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THE LENGTH, AGE, AND SEX RATIO OF CHUM SALMON
IN THE ALASKA PENINSULA, KODIAK ISLAND, AND
PRINCE WILLIAM SOUNDS AREAS OF ALASKA

by Fredrik V. Thorsteinson, Wallace H. Noerenberg
and Howard D. Smith, Senior Fishery Biologists

Fisheries Research Institute, College of Fisheries
University of Washington, Seattle, Washington

ABSTRACT

Data on length, age, and sex ratio of chum salmon from the Alaska Peninsula

area from 1951 through 1957, the Kodiak Island area from 1948 through 1951 and 1955

through 1957, and the Prince William Sound area from 1952 through 1958 show that

age and length composition in these areas varied in a similar manner. Lengths of fish

in the 3-, 4-, and 5-year age classes overlapped to such an extent that length was not

a useful guide to age. The average age composition for the combined samples was
about 10 percent 3-year-olds, 75 percent 4-year-olds, and 15 percent 5-year-olds.

Mean age decreased as the season advanced. The percentage of males decreased

slightly as the runs progressed.

INTRODUCTION

Chum salmon (Oncorhynchus keta) rank third

in abundance and value in Alaska's salmon
fisheries. Despite their importance, little

research has been done on this species.

The Fisheries Research Institute (FRI),

College of Fisheries, University of Washington,

collected data on the length, age, and sex ratio

of chum salmon incidental to research on

other species of salmon in the Alaska Penin-

sula, Kodiak Island, and Prince William Sound

areas between 1948 and 1958 (fig. 1). No
planned program for sampling chum salmon
was organized, but data were taken when chum
salmon were available and when the time

Note.--Thorsteinson presently with Bureau of Com-
mercial Fisheries, Juneau, Alaska; Noerenberg with

Alaska Department of Fish and Game, Cordova, Alaska;

and Smith with Fisheries Research Board of Canada,

Nanaimo, B.C.

required for processing them did not conflict

with other studies. Because of time limitations,

the material was not analyzed at the end of

each year, and changes in sampling techniques

that might be expected to follow such analyses

were not made. As a result, the data presented

here are not complete or continuous, and no

comprehensive analysis of the chum salmon

runs to the three areas for the years when
sampling was conducted is made. In spite of its

limitations, this material has importance be-

cause it is the only biological information

concerning past chum salmon runs in the three

areas.

The objectives of this paper are to { 1 ) present

basic material collected during the several

years; (2) draw tentative conclusions as to

intraseasonal and interarea variability in

length, age, and sex ratio; and (3) recom-
mend methods of sampling for future

studies.



The data discussed are from the commercial
catch and the spawning grounds in the areas

and years as follows:

1. Alaska Peninsula commercial catch,

1951-57,

2. Kodiak Island commercial catch, 1948-51

and 1955-57.

3. Prince William Sound commercial catch,

1952-53 and 1956-58, and spawning grounds,

1952-57.

DATA COLLECTION

The commercial catch samples were
obtained chiefly at salmon canneries, but a

small number were taken on the Prince

William Sound fishing grounds during tagging

operations. The spawning ground samples were
collected during stream surveys and tag

recovery programs in Prince William Sound.

Fish sampled at the canneries were caught

by traps, purse and beach seines, and gill nets.

The gear type was recorded, since certain

types, particularly gill nets, were probably

selective for size of fish and for sex.

The length from mideye to fork of tail was
determined in millimeters by one of two

instruments devised by the Institute's staff for

measuring salmon in the field. These are

described by Duncan * and Thompson. ' Both

machines give a straight line measurement and

avoid much of the bias inherent in simple tape

measurements.

For salmon taken on the spawning grounds

the mideye-fork measurement had to be re-

placed by a mideye to hypural plate measure-
ment because of eroded caudal fins on many of

the fish. All measurements were converted to

mideye-fork length by the formula

Ye 1,1048 X- 1.1052

where Y is the mideye-fork measurement
and X the hypural plate measurement. The

1 Duncan, Rea E. 1956. Two measures of the length

of red salmon, Oncorhynchus nerka (Walbaum), their

relation and application in the study of the catch and

escapement in Bristol Bay, Alaska. M.S. Thesis, Uni-

versity of Washington, Seattle, 92 p.

'Thompson, William F. Report in preparation at

Fisheries Research Institute.

formula was calculated from paired measure-
ments obtained from 228 chum salmon taken

in traps on the Alaska Peninsula from June 20

to July 30, 1951.

Scales for age determination were taken

from at least 20 percent of the fish measured
in each sample. In small samples, propor-

tionately more scales were taken.

Sex ratios were obtained from counts of

fish as they passed along the cannery conveyor

belts, or from piles of fish in the cannery

bins. The number of fish used in determining

sex ratios was usually more than the number
measured for length. Fish in small deliveries

were frequently canned before a large sample
could be obtained.

DATA ANALYSIS

Data on length, age, and sex ratio were
arranged by date and locality of catch.

Length measurements, recorded to the

nearest millimeter in the field, were grouped

in 1-cm. intervals. Some workers began their

groups with even centimeters, e.g., 570 mm.;
others began them 1 mm. larger, e.g., 571 mm.
Since the corresponding centimeter groups

would be 570-579 and 571-580, the midpoints

574.5 and 575 fell one-half millimeter apart.

This minor discrepancy was not considered in

analyzing the data.

To determine age, plastic impressions suit-

able for microprojection were made from
scales that were mounted sculptured side out

on gummed cards. The procedure is outlined

by Koo (in press). Most of the scales were

read by Thorsteinson and Noerenberg, but a

few were read by Smith and other members of

the FRl staff. Agreement in scale interpretation

was tested by an independent reading of a set

of 200 scales by each author. Eight scales

were regenerated and judged unreadable by

each reader. Some disagreement existed in

interpreting the scales: 15 (7.5 percent) were
read as different ages by one or more readers.

In view of the difficulty in establishing the

position of chum salmon scale annuli (Henry,

1953), this disagreement may not be excessive.

It does suggest a need for standardizing

methods of interpreting chum salmon scales

and investigating patterns of scales from fish

of known ages.



Sex ratios were calculated as percentages.

The data, set up in standardized format, are

arranged to provide the original material for

analysis and reference in this report as appen-

dixes A, B, and C. They are organized as

follows:

1. A chronological tabulation of scale sam-
ples, giving each a number for convenient

reference and showing the date, location of

sample, gear used, and number of measure-
ments and scale samples obtained (appendix

tables A-1, B-1, C-1, C-2).

2. A map of each area showing localities

where samples were taken (appendix figures

A-1, B-1, C-1, C-2).

3. A frequency tabulation to the nearest

half centimeter midpoint for all lengths having

corresponding ages by age and sex. All fish

less than 500 mm. and more than 749 mm.
are grouped, because they make up insignificant

numbers of the total (appendix tables A-2, B-2,

C-3, C-4).

4. The sex ratio of all samples (appendix

tables A-3, B-3, C-5, C-6).

In the Prince William Sound area, streams
where spawning ground samples were taken

are designated according to the time of their

runs--early, middle, or late. Noerenberg clas-

sifies Prince William Sound streams as
follows: early runs peak between July 15 and
August 5, middle runs between August 6

and 20, and late runs between August 21 and
September 10.'

of the year, time of season, or source of the

sample. In using the combined yearly data, two

points were considered: types of gear used and

the treatment of the spawning ground samples
from Prince William Sound.

Gill nets are usually considered to be

selective for size and sex. In our samples

from gill nets, ages and lengths were dis-

tributed within about the same limits as in

samples from traps and seines, and separating

the data by type of gear did not appear justified.

Usable data from the Prince William Sound

commercial catch and spawning grounds were
obtained in only 3 years. The mean lengths of

4-year-olds (table 1), the dominant age class,

were similar; and no directional bias was
evident between catch and spawning ground

samples. Because of the similarity in lengths,

all of the samples from Prince William Sound

were used for comparisons with other areas,

even though in some years samples were
exclusively from the commercial catch

and in some, exclusively from the spawning

grounds.

In contrast to the similarity in length, the

age compositions of samples from the catch

and spawning grounds were not sufficiently

alike to permit grouping. In table 2 age

composition samples for 1952, 1953, and 1956

are combined by sex. The percentage of 3-year-

olds in the catch is about three times that on
the spawning grounds, and the percentage of

5-year-olds in the catch about half that on the

spawning grounds. This approximate relation-

ship prevailed in all 3 years having comparable
data (appendix tables C-3 and C-4).

Since sampling was not complete or con-
tinuous for any one year or series of years,

the general relationships of length with age

were studied by combining all length measure-
ments by age classes for each area irrespective

'Noerenberg, W. H. 1954. Prince William Sound
spavming ground survey, 1954. University ofWashington,
Fisheries Research Institute, Circular No. 69, 19 p.

[Duplicated.]

Changes in length composition were studied

through the mean lengths of 4-year-old fish,

grouped according to sex. Only 4-year-olds,

the dominant age class, were studied, since

changes in mean lengths of 3- and 5-year-olds
varied in the same way as 4-year-olds. Changes
in age composition were studied as numbers
and percentages of fish occurring in the three

age groups. Sex ratios were determined from
entire samples.



Table l.--Mean lengths of 4-year-old chum salmon from Prince
William Sound commercial catch and spawning ground samples,
1952, 1953, and 1956 1
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Figure 2.--Age-length relationships of 3-, 4-. and 5-year-old duun salmon in the Alaska Peninsula, Kodiak Island,

and Prince William Sound areas of Alaska.

Intraseasonal Variation

To compare the runs of the Alaska Penin-

sula, Kodiak Island, and Prince William Sound

areas intraseasonally, fishing seasons were

divided arbitrarily into three periods—before

July 1, between July I and 15, and after

July 15.

In the division by time, we assumed that

fish caught before July 1 on the Alaska

Peninsula (except those taken at Chignlk)

were bound for areas other than the Peninsula.

Chum salmon are captured simultaneously

with pink and red salmon in the Peninsula

fishery during June. Tagging experiments

(Gilbert and Rich, 1927; Thorsteinson, 1959)

showed that red and pink salmon taken at

that time of the season were bound for other

areas. Since it is possible that early chum
salmon are also bound for other areas, we
felt that the data for the three periods should

be kept separate.

Length.--The mean lengths and standard

deviations of combined yearly samples of age

class 4 from each area are shown by the

three time periods in table 3. To avoid bias

in years when runs of exceptionally large or

exceptionally small fish were not sampled in

all time periods, the data are combined for

only those years when three periods were

represented in the Alaska Peninsula area

and two in the Kodiak Island and Prince

William Sound areas.



Table 3 . --Variability in size of 4-year-old chum salmon in three time periods

in catch, Alaska Peninsula, 1951, 1953-57; Kodiak Island, 1949, 1955-57;

Prince William Sound, 1953, 1956, 1958

Area and

time period



Table 4. --Number and Percentage of 3-, 4-, and 5-year-old chum salmon
in three time periods in catch, Alaska Peninsula, 1951-57; Kodiak Island,

1948-51, 1955-57; Prince William Sound, 1952-53, 1956-58

Area, sex, and



Table 5. --Number and percentage of 3-, 4-, and 5-year-old chum salmon
in three time periods in c'atch. East Anchor Cove-lkatan Bay, 1951,

1952-57; Izembek Bay, 1955-57

Area, sex, and



• •Alaska Peninsula - 1951-57
• • Kodiak-l948-5l. 1955- 57
• •Prince William Sound - 1952- 58
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Figure 4.--Nfean lengths of chum salmon In Alaska

Peninsula, Kodiak Island, and Prince William Sound

areas by age and sex (i>oints are unweighted means).

points are unweighted means calculated from

table 7. The figure shows that despite the

inconsistency of the sources of the yearly

data, the basic relationships of size with age

prevailed in all areas. Age class 3 females

from the Kodiak Island area were too few

to use. Mean lengths increased from west to

east: Alaska Peninsula chum salmon were
smallest and Prince William Sound chum
salmon largest.

In table 7 the numbers of fish in each age

class, average lengths, and standard deviations

for each sample are shown for the three

areas for the years 1948-58, Age classes con-

taining fewer than 10 fish were not used in

the calculations.

Lengths in each age class varied little from
one year to the next, the greatest variation

occurring in males in age class 4 from the

Kodiak Island area; in 1955 males were 70

mm, (almost 3 inches) larger than those in

1948, In any year fish of the same age class

tended to be relatively the same length. Even
though fish of different ages were exposed to

different growing conditions during their life

in the ocean, they all tended to be relatively

large or relatively small at maturity. For
example, in 1952 average lengths were greater

than the long-term mean, and in 1956, except

for females in age class 4 in the Kodiak Island

area, they were smaller.

Age composition. - -The age composition of

samples combined by years for each area is

shown in table 8. All age data are grouped to

give an average value for age composition of

chum salmon in the general region under

consideration. Age class structure of chum
salmon of the central and western part of

Alaska averaged about 10 percent 3-year-olds,

75 percent 4-year-olds, and 15 percent 5-year-

olds. The percentages were fairly consistent

from year to year.

Age composition for the Kodiak Island area

varied from that for the Alaska Peninsula

and Prince William Sound areas. In the Kodiak

Island area about 27 percent of the fish in the

samples were in age class 5, which was about

twice the percentage of age class 5 fish in the

other two areas. Fish in age class 3, on the

other hand, formed a greater proportion of the

Prince William Sound and Alaska Peninsula

runs than they did of the Kodiak Island area

runs. When ' year-to-year changes were

inspected with regard to the long-term mean
age composition, it appeared that all three

areas tended to vary in the same direction

at the same time. For instance, in the Alaska

Peninsula and Prince William Sound areas,

low percentages of 4-year-olds were found in

1952. In 1956 in all three areas, high percent-

ages of 4-year-olds were taken.

Sex ratio.--Sex ratio by area and by year

are given in appendix tables A-3, B-3, C-5,

and C-6, Differences in the percentage of

males from place to place were negligible,

RECOMMENDATIONS
During the analysis we found that because

of the inconsistency of collecting data by

locality of sampling, season of the fishery, or

stage of the spawning migrations, only general

conclusions could be drawn about chum salmon

in the various areas. More precise estimates

of parameters of length, age composition, and

sex ratio, as well as other biological statistics,

are needed. With reference to the characters

measured during this study, we recommend
the following for future work:

1. Since the age composition in the fishery

and the spawning migration does change during

the season, samples should be taken from both

at regular and frequent intervals.



2. If a program is to continue over a period

of more than 1 year, sampling should be done

in the same localities and the same time

periods each year.

3. Larger scale samples than are custom-

arily taken for determining age in other

species of salmon are required.

4. To eliminate the task of converting length

measurements, a single measurement, such as

mideye to hypural plate, should be taken in both

fresh- and salt-water samples.

5. In view of the difficulty in interpreting

age from chum salmon scales, the problem

should be reviewed and methods standardized.

Table 7. --Length statistics of chum salmon from Alaska Peninsula,

Kodiak Island, and Prince William Sound areas

Area, year, and



Table 7. --Length statistics of chum salmon from Alaska Peninsula,
Kodiak Island, and Prince William Sound areas--continued

Area, year, and



Table 7. --Length statistics of chum salmon from Alaska Peninsula,

Kodiak Island, and Prince William Sound areas- -continued

Area,



Table 8. --Age composition of chum salmon from Alaska Peninsula,

Kodiak Island, and Prince William Sound areas

Area, year, and age

of fish (years)

Alaska Peninsula

1951

3

4

5

Total

1952

3

4

5

Total

1953

3

4

5

Total

1954

3

4

5

Total

1955

3

4

5

Total

1956

3

4

5

Total

1957

3

4
5

Total

All years

3

4

5

Total

Males

Number Percent

Females

Number Percent

13



Table 8. --Age composition of chum salmon from Alaska Peninsula,
Kodiak Island, and Prince William Sound areas- -continued

Area, year,

of fish (y



Table 8. --Age composition of chum salmon from Alaska Peninsula,

Kodiak Island, and Prince William Sound areas --continued

Area, year, and age

of fish (years)



SUMMARY

Data on length, age, and sex ratio of chum
salmon were collected between 1948 and 1958

in the Alaska Peninsula, Kodiak Island, and
Prince William Sound areas of Alaska. The
data are not complete or continuous, as no

formal program for sampling was organized.

Material was collected according to the time
available to biologists working in the areas
and the availability of the fish. The data are
the only biological information (except for catch

statistics) for past runs of this species in the

three areas, and as such represent an important
source of historical and reference material.

They are therefore included as an appendix

to this report.

Analyses were performed by grouping the

data by years, by area, and by time periods
within years. The data permit only general
statements concerning the chum salmon runs
to three areas, but do provide a measure of

the Intraseasonal and interarea variability in

length, age, and sex ratio.

Kodiak Island has significantly more 5-year-

old fish and fewer 3-year-old fish than the

other two areas.

5. Age composition of the runs changes
within seasons in all three areas. As the

season progresses, 3-year-olds increase and

5-year-olds decrease. The percentage of fish

in age class 4 remains fairly constant through-

out the season.

6, Sex ratios do not deviate markedly from
50:50, either by area or in time. The trend is

toward fewer males as the season progresses.

ACKNOWLEDGMENTS

Several members of the Fisheries Research
Institute staff contributed to the work reported

here. The principal contributors were John F.

Rocs, who conducted some of the sampling
and read some of the scales from the Alaska

Peninsula area, and Charles E. Walker, who
collected data and read scales from the

Kodiak Island area.

The analyses are summarized as follows;

1. Length distributions of chum salmon in

the three principal age classes overlapped
considerably. Three- and five-year-old length
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Table A-3. Chum salmon sex ratios,

Alaska Peninsula area, 1951-57

Date Sample number and location Male Female Both

1951

June 20

July 10 and 14

July 17 and 20

July 27-30

Total

Percent

1 - Cape Lutke
2 - East Anchor Cove-Ikatan Bay
3 - East Anchor Cove-Ikatan Bay
4 - Shuxnagin Islands
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Table A-3. Chum salmon sex ratios,

Alaska Peninsula area, 1951-57 -- Continued

Date Sample number and location Male Female Both

1954



Table A-3. Chum salmon sex ratios,

Alaska Peninsula area, 1951-57 -- Continued

Date Sample number and location Male Female Both

1956



APPENDIX

B. Biological Statistics for Chum Salmon, Kodiak Island area, 1948-51 and 1955-57
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Figure B-1. --Localities where chum salmon samples were taken in Kodiak Island commercial catch, 1948-51 and

1955-57.
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Table B-3. Chum salmon sex ratios

for the Kodiak area, 1948-51 and 1955-57

Date



Table B-3. Chum salmon sex ratios

for the Kodiak area, 1948-51 and 1955-57 -- Continued

Date Sample number and location Male



APPENDIX

C. Biological Statistics for Chum Salmon, Prince William Sound area, 1952-58
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Figure C-1. --Localities in Prince WiUiam Sound where chum salmon samples were taken in the commercial catch,
1952-53 and 1956-58.
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Table C-5. Chum salmon sex ratios for the Prince William
Sound area commercial catch, 1952-53 and 1956-58

Date Sample number and location Male Female Both

1952
August 6

August 12

August 12

Total

Percent

1 - Montague Island

2 - Port Gravina-Sheep Bay
3 - Unakwik-Port Fidalgo

56



Table C-5. Chum salmon sex ratios for the Prince William

Sound area commercial catch, 1952-53 and 1956-58 -- Continued

Date Sample number and location



Table C-6. Chum salmon sex ratios for the Prince William Sound
spawning grounds, 1952-57

Date



Table C-6. Chxim salmon sex ratios for the Prince William Sound
spawning grounds, 1952-57 -- Continued

Date Sample number and location —1/ Male Female Both

1954
August 16

August 22

August 24

Total

Percent

32 - Sheep Bay (11)

33 - Cedar Bay (63)

34 - Eaglek Creek (73)

19
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