 45.2 93.3 82.3 79.0

June 14. _ 75.9 68.7 J ... 88.5 50.3

June 21__ b b ) NI P, 96,0 ool

June28________ ... ... 88.0 FCTE I IR o
60.5 65.0 15.8 19.0 40.2
46.2 52.8 €.0 17.6 17.0
23.1 30.0 {..ooo-.. 10.7 11.3
15.0 21.0 3.0 { o eaeiae
12.0

Number of fish

In considering the two major age groups, 3 and 4,1t will be noted that the percentage
of the 4-year group decreases as the migration proceeds while the pereentage of the
3-year group inercases. This phenomenon, while not so obvious because of the small
numbers in the samples, also appears to exist in the two minor age groups for the
percentage of the 5-year group decreases and the percentage of the 2-year group
increases as the migration proeceds. There 1s a tendency for the older age groups to
migrate earlier than the younger age groups.

The average sizes of the scaward migrants in the samples collected in the years
1925 to 1936, clusive, are presented in table 27. There is a marked decrease,
especially among the 4-year migrants, in the average size during sueeessive periods
of sampling. The decrease in size of the 3-year migrants would probably be more
apparent were it not for the fact that the fish are just commencing to grow at the
beginning of the migration period, and those fish which migrate late in the scason
have grown a certain amount as indicated by two or three wide-spaced rings beyond
the winter elieck on tleir seales. Fish of the 4-year and 5-year groups seldom show
any new growth of the yvear until late in the migration period.

From a study of the rate of growth of the fingerlings, as determined by their
scales, and from the above-mentioned data relating to the change in age composition
and size of the migrants during each year’s scaward migration, the following trend of
events is indicated. Of the progeny of a given brood year, the fastest growing indi-
viduals (henee the largest) migrate to the ocean in the spring of their second year. In
the spring of the third year the largest individuals of the population left in the lake
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TABLE 27.— Average length in millimeters of 2-, 8-, 4-, and 5-year seaward migrants in weekly samples
for the years 1925 to 1936, inclusive

2-YEAR SEAWARD MIGRANTS

Week ending— Week ending —
Year Item Year Item
May 31| June 7 June 14/ June 21| June 28 May 31] June 7 {June 14 June 21|June 28
1925 | Number.____[.....__. 2 1932
1926 1933
1927 1934
1928 1935
1930 1936
1931
1925 1931 §umbcr _____
o
1926 1932 | Number. ...
Mean._...__.
-
1927 1933 | Number_
Mean__
L o .
1928 1934 | Number_____
Mean_ . _.____
L
1929 1935 | Number.____
Mean .. ____.
. . . _ccea-
1930 1936 ;| Number_____
Mean_ _______
RS s o .
ARD MIGRANTS
1925 1931 | Number_____
Mean. ______
o e cncaaa
1926 1932 | Number____.
Mean________
[ R €C.ccncacanaa
1927 | Number.____|._...... 1933 | Number. ..
Mesn____ Mean________
[ ST . - [ g
1928 | Number. . soooo..- || 1934 | Number.. . .
Mean____.._. PN Mean._...___
. com T ... ...
1929 ceeeooo- |[ 1935 | Number. .
[ Mean._..___.
R PR —— - P . .....
1930 38 || 1936 | Number.
126. 68 Mean___ ...
9. 16 R e
SEAWARD MIGRANTS
1926 1932 { Number____.
1928 1933 o
Mean .
[ S
1929 1934 | Number_
Mean ___
- 2 [
1930 | Number._ 1935 | Number.
Mean___. Mean .
[ - SR [ SR
1931 | Number. 1936 | Number.
Mean____ Mean___
O e o eaeaaa O e
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migrate seaward. At the end of the migration period a part of this population is
present in the lake. These fish remain for another year and obtain more growth. In
the fourth year, the largest individuals remaining in the lake proceed seaward, the
time of appearance in the migration being correlated with their size. The slowest
growing individuals of the entire progeny which have not migrated remain in the lake
for another year and then migrate seaward in their fifth year.

The older fish are of a larger average size than those of lesser age and their larger
size is due to the longer growing period that precedes migration. Fish in the older
age groups are usually the slower growing fish of the progeny from a particular spawn-
ing. Thus, the urge to migrate seaward is related to the size and growth rate of
fingerlings, and it appears that environmental conditions that affect the growth of the
fish during the time spent in the lake also affect the time at whieh the fingerlings
migrate to the ocean.

The data on the percentage of males in the samples of migrants which were ex-
amined to determine sex are presented in teble 28. The males and females were
equally represented. Grouping the 3- and 4-year fish, it was found that the total of
11,080 fish examined consisted of 5,557 males and 5,523 females. 'The slight varia-
tions in the sex ratios from year to year are probably due to chance because there is
no significant statistical diffcrence in the ratios.

TABLE 28.— Number of 3-year and 4-year migrants ezamined and percentage of males in the samples

Number of Number of
Number of | Percentage . Number of | Percentage
Year %g’:&&fgg malcs of males tgaefnrix?esg males of males
570 296 51.9 72 40 55.6
448 232 51.8 150 71 47.3
211 115 54.5 14 i 52.1
491 262 53.4 224 127 56.7
318 168 52.8 287 161 56.1
1,308 659 50.4 674 335 51.3
1,754 831 47.4 el 132 47.6
1, 256 632 50.3 833 401 48.1
€646 320 49.5 525 P52 48.0
802 401 50.0 80 47 52.2
7,804 3,016 50.18 3,276 1,641 50.09

SEX RATIOS OF ADULT FISH

The sex ratio of the adult fish is in marked contrast to that of the seaward migrants.
Data on the percentage occurrence of males in the samples for the years 1922 and 1924
to 1936 are presented in table 29, arranged aceording to the length of time spent in
the ocean. The percentage occurrence of the males decreases with increased ocean
residence. All of the zero-ocean fish ® are males. The average percentages of males
in the one-ocean fish, of varying periods of fresh-water residence, range from 100
pereent to 75 percent. The average percentages of males in the two-ocean fish range
from 62 percent to 32 percent, while the average percentages of males in the three-
ocean fish of varying fresh-water residence range from 38 percent to 35 percent.

¢ Fish which spend only a few months in the ocean and return as mature fish in the fall of the same year in which they migrated
seaward,
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TaBLE 29.— Number of fish of each age group examined, and the percentage of males in samples for the
years 1922, 1924, to 1928, and 1930 to 1936, inclusive

1922 1924 1925 l 1928 1927
Age gronp 1 |
Number I Percent- | Number | Percent- | Number | Percent- | Number | Percent- | Number = Percent-
examined age males | examined| age males 'examined | age males | examined| age males | examined' age males
I |
100.0
95. 4
§7.5
50.0
0
29.4
43.1
46.1
85.6
40.0
27.9
35.6
43.8
100.0

1928 1930 1931 1932 1933

Age gronp
Number | Percent- | Number | Percent- | Number | Percent- | Number | Percent- | Number | Percent-
examined agemales‘exami.ned ageIales examincd'agemales examined | age males examined]azemales

1934 1935 1936 1922-36
Age group 3
Number { Percent- | Number | Percent- | Number | Percent- n’tl;gatglr hrggi}:’;’ Percent-
examined: age males | examined| age males | examined| age males examined| found |3%€ males
1 1 100.0
23 23 100.0
1 1 100. 0
1 1 100.0
1,009 970 96. 1
733 593 S0.9
16 12 75.0
50 31 62.0
807 359 44.5
30, 987 13,517 43.8
8, 288 3,523 42,5
110 36 32.7
99 35 35.4
884 317 35.9
4,942 1,891 38.3
598 227 338.0
1 1 100.0
1 1 100.0
1 1 100.0
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Thus there is a deerease in the pereentage of males, and eonversely an inercase
in the percentage of females, with inereased length of time spent in the ocean. The
males tend to mature after a shorter period of oecan residenee than the females, and
this precoeious development of the males also is apparent from a eonsideration of the
total age of the mature fish. In a group of the same oeeap history, with the exeeption
of the three-ocean fish, the younger fish are more predominately male than the older
members of that group.

The percentages of males and females returning from the seaward migrations of
1923 to 1933, inelusive, are presented in table 30. Thesc pereentages were determined
by caleulating the number of males and females of various oecan histories returning
from a singlo seaward migration and then adding the several groups together to
obtain the total number of males and females returning from that migration. The
pereentage of males varied from 40.1 to 48.8 pereent and the pereentage of females
from 51.2 to 59.9 pereent, and the average for all years was 43.9 percent males and
56.1 pereent females.

TaBLE 30.— Percenlage of males and females in the returns from the seaward migrations of 1923 to 1933

Percentage | Pereentage Percentage | Pereentage
Year of seaward migration of males of females Year of seaward migration of males of females
in return in return in return | inreturn
44.3 55,7 1] 1930 . i e e eicccacccemnnaan 40.1 59.9
45.3 64 7 P e e 48.8 51.2
43.0 67.0 || 1932, ¢ e e ceanan 43.5 56.5
45.0 55.0 || 1933 e e e camae 40.7 59.3
43.3 56.7
42.0 68.0 AVerage. e eecceeeen.. 43.9 56.1
47.0 63.0

The sex ratio of these fish ehanges from approximately 50 pereent males and 50
percent females at the time of seaward migration to approximately 44 pereent males
and 56 pereent females op their return from the oeean. Sinee the males, on the
average, spend less time in the oecan than the females, the mortality of the males
should be less than that of the females, which should result in a preponderance of
males. A part of the Karluk run is intereepted by a gill-net fishery to the north and
east of the Karluk River, and beeause of the size of the gill-net mesh employed, a great
pereentage of the larger fish io the run is captured. As the average size of the males is
slightly greater than the average size of the females, more males than females are
captured and thus the percentage of males in the fish arriving at the Karluk River,
where the data for table 30 were obtained, is reduced. It is not eonsidered that the
seleetive aetion by the gill nels aceounts entirely for the diserepaney in the sex ratio
because the gill-net eatehes are fairly small in relation to the size of the run as a whole.
A differential mortality in favor of the females during the time spent in the ocean does
not appear probable. A satisfaetory explanation of this phenomenon is lacking at the
present time.

MARKING EXPERIMENTS

A series of marking experiments was begun at Karluk River, Alaska, in 1926.°
In these experiments, red salmon migrating seaward were marked by the removal of

? These marking experlments were initiated by the late Dr. C. H. Gilbert, and Dr. W. H. Ricb, both of the former United
States Bureau of Fisheries.
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two or three fins, so that their presence in the future runs of fish could be noted. The
experiments were initiated to determine the rate of survival of the fish during their
stay in the ocean.

Rich and Holmes (1929), in reviewing the results of previous marking experi-
ments, pointed out that fish occasionally have one fin, or two fins in close proximity to
each other (both ventrals), accidentally missing. In the marking experiments carried
on at Karluk the adipose and one or two other fins were amputated, as it was considered
that the finding of a fish with two widely separated fins missing as a result of an acci-
dent would be an extremely rare occurrence.

During the marking of seaward migrants at Karluk and the subsequent examina-
tion of the run of adult fish, salmon have been found with the following fins missing:
adipose, right ventral, left ventral, both ventrals, right pectoral, and left pectoral.
Fish with the dorsal, anal, and caudal, or one of the above mentioned fins badly
deformed, have also been observed. More than 400,000 seaward migrant red salmon
have been examined at Karluk, and in no case bas a fish been found which had both
the adipose and some other fin missing or badly deformed.

The results of other marking experiments, in which data on the percentage return
of marked fish from the experiments were obtained, are reviewed for the sake of com-
parison with the results obtained at Karluk. It should be noted that in several
instances species other than red salmon were marked, and in no instance were the fish
marked as large as the seaward migrants marked in the Karluk experiments.

Rich and Holmes (1928) in their experiemnts in marking chinook salmon on the
Columbia River, from 1916 to 1927, had returns ranging from 0.002 to 0.45 percent
of the number of fish liberated from a single marking experiment. They pointed out
that—

These figures have very little significance, however, because they represent not the total
returns but an unknown and varying proportion of the total.
In four of their experiments the records are believed to be fairly complete, and in
their opinion
. . . the returns that have not come to our attention certainly would not add enough to make
the totals more than 1 or 2 percent of the liberation.

Snyder (1921, 1922, 1923, 1924) marked chinook salmon on the Klamath and
Sacramento rivers in California, and the proportion of marked fish recovered was
approximately the same as in the experiments of Rich and Holmes.

In 1930, Davidson (1934) marked 36,000 seaward migrant pink salmon at Ducka-
bush River, Hoods Canal, Wash., by amputating the adipose and dorsal fins. In
1931, 50,000 seaward migrant pink salmon were similarly marked at Snake Creek,
Olive Cove, Alaska. These fish were approximately 40 mm. long at the time of
marking. From the first experiment 10 marked fish were recovered, or 0.028 percent
of the number marked. From the second experiment 23 marked fish were recovered,
and 1t was calculated that the total number of marked fish in the escapement was 54, or
0.108 percent of the number marked. These data represent only the return of marked
fish in the escapement. However, the total return from either experiment could hardly
have equaled 1 percent of the number of fish marked.

Pritchard (1934a) marked 8,741 pink-salmon fingerlings at Cultus Lake, British
Columbia, in 1932, by the amputation of both ventral fins. These fish were released
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into the Vedder River below the mouth of Sweltzer Creek which is the outlet stream
of Cultus Lake.

One hundred and twenty-four thousand pink-salmon fingerlings of Tlell River
(east coast of Graham Island) were marked by the amputation of the adipose and left
ventral fins. These fish together with 750,000 unmarked individuals, from the same
source, were liberated in MecClinton Creek, Massett Inlet.

In 1933, fish with the following fins missing were recovered at various loealities
in Puget Sound, British Columbia, and Chignik, Alaska: adipose 576, adipose
and left ventral 40, both ventrals 64, right ventral 54, adipose and right ventral 20,
left ventral 56. No marked fish were recovered in Sweltzer Creek, Tlell River, or
MeClinton Creek though counting weirs were maintained in these streams.

During 1933, Pritchard (1934b) marked 108,000 pink-salmon fry at MeClinton
Creek, Massett Inlet, by amputating both ventral fins. The following numbers of
fish with fins missing were recovered at various localities in British Columbia during
1934: botl ventrals 3,285, left ventral 195, right ventral 139, adipose 100, and left
pectoral 15.°  Of these totals, 2,950 with both ventrals, 66 with left ventrals, 95 with
right ventrals, and 2 with adipose fins absent were recovered at MeClinton Creek.
Thus, of the number of fish marked by removal of both ventrals 2.73 percent returned
to MeClinton Creek. The total return was possibly higher than 3,255 (3.04 pereent
of the number marked) beeause all of the fish bound for MeClinton Creek were not
sampled.

In 1934, Kelez (1937) initiated two marking experiments on lhatchery-raised
coho salmon at Friday Creek, a tributary of the Samish River. In the first experiment
26,150 fingerlings were marked by the amputation of the adipose and dorsal fins.
The fish were liberated during May when they averaged 47.4 mm. in length. Seven
marked fish were recovered as adults, or 0.027 percent of the number marked.

In the second experiment 26,150 fingerlings of the same brood were marked by the
amputation of the dorsal and left ventral fins and liberated during November when
they averaged 101.6 mm. in length. From this experiment 469 marked fish were
recovered, or 1.79 percent of the number marked.

Assuming that there was not a differential mortality caused by the marking in the
two groups of fish in the experiments, these data indicate a striking increase in the
survival rate of the fingerlings retained in the hatehery ponds for a longer period of
time. The returns from these experiments eomprise only those fish which eseaped
the sport and commercial fisheries.

A series of marking experiments has been conducted on the red salmon of Cultus
Lake, British Columbia. In 1927 (Foerster, 1934), 91,600 seaward migrants were
marked by the amputation of the adipose and both ventral fins. Irom this marking,
804 fish, or 0.88 percent, were recovered during 1929 and 1930 at the counting weir
below Cultus Lake, these being the total number of marked fish returning to Cultus
Lake from this experiment. Of the 158,100 unmarked fish, 3,930, or 2.49 pereent,
returned to Cultus Lake.

During 1928 (IFoerster, 1936a), 99,700 seaward migrants were marked by the

1 The finding ol fish with adipose fins missing, and left pectoral fins missing only confirms the long established fact that fish
oceur In nature with fins missing. The finding ol fish with right or lelt ventral fins missing is due in part to natural delormities, and
may be due to regeneration ol one or the other of the fins of the fish marked both ventrals. A part of the fish with both ventral
fins missing may not be returns from the experiment but may be fish with natural deformities.
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amputation of both ventral fins and the posterior half of the dorsal. From this
marking, 1,34C fish, or 1.34 percent of the number marked, were recovered at the
counting weir below Cultus Lake; and these were the total number of marked fish
that returned to Cultus Lake from this experiment. Of the unmarked seaward
migrants, 3.2 percent returned {o Cultus Lake.

In 1939 (Foerster, 1936b), 104,061 seaward migrants were marked by the ampu-
tation of both ventral fins. A total of 3,821 fish, or 3.67 percent of the number
marked, was recovered from the commercial fishery and at the counting weir below
Cultus Lake. 1t was considered that the recovery was at least 90 percent of the total
number of marked fish returning from the experiment, so that the aciual return
probably lay somewhere between 3.67 and 4.1 per cent.”

During 1931 (Foerster, 1936b), 365,265 seaward migrants were marked by the
amputation of the adipose and both ventral fins. A total of 12,803 fish, or 3.51 per-
cent of the number marked, wes recovered from the commereial fishery and at the
counting weir below Cultus Lake. The recovery was at least 95 percent of the total
number of marked fish returning from the experiment so that the actual return
¢, . . lies between 3.5 and 3.7 percent.”

In Foerster’s experiments of 1927 and 1928 a greater survival was found among
the unmarked fish than among the marked fish. Three factors were considered in an
endeavor to account for the disparity.

. infiltration of unmarked adults from other areas, the straying of marked individuals
to other spawning regions or a definite differential mortality among mar ked groups.

Evidence was produced to show cause for ruling out the first two factors, and it
was concluded that—

There remains, therefore, only the factor of differential mortality among the marked indi-
viduals, and on the data available this is held to be the one largely r esponsible for the lower
return of marked adults when compared with that for the unmarked.

The differential mortality was calculated to be 65 percent for the 1927 experiment
and 58 percent for the 1928 experiment, and the probable value was considered
to be the mean of the two values or 62 percent. Thus there was a 186 percent greater
survival among the unmarked fish than among the marked fish of the first experiment,
and a 138 percent greater survival among the unmarked fish than among the marked
fish of the second experiment, and the probable value was considered to be approxi-
mately 163 percent.

Based on the information on differential mortality between marked and unmarked
fish derived from the 1927 and 1928 marking experiments and on the data colleeted
from the marking experiments of 1930 and 1931, Foerster considered that the survival
of Cultus Lake red salmon during the time spent in the ocean ranged between 3.5
percent (his lowest percentage return uncorrected for differential mortality) and 11.7
percent (his highest percentage return, 4.1 percent, multiplied by 2.86 to correct for
differential mortality). The most probable value was considered to be 9.9 percent
(the mean probable value of the recoveries, 3.75 percent, multiplied by a mean value,
2.63, to correct for differential mortality).
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MARKING OF KARLUK RIVER RED SALMON

The Karluk River is relatively shallow, and as the seaward migrant fingerlings
tend to congregate above the counting weir, they can easily be captured. A pen
about 5 feet square of ¥%-inch bar wire netting, having a gate for the fish to enter, was
constructed in the river. A seine was passed around a school of fish, and an end of the
seine brought to each side of the gate. By gradually drawing in the ends of the seine,
the fish were induced to enter the pen, and the gate was closed. Several thousand
migrants can be held in the pen at one time without injury. Two or three hundred
migrants were caught and transferred to a wash tub partially filled with water.
The tub of fish was then carried from the pen to the marking shed below the weir.
The fish were removed from the tub one at a time, the adipose and one or two other
fins removed by means of a nail clipper, and the fish dropped into the river free to
proceed downstream. During the entire operation the fish are out of water for less
than 10 seconds. Samples of marked fish have been held in tanks for several days
after marking, and the fish have shown no il effects from the operation, though some
of the fish marked by the removal of cither of the pectoral fins appeared to have a
slight list.

The age group composition of the marked migrants was determined by multi-
plying the number of migrants marked eaclt day by the percentage of the various age
groups in the migration for that day as determined by the analysis of data obtained
from scale samples of the fish.

RECOVERY OF MARKED FISH

Owing to the magnitude of the run of Karluk red salmon, it was impossible to
examine cvery fish to search for marked individuals. The method employed to
determine the total number of marked fish was as follows:

As large a portion as possible of each day's catch of red salmon, taken by means
of beach scines near the mouth of the Karluk River, was examined for the presence
of marked fish by an employce of the Fish and Wildlife Service who, during the exami-
nation, was stationed in the cannery. Euch red salmon was examined and counted
as it passed aloug the chute. All fish with missing or mutilated fins were put aside
and re-examined later to determine whether they were marked fish. Scale samples
were taken from all marked fish found, and scale samples were taken at random
from the catch to determine the age composition. The number of marked fish of
cach age found and the number of fish of that same age examined were determined
at weekly intervals throughout the season. The total number of marked fish of
each age found was divided by the total number of fish of the same age group ex-
amined to determine the percentage occurrence of marked fish m that age group.
Data were collected on the number of Karluk red salmon in the eommercial catch and
also the number in the eseapement, hience, the total number of fish of cach age group
in the run can be determined for the season. Mlultiplying the number of fish of a
given age in the run by the percentage occurrence of marked fish in that age group
gave the calculated number of marked fish of that age group returning.

Since it is considered that there are two runs of red salmon to the Karluk River,
it would be preferable to divide each marking experiment into two parts, i. e., spring
run and fall run. Unfortunately, there is no way of determining which are spring
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run or which are fall run scaward migrants. The percentage occurrenee of marked
fish of eaech age group is fairly eonstant throughout the season, indicating that pro-
portionate numbers of the two runs are marked.

EXPERIMENTS IN 1926

A total of 47,691 seaward migrant red salmon were marked by the amputation
of two fins. Two combinations were used, the adipose and right ventral, and the
adipose and left ventral. Since approximately the same number of fish were marked
each day by each mark, the data can be grouped together and eonsidered as one
experiment or divided aecording to the marks used and considered as duplicate
experiments. Although the experiments were earried on simultaneously, the one in
which the fish were marked by the amputation of the adipose and right ventral fins
will be referred to as the first experiment, and the one in which the fish were marked
by the amputation of the adipose and left ventral fins will be referred to as the second
experiment.

Commereial fishing was limited in 1929 and the run of that year could not be
adequately sampled to detect the presence of marked fish. Consequently, no aceu-
rate means of determining the number of three-ocean fish returning from these experi-
ments is available. The number of marked fish retwrning and the percentage return,
as presented, are lower than they would have been had information on the three-
ocean fish been available.

In the first experimment (table 31), 25,000 scaward migrants were marked, 740
marked fish were recovered and a caleulated total of 5,151 marked fish returned from
this experiment, not counting the marked fish returning during 1929. The return
from this experiment was at least 20.6 percent.

TaBLE 31.—Data for the first 1926 marking experiment

Calcu- Calculated Percentage | Calculated
Age of seaward mie | Jated | A8 L8N | number of | NUPCE of| occurrence | number of | SRS | FETEEL, (Total per-
Frants marked  [mumberofl from jog | eaohage  Fofiach age | ol marked | fish of edeh lyariced ishat various| Segese
cach age ety ro - ge gro . s
marked | migration | S5 ineq |groupfound) oyemined | returning | TetUrDINE BEES
9,934 7 7.6
L S o2 |{ g } 176
s W 19,196 [
47,208 115 2.0
R 5,041 { 254,138 1,258 22.3 ] 1243
14294 [T
. 895 |l
L 71 { 1,325 29 Wil s
Total. oo 25,000 |-~ ooeeoe 221, 311 40 | 1,043,027 TR I

1 Based on incomplete data, see text.

The incomplete returns from the marked 2-, 3-, 4-, and 5-year seaward migrants
were 7.6, 19.5, 24.3, and 40.8 pereent, respeetively. Very few 2- and 5-year seaward
migrants were marked, and the returns from those age groups are based on the re-
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covery of only one and six fish, respectively; hence, the percentage returns are unreli-
able. As the size of the migrants increases with age, the data indicate that the larger
migrants have the highest survival value.

In the second experiment (table 32) 21,791 migrants were marked, 659 were
reeovered, and a calculated total of at least 4,582 marked fish returned from this
experiment (at least 21.0 percent). The incomplete returns from the marked 2-, 3-,
4-, and 5-year secaward migrants were 0.0, 20.5, 23.0 and 28.6 percent, respectively.

The returns from the two experiments agree closely except for the 2- and 5-year
fish of which few were marked. If the data are ecombined as one experiment, 46,791
seaward migrants were marked, 1,399 were recovered, and a calculated total of at
least 9,733 {ish returned (a minimum of 20.8 percent).

TaBLE 32.—Data for the second 1926 marking experiment

! ! |
Caleu- l Calculated Percentage | Calculated
Age of seaward mi- | lated | Ageof fish | mber of | NUmberof | ence | number of | Calcwlated | Percent- . pop nor.
rantsmarked  |numberof| TESUrDIDE | “oacy'aoo (marked fishi i e | Ash of each | BUMmDer of [agereturn Topppape
g each age | [T0m 1926 | S0 gx- of each age | S PATACH |5 O roup. (marked fishiat various retur%
marked | migration | Sgoeq” (groupfound| eromined | returning | fettrming | sges
). 00000 aheoaeea ceoon 42 1,509 | .o feaeae o . 9,934 | oommeees et 1
{ e 7] || | S— i 8,836 |- LIl Il U
43 2, 690 3 0. 112 43, 55} 49 0.3
g L) | i) ) g ] S20
£ PO S P 20§ ccicaeeeeacacaas
Y vk I RS T/ ;%g """"" 52777 1.1
S 5 1,52; 5 S110 47,2 . .
41935 Gl 44, 261 188 Ta25 | 2540138 1,080 219 5.0
T ] o o OO 14, ggg ......................
5. (33 | bSaaecames - - . SRRl EEERSOORIEES . R
{ = e %9 5 392 1,325 23 we|l B
Total . .. ..__. 21,791 oo, 221, 311 659 |- o.. 1,943,927 14,682 [ocmeeceeefcccaaeas

! Pased on incomplete data, see text.

EXPERIMENTS IN 1927 AND 1928

Fifty thousand seaward migrants were marked in both 1927 and 1928. However,
the curtailment of eommercial fishing in 1929 and 1930 made it impossible to ade-
quately sample the runs of those years for the presence of marked fish, and the data
are consequently not included here.

EXPERIMENTS IN 1929

In 1929 (table 33), 50,061 seaward migrants were marked by the amputation of
the adipose and both ventral fins, 1,315 fish were recovered, and a calculated total of
11,157 marked fish returned from this experiment (22.3 percent). The return from
the 3-, 4-, and 5-year marked seaward migrants was 18.3, 24.4, and 13.5 percent,
respectively. Asvery few 5-year seaward migrants were marked and only 3 recovered,
the latter figure cannot be eonsidered reliable; however, considering the returns of the
3- and 4-year seaward migrants, it is again apparent that the older and larger migrants
had the highest survival value.
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TasLE 33.—Data for the 1929 marking experiment

Caleu- Age of fish Caleulated | iy mper of | Percentage | Caleulated Chitesities || Pt

f lated H number of occurrence | number of Total per-
Age o!isezé:r:rﬁi g“' number of| ?fég;%ﬂg each age rg?gl;gg aﬁs‘? of marked | fish of each n;’gg:ggrﬁ%fh :%';‘::igg; centage
e & eachage | 7oT0 (eer | group ex- |9 © fougd fish in fish | age group [FATSEC.D e return
marked BT amined |BFOUP examined | returning 4 4
{ 35 57 311
4 204 1,938
f 4 2,734 18,573
52 1,690 19, 133
£l ol L
o 3 100, 84 793, 931
R 21,853 8 8, 308 73,293
73 g 752
53 679 136, 159
L SR 28,041 6 96, 863 628, 663
7 3,110 39,920
5 S —— 162 7s 176 1,308
Total..oo_...... 50,061 |- ooooo.o & 215, 269 1,315 | 1,760, 325 13,187 |oe et

EXPERIMENTS IN 1930

Three marking experiments were carried on simultaneously (tables 34-36).
Although the experiments were simultaneous they have been designated first, second,
and third for reference purposes and to provide for facility in discussion.

In the first experiment (table 34), 25,000 seaward migrants were marked by ampu-
tation of the adipose and right ventral fins, 631 of these were recovered, and a calcu-
lated total of 5,177 fish returned (20.7 percent).

In the second experiment (table 35), 25,000 seaward migrants were marked by
amputation of the adipose and left ventral fins, 666 of these were recovered, and a
calculated total of 5,350 marked fish returned (21.4 percent). Two marked fish of the
7, age group were recovered, but according to the data, no fish of that age group were
examined or were present in the return from the migration. The 7; age group, un-
doubtedly, was present among the fish examined, but its numbers were so few that
representation was not afforded in the samples from which scales were secured for
age determination.

TasLE 34.—Data for the first 1930 marking experiment

Calcu- Caleulated Percentage | Calculated
Age of fish Number of Calculated | Percent-
Age of seaward mi- nulx?;ﬁgr of| Teturning u&r(l:]hhg;gf marked fish g?cl%l;l;ckné:; gsl;]n:’?ﬁgg{] number of (agereturn Tc%t:tlapeer-
grants marked each age | [TOI 1930 group ex- |ofeachage gy ach age group |marked fishiat various reuu%:
marked migration amined [BYOUP found examined | returning returning ages
e oemoncomsernococalbanonomoas 3: 532 ........................ . 804 || el
?] 2,078 |oce e e 18,664 | oo | o
O 2 5 3,212 1 0.031 38, 624 12 i } 48
43 1,252 4 .318 8, 764 2 ]
K 14, 676 53 67, 451 163 242 714, 745 1,730 11.8 16.9
(7] 32, 251 87 . 270 268, 334 725 4.9 [
54 8, 669 26 . 300 48, 829 146 1.5
L T 9,773 84 72,302 322 .445 502, 844 2,238 22.9 26.8
g¢ o ;gg 19 1 ggg 21, 8(3)§ 23; 2.4
3 1 g 1, 5 1.7
e 20 { 7 1,146 8 -608 8, 835 62 a3 24
Total...__.__... 25,000 |oooooooo... 180, 675 631 . 1, 633, 788 539077 | S | S
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TaBLE 35.—Data for the second 1930 marking experiment

Calcu- Calculated Percentage | Calculated
. latea | ABEOOSh | hor ber of | Numberof | o ronce | number of | Calculated | Percent- |popy o
Age of seaward mij- i el returning e marked fish ol e rvsnenp number of |age return e
grants marked each age | [TOM 1930 | ooy egx- of each age | fey in fish | age group |marked fishiat various retur%;
marked | DIETatioD | Sgiveq” [roupfound| oo mined | returning | fetursing | - ages
---------- : o5
4; 18,
27 { - 33, 624
4 8, 764
oo wemll & e
(2% PO I b2 R E
5 48,829
4 . 9, 554 64 502, 844
: it
65 ,
e 26 7 8,835
Total._.._....... 25,000 |-ocoooaaoo.. 190, 675 666 | _o.o...... 1,633 788 (O3 50 N | EFS S |

1 See p. 284.

TaBLE 36.—Dala for the third 1930 marking experiment

Calcu- Calculated Percentage | Calculated
lated |AgeOIOSH Y jymperof | NUMbErof | oooyrrence | number of | Calculated | Pereent- lpgyaq pep
Age of seaward mi- | e ol returning | Soo o Too ot imarked fish| oo | fish of each | PUmber of jagereturn) to e oo
grants marked each age | [FOM 1930 | oroun ex- of each age | opin fish | age group marked fishiat various| "o o
marked | Migration | Sorined  |groupfound| omined | returning | Teturnivg | - ages
4 804 e
2 46 & G4 — 0.0
43 8,764 7
Scoammaton cooacacaneos 2,966 5 5 - 714,745 329 15.2
63 32,251 14 .043 268, 334 115
54 8, 609 8 092 48, 829 45
S SN 1,939 64 72,392 50 . 069 502, 844 347 20.8
éc 1, ;‘gg 1 057 21,838 12
o] [N 3 25 N VNI © |- Secrsympm LEW |bocsacacosan
o 59 ({ 7s 1,146 2 ;175 8,835 1 254
Total..__.__.._. 5,000 | 190, 675 1107 | OSSN 1, 633, 788 - YLUN PO E.

In the third experiment, 5,000 seaward migrants were marked by amputating the
adipose and right peetoral fins, 107 of these were recovered, and a ealeulated total of
870 marked fish returned (17.4 pereent).

The data for the first and seeond experiments are eonsidered more reliable than
those of the third, because more fish were marked and more fish recovered, and be-
eause there is the possibility that an unusual mortality occurred among the fish of the
third experiment. Some of the seaward migrants, marked by removal of the adipose
and right peetoral fins appeared to have a slight ““list”’ and appeared to be maintaining
balance with diffieulty.

Grouping the data for the first and second experiments, 50,000 were marked,
1,297 were recovered, and a calculated total of 10,495 marked fish returned (21.0
pereent). The return from the marked 2-, 3—, 4—, and 5-year seaward migrants was
2.4, 16.6, 28.0, and 32.0 percent, respeetively.
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EXPERIMENTS IN 1931

Two marking experiments were conducted in 1931 (tables 37 and 38). For easy
reference they have been designated first and second although they were simultaneous.

In the first experiment, 50,000 seaward migrants were marked by amputating the
adipose and both ventral fins, 1,549 of these fish were recovered, and a calculated total
of 11,790 fish returned (23.6 percent of the number marked). The return from the
2-, 3-, 4-, and 5-year marked fish was 54.8, 21.2, 34.5, and 40.8 percent, respectively.

In the second experiment, 5,000 scaward migrants were marked by amputating
the adipose and dorsal fin, 124 were recovered, and a calculated total of 1,016 fish
returned (20.3 percent). The return from this experiment, although slightly lower,
agrees closely with results of the first experiment. Amputation of the entire dorsal
fin close to the base results in a large wound that may have a deleterious effect on the
fish. The results of the first experiment are believed to be more reliable than those
of the second.

TaBLE 37.—Data for the first 1931 marking experiment

Number of Calculated
Age of Caleulated | Age of fish | Caleulated | 7 ooy | Percentage | 1 myer of | Caleulated | porcantaog
seaward number of | returning | PUMPer of | “gepor | oceurrence | Thg T ™ | number of ooy n'a Total
migrants each age | from 1931 ezﬁ%ﬂ&ge each giﬁ%’%ﬁ% each age m%rsli']ed various pe::sg}:ge
marked marked migration | o Sed ag&%l;;)élp examined re%;?_gg] el eturning ages
43 786 2 0.254 9,191 23 27.4
2 S, 84 52 5, 94; 4 . 067 3;, 'i'ig 23 27.4 548
62 £ 1 B PO , 143 | leeeeoaol
4 1,166 4 L343 11,516 39 ol
S 11, 403 §s 86, 623 345 . 398 966, 015 3,845 9.3 91 %
o 63 136, 439 863 .633 767,240 4, 857 11.7 =
Ts 24 ) 2.008 2,278 46 1
84 1,434 558 21,291 119 1.5
L 3, 145 64 48,318 246 509 481, 549 2,349 28.8 4.5
b 74 10, 669 58 544 62,249 339 4.2
LY D VA PO AR 1,016 ||
PR seslf g ML - e B N Gl N 08w

Total. ... 50,000 |-..oo ... 293, 418 191574 | A 2, 358, 320 p1YT3575 () N ‘ ____________

TaBLE 38.—Data for the second 1931 marking experiment

Number of Calculated
Age of Calculated | Age of fish gfﬂ%‘ggf%‘g marked Eggﬁgf:ggg number of ggﬁlgg%‘? Percentage | m .ot
seaward number of { returning GEhre fish of of marked fish of marked returnat | oo ooriaoe
migrants each age | from 1631 | C5%7EE cach of | QL TASFEEC | each age b various | PETEEntag
marked marked | migration | .20 0 agfoﬁg%up examined re%trzgg?ng returning ages
4, L T S SO 9,191 | e
I R 9 52 8,947
632 49
33l sye%
b S 53 86, 62
& 183) 63| 136,439
73 249
B sesis
4___ TN __ . 4 , 31
824 7a 10, 669
84 17
[ P, 75 1,721
36 { 85 | oo
Total___.. 5000 | ___ 283, 418
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EXPERIMENTS IN 1932

Four marking experiments were conducted (tables 39-42). The fish marked in
the first experiment were captured on May 27 and 28; those in the second experiment
on May 30, 31, June 3, and 4; the fish for the third experiment on June 6, 7, S, and
9; and the fish in the fourth experiment on June 11, 12, and 22. The experiments
were planned, in part, to determine whether or not a differential mortality in the
oecean existed between fish marked b; the amputation of the adipose and one ventral
fin and fish marked by the amputation of the adipose and one pectoral fin, and to
determine if a correlation existed between the time of occurrenee of fish in the migra-
tion period and the time of their occurrence in the runs on their return as adults.

In the first experiment (table 39), 15,000 seaward migrants were marked by
amputation of the adipose and right ventral fins, 341 fish were recovered, and a eal-
culated total of 2,957 marked fish returned (19.7 percent). The return from the 3-,
4-, and 5-year marked seaward migrants was 19.1, 20.5, and 3.0 pereent, respectively.

TaBLE 39.—Data for the first 1932 marking expertment

Calculated ,

Number of S
Calculated Pereentage Calculated
sonaoed | Bamberof | returnine | Dumber of | YRAEKEd | occurrence | PURRErOf | pumber of | FEICRISKE | Total
migrﬁn(t‘a eachkng(f from 1933 et::crl;‘?ge cach aga %’sg’;’; 'g's% each age m%ﬂ;"d various De;ec‘elzl:rtgge
marke: marke migration A group : group - ages
examined o examined returning returning
) DR PP 4 837 2.811
J 42 12,225 |. 53.258 |...
S | S — l (-;u 5,52g 41,2‘58 -
2 14 7
‘;3 1, ()gl 636. 771
o 2 88, 164 2. 884
R RI2Z0 61 26,912 304,078
It 11 1,281
gc 2 g":;g 20,826
4 56, 494.716
Yezzoconzeasazons i3 n 9, 551 100, 903
[ 57 664
[ 60 418
T 132 7s 171 0,
8s 46 207
Total . ... 15,000 |.oo_.o___ 203, 593 341 | 1,662, 491 2,957 |coceoaoi . O,

TaBLE 40.—Data for the second 1932 marking experiment

1 Number of Calculated
Age of Calculated | Age of fish Cglgi)lg:e? marked Eggﬁ?fggg" number of Ca}g‘ﬂgte? Percentage | moeo
seaward uumber of | returning | FETOCT 0 fish of | JPCHIRCOCY | nishof | BRROEr O [ Creturn at e
migrants each age | from 1932 eg(;oug each age | g ﬁgh cach age m?ifﬁhe various pe;glc:rgge
marked marked | migration | . 2nineq %;g;ig examined re%x:?-g?ng returning BECS)
4 837 2,811 |.
43 12, 225 53,258
5y 5,525 41, 269
62 148 790
43 o - . 6,771 |.
53 S8, 164 97 0.110 632, 884 696 11.5 20.7
63 26,912 49 . 182 304,079 553 9.2 -
71 )D& 3 D 128§l
5y 2,077 1 . 048 20,626 10 .1
64 56, 666 91 . 161 494,716 796 9.0 14.6
74 9, 551 46 .482 160, 909 486 5.5
84 748 PO S (152 3 PO P
[ [0 O (R E )3 ORI I
s 171 1 . 585 1,778 10 6.8 9.8
8s 46 1 2.174 207 4 3.0
Total ____. 15,000 | ... 203, 593 286 |ooea. 1, 662, 491 2,855 |-l
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TaBLE 41.—Dala for the third 1932 marking experiment

Number of Calculated
Age of Caleulated | Age of fish | Caleulated | “ro g Percentage | [y or | Calewlated | poroennge
seaward Samher of | retusning | RRmberof | Sge o | oceurrence | Tggp op | mumber of | “yoturn at Total
migrants each age | from 1932 e;{;ﬁ:ﬁe each age gggfg%es‘g each age m%rsl;ed various pe:gte‘?:gge
marked marked migration | .vamined fgggg examined re%lrz(;%]ng returning BEES
) O | E Ry 4 837 2,811
4, 12,225 53, 258
2 N S . gz S5, 52g 41,299
2 14 790
43 81, 041 6,771
53 S, 164 632, 884
e RN & 26,912 304,079
3 1
gq 52. 0%7 20,626
4 6, 666 494,716
Heomesseasessones BEHY u 9,581 100,609
4
65 60 418
15 T 39 7s 71 1,778
8s 46 207
Total...__ 15,000 [-ccoooo - 203, 593 R 157 S P 1, 662, 491
TABLE 42.—Data for the fourth 1932 marking experiment
) P
Age of Calculated | Age of fish | Caleutated N;E%%%Ot Percentage g:g‘:zlgrt eo? Calculated | porcantage
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4 6, 66! 4, 716 17 s 22
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1 See text.

In the second experiment (table 40), 15,000 seaward migrants were marked by
amputation of the adipose and right pectoral fins, 286 fish were recovered, and a
caleulated total of 2,555 fish returned (17.0 percent). The return from the 3-, 4-, and
5-year marked fish was 20.7, 14.6, and 9.8 percent, respectively.

In the third experiment (table 41), 15,000 seaward migrants were marked by
amputation of the adipose and left ventral fins, 364 fish were recovered, and a caleu-
lated total of 3,185 marked fish returned (21.2 percent). The return from the 3-,
4-, and 5-year marked fish was 23.7, 17.3, and 0.0 percent, respectively.

In the fourth experiment (table 42),14,000 seaward migrants were marked by the
amputation of the adipose and left pectoral fins, 234 fish were recovered, and a cal-
culated total of 2,157 fish returned (15.4 percent). The return from the 3-, 4-, and
5-year marked fish was 16.2, 12.0, and 6.1 percent, respectively.

Two marked fish of the 4, age group were recovered (table 42). However, aceord-
ing to the data presented, no 2-year seaward migrants were marked. Some 2-year




FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE 289

seaward migrants, undoubtedly, were marked but their numbers probably were so
few that they were not represented in the samples of fish from which scales were taken
for age determination.

From the results of these experiments it appears that there was a differential
mortality between the fish marked by excising the adipose and one ventral fin, and
those marked by excising the adipose and one pectoral fin. The average survival from
the first and second experiments was 18.4 percent, and the average survival from the
last two experiments was also 18.4 percent. However, the average survival from the
first and third experiments was 20.5, while the average survival from the second and
fourth experiments was only 16.2 percent. Hence, there was only 79.2 percent as
good a return from the fish marked by removing the adipose and one pectoral fin as
there was from the fish marked by removing the adipose and one ventral fin. These
results agree closely with those obtained in the 1930 experiment in which the total
return from the the fish marked by amputing the adipose and one ventral fin was 21.0
percent, and the total return from the fish marked by amputating the adipose and one
pectoral fin was 17.4 percent. In the 1930 experiments, there was only 89.2 percent
as good a survival of fish marked by excising the adipose and one pectoral fin as there
was of fish marked by removing the adipose and one ventral fin.

The percentage occurrence of marked fish of a single age and one type of mark
remained fairly constant throughout the seasons in which they were sampled. How-
ever, from the marking of 3-year scaward migrants, the ratio between the return of
two-ocean fish and the return of three-ocean fish was 2.38 to 1, 1.25 to 1, 1.37 to 1,
and 0.62 to 1 for the first, second, third, and fourth experiments, respectively. Thus,
of the 3-year seaward migrants the early migrating fish spent, on the average, a shorter
time in the ocean than the late migrating fish. From the marking of 4-year seaward
migrants, the ratio between the return of two-ocean fish and the return of three-ocean
fish was 2.94 to 1, 1.64 to 1, 1.95 to 1, and 1.5 to 1 for the first, second, third, and fourth
experiments, respectively. The returns from the marking of 4-year seaward migrants
and the returns from the marking of 3-year seaward migrants both demonstrated a
positive correlation between the time of occurrence during the migration period, and
the length of tinie spent in the ocean.

As there appears to be a differential mortality between fish marked by removal of
the adipose and one ventral fin, and fish marked by removal of the adipose and one
pectoral fin, in comparing the results of the 1932 experiments with experiments of
other years, it scems advisable to consider only the two experiments in which the fish
were marked by the amputation of the adipose and one ventral fin. Grouping the
data of the first and third experiments, 30,000 migrants were marked, 705 fish were
recovered, and 6,142 marked fish returned (20.5 percent). The returns from the marked
3-, 4-, and 5-year scaward migrants were 21.9, 19.1, and 2.3 percent, respectively, giving
evidence for the first time contrary to the hypothesis that there is no positive correla-
tion between age at time of migration, and survival.

EXPERIMENTS IN 1933

In 1933 (table 43) 40,000 seward migrants were marked by the amputation of the
adipose and both ventral fins, 959 fish were recovered, and a calculated total of 8,212
marked fish returned (20.5 percent of the number marked). The return from the
2-, 3-. 4-, and 5-year marked seaward migrants was 18.8, 18.3, 24.9, and 15.6 percent,
respectively.
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TaBLE 43.—Data for the 1933 marking experiment

Calcu- Calculated | Percentage | Calculated
Age of fish Number of Calculated | Percent-
Age of seaward mi- nulr_%tggr of| T€tUrning ":ar;‘ﬁ)gfggf marked fish| 9°CUTTEnCs gﬁfgfz‘ég{l number of |age reLurn'TOtatlaper'
grants marked each sge | [rom 1933 [ RO B85 | of cach age | S TAC | obe group marked fishjat various, e!r],urgne
marked migration amined (STOUP found examined | returning returning RIES
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{ 44 7,614 2 0.026 58, 018 15 6.0 } 18.8
512 9, 942 4 L0407 80, 153 32 12.8 | .
43 548 1 .171 3,654 6 0.0 I
3 25, 394 53 64,728 453 . 700 458, 344 3, 208 12.6 18.3
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85 51 3 515 S A ) G | S| - | [
Total____._..... 40N 0 00| ES—— 1560, 523 959 oo oo 1,299, 675 8,212 |- ‘ ..........

DISCUSSION OF MARKING EXPERIMENTS

In comparing results of the several years marking experiments, it seeras advisable
to consider the returns from only those experiments in which the fish were marked by
the amputation of the adipose and one, or both, ventral fins. It also seems advisable
to combine the results in those years when duplicate experiments were run.

In those experiments in which the adipose and one, or both, of the ventral fins were
amputated, the returns from the experiments of the years 1926, and 1929 to 1933,
inclusive, are 20.8 (incomplete), 22.3, 21.0, 23.6, 20.5 and 20.5 percent, respec-
tively. These results are remarkably uniform and indicate that the survival rate
of the fish, during their stay in the ocean, has been quite constant.

Grouping the data of all experiments wherein the fish were marked by the amnpu-
tation of the adipose and left, right, or both ventral fins gives a total of 169,836
three-fresh-water fish marked and a calculated return of 29,560 marked fish, or a
17.4 " percent return. For the four-fresh-water fish it is found that 93,944 were
marked, and 24,142 marked fish returned, or a 25.7 percent return.

While combining the data in this manner may be subject to some criticism, it is
quite evident that a differential mortality exists between the three-fresh-water fish
and the older and larger four-fresh-water fish. The greater survival of the four-fresh-
water fish during their stay in the ocean would seem to indicate that a longer lake
residence was advantageous. However, this greater ocean survival may be drastically
over-balanced by the mortality during the extra year spent in fresh water.

The percentage occurrence of marked fish in the different age groups examined
varied considerably, and while a certain amount of the variation is due to random
errors in sampling, it cannot all be ascribed to that factor. The age-group com-
position of the scaward migration changes considerably during the migration period,
and as there is no means of determining, actually or relatively, how many migrants
pass downstream each day, it is impossible to mark a constant proportion of the
migration.

- n B?tes not include the three-ocean fish from the experiments of 1926. Howerver, this omission would not materially affect
the results.
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Sinee a constant proportion of the migrating population eannot be marked day
by day during the migration period, and as the 1932 experiments indieated that early
migrating fish tended to return after a shorter period of ocean life, it is apparent that
eritical eomparisons of the returns of any two or more years eannot be made. The
longer the period of time spent in the oeean the greater the mortality will be, eon-
sequently, for exaet comparisons between marking experiments of 2 or more years, it is
necessary that the fish of one experiment have remained in the oeean the same length
of time as the fish of the other experiments.

In view of the possible errors in the ealculated pereentage return from the marking
of any one age of seaward migrants, espeeially in the returns of the 2- and 5-year age
groups, it is believed that the best average value for the ocean survival is the mean of
the several yearly values, 1. e., 21.45 percent.

Unfortunately, there is no way of knowing whether or not a differential mortality
exists between marked and unmarked fish, although a differential mortality was found
to exist between fish marked by the amputation of the adipose and one pectoral fin,
and the fish marked by the amputation of the adipose and one of the ventral fins.
This might be eaused by any one, or a combination, of the following:

1. Regeneration of the pectoral fins. The peetoral fins were amputated as close
to the body of the fish as possible, and it does not seem probable that any of the ampn-
tated fins eould have regenerated to such an extent as to be unreeognizable. None of
the marked fish recovered showed the slightest sign of regeneration of this fin.

2. Mortality of the fish as a direct result of the operation. Some of the fish were
held in a pen for several days after being marked and then earefully examined. The
wounds had begun to heal and the fish showed no ill effects other than that a few speei-
mens appeared to have a slight “list.” Consequently, the marking probably did
not have a direct influenee on the mortality.

3. Mortality eaused by the inability of the fish to elude their encmies to as great
an extent as eould the fish marked by the amputation of the adipose and one ventral
fin. The pectoral fins are used, ahmost entirely, for maintaining equilibriuin, and it
is possible that fish marked by the amputation of the adipose and one peetoral fin
were handicapped. Sueh a handicap should not hinder fish feeding on plankton.
However, it might be a serious disadvantage when being pursued by predators. This
is considered the most likely of the several possible explanations for the differential
mortality found between the two groups.

There may have been a differential mortality between the unmarked fish and
those marked by the amputation of the adipose and one, or both, of the ventral fins.
It is not believed that the differential mortality eould have been very great in view of
the relatively good returns from all the experiments. If the faetor used by Foerster
at Cultus Lake, to correet for differential mortality, were applied to the Karluk data,
the survival of unmarked Karluk fish would be in exeess of 56 pereent.

MORTALITY IN FRESH WATER

Having aseertained the probable average oeean mortality of Karluk red salmon to
be 78.55 pereent, as determined by the marking experiments, itisofinterest tocalculate
the mortality of this speeies between the egg stage and the scaward migrant stage. The
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average number of eggs per female, as reported by Gilbert and Rich (1927), is approxi-
mately 3,700. If the spawning fish are 56 percent females (table 30), then there would
be an average of 2,072 eggs per fish in the escapement. With a ratio of return to
escapement of 2 to 1 the mortality between eggs and seaward migrants would be 99.55
percent, while with a ratio of return to escapement as high as 4 to 1 the mortality
between eggs and seaward migrants would still be over 99 percent. Thus the mortality
rate of these salmon, during the fresh-water stage of their life history, is extremely high.

There are a number of factors which contribute to this terrific loss in fresh water.
Many cggs are destroyed by the spawning fish which, during their spawning activities,
dig out eggs laid by earlier spawners. While the eggs are being deposited and during
the incubation period, there i1s a loss eaused by predators such as trout and birds.
Meteorological conditions during the incubation period affect the success or failure of
a brood year. Iloods, dry spells, or freezing weather may affect the eggs adversely.
After hatching, the fry work their way out of the gravels of the spawning beds and,
if in the tributaries, migrate downstream to the lake. Until the young fish distribute
themselves along the lake shores and seck shelter among the rocks and boulders on
the bottom, they are preyed upon by trout. During the next 2 or 3 years they are
subject to diseases and parasites, and many are devoured by fish-eating birds such as
mergansers and terns. Thus, there is a constant decimation of the population, until
less than 1 percent of the possible number of progeny have survived to migrate to the
ocean.

Of the fraction of 1 percent of possible progeny which have survived to the seaward
migrant stage, 79 percent perish while in the ocean due to disease and natural enemies,
leaving only 21 percent of the seaward migrants (between 0.1 and 0.2 percent of the
possible number of progeny) to return as mature fish.

SUMMARY AND CONCLUSIONS

1. There has been a marked reduction in the abundance of Karluk River red
salmon since the inception of intensive commercial fishing in 1888. The average yearly
catch for the period 1888 to 1894, inclusive, was more than 1,000,000 fish greater than
the average yearly total 1run (cateh plus escapement) for the period 1921 to 1936.

2. Karluk red salmon migrate to the ocean in their first to fifth year counting
from the time the eggs are deposited in the gravel of the spawning beds, the majority
migrating in their third or fourth year.

3. From a few months to 4 years are spent in the ocean, after which the fish
return as adults to spawn.

4, While the fish range from 3 to 8 years of age at maturity, the 5-year age group
is usually dominant, followed in importance by the 6-year age group.

5. The number of fish in the spawning escapements during the period 1921 to
1936 has ranged from 400,000 to 2,533,402 and averaged 1,113,594.

6. The runs of red salmon at Karluk are bimodal, and it is considered that there
are actually two distinet runs, spring and fall.

7. The fluctuations in the ratio of return to escapement have been considerable,
and no correlation has been found between escapement and return. This is due in
part to unfavorable environmental conditions on the spawning grounds in certain
years.
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8. A negative correlation exists between escapement and surplus which might
indicate that most of the escapements have been too large. This suggestion is believed
to be untrue. The negative correlation is related to adverse factors influencing the
survival value.

9. While the aflluents of Karluk Lake contained appreciable amounts of phos-
phorus and silica, during the summer months, less than a measurable quantity of
these inorganic salts were present in the lake water, indicating that they are limiting
factors in the production of phytoplankton and indirectly of the zooplankton of
Karluk Lake. As the lack of these inorganic salts indirectly affects the production
of zooplankton it is probable that it also indirectly affects the growth and survival
of young red salmon which depend, to a large extent, on the zooplankton as a source
of food.

10. Little change, if any, is taking place in the rclationship between the percent-
age of fish of a certain ocean history in the escapement and the percentage of fish of
the same ocean lustory in the return. However, a marked change is occurring in
the percentage of fish of a particular fresh-water history in the escapement in rela-
tion to the percentage of fish of the same fresh-water history in the return. This
relationship is quite unusual, and though evidently existent during most of the
period of time under consideration could not possibly have existed for any great
length of time in the past. Unless the relationship changes, the majority of the fish
in the Karluk runs will be four-fresh-water fish, whereas formerly the three-fresh-
water age group was domiuant.

11. The change in the period of time spent in fresh water is considered to be due
to unfavorable environmental conditions, which may also adversely affect the sur-
vival value of the population.

12. The seaward migration of Karluk red salmon takes place during the last
week of May and the first 2 weeks of June.

13. The percentage of 4-year fingerlings decreases, and the percentage of 3-year
fingerlings increases, during the period of the migration.

14. The time of seaward migration depends on the growth rate of the finger-
lings, the fastest growing individuals migrating first.

15. Among the seaward migrants the males and females are equally represented.

16. Among the adult fish there is a greater proportion of females than males.

17. There 1s a decrecase in the percentage of males among the adult fish, with
increased ocean residence.

18. Among the fish of a single ocean history, there is usually a decrease in the
percentage of males with increased total age.

19. The returns from the marking experiments at Karluk have been consist-
ently greater than returns from similar experiments in other areas. This is probably
true becausc the Karluk scaward migrants were larger at the time of marking and
migration than the fish in similar experiments in other arcas.

20. A greater return, or survival, was found among the older and larger 4-year
migrants than among the 3-year migrants.

21. Although the ocean survival is greatest for fish that have had the longest
lake residence, these fish suffer a greater mortality in fresh water due to the longer
residence in the lake.
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22. Removal of the adipose and right, left, or both ventral fins is eonsidered
preferable in marking fish rather than the removal of adipose and dorsal, or adipose
and one pectoral fin.

23. The adipose and dorsal mark eompared equally well with the adipose and
right ventral mark in the returns. However, the removal of the dorsal fin left a
large wound on the back of the young fish whieh may eause a high rate of mortality.

24. The right and left peetoral marks are definitely inferior to the others, due
probably to the need of these fins by the fish for maintaining their equilibrium when
eluding their enemies.

25. The total ealeulated returns from those experiments wherein either the
adipose and left ventral, adipose and right ventral, or adipose and both ventral fins
were amputated were 20.8 (incomplete), 22.3, 21.0, 23.6, 20.5, and 20.5 pereent for
the experiments of 1926, 1929, 1930, 1931, 1932, and 1933, respeetively.

26. The average return from the marking of 3-year seaward migrants was 17.4
pereent, and for the 4-year seaward migrants 25.7 pereent.

27. While a slight differential mortality probably exists between the marked
and the unmarked fish, it is not considered to be great in the ease of the fish marked
by the amputation of either the left, right, or both ventral fins, as the survival of
the marked fish during their stay in the oecean is relatively high, averaging 21.45
percent.

28. The mortality of Karluk River red salmon during the fresh-water stage of
their life history is usually over 99 pereent.
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