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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 6-year age group next in

importance. In the period from 1921 to 1936, the spawning escapements have fluctuated from 400,000
to 2,533,402 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 yearsin 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 fingerlings 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 experienced 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

coDservation of the Alaska salmon resources which yield more than 280 million pounds
of salmon to the commercial fisheries each year. In order to conserve these re-

sources, so as to provide for an optimum yield each season, 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

season so that they may reproduce and maintain the supply.
1

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 were 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

» Paciac salmon spend the early part of life In fresh water, the time spent there depending on the species and locality. They

then migrate to tho ocean and after a varying period of time return to fresh water to spawn. Fishery Bulletin 39. Approved 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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Table 1.—Catch of Karluk River red salmon from beginning of the canning industry in 1882 to 1936

Year
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Figure 1.—Catch of red salmon at Karluk from 1SS8 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 Eiver red salmon

and also from the analysis of the scale samples that the majority of the fish compris-

ing the runs dming the early years of the fishery were 5 years of age on attaining

maturity. Therefore, the annual catches have been divided into five groups and the

data are presented in figure 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 easily 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 1S95 to 1921 was such that the fishing effort was fairly constant

from year to year; hence the catches, in«, 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
6 found each year, but such a determination 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 fresh-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 years (a few months), respectively, and

all return in the fifth year as mature fish. This diversity in fresh-water and ocean

history 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:

3i, 32 ,
3 3 , 4i, 42 ,

43 ,
44 ,

52 ,
5 3 ,

5 4 ,
55 ,

62 ,
63 ,

6 4 ,
65 ,

7 3 ,
7 4 ,

75 ,
8 4 ,

and 86 .

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 scales 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 calculated. Samples of scales are obtained

for this purpose several times a week during each season from the fish caught in the

seine 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

• The method, first used by Gilbert and Rich (192?), for designating the age of salmon is as follows: A fish resulting from an egg

laid 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 "83". 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, i. e„ the summers of 1931 and 1932. in fresh water. In referring to its fresh-water history it is called

a "three-fresh-water fish" because it migrated seaward in its third year. It 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 ocean history it is called a "two-ocean fish," because it returned

as an adult in the second 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 "6V\
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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 season, 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, 53 ,
63 ,

and 6 4 ,
it will be noted that

5 3 usually is the dominant age group present in the run. The percentage occurrence

of the 63 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 64 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
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Table 4.—Percentage occurrence of each age group, during ea rh week, in the Karluk red-salmon run

of 1924, determined by analyses of scale samples collected from a total of 5,132 fish

Week ending—
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Table 7.- -Percentage occurrence of each age group, during each week, in the Karluk red-salmon ran of
1927, determined by analyses of scale samples collected from a total of 4,963 fish.

Week ending-
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Table 10.—Percentage occurrence of each age group, during each week, in the Karluk red-salmon run of

19S0, determined by analyses of scale samples collected from a total of 3,617 fish

Week ending—
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Table 13.—Percentage occurrence of each age group, during each week, in the Karhik red-salmon run
of 19SS, determined by analyses of scale saynples collected from a total of 3,867 fish

Week ending—
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Table
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to discontinue canning, and the importance of keeping the weir in to the end of the

season 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 totals of the escapements of Karluk red salmon for each week

from 1921 to 1986

Week ending-
Escape-
ment for

week

Cumula-
tive total,
thousands

1922

Escape-
ment for

week

Cumula-
tive total,

thousands

1923

Escape-
ment for

week

Cumula-
tive total,

thousands

1925

Escape-
ment for

week

Cumula- Escape-
tive total.' ment for

thousands week

Cumula-
tive total,
thousands

May 24..

May 31..

June 7...

June 14..

June 21..

June 28..

July 5...

July 12..

July 19-.

July 26.-

Aug. 2...

Aug. 9...

Aug. 16..

Aug. 23..

Aug. 30..

Sept. 6..

Sept. 13.

Sept. 20.

Sept. 27.

Oct. 4...
Oct. 11..

Oct. 18..

Oct. 25..

5.894
16.254

155. 097
137. 334

195. 151

74.291
72. 556
28.668
19.737
70. 954
96, 677

114. 102

58, 867
79,316
42, 974

143. 022
14,760

6
22
177
315
510
584
657
685
705
776
873
987

1,046
1,125
1,168
1,311

1,326

60
418

9.921
8.355

56. 739
29.897
46. 770
24. 336
19,660
6.877
8,035

19, 403

7,919
5,595
«
P)

24, 343

35, 618
61

15, 721

29,116
34, 336

236

10

19
75
105
152
177
196
203
211
231

238
244

285
321
321

336
365
400
400

141

1,102
71. 724

28. 843
42, 169

62. 954

35. 647
9.274
3.497
31.491
24, 691

66. 404
13.036
48. 610

38, 467
27, 919
61, 389
43, 217

10, 570

62, 641

9,110
1,683

1

73
102
144
207
243
252
255
287
312
380
391

440
478
506
567
611
621

684

402
4,149

86.111
148.417
127. 645
64, 913

57, 674

39, 837
10, 882
25.659
57, 894

36, 263
61.502
54, 357

0)

5
91

239
367
432
489
529
540
566
624
660
721

776

19

30. 249

32. 733
20. 440

263, 029
211.021
34.298
30, 927
25. 447

24, 482
64, 752

110, 570

95, 882
19, 705

33, 797

200, 247

74, 730
100. 431

51,814
182, 763
4,619

30
63
83
346
557
592
632
657
682
746
857
953
973

1.005
1.207
1.281
1.382

1,443
1,616
1,621

Total.. »
1, 500, 000 » 400, 000 694, 576 .

« 1.109, 161 1, 620, 927

Week ending-
Escape-
ment for

week

Cumula-
tive total,
thousands

1927

Escape-
ment for

week

Cumula-
tive total,
thousands

1928

Escape-
ment for

week

Cumula-
tive total,
thousands

Escape-
ment for

week

Cumula-
tive total,
thousands

1930

Escape-
ment for

week

Cumula-
tive total,
thousands

May 24..

May 31..

June 7...

June 14..

June 21..

June 28..

July 5...

July 12..

July 19..

July 26..

Aug. 2...

Aug. 9...

Aug. 16..

Aug. 23..

Aug. 30..

Sept. 6. .

Sept. 13.

Sept. 20.

Sept. 27.
Oct. 4...
Oct. 11.-
Oct. 18..

Oct. 25..

80,

479,

437,

127.

45,

41.

43,

34,

30,

77,

101,

80,

104,

224,

230,

91,

171',

49,

9
43,

23,

1

81
661
998

1,125
1,171
1,212
1,256
1,290
1,320
1,398
1,500
1,581
1,685
1,909
2,140
2,231
2,408
2.457
2,467
2,510
2,533

9,639
62, 532

209, 213

188, 798

85,010
51, 492

13, 965

7,064
2,926

12, 454
53.219
19, 461

7,421
8,456

15, 392
10, 007

43, 245
1.294

72, 559

8,491

10
62

271
460
545
597
611
618
621
633
686
706
713
722
737
747
790
791
864
873

41

13, 600
152. 569

303, 976
97, 503

75, 234

55, 817

36,723
20.048
21, 781

3,514
22, 734

31,255
71.015
67, 857

19, 966
22. 591

14, 929

7,471
167

45. 952

9,074

14
166
470
568
643
699
735
756
777
781
804
835
906
974
994

1.016
1,031
1,039
1.039
1.085

1,094

22
838

75, 305
85, 347

116.624

50, 171

12.228

10, 376
9,656
1,125

21,241
24,725
27, 343
69, 210

69, 552

35, 960
109. 916
93.918
13. 950

72, 667

145

1

76
162
278
328
341
351
361
362
383
408
435
504
574
610
720
814
828
900
900

1,008
1. 12S

42, 352
21, SOS

228. 405
35. 018
22, 427
10, 064
6,901
4,706

42, 939

82, 949
62, 714

98, 491

6,162
118.970
65. 392
60. 590

135. 468
1.4S8

45, 531

1

2
44
66
295
330
352
362
371
376
419
642
564

788
853
914

1,049
1,051
1,097

Total 2,533,402 872, 538 1, 093, 817 900, 319 1,096,511

See footnotes at end of table.
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Table 17.—Escapements and cumulative totals of the escapements of Karluk red salmon for each week

from 1912 to 1936—Continued
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ber 17, inclusive, a period of 27 days. It was replaced on September 18, and counting
was continued 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 during the

period was approximately 300,000 red salmon. The counted escapement during the

period the weir was in operation was 846,299.

The weir is located approximately 4 miles 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

slightly 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 53 group;
4.0 to 38.6 for the 64 group; and from 4.5 to 32.S for the 63 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

Year of escapement
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Table 18.—Percentage
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TOTAL POPULATIONS

As the commercial catch of Karluk River red salmon can be ascertained from the

records maintained by canneries 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.—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

[Run based on catch plus escapement of following week, as explained in the text]

Week
ending-

May 24.

May 31 .

June 7__
Junc 14..

June 21..

June 28.

Julv 5...

July 12..

July 19..

July 26-
Aug. 2...

Aug. 9..

Aug. 16.

Aug. 23.

Aug. 30.

Sept. 6..

Sept. 13.

Sept. 20..

Sept. 27.

Oct. 4 ...

Oct. 11.-.

Oct. 18-

1921

Num-
ber of
fish in

thou-
sands

6

22
177

315
545
770
881
976

1,134
1,395
1,636
1,871
2,066
2,342
2, 530

2,809
2,913

o

3,143

Per-
cent-

age of
total
run

0.2
.7

5.6
10.0
17.3
24.5
28.0
31.1

30.1
44.4
62.1
59.5
65.7
74.5
80.5
89.4
92.7

1922

Num-
ber of

fish in
thou-
sands

10
23
96
145
228
264
303
345
394
452
502
561
637
704
833
956
978
994

1,024
1,058
1,058

Per-
cent-

age of
total
run

0.9
2.2
9.1

13.7
21.6
25.0
28.7
32.6
37.3
42.7
47.5
53.1
60.2
66.6
78.8
90.4
92.5
94.0
96.8
100.0
100.0

Num-
ber of

fish in

thou-
sands

1

73
102
212
348
423
448
490
554
662
791

854
961

1,022
1,105
1,260
1,331

1, 351

1,414
1,423
1,425

Per-
cent-

age of
total

run

0.1
5.1

7.2
14.9
24.4
29.7
31.4
34.4
38.9
46.5
55.5
59.9
67.4
71.7
77.5
88.4
93.4
94.8
99.2
99.9
100.0

Num-
ber of

fish in

thou-
sands

5

91

257
427
548
637
703
772
862
955

1,027
1, 123

1,211
1.375

(')

2,000

Per-
cent-

age of

total
run

0.2
4.6
12.8
21.4
27.4
31.8
35.2
38.6
43.1
47.8
51.4
56.2
60.6

Num-
ber of
fish in

thou-
sands

30
63
83
346
599
713
789
824
875

1,006
1,391
1,661
1, 829
2,011
2,291
2, 367

2.705
2,757
2.940

2,944

Per-
cent-

age of
total

run

1.0
2.1
2.8
11.8
20.3
24.2
26.8
28.0
29.7
34.2
47.2
56.4
62.1
68.3
77.8
80.4
91.9
93.6
99.9
100.0

1926

Num-
ber of

fish in

thou-
sands

81

561
998

1,125
1,406
1,561
1,619
1,715
1, 872
2,100
2.415
2.753
3,010
3,530
3,894
4,348
4,783
4,844
4, 853

4,897
4,920

Per-
cent-

age of

total

run

1.6
11.4
20.1
22.9
2S.6
31.7
32.9
34.9
38.0
42.7
49.1
56.0
61.2
71.7
81.2
88.4
97.2
9S.5
98.6
99.5
100.0

Week ending-

May 24. .

May 31..

June 7...

June 14-.

June 21-.

June 28. .

July 5...

July 12..

July 19..

July 26. .

Aug. 2—
Aug. 9...

Aug. 16..

Aug. 23..

Aug. 30-.

Sept. 6..

Sept. 13.

Sept. 20.

Sept. 27.
Oct. 4...
Oct. II..
Oct. 18..

Number
of fish

in thou-
sands

Percent-

age of

total
run

(1.6

3.9
17.1
29.0
36. 5

42.8
47.7
50.3
52.6
56. 1

64. 5

72.9
78.0
82.2
86.8
90.2
94.9
94.9
99.5
100.0

Number
offish

in thou-
sands

14
106
470
653
753
869
934

1,000
1,088
1,215
1.350
1,517
1. 686

1,770
1.877
1,968
2,006
2, 039
2,010
2, 080
2, 095

Percent-

age of

total

run

0.7
7.9
22.4
31.2
35. 9
41.5
44.6
47.7
51.9
58.0
64.4
72.4
80.5
84.5
89.6
9:1 ;i

95.8
97.3
97.4
99.6
100.0

1929

Number
of fish

in thou-
sands

1

70
162
282
386
415
445
476
503
548
603
657
732
801
837
947

1,041

1,055
1,128
1,128

Percent-
age of
total

run

0.1
6.7
14.4
25.0
34.2
36.8
39.5
42. 2
44' 6

48.6
53.5
58.2
64.9
71.0
74.2
84.0
92.3
93.5
100.0
100.0

1930

Number
of fish

in thou-
sands

44
66

295
331
412
432
450
480
549
655
718
817
823
942

l.OOS
1,070
1,207
1.208
1,254

Percent-

age of

total

run

0.2
3.5
5.3

23.5
26.4
32.9
34 4

35.9
38.3
43.8
52.2
57.3
65.2
65.6
75.1

80.4
85.3
96.3
96.3
100.0

1931

Number
of fish

in thou-
sands

13
63
177
274
352
421
444
488
542
629
727
787
880

1,003
1,105
1,374
1,441
1,547
1,612

1,625

Percent-

age of
total

run

0.8
3.9
10.9
16.9
21.7
25.9
27.3
30.0
33.4
38.7
44.7
48.4
54.2
61.7
68.0
84.6
88.7
95.2
99.2

100.

See footnote at end of table.
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Table 19.—Cumulative totals of the runs of Karluh 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
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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

17 24 31 7 14 21 28 5 12 19 26 2 9 16 23 30 6 13 20 27 4 II

MAY JUNE JULY AUG. SEPT. OCT.
Fiocke 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

grounds, 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 differences

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 each 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 necessarily 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 year may be inadequate, or may be more than

adequate, in some other year. As there is no means 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.
6 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 each 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.

• 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

Year and season



FISHERY BULLETIN OP THE FISH AND WILDLIFE SERVICE 257

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

humpbacks, with a possible fall of the water level in the river ... it is estimated that over four

million humpbacks passed through the weir this season.

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 hatch. . . .

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 overcrowded 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 produced a relatively poor

return, and the total return was slightly less than the number of fish in the escapement.

Karluk Lake was not visited during the summer of 1925, and consequently no infor-

mation as to conditions on the 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 hatch

earlier than usual, but just what effect this would have on the fry is impossible to

state.

The excellent escapement 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 coupled with a

large escapement of red salmon produced conditions somewhat similar to thoso

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 condition. Most

of these were apparently not spawned at all, although ripe . . . Upper Thumb lliver ... we saw

many dead females, ripe but unspawned, and many others that were not completely spawned out.

Causes of death quite unknown, as most of them appeared to be in fine condition.

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 Rich'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 conditions 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 observers, 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 a 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 escapement 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 relatively 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 years

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 one 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 eveiy 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. For 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. In 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 consistently

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 from the fall escapement of 1921, the
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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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inception of the commercial fishery, Karluk Lake received a large supply of chemical

compounds each year because practically all of each 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 in the gravel, but the yearly increment of chemical compounds to

the water was considerably decreased.

That the productivity of bodies of fresh and salt water is controlled in part by
the abundance of certain inorganic salts such as phosphorus has long been known and

the relationship between the chemical content of the water of ponds, lakes, and the

ocean 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

factor 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 minute 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 Lakes in 1935 and 1936. Similar

data collected in 1927 were presented and discussed by Juday, Rich, Kemmerer, and

Mann (1932).

The temperature of both Karluk and Thumb Lakes was higher in 1935 than in

1927 and still higher in 193G. 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 in 1935 it was

12.2° C; and in 1936 it was 15.5° C. There was evidently a marked difference in

the amount of sunshine during these 3 years, and such a conclusion is confirmed by the

precipitation data. The June-July-Augusl precipitation 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 precipitation was 13.32 inches.

Soluble phosphorus was found in the water of Karluk and Thumb Lakes in 1927

on the dates samples were taken, and whereas (lie 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 salmon growing season, that measurable amounts

of phosphorus were found.

Silica was almost entirely absent from the surface waters of Karluk Lake during

1935 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.

7 The VJ'21 silica values should be multiplied by 1.14 to correct a change in the value used in the calculation. The method used
for the determination of silica is that described by 1 tienert and Wandenbulcke (1923), and Juday, Rich. Kemmerer, ami Mann (1932)

used Dienert and W andenbulckes value of ;<G .9 mgs. ol picric acid as being equivalent to ",0 mgs. of silica. King and Lucas 1 1928)
showed this value to tic in error and indicated that 25.6 mgs. 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 present analysis.
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Figure 5.—Map of Karluk Lake region.
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Table 21.—Results of chemical analyses of the waters of Karluk Lake and Thumb Lake in 19S6

[Tlic results ore stated in milligrams per liter of water. Tr.= Tracc]

KAIU.IK LAKE. STATION' 1

Date
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Table 22.—Results of chemical analyses of the waters of Karluk Lake and Thumb Lake in 1036

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

KARLUK LAKE, STATION 1

1 Time a. m. except as uoted.
• Time p. in.

Date
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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]
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Table 24. Results of chemical analyses of stream waters in 1036

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

Stream
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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. Furthermore, a part of the salmon spawn

along the beaches of the lake and eventually die, and the carcasses, together with the

carcasses which drift downstream into the lake from 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

stream 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. Since the concentration of those chemicals in the lake water during

most of the summer was less than a measurable amount, it is evident that they must
he limiting factors in the production of the phytoplankton and may possibly be

affecting indirectly the growth and survival of the red salmon fingerlings of Karluk

Lake.

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 scale samples (tables 3 to Hi), appears to be changing

from year to year. Eowever, a direct, comparison of one year's data with another

cannot truly represent the change, if any, since a given year's run is composed of

the progeny from the escapements of several years.

To determine whether or not a change lias 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 scries of years are presented in table

18, and the age compositions of the returns from the escapements appear in table 25.

The percentage of .

r
> 3 fish in the escapements for the years 1922 and 1924 to 1929,

inclusive, was 59.3, 7fi.O, 66.S, 81.1, 70.8, 56.9, and 34. S while the percentage of 5a

fish in the returns from these escapements was 50.0, 49.3, 41.2, 52.5, 45.2, 39.5 and

42.0, respectively. There was a lower percentage of 5
3 fish in the return than there

was in the escapement for every year with the exception of 1929. A similar condi-

tion is found to exist if the returns from the spring and fall escapements arc consid-

ered separately.

The pairs of percentages for the f>
4 age group for the years 1922 and 1921 to 1929,

inclusive, are as follows (the first figure being the percentage of the (i« group in the

escapement for a given year and the second figure being the percentage of tin' 6,

group in the return from the escapement): 1.0:11.3; 10. 5:22. S; 15.8:39.3; 7.6:33.2;

6. 1:29.4; 9.0:20.3; 35.1 : 27.7. In all years except 1929 there was a greater percentage

of the f> 4 group present in the return from the escapements 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.
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Table 25.—Percentage occurrence of varioiiS age groups in returns from escapements of the spring,

fall, and total run for the years 1920 to 1929, inclusive

Year of escapement
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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 each 1 percent of four-fresh-water fish in the

20 40 60 BO

PERCENTAGE Of TWO-OCEAN FISH IN ESCAPEMENT

Figube 6.—Percentage of two-ocean fish in return plotted acainst percentage ol two-ocean fish in escapement for Hie years 1922 and

1921 to 1929, inclusive. The straight line represents a ratio of 1 to 1.

escapement there is more than 2 percent of four-fresh-water fish in ilio return. Such

a condition could not have prevailed for any great length of time. Obviously, if such

a relationship bad existed for several complete cycles, tin- three-fresh-water fish would

disappear from the population and only those that migrate to the ocean in their fourth

year would remain.

The age analysis based on scale samples collected during 191o, 1017, 1010, and

1921 (Gilbert and Rich, 1027), demonstrated 88.5, 88.1, 01.3, 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 years are not

exactly comparable to the data under consideration, it is evident that the three-fresh-

water age group was dominant.

The change in age composition might be due to any one, or a combination, of

the following causes: (1) An increase in the ocean mortality of the 3-year seaward

FniiTRE ;

ESCAPEMENT

O

o
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migrants. There is no evidence that a marked change has taken place in the ocean

mortality of either the 3-year or the 4-year seaward migrants.

A change in environment 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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Table 26.—Percentage occurrence of various age groups in the random samples of seaward migrant
red salmon for the years 1925 to 1936, inclusive
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Table 27.—Average length in millimeters of S-, S-, 4-< end 5-year seaward migrants in weekly samples
for the years 1925 to 1936, inclusive
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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 which 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 tabic 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 difference in the ratios.

Table 28.-—Number of 3-year and 4-year migrants examined and percentage of
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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, 1024, to 1928, and 1930 to 1986, inclusive
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Thus there is a decrease in the percentage of males, and conversely an increase

in the percentage of females, with increased length of time spent in the ocean. The

males tend to mature after a shorter period of ocean residence than the females, and

this precocious development of the males also is apparent from a consideration of the

total age of the mature fish. In a group of the same ocean history, with the exception

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, inclusive, are presented in table 30. These percentages were determined

by calculating the number of males and females of various ocean histories returning

from a single seaward migration and then adding the several groups together to

obtain the total number of males and females returning from that migration. The

percentage of males varied from 40.1 to 48.8 percent and the percentage of females

from 51.2 to 59.9 percent, and the average for all years was 43.9 percent males and

56.1 percent females.

Table 30.—Percentage of males and females in the returns from the seaward migrations of 1923 to 19S3

Year of seaward migration
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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 (192S) 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 it 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 McClinton Creek, Massett Inlet.

In 1933, lish with the following fins missing were recovered at various localities

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

McClinton Creek though counting weirs were maintained in these streams.

During 1933, Pritchard (1934b) marked 108,000 pink-salmon fry at McClinton

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: both ventrals 3,285, left ventral 195, right ventral 139, adipose 100, and left

pectoral 15. 10 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 McClinton Creek.

Thus, of the number of fish marked by removal of both ventrals 2.73 percent returned

to McClinton Creek. The total return was possibly higher tban 3,2S5 (3.04 percent

of the number marked) because all of the fish bound for McClinton Creek were not

sampled.
In 1934, Kelez (1937) initiated two marking experiments on hatchery-raised

coho salmon at P riday 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 hatchery ponds for a longer period of

time. The returns from these experiments comprise only those fish which escaped

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. From 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 percent,

returned to Cultus Lake.

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

'» The finding of fish with adipose fins missing, and left pectoral fins missing only confirms the long established fact that fish

occur in nature with fins missing. The finding of fish with right or left ventral fins missing is due in part to natural deformities, and

may be due to regeneration of 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, 1,340 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 to Cultus Lake.

In 1930 (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. It was considered that the recovery was at least 90 percent of the total

number of marked fish returning from the experiment, so that the actual 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, was recovered from the commercial 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 collected

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 K-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 ill effects from the operation, though some

of the fish marked by the removal of either 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 each 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 every 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 moans

of beach seines near the mouth of the Karluk River, was examined for the presence

of marked fish by an employee of the Fish and Wildlife Service who, during the exami-

nation, was stationed in the cannery. Each red salmon was examined and counted

as it passed along 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

each 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 in that age group.

Data were collected on the number of Karluk red salmon in the commercial catch and

also the number in the escapement, hence, the total number of fish of each age croup

in the run can be determined for the season. Multiplying 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 seaward migrants. The percentage occurrence of marked

fish of each age group is fairly constant 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 considered as one

experiment or divided according to the marks used and considered as duplicate

experiments. Although the experiments were carried 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.
Commercial 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 accu-

rate means of determining the number of three-ocean fish returning from these experi-

ments is available. The number of marked fish returning 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 experiment (table 31), 25,000 seaward migrants were marked, 740

marked fish were recovered and a calculated 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

Age of seaward mi-

grants marked
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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

recovered, and a calculated total of at least 4,582 marked fish returned from this

experiment (at least 21.0 percent). Tbe incomplete returns from the marked 2-, 3-,

4-, and 5-year seaward 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 tbe data are combined as one experiment, 46,791

seaward migrants were marked, 1,399 were recovered, and a calculated total of at

least 9,733 fish returned (a minimum of 20.8 percent).

Table 32.—Data for the second 1926 marking experiment

Age of seaward mi-

grants marked
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Table 33.—Data for the 1929 marking experiment

Age of seaward mi-

grants marked
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Table 35.—Data for the second 1930 marking experiment

285

Age of seaward mi-

grants marked
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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 seaward 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

Age of

seaward
migrants
marked
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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, 8, 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

ocean existed betweeD 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 occurrence 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 cal-

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 percent, respectively.

Table 39.—Data for the first 1932 marking experiment

Age of

seaward
migrants
marked
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Table 41.—Data for the third 1932 marking experiment

Age of

seaward
migrants
marked
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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 seaward 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 thefirst, 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 time 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 seems 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 seaward 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 oi 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

Age of seaward mi-

grants marked
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Since a constant proportion of the migrating population cannot be marked day

by day during the migration period, and as the 1932 experiments indicated that early

migrating fish tended to return after a shorter period of ocean life, it is apparent that

critical comparisons of the returns of any two or more years cannot be made. The

longer the period of time spent in the ocean the greater the mortality will be, con-

sequently, for exact comparisons between marking experiments of 2 or more years, it is

necessary that the fish of one experiment have remained in the ocean the same length

of time as the fish of the other experiments.

In view of the possible errors in the calculated percentage return from the marking
of any one age of seaward migrants, especially 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, i. 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 caused by any one, or a combination, of the following:

1. Regeneration of the pectoral fins. The pectoral fins were amputated as close

to the body of the fish as possible, and it does not seem probable that any of the ampu-
tated fins could have regenerated to such an extent as to be unrecognizable. 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 carefully examined. The
wounds had begun to heal and the fish showed no ill effects other than that a few speci-

mens appeared to have a slight "list." Consequently, the marking probably did

not have a direct influence on the mortality.

3. Mortality caused by the inabdity of the fish to elude their enemies to as great

an extent as could the fish marked by the amputation of the adipose and one ventral

fin. The pectoral fins are used, almost entirely, for maintaining equilibrium, and it

is possible that fish marked by the amputation of the adipose and one pectoral fin

were handicapped. Such 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 differentinl

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 could have been very great in view of

the relatively good returns from all the experiments. If the factor used by Foerster

at Cultus Lake, to correct for differential mortality, were applied to the Karluk data,

the survival of unmarked Karluk fish would be in excess of 56 percent.

MORTALITY IN FRESH WATER

Having ascertained the probable average ocean mortality of Karluk red salmon to

be 78.55 percent, as determined by the marking experiments, it is of interest to calculate,

the mortality of this species between the egg stage and the seaward 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 eggs are destroyed by the spawning fish which, during their spawning activities,

dig out eggs laid by earlier spawners. While the eggs arc being deposited and during
the incubation period, there is a loss caused by predators such as trout and birds.

Meteorological conditions during the incubation period affect the success or failure of

a brood year. Floods, 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 seek 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 run (catch 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 distinct 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.



FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE 293

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 affluents 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 relationship between the percent-

age of fish of a certain ocean history in the escapement and the percentage of fish of

the same ocean history 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 dominant.

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

17. There is a decrease 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 because the Karluk seaward migrants were larger at the time of marking and

migration than the fish in similar experiments in other areas.

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 considered

preferable in marking fish rather than the removal of adipose and dorsal, or adipose

and one pectoral fin.

23. The adipose and dorsal mark compared 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 which may cause a high rate of mortality.

24. The right and left pectoral 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 calculated 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 percent for

the experiments of 1926, 1929, 1930, 1931, 1932, and 1933, respectively.

26. The average return from the marking of 3-year seaward migrants was 17.4

percent and for the 4-year seaward migrants 25.7 percent.

27. While a slight differential mortality probably exists between the marked

and the unmarked fish, it is not considered to be great in the case 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 ocean 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 percent.
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