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ABSTRACT
Differences in numbers of circuli and lengths of radii through the first freshwater annulus were used to test the hypothesis that the river of origin could be
determined from these characteristics. Analyses indicated that males and females
and different age groups of a brood year could be combined for each river, but that
comparisons between rivers should be restricted to common brood years. Although
average counts of circuli and average lengths of radii were different in sannples from
each river, the variability in these characteristics is great, and neither characteristic is clearly diagnostic for the stock in any of the rivers.

INTRODUCTION
Historically, the chinook salmon Oncorhynchus tshawytscha taken in the troll fishery
in southeastern Alaska originated mainly in
rivers of British Columbia, Washington, and
Oregon (Rich and Ball, 1935; Parker and
Kirkness, 1956). Catches of chinook salmon in
Alaska's troll fishery have declined drastically from a high of about 17 million pounds
in 1937 to about 4.5 million pounds in recent
years
Before fishery workers can effectively
nnanage the stocks to counter this decline,
they must be able to determine the river or
area of origin of individual fish. The pattern
of fresh-water growth on the scales is used
to determine the nnajor stocks or rivers of
origin for individual sockeye salmon(0. nerka
of the Fraser River system (Henry, 1961). I
hypothesized that the same method could be
used to identify the river of origin of chinook
salmon. As the first step in testing this
hypothesis I compared the growth pattern of
the fresh-water area of scales taken from
adult salmon returning to four widely separated
streams in Alaska.
The scale samples came from chinook
salmon from the Taku, Alsek, Copper, and
Anchor Rivers (fig. 1), In the first three rivers.
(

)

)

""The author was drowned in a boating accident at Traitors
Cove, Alaska, in April 1964 in pursuit of his research.
This manuscript was completed by his colleagues.

which are large, the fish were taken in commercial gill nets set in the mouths of the
rivers. In the Anchor River, which is a much
smaller stream, the fish were captured on
sport fishing gear.
Although several characteristics of a scale
reflect differences in the pattern of freshwater growth of a fish, I chose to count the
number of circuli and measure the lengths of
radii. Each of these characters was compared
to determine differences (1) between sexes,
(2) between age groups of a brood year, ^ (3) between brood years in each river, and (4) among
brood years in the four rivers.

SELECTION AND PREPARATION OF SCALES
The first scales formed during the freshwater growth of a salnnon are preferred for a
study of river of originbecause they provide the
best record of the fresh-water period of a
salmon's life. Brown and Bailey (1952) and
Clutter and Whitesel (1956) showed that scales
of salmonids form first along the posterior
half of the lateral line. I have observed this
type of scale development on juvenile chinook

salmon

in Alaska.

used the scale at the intersection of the
second row of scales above the lateral line
I

The term "brood year" describes the year of spawning of
Salmon that spawn in 1967 produce the
1967 brood year.

the fish's parents.
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the standard error of the mean. Where shaded

BETWEEN SEXES

overlap, differences between
sample means are not likely to be significant.
In both the Alsek and Anchor River samples
the shaded rectangles representing age groups
of the same brood year overlap broadly. Differences between sample means are not sigrectangles

the sexes could be combined
in later analyses, I compared the scale characteristics of scales fronn salmon in the Sj age
group from the 1961 Alsek River sample (1956
brood year), which included more readable
scales than the other samples. Differences in
mean numbers of circuli and lengths of radii
for 108 males and 177 females were not significant (t = 0.9225 for numbers of circuli and
0.4017 for lengths of radii). I therefore combined males and females in the analyses.
Clutter and Whitesel (1956) also found no significant difference between sexes of sockeye
salmon for these scale characteristics.

To determine

if

nificant at the 95-percent level for any of the
eight comparisons shown in figure 2. 1 therefore
conclude that the numbers of circuli and lengths
of radii through the first annulus are not
correlated with total age of the adult, and that
for each stream the different age groups of
a brood year can be combined
fresh-water growth of the scales.

DIFFERENCES

DIFFERENCES EST SCALE CHARACTERISTICS
BETWEEN AGE GROUPS OF A BROOD YEAR

^^

CHARACTERISTICS

The next step was to determine if scale
characters of two or more brood years could
be connbined for comparisons among populations from different rivers. Differences in
numbers of circuli and lengths of radii between
years for each system were usually not significant
(the
95-percent confidence limits
usually overlapped- -table 1), but the general
similarity among the four rivers in the yearto-year changes (fig. 3) indicates that these
changes are real and not due to sampling
error. Therefore, since the observed range
of average numbers of circuli and lengths
of radii for the four rivers overlap, I have
restricted

comparisons

common brood

between

years.

(955
N

=

I6

^

Sj,

*—

=2'

1956
N:2e5

^^

"2'

16

CIRCULI (NUMBER)

18

20

22

24

26

2B

30

32

LENGTHS OF RADII (MM.)

—

2.
Numbers of circuli and lengths of radii from the innermost
circulus to the end of the first fresh-water annulus for scales of chinook
salmon of 1955 and 1956 brood years, by age class, from the Alsek and
Anchor Rivers. The horizontal line defines the range of sample observa-

Figure

tions; the vertical line intersecting the range denotes the sample mean;
and the shaded rectangle represents ± 1 times the standard error of the

mean.

compare

BETWEEN BROOD YEARS

To determine if fish of different ages could
be combined for later analyses, I compared
the scale characteristics of samples taken
from the Alsek and Anchor Rivers in 1960
and 1961. The sample represented two age
groups of the 1955and 1956 brood years (fig. 2).
Comparisons could not be made with data
from the Copper and Taku Rivers because
I had samples from these streanns for only 1
year. A modification of the graphic method for
connparing samples described by Dice and
Leraas (1936) is used in figure 2 (and later
figures). The horizontal line defines the range
of sample observations; the vertical line intersecting the range denotes the sample mean;
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characteristics tend to be somewhat lower in
Anchor Rivers than in the Copper
and Taku Rivers, the overlap is considerable,
and neither characteristic is clearly diagnostic
of fish from any of the rivers.
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CONCLUSIONS
Yearly variations in fresh-water growth of
the scales of chinook salmon make it necessary
to limit comparisons of first-year scale growth
to fish of the same brood year. But even when
fish of the same brood year were compared,
differences in numbers of circuli and lengths
of radii were not sufficient for reliable classification of fish according to river of origin in
the four stocks studied.
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