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INTRODUCTION

Sockeye salmon (Oncorhynchus nerka Walbaum) is one of five species
of Pacific salmon native to the Columbia River Basin. Before white settlers de-
veloped the region, the Columbia Basin supported a sockeye salmon run esti-
mated to have averaged more than three million fish annually (Northwest Power
Planning Council 1986). Since the mid-1800s, however, this sockeye popula-
tion has suffered a severe decline. Annual runs now average only about
90,000 fish (Oregon Department of Fish and Wildlife and Washington Depart-
ment of Fisheries 1987).

The Columbia Basin sockeye salmon run was once composed of at least
eight principal stocks (Fulton 1970). Today, only two major stocks remain
(Figure 1). Both stocks are naturally sustaining, originating in the Wenatchee
River-Lake Wenatchee system (Wenatchee stock) and in the Okanogan River-
Osoyoos Lake system (Okanogan stock).

Limited harvest of these fish still takes place, with fisheries held in the
mainstem Columbia River between the mouth and McNary Dam (river mile
246). Sockeye salmon stocks are mixed in these harvest areas. However,
stock-specific management strategies have not been established, because de-
pendable stock-identification techniques have not been developed. In addition,
reliable information providing a more complete understanding of the life histo-
ries and basic biological attributes of the two stocks has not been available.

Accurate stock-identification information would offer a variety of benefits
to fisheries managers. Uses of such information include development of
spawner-recruit models to estimate optimum spawning escapements and gen-
eration of run-reconstruction studies permitting population size predictions.
Identification of Columbia Basin sockeye salmon stocks is also needed to help
estimate the proportion and absolute number of Canadian-origin sockeye har-
vested within the United States. Some Okanogan-stock sockeye salmon origi-
nate in Canadian waters but migrate through, and are harvested in, the United
States' portion of the Columbia River. Such transboundary stocks are subject to
the jurisdiction of the Pacific Salmon Commission under the terms of the Pacific
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Figure 1.

The Columbia Basin showing Bonneville and
McNary dams and the two present sockeye
salmon production areas.
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Salmon Treaty ratified by the United States and Canada in 1985 (Pacific
Salmon Treaty 1985).

The Stock Identification Project is designed to develop and apply tech-
niques for identification of individual or aggregate stocks of Columbia Basin
salmon originating above Bonneville Dam. Analysis of scale pattern
characteristics is the current method of study. This report describes 1987 re-
search on Columbia Basin sockeye salmon, including investigations of life
histories and population structures of separate stocks, as well as potential tech-
niques for stock identification.
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METHODS

Scale pattern analysis (SPA) is a well-established stock identification
technique (Clutter and Whitesel 1956, Henry 1961, Mosher 1963, Anas and
Murai 1969). Use of SPA as a tool for stock identification depends on the fact
that in many species of fish, including Pacific salmon, individual fish growth is
highly correlated with scale growth (Koo 1955, Clutter and Whitesel 1956). Fish
growth and scale growth are influenced by genetic factors and by such environ-
mental conditions as water temperature and food availability. Stock iden-
tification based on SPA assumes that genetically or environmentally influenced
growth patterns will differ throughout a species' range and that these differ-
ences will be exhibited in the scales of entire groups or stocks of fish.

Markedly different conditions exist in the two Columbia Basin sockeye
salmon spawning and rearing areas. Lake Wenatchee is oligotrophic with
deep, cold, and relatively unproductive waters, while Osoyoos Lake has shal-
low, warm, and agriculturally enriched waters characteristic of eutrophic lake
habitats (Allen and Meekin 1980, Mullan 1986). Therefore, it is probable that
scales from the two stocks will reflect these differences in freshwater conditions.

Sampling

Scales from mixed sockeye salmon stocks (unknowns) were obtained
from 392 fish sampled at the Bonneville Dam Fisheries Engineering and Re-
search Laboratory, located at river mile 146 on the mainstem Columbia River.
Over a period of six weeks, live fish were trapped, sampled, and returned to
fishway ladders.

Each stock was also sampled in terminal areas to obtain representative .
scale samples of the two groups (knowns). Wenatchee-stock scales were col-
lected from a Lake Wenatchee sport fishery, while Okanogan-stock scales were
obtained from Okanogan River spawning-ground carcass recoveries. Target
sample sizes were 200 fish of each known group (Conrad 1985). This goal was
surpassed for the Okanogan-stock sample (581 fish), although the Wenatchee-
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stock sample totaled only 143 fish. Scales were collected and mounted ac-
cording to methods described in Clutter and Whitesel (1956) and the Interna-
tional North Pacific Fisheries Commission (1963).

Fork lengths were measured to the nearest 0.5 cm and recorded for each
fish along with any observed marks or tag information. Sex was determined for
the known-stock carcass samples but not for Bonneville Dam samples, because
of the absence of morphological characteristics necessary for identification of
sex in live fish. Otoliths were collected from 24 Okanogan-stock sockeye. All
field sampling procedures followed established guidelines for this project
(Schwartzberg 1987).

Age Determination and Scale Measurements

Salmon scales, under magnification, display numerous concentric rings
(circuli) radiating outward from a central focal area. A freshwater-growth zone
of narrowly spaced circuli (Figure 2) is clearly distinguishable from a zone of
more widely spaced ocean-growth circuli in scales of all Columbia Basin
sockeye salmon, which typically spend one or two complete years in freshwater
before migrating to the ocean. Fish age can be determined by counting annuli,

which are zones of closely spaced circuli formed yearly during winter periods of
slow growth.

All scales were examined visually and categorized by age using well-es-
tablished methods (Johnston 1905, Gilbert 1913, Van Oosten 1929). Fish age
is reported here using the European method (Koo 1955), in which the number
of winters spent in freshwater (not including the winter of egg incubation) is
described by an Arabic numeral followed by a dot. The numeral following the
dot indicates the number of winters a fish spent in the ocean. Total fish age is
equal to one plus the sum of both numerals.

Scales were used to estimate the age compositions of Bonneville Dam
mixed-stock and Wenatchee known-stock samples. Length-at-age relation-
ships were also established. Scales were used to estimate the freshwater age
composition of the Okanogan-stock sample. Howaver, ocean age was, in most

5



Figure 2. Age 1.2 Okanogan-stock sockeye salmon scale
showing growth and measurement zones.
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cases, impossible to determine from these highly resorbed scales. Okanogan-
stock age composition is reported by estimated freshwater age only (combining
fish of different ocean ages). The notations used are "1.x" and "2.x." For SPA of
all stocks, an attempt was made to separately compare and categorize like-age
fish. Therefore, length-at-age frequency histograms for Okanogan-stock sam-
ples were used to roughly estimate ocean age and to develop a subsample of
age 1.2 fish. Otoliths were also used to verify length-at-age estimates.

SPA of circuli in freshwater and, in some cases, early ocean-growth
zones was used to identify each known-stock sample and to classify mixed-
stock samples. The methodology was applied to age 1.2 samples from all
stocks. The Wenatchee-stock sample contained 100 age 1.2 scales. A sub-
sample of 217 scales was randomly selected from Okanogan-stock scales esti-
mated to be age 1.2. A subsample of 104 age 1.2 scales was randomly se-
lected from the Bonneville Dam mixed-stock group. SPA was not used to clas-
sify fish of other age-classes. However, age 1.1 and 2.1 fish in the mixed-stock
sample were classified by stock based on age compositions observed in the
Wenatchee and Okanogan known-stock samples. The remainder of the
Bonneville Dam sample was not classified by stock.

A computer and video camera were used to measure, or digitize, scale
features (BioSonics 1985). One scale from each fish was selected and pro-
jected, and a reference line was drawn along its base. The reference line was
placed in the clear (posterior) field of the scale such that it bridged the end
points of circuli in the first ocean annulus (Figure 2). A radial line was then
drawn perpendicular to the reference line, and circuli positions were measured
at their points of intersection with the radial line. All measurements were made
to the outermost marginal edges of circuli. Measurements of the number of
circuli and inter-circuli spacing were obtained from two zones designated in
each scale. Zone 1 represented freshwater growth from scale focus through the
last circulus in the freshwater annulus. Zone 2-represented either freshwater
plus-growth (the area representing spring growth prior to ocean entry) or
freshwater plus-growth and early ocean growth. Zone 2 measurements were
made from the inside focal edge of the first circulus of freshwater plus-growth to
the last complete circulus visible on the monitor screen. Depending on the
scale, Zone 2 incorporated from six to twelve circuli.
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Character Selection

Variables, or scale characters, composed of selected scale measure-
ments from within the two designated zones, were tested to find those that most
effectively characterized differences in growth between the two stocks. These
variables, used in statistical analyses, included linear measurements between
circuli in the two zones, as well as between-zone ratios of circuli-group meas-
urements. In our experiments, we chose not to include variables developed
from circuli lying beyond number nine in Zone 1 or number six in Zone 2, be-
cause all scales measured contained at least nine Zone 1 and six Zone 2
circuli.

More than 50 potential variables were tested for their effectiveness in
discriminating stocks (Table 1). Ten ratio variables were tested that described
growth during the first year of a fish's freshwater life proportional to growth
during its second year.

Statistical Analyses

A linear discriminant analysis technique developed by Fisher (1936) was
used to differentiate stocks and classify unknown mixed-stock samples. This
methodology has proven useful for determining the origins of fish stocks from
mixed-stock samples (Bethe and Krasnowski 1977, Bethe et al. 1980, Major et
al. 1978). Linear discriminant analysis permits the simultaneous use of many
variables to form discriminant functions that typify and identify groups.

A linear function of a set of different scale measurements was computed
that maximized the variance between stocks against that within each stock.
This discriminant function, Y, may be written as:

Y = myXq + MaXo + .. . + MpXp,
for the case where there are n different scale measurements being used in the

analysis (Worlund and Fredin 1960). The ith measurement is represented by x;,
while m;represents its coefficient.



Table 1. Variables tested and used in discriminant analyses.

Test Set Subset 1 Subset 2  Description of Varlables

DONOAUHEWN -

46
47
48
49
50
51

Variables Used

X

Number of circuli in zone 1

Size of zone 1

Distance from focus to circulus 1 in zone 1

Distance from circulus 1 to circulus 2 in zone 1

Distance from circulus 2 to circulus 3 in zone 1

Distance from circulus 3 to circulus 4 in zone 1

Distance from circulus 4 to circulus 5 in zone 1

Distance from circulus 5 to circulus 6 in zone 1

Distance from circulus 6 to circulus 7 in zone 1

Distance from circulus 7 to circulus 8 in zone 1

Distance from circulus 8 to circulus 9 in zone 1

Distance from focus to circulus 2 in zone 1

Distance from circulus 1 to circulus 3 in zone 1

Distance from circulus 2 to circulus 4 in zone 1

Distance from circulus 3 to circulus 5 in zone 1

Distance from circulus 4 to circulus 6 in zone 1

Distance from circulus 5 to circulus 7 in zone 1

Distance from circulus 6 to circulus 8 in zone 1

Distance from circulus 7 to circulus 9 in zone 1

Distance from focus to circulus 3 in zone 1

Distance from circulus 1 to circulus 4 in zone 1

Distance from circulus 2 to circulus 5 in zone 1

Distance from circulus 3 to circulus 6 in zone 1

Distance from circulus 4 to circulus 7 in zone 1

Distance from circulus 5 to circulus 8 in zone 1

Distance from circulus 6 to circulus 9 in zone 1

Distance from circulus 0 to circulus 1 in zone 2

Distance from circulus 1 to circulus 2 in zone 2

Distance from circulus 2 to circulus 3 in zone 2

Distance from circulus 3 to circulus 4 in zone 2

Distance from circulus 4 to circulus 5 in zone 2

Distance from circulus 5 to circulus 6 in zone 2

Distance from circulus 0 to circulus 2 in zone 2

Distance from circulus 1 to circulus 3 in zone 2

Distance from circulus 2 to circulus 4 in zone 2

Distance from circulus 3 to circulus 5 in zone 2

Distance from circulus 4 to circulus 6 in zone 2

Distance from circulus 0 to circulus 3 in zone 2

Distance from circulus 1 to circulus 4 in zone 2

Distance from circulus 2 to circulus 5 in zone 2

Distance from circulus 3 to circulus 6 in zone 2

Distance from focus to circulus 6 in zone 1 divided by the
distance from circulus 1 to circulus 5 in zone 2

Distance from focus to circulus 6 in zone 1 divided by the
distance from circulus 0 to circulus 5 in zone 2

Distance from focus to circulus 6 in zone 1 divided by the
distance from circulus 0 to circulus 3 in zone 2

Distance from focus to circulus 6 in zone 1 divided by the
distance from circulus 0 to circulus 4 in zone 2

Distance from focus to circulus 6 in zone 1 divided by the
distance from circulus 1 to circulus 6 in zone 2

Distance from focus to circulus 6 in zone 1 divided by the
distance from circulus 2 to circulus 6 in zone 2

Distance from focus to circulus 3 in zone 1 divided by the
distance from circulus 0 to circulus 3 in zone 2

Distance from focus to circulus 3 in zone 1 divided by the
distance from circuius 0 to circulus 4 in zone 2

Distance from focus to circulus 3 in zone 1 divided by the
distance from circulus 0 to circulus 5 in zone 2

Distance from focus to circulus 4 in zone 1 divided by the
distance from circulus 0 to circulus 3 in zone 2



The frequency distribution of Y was determined, and mean values of Y
computed for the two populations. The critical value for separating the two pop-
ulations was a function of the average of the two means, VA and 73, ex-
pressed as:

Ya+ Yg

+
Yc= 5
An observation was then classified to one of the two populations based on

whether the application of the discriminant function to that observation pro-
duced a value greater than, or less than, Y.

Accuracy of the discriminant analysis was determined by classifying the
known samples. A jackknife procedure was used to correct for systematically
biased results created by using the same set of observations for both calculat-
ing the discriminant function and determining its accuracy (Dixon et. al. 1983).
To correct for the additional bias occurring when the expected classification
accuracy determined from known-stock tests was not 100%, we used the
method developed by Cook and Lord (1978). Variances on estimates were
also computed (Pella and Robertson 1979).

A stepwise procedure (Dixon et. al. 1983) was applied in our analyses,
allowing us to enter and/or remove variables from a discriminant function at
each stage of function development. The steps taken by the procedure were
similar to those of a stepwise regression.

Visual Separation of Scales

Visual interpretation of freshwater scale-circuli patterns was studied
based on the assumption that differences between Okanogan and Wenatchee
sockeye salmon scales are large enough to permit classification through visu-
ally observable characteristics alone. A blind experiment similar to one de-
scribed by McPherson and Jones (1987) was used to test this hypothesis.

10



Testing for Bias in Scale Measurement

Because obvious differences between Wenatchee- and Okanogan-stock
sockeye scales were often apparent, we were unsure if prior knowledge of stock
scale-origin would bias the operator's ability to locate scale features and
measure scale zones.

A test was made to determine whether such a bias was present. Sub-
samples of 35 Wenatchee-stock scales and 43 Okanogan-stock scales were
selected (with origin unknown to the operator), measured, and compared to
those scales previously digitized. A paired t-test of annulus position and num-
ber of circuli in Zone 1 was made. This test was designed to detect a difference
of one circulus in Zone 1 measurements at a significance level of .05 and a
power of .90 (Snedecor and Cochran 1980).

11



RESULTS

Age and Length Composition

Age 1.2 fish were estimated to comprise 66% of the Columbia Basin
sockeye salmon of unknown origin sampled at Bonneville Dam (Table 2).
Significant portions of the mixed stocks sampled there returned as age 1.1
(22%) and 2.2 (9%), while small numbers returned as age 2.1 and 1.3 (1% and
2%, respectively).

Age 1.2 fish were estimated to comprise 79% of the Wenatchee-stock
sample (Table 3). Significant proportions of this known stock were estimated to
be age 2.2 (16%) and 1.3 (5%). None of the Wenatchee-stock fish sampled
were estimated to be age 1.1 or 2.1.

it was estimated that 97% of Okanogan known-stock sockeye spent one
complete year in freshwater (Table 3) and thus were designated as age 1.x.

Only 3% were estimated to have spent an additional full year in freshwater (age
2.x).

Mean fork-lengths of Bonneville Dam mixed-stock samples for the two
principal age classes (1.1 and 1.2) were 40.1 and 52.2 cm, respectively; and
90% confidence intervals for these lengths were from 35.5 to 44.8 cm and from
48.3 to 56.1 cm, respectively (Figure 3).

The mean fork-length of age 1.2 Wenatchee-stock sockeye salmon was
52.8 cm, with a 90% confidence interval from 47.9 to 57.7 cm (Figure 3). For
age 2.2 fish, mean length was 53.9 cm, with a 90% confidence interval from
48.2 to 59.6 cm. Age 1.3 fish averaged 60.1 cm in length, with a 90% confi-
dence interval from 56.6 to 63.6 cm.

Unless positively identifiable scales or otoliths indicated otherwise,

- Okanogan-stock sockeye between 48.0 and 56.0 cm in fork length were classi-

fied as being age 1.2 (Figure 4).

12
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Table 3. Age composition of Wenatchee and Okanogan
sockeye salmon stocks sampled in 1987.

w tct ! led in the Lake W tct t fis]
in_1987

Brood Year and Age Class

Sample 1984 1983 1982
Size 1.1 1.2 2.1 1.3 2.2
143 0 79 0 5 16

Age Class
Sample
Size 1.x1 2.x1
581 97 3

1. Ocean age was impossible to determine for most Okanogan-stock scale
samples. Notations "1.x" and "2.x" are used to report age composition
by estimated freshwater age only (combining scales of different ocean
ages).
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Figure 3. Length-at-age composition of Columbia Basin
sockeye salmon stocks sampled in 1987.
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Frequency

Frequency

Length distribution of Okanogan-stock sockeye

salmon sampled in 1987.

70

10 o

30 4

20 9

10 4

Males (327 sampled)

o 3
MEMTMINENL240I 415426435450 461473404400 907510500342 90.3 365976 3458 00.0 61.1 623634

Carcass Fork Lengths {cm)

Females (271 sampled)

T oy
JMEBTIMINMOI 2403415426 430450469473 404 40.650.791.0 500 SA2I63 965576 505 60.061.5 623624

Carcass Fork Lengths (cm)

16



Classification Procedure Using Known-stock Samples

Distances measured between non-adjacent circuli gave higher classifi-
cation accuracies than distances measured between adjacent circuli. Using
these larger spacings tended to smooth random variations between scales,
emphasizing actual differences in scales of different groups. This result was
consistent with those determined by Davis (1987) in a study of significant scale-
characters found in different chinook salmon stocks harvested in the North
Pacific high-seas fishery.

The stepwise variable-selection procedure selected variables having a
partial F statistic with a value greater than four. From 51 variables tested, two
subsets were used for the actual analyses, each containing scale characters
with the highest partial F values (Table 1). Variable subset 1, containing five
scale characters, was selected for the first analysis. A second analysis was
made using variable subset 2, a set of four scale characters, none of which
were ratio type. Ratio characters tend to be non-normally distributed and are
often difficult to understand biologically (Davis 1987).

Classification accuracy achieved using subset 1 was 93% (Table 4).
Only 10 Wenatchee scales were misclassified as being of Okanogan stock,
while 12 Okanogan scales were misclassified as Wenatchee stock. The jack-
knife procedure had no affect on results.

Classification accuracy achieved using variable subset 2 produced one
additional misclassification compared to the previous analysis (Table 4). Using
the jackknifed classification in this analysis reduced accuracy to 91%, with a
total of 17 Okanogan scales and 10 Wenatchee scales incorrectly classified.
Reducing the number of scale characters by eliminating ratio measurements
therefore resulted in a total of five additional misclassifications and a decrease
of 2% in the accuracy level.

17



Table 4. Classification using linear discriminant analyses of
age 1.2 Columbia Basin sockeye salmon stocks

(knowns) sampled in 1987.

Stock classification using variable subset 1

Correct Percent Number of Samples Classifled into Group
Group Correct

Okanogan Wenatchee
Okanogan 95 205 12
Wenatchee 90 10 90
Classification
Accuracy 93

kknif k CI ification

Correct Percent Number of Samples Classified into Group
Group Correct

Okanogan Wenatchee
Okanogan 95 205 12
Wenatchee 90 10 90
Classification
Accuracy 93

k_classification ing vari 2
with ratio variabl

Correct Percent Number of Samples Classified Into Group
Group Correct

Okanogan Wenatchee
Okanogan 94 204 13
Wenatchee . 90 10 90
Classlification
Accuracy 92
ackknife k CI ification
Correct Percent Number of Samples Classified Into Group
Group Correct

Okanogan Wenatchee
Okanogan 92 200 17
Wenatchee 90 10 90
Classification
Accuracy 91

18



Classification of Unknown Mixed-stock Samples

Variable subset 2 was used to classify unknown mixed-stock scales
sampled at Bonneville Dam. Variable subset 1 was not used in this analysis,
because the small increase (2%) in known-stock classification accuracy it pro-
vided did not justify the potential problems created by use of ratio variables.
The linear discriminant function classified 36% of the age 1.2 unknown-origin
sockeye scale subsample as Okanogan stock and the remaining 64% as
Wenatchee stock (Table 5). Because classification accuracy indicated by
analysis of known scales was not 100%, a bias occurred in estimating stock
sizes (Cook and Lord 1978). After correction for bias, 33% of the sample was
classified as Okanogan stock and the remaining 67% as Wenatchee stock.
Confidence intervals (90%) ranged from 25% to 42% for the Okanogan group
and from 58% to 75% for the Wenatchee group.

No sockeye scales of either age 1.1 or age 2.1 were estimated to be
present in the Wenatchee-stock sample (Table 3), although scales of these
ages were present (22% and 1%, respectively) in the Bonneville Dam mixed-
stock sample (Table 2). We therefore classified fish of these age classes sam-
pled at Bonneville Dam as Okanogan stock.

Classification of age 2.2 and 1.3 sockeye salmon in the mixed-stock
sample was not attempted. Although fish of these age classes appeared
disproportionately in the two known-stock samples, we did not feel confident
enough in sample sizes, representativeness of sampling, or ocean-age esti-
mation of Okanogan-group samples to attempt classification on this basis.

Combining the results of SPA classification of age 1.2 unknowns and
classification of the remaining unknowns by age alone, we estimated that the
entire run at Bonneville Dam was composed of 45% Wenatchee and 45%
Okanogan stock. The remaining 10% were considered of undetermined origin.
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Table 5. Classification using linear discriminant analyses
of age 1.2 Columbia Basin sockeye salmon stocks
(unknowns) sampled at Bonnevilie Dam in 1987.

k ificati i
with ratio variabl
Classification into Groups

Wenatchee Okanogan
Number 66 38
Percentage 64 36
Bias Corrected Percentage 67 33
90% Confidence Interval for
Bias Corrected Percentage (58, 75) (25, 42)
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Visual Scale Classification

Sample identification and separation, attempted strictly on the basis of

the visual appearance of scale patterns, resulted in a classification accuracy of
90% (Table 6).

Testing for Bias in Scale Measurement

No significant bias was found when this test was applied to Wenatchee-
group scales (p>.48). A significant bias did appear to be present in tests of
Okanogan-stock scale measurements. The t-statistic for the difference between
the two measurements of number of circuli in Zone 1 was significant at the .05
level (p=.032). The test for the measurement of the size of Zone 1 was highly
significant (p<.0001). The two measurements of the size of Zone 1 varied by
more than 20% for a small number (14%) of these scales. However, the
difference between the mean number of circuli and mean size of Zone 1 for the
two sets of measurements was insignificant (p=.335 and .309, respectively).
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Table 6. Classification using visual separation of age 1.2
Columbia Basin sockeye salmon stocks (knowns)
sampled in 1987.

Stock classificati ing_visual tion_techni

Correct Percent
Group Correct
Okanogan 100
Wenatchee 79

Classlification
Accuracy 90

Number of Samples Classified Into Group

22

Okanogan Wenatchee
44 0
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DISCUSSION

This study has shown that Wenatchee-stock and Okanogan-stock
Columbia Basin sockeye salmon can be separated with a high degree of accu-
racy by digitizing scales and using a linear discriminant analysis procedure.
Our study also indicated that highly accurate visual scale separation is possible.
Further experiments will be made both to refine this technique and to study its
application to the classification of unknown scales.

SPA was only used to classify age 1.2 sockeye scales. However, the
Okanogan sample almost certainly contained scales of both age 1.1 and 1.2.
High classification accuracies using pooled age classes suggested that it may
be possible to use age 1.2 known samples for stock classification of other-age
fish. It may also be possible to classify scales from adult sockeye in other years
using 1987 age 1.2 samples. This pooling of data across age classes, both
within and between years, will be tested in future studies. Future research will
also examine how the proportional representation of the two stocks in mixed-
stock areas varies with migration time.

In 1987, known-stock samples were probably sufficient for developing
only the conservative age-class composition estimates we made and the sub-
sequent mixed-stock composition estimates based on those age-class repre-
sentations. Wenatchee-stock samples, collected from a Lake Wenatchee sport
fishery, totaled only 143 fish. This sample may have biased estimates of stock
age-composition by overestimating the proportion of larger and older fish. A
larger and possibly more representative sample will be obtained for this stock in
future years. The high proportion of one-ocean fish (both males and females) in
the Okanogan-stock sample was questioned, as well as the -absence of age 1.x
fish in the Wenatchee sample. However, earlier research by Major and
Craddock (1962) confirmed the high- incidence of one-ocean Okanogan
sockeye in certain years, as well as the rarity of age 1.x Wenatchee-stock
sockeye.

Additional biases may have exisited in the Okanogan sample, which was
obtained from two Okanogan River spawning-ground surveys. The first survey
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was made early in the spawning season, and samples collected consisted pri-
marily of smaller (and thus, presumably younger) male fish. In the second sur-
vey, we noted the presence of a higher proportion of females and larger males.
A more-random sample of the entire Okanogan stock will be obtained in future
studies.

The results of the test for bias in scale-measurement procedures high-
lighted problems arising from attempts to digitize poor-quality Okanogan-stock
scales. The difficulty of correct reference-line placement on highly resorbed
scales appeared to be a primary cause of the significant test results. In the fu-
ture, marginal-quality scales will be eliminated from samples before data acqui-
sition, and better-quality scales from fish in earlier stages of maturation will be
obtained. This will also improve the accuracy of Okanogan-stock ocean-age
estimation.

The bias test also indicated that operator variability in precise freshwater
annulus location may result in scale data-acquisition errors. In future research,
a single-zone scale digitizing method will be tested that may eliminate this
problem by removing qualitative decisions concerning scale-feature location
from the scale-measurement process.
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