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MONITORING MIGRATIONS AND ABUNDANCE OF 
SALMON AT SEA-1979 

INTRODUCTION 

This report summarizes high seas salmon research conducted in 1979 by 

the Fisheries Research Institute, University of Washington, under contract to 

the U.S. National Marine Fisheries Service. This research was conducted to 

meet United States'commitments relative to the research program of the Inter

national North Pacific Fisheries Commission. Research in 1979 was in five 

major areas: 1) development of a forecast of the 1979 inshore sockeye salmon 

run to Bristol Bay, Alaska, 2) studies of various attributes of ocean life 

history and environment germane to short- and long-term forecasts of Bristol 

Bay sockeye runs, 3) continued racial analyses of Bristol Bay sockeye salmon, 

4) continued monitoring of migrations of salmon at sea by analysis of data 

from past and present tagging experiments, and 5) investigations designed 

to determine the continent of origin of sockeye and coho salmon distributed 

in and just north of the Japanese landbased driftnet fishery. Because of the 

exigency of continent of origin studies brought on by the 1978 Protocol Amending 

·the International Convention for the High Seas Fisheries of the North Pacific 

Ocean, the great majority of our research was directed to the last objective~ 
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CRITIQUE OF 1979 BRISTOL BAY FORECAST 

Based on field work in 1978 we forecasted an inshore run to Bristol Bay 

of 14.7 million in 1979 (Harris and Rogers 1979). This forecast was in line 

with run sizes in the last few pre-peak years, but seemed quite low on the basis 

of information on recent smolt outmigrations and return/spawner ratios. The 

forecast was derived in the usual manner of prediction from a linear regression 

of run size versus mean catch of immatures at Adak, except that the forecast 

of 3-ocean age fish was based on a multivariate regression which considered 

estimated interceptions of age .3 Bristol Bay sockeye by the Japanese mothership 

fishery. The actual 1979 inshore run of the forecasted age groups was 38.7* 

million (preliminary data from the Alaska Department of Fish and Game): 

Forecasted 
* Age (80% confidence interval) Actual 

1.2 3.76 million 10.87 million 
2.2 5. 77 20.93 

subtotal 9.53 (5.55, 13.50) 31.80 
1.3 2.58 5.18 
2.3 2.63 1.73 

subtotal 5.21 (3.62, 6. 79) 6.91 

Total 14.74 (10.43, 19.03) 38. 71 

*Does not include minor freshwater ages O. and 3., as forecasted, or data for 
the Branch and Nushagak-Mulchatna rivers 

Because the forecasts of the two ocean age groups were independently 

derived, they must be independently evaluated. The forecast for age .2 fish 

was greatly in error as the run was over three times the forecast, although the 

freshwater age composition was very close to that forecasted. There are no 

obvious reasons for the large error. Sampling effort was evenly allocated 

across the temporal and spatial strata of the sampling design, and there were 

no obvious spatial or temporal dines of abundance indicating that the main 

body of immature sockeye was missed by our sampling. We can only conclude that 

either the timing or spatial distribution of immature age .1 sockeye was such 
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that an unusually small proportion of the population was available to our 

sampling, even though this is not suggested by our catch data. It is unlikely 

that the error can be to any great extent explained by recent reductions of 

high seas fishing by Japan, as the entire reported sockeye catch (all age groups) 

by the mothership fishery has averaged less than 4 million fish in the years 

1967-1978 (range 1.5-8.1 million). 

The run of age .3 fish also exceeded the forecast, but the error was 

less than experienced in the last two years. The relative abundance of fresh

water age 1. fish was, however, considerably higher than forecasted. 

The Bristol Bay catch was about 21 million, as compared to the 5.3 million 

we forecasted on the basis of pre-run escapement goals set by the management agency. 

EFFECTS OF TEMPERATURE ON TIMING OF THE BRISTOL 
BAY SOCKEYE RUN 

The- run timing of Bristol Bay sockeye salmon over recent years has been 

shown to be rather consistent and often occurs over a short timespan. For 

example, for the years 1956-1978 on the average 80 percent of the Bristol Bay 

run passed through the fishery during a 14.8-day period (s.d. = 2.04 days). 

The mean date of the run in this period was July 4 (range June 29-July 10, 

s.d. = 2. 73 days). Because of such a short migration period it is of 

considerable importance to determine whether the runs are of early, normal, or 

late timing in order to apportion catch and spawning escapement in the Bristol 

Bay fishery. 

Analyses were conducted to relate the run timing of Bristol Bay sockeye to 

sea-surface and air temperature conditions along the Aleutian chain between the 

Alaska Peninsula and Adak Island. During the period April-June, maturing Bristol 

Bay sockeye are expected to migrate through this general area. 
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Sea-surface temperature data were obtained from the Fleet Numerical 

Weather Center (Dr. Doug McLain, personal communicat~on) for four coordinate 

points, two north of the Aleutian chain (54°N x 176°W and 57°N x 164°W) and 

two south (51°N x 176°W and 54°N x 164°W), and for two 5°x5° Marsden Squares 

(Fig. 1). The annual dates of the 50 percent point (median) of the Bristol 

Bay run were regressed against monthly sea-surface temperature in separate 

regressions using temperatures for April, May, and June for the years 1960-1978 

in the case of ~rsden Square data and 1962~1978 in the case of coordinate data. 

Correlation coefficients were generally higher for comparisons of May data than 

for comparisons of April and June data. For May, all regressions were significant 

at the 2 percent level except the one for data from 57°N x 164°W. 

Since air temperatures may be more accurate and are available in a more 

timely fashion, relationships were examined between air temperature data from 

U. S. Weather Service stations at Adak and Cold Bay taken separately and 

combined and the sea-surface temperature data from site_s adjacent to the 

weather stations. The relationships were again generally better for May than 

for April or June. For May all were significant at the 1 percent level except 

for those using data from 57°N x 164°W. Correlation coefficients for both 

Marsden Squares ranged from .72 to .87 and were significant at less than 

the 0.1 percent level. It thus appears valid to substitute air temperatures 

for sea-surface temperature data. 

Of various correlations of Bristol Bay run timing (median date) with 

Adak, Cold Bay, St. Paul, and King Salmon air temperatures (taken separately 

and averaged in 2-way combinations) during April-June, most were statistically 

significant at the 2 percent level. Seven were correlated at less than the 0.1 
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percent level. These included Cold Bay for May (r=.73), April-May (r=.76), 

and April-June (r=.76); Adak-Cold Bay for May (r=.76) (Fig. 2), May-June (r=.79), 

April-June (r=.76); and Adak-St. Paul for May-June (r=.74). This suggests that 

over 50 percent of the variation in Bristol Bay run timing may be explained, 

directly or indirectly, by temperature effects. 

These correlations are sufficiently high to be useful in prediction of 

run timing. Further, air temperature data through May are available prior to 

the arrival of the sockeye run in Bristol Bay. 

RACIAL ANALYSIS OF BRI:STOL BAY SOCKEYE SALMON 

Since 1975 we have applied scale pattern recognition techniques to determine 

the rivers of origin of immature age .1 and .2 Bristol Bay sockeye salmon sampled 

at Adak Island in the central Aleutians. The objective of this research was to 

obtain point and variance estimates of the racial composition of the forecasted 

run. A number of problems were identified in these applications of discriminant 

analysis to forecasting (Cook 1979). One of the most serious problems is thought 

to be incurred by the 11se of smo1t scale samples as standard (or learning) samples 

by which the actual discriminant functions are calculated, and as test samples 

used to estimate the classification matrix. The use of smolts as standards 

can pose a problem if the smolts sampled during the outmigration do not well 

represent the entire outmigrating population, and/or if there is strong 

directional selection with regard to freshwater scale characters during the 

period of early ocean residence. If such directional selection occurs, as would 

be suggested by the high mortality rate suffered by outmigrants coupled with the 

tendency for larger fish to have higher survival rates (Ricker 1962), then the 

multivariate density distributions modelled with the smolt data will likely be 

quite different from the actual distributions of the older immatures being 

classified. The use of such unrepresentative standards could cause bias or at 
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least reduce classificatory accuracy in the analysis. Of course, the degree 

of racial differences in scale patterns affects the seriousness of this problem, 

since if the multivariate distributions of the smolt populations do not overlap, 

then smolts should always be useful as standards regardless of the degree of 

subsequent directional selection. 

The appropriateness of using smolts as standards in discriminant analyses 

of older immature sockeye was examined by comparing scale patterns of smolts 

with those of adults (escapement samples) of the same stock, freshwater age, 

and brood year. This approach assumes that the freshwater scale patterns of 

adults are fairly similar to those of immature age .1 and .2 fish (i.e., that 

any strong directional selection with regard to freshwater characters occurs 

mostly in the first ocean year). Because our available smolt and adult samples 

consist of fairly small subsamples of age-weight-length samples collected by 

the management agency, there is a likelihood of considerable random subsampling 

error. For this reason numerous comparisons based on samples from several rivers, 

years, and age groups were made in attempt to identify any general trends. 

Smalt and escapement samples were kindly provided by the Alaska Department 

of Fish and Game. Scales were viewed at 225X, and the following counts and 

measurements of the freshwater portion of the scales were recorded: width and 

circuli counts of the "summer" and "winter" growth zones, width and circuli 

count of the plus growth zone, and width of the widest circulus. These 

characters were routinely used in our past discriminant analyses of Bristol 

Bay sockeye. 

Basic descriptive statistics for all samples are presented in Table 1, 

arranged so that statistics for adults immediately follow those for smolts 

of the same outmigrating cohort. The deviations between means for smolt 

and for corresponding adult samples are illustrated in Fig. 3. The distributions 
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of the two plus growth characters differed greatly between smolts and adults 

in most cases, usually because smolts showed little or no plus growth. Since 

this is certainly due to the fact that smelts were sampled before plus growth 

was completed (or even before it began); these characters are of little use 

in analyses based on smolt standards, and are not considered further. There 

is clearly much variation in the data, as in some cases there was more difference 

between the means of the two adult groups than between adults and smolts. 

Nevertheless, tallying the results of all comparisons elucidates some general 

trends. 

Table 2 contains the results of median tests comparing smolts and age .2 

and .3 adults across the several scale characters. Almost half of the comparisons 

(69 out of 150) resulted in significant chi-square values (p <.05), indicating 

that the smolt scale patterns differed from the adult patterns in many cases. 

For scale· characters other than those pertaining to the second sullDiler zone, 

nearly all (53 out of 57) ~f the cases of significant difference were in the 

hypothesized direction of adults having the larger median (i.e., implying 

selection against "smaller" individuals). Interestingly, comparisons with regard 

to characters from the second summer zone show a consistent trend for smolts 

to have the larger median, which suggests some kind of selection (or sampling 

bias) against fish that grew most in the second freshwater summer. 

A caveat is warranted regarding the interpretation of shifts of scale 

pattern in the context of selective mortality. If early marine mortality is 

indeed size selective, then it is probably selective with regard to overall size 

and not independently selective with regard to growth increments realized in 

each past "summer" and "winter" period. Thus, a careful analysis of shifts of 

scale characters due to size selective mortality would begin with examination 

of cumulative scale characters. Incremental variables are considered herein 
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because they were used in past discriminant analyses. 

Although numerous differences between adult and smolt scale patterns 

were identified, it remains difficult to assess exactly how such shifts 

might affect multivariate discriminant analyses of immature sockeye based 

on smolt standards. To provide some insight, we treated adult samples of 

known origin as unknowns (i.e., as a second test sample) in discriminant 

analyses using smolt standards. Five scale characters were used in each 

analysis. In the case of !-freshwater age fish, all characters except those 

pertaining to plus growth were used. For 2-freshwater age fish, the width 

of the widest circulus and one variable (either circuli count or width, depending 

on which gave the higher Kruskal-Wallis statistic in a one-way nonparametric 

AN0VA) from each of the four seasonal growth zones were used. Results of these 

analyses are shown in Tables 3A-L. In every analysis but one (Table 3K), 

accuracy of classifying adults was lower than that achieved by classifying 

the smolt test sample. There was also a tendency for adults of Naknek, Ugashik, 

and Wood River origin to be classified as from the Kvichak. 

We conclude from these analyses that there are in many cases significant 

differences in the multivariate distributions of scale characters of smolt and 

adult Bristol Bay sockeye salmon that would recommend against the use of smolts 

in discriminant analyses of older fish. The shifts in scale patterns between 

the smolt and adult stage are thought to be due to size selective mortality 

after outmigration and/or sampling bias. The effects of such scale pattern 

shifts on discriminant analysis would likely depend on the inherent separability 

of the smolts, so that in some situations smolts may be adequate standards. 

In the discriminant analyses presented herein, the overall accuracies of 

classifying smolts in the test samples were only about 50-60%, and those of 

classifying adults dropped to levels near what would be expected by guessing 
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the origins of the fish. These low accuracies would have been even lower 

were it not for the relatively high accuracy of classifying Kvichak River fish. 

1979 TAG RETURNS 

Sixty-two tags were returned between 19 October 1978, the date of our 

last tag recovery document, and 29 August 1979. The release and recovery 

locations for these salmon are shown in figures 4 (for sockeye) and 5 (for 

other species). 

Fifty-two of the returns were of sockeye salmon, all released in INPFC 

area W 8050. Of these, one was a late report of a 1961 recovery (the tag was 

recently found on a beach in Bristol Bay; the fish was maturing when released 

in 1961), two were late reports of 1978 recoveries (one on the high seas near 

the release location, and one in southeast Alaska), and the rest were 1979 

recoveries from releases in 1977 (28) and in 1978 (21). The recoveries from 

1977 releases were all of age .3 fish, and were made in Bristol Bay (24), 

Unimak Island (1), Kodiak Island (1), and the south side of the Alaska Peninsula 

(2). The recoveries from 1978 releases were 16 of age .2 and 5 of age .3, and 

were all from Bristol Bay. Tag recovery rates for recent releases of immature 

sockeye salmon from INPFC area W 8050 are presented in Table 4, although the 

figures for the most rec~nt years will likely change as more tags are returned. 

Returns of salmon other than sockeye were of two chum, four pink, and 

four coho salmon (Fig. 5). The chum were released from area W 8050 and 

recovered at age .2 on the Okhotsk coast of Hokkaido, Japan. Two additional 

pink salmon were recovered from 1978 releases in area W 8050; one on Attu 

Island, and one in Bristol Bay. Two other pink salmon tags were recovered in 

southe.ast Alaska and near Vancouver Island. The fish were released in 1963 
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and 1966 in the northern Gulf of Alaska and off the west coast of Vancouver 

Island, respectively. The four recovered coho salmon were released in area 

W 8050 in 1971, 1974, and 1978 (2). Recoveries were from west Kamchat~ (1), 

east Kamchatka (2), and from the Tanana River, tributary of the Yukon River. 

CONTJ:NENT OF ORIGIN $TUDIES 

Our studies of the continent of origin of sockeye and coho salmon in and 

near the Japanese landbased driftnet fishery area began as a result of United 

States' concern that substantial numbers of North American salmon may be 

caught by the fishery each year. The 1978 renegotiation of the INPFC treaty 

established a new eastern boundary of the fishery 10 degrees longitude west 

of the old treaty line, and specified a three-year period during which the 

member nations would endeavor to determine through a coordinated and cooperative 

research-program the origins of salmon south of 46°N latitude. After the three

year period, the eastern boundary of the fishery and other matters relative to 

the conservation of salmon in the high seas areas of concern will be reconsidered

on the basis of new evidence and information gathered. 

Our approach has been to apply scale pattern recognition techniques to 

scale samples of salmon sampled in and just north of the landbased fishery area 

by Japanese research vessels. Scale pattern research in 1979 was in five areas: 

1) determinat_ion of the best discriminant technique to use in these specific 

applications, and further theoretical work to provide the best point and variance 

estimates of the proportions of stocks in a mixed-stock population, 2) design 

and construction of a minicomputer-based digitizing system for rapid and accurate 

measurement of scale samples, 3) ensuring the collection of scale samples of 

coho salmon from major producing areas, 4) participation of U.S. biologists in 

research carried out on Japanese research vessels-, and 5) analysis of the 
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continental origins of immature sockeye sampled by research vessels and 

motherships in 1974 and 1975 in the area bounded by 4O°N and 5O°N latitude 

and 16O°E and 175°W longitude. The detailed methods and results of the 

analysis of immature sockeye origins are presented in a separate document. 

Discriminant Technique Development 

Further work has been done to develop discriminant techniques suited 

for use in scale pattern analysis of salmon sampled on the high seas. 

Recently we have used the polynomial discriminant function technique of Specht 

(1966) as applied by Cook and Lord (1978), which necessitates the use of two 

samples of fish of known origin: a "learning" sample with which the actual 

discrimina:nt functions are calculated, and a "test" sample, which is used 

to estimate the classification matrix. Because samples of known origin are 

often in short supply, we are presently making more efficient use of them 

by using a "leaving-one-out" approach adapted from Lachenbruch (1967), which 

requires a single "training" sample. Because the training sample can be 

larger, the variances of the proportional estimates are reduced. Estimation 

of the classification matrix is done in an iterative fashion whereby Specht's 

multivariate density function for each class is evaluated for each vector of 

measurements representing a fish in the training sample, as follows: 

and 

where 

fb \x .) = 
-aJ 

f j (X j) = a -a 

1 
nb 
E 

cr P(2'1f)p/ 2n i=l 

exp [- -ex._. -x __ . )_' _ex._. -_x ....._· )_] ~]. -aJ -=-en -aJ 

2 
. 2crb 

(1) 

b b 

1 
n _a 
E 

cr P(2'1f)p/ 2 (n -1) i=l 
a . a ilj 

(X . -X j) 1 (X i-X . ) ·]··. ( 2 ) -a1. -a -a -aJ 

2cr 2 
a 

i = observation (fish) number 

~:l = ith observation (vector of measurements) from class 0b 

X. = .th observation from class 0 l. -a1. a 

p - the number of variables used 
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ok = the smoothing parameter for class 0k 

°k = the training sample size for class 0k 

"" Equation (1) above is used to evaluate the density function for any 

class 0k I ea at a point represented by a training sample observation from 

class 0, and equation (2), which employs the leaving-one-out approach, is 
a 

used to evaluate the density function for class 8a at a point represented by 

a training sample observation from class 8a. 

We refer to this technique of evaluating the exponential form of Specht's 

(1966) multivariate density function as the direct density method. Direct 

use of the estimated density function has a number of advantages over calculation 

of actual discriminant functions. The full nature of the training sample is 

retained as no information is lost by truncation of higher order polynomial 

term~; the decisions resulting from the direct density approach are the same 

as would be obtained from untruncated polynomial functions. The direct 

density approach is also less costly in computer time when the training sample

size is small. Another advantage is that a different smoothing parameter can 

easily be determined for each class. This is done with a leaving~one-out 

modification of the maximum likelihood method (Habbema et al., 1974): 

choose o such that 
Ila 

g (o) = f j (X .) a ma:x IT 
a >O j=l a --a.J 

a 

Classification of fish in the training or unknown samples is done in the 

usual manner: 

choose d(X) = 0 such that - a 

where d(X) is the decision on an X 
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0k's = the classes (subpopulations) 

hk = the a priori probabilities 

X = vector of scale measurement data from a salmon 
to be classified 

fk(~) = the value of the density function for class 0k 
at point! 

The goal in our racial analyses of salmon is to estimate accurately 

the proportions of subpopulations in areas of intermingling. Cook (1979) 

has shown that classificatory accuracy is the most important consideration 

in reducing the variance of the proportional estimates. The investigator 

should therefore choose the discriminant technique that provides the best 

separation· between established classes. 

Various discriminant analyses have been used for stock identification 

of Pacific salmon, including linear (Fukuhara et al., 1962; Amos et al., 

1963; Dark and Landrum 1964; Anas 1964; Mason 1966), quadratic (Anas and 

Murai 1969), and polynomial (Cook and Lord 1978; Marshall et al., 1978) 

discriminant functions. The assumptions of Fisher's (1936) linear 

discriminant function (LDF) are that the parent distributions are multivariate 

normal and have a connnon variance-covariance matrix. Use of quadratic 

discriminant functions (QDF) requires only the assumption that the parent 

distributions are multivariate normal (Smith 1947). Specht's (1966) poly

nomial discriminant function is appropriate for continuous non-Gaussian 

(i.e., non-normal) distributions. It would appear from these qualities 

that the form of the parent distributions alone would d~ctate the appropriate 

classification methodology,but there are other considerations. For instance, 

LDF's can be fairly robust against deviations from the assumptions. Gilbert 

(1969) found that the behavior of the ~DF was satisfactory if the variance-
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covariance matrices are not too dissimilar. She also found the LDF 

satisfactory when used on a vector of Bernoulli variates (Gilbert 1968). 

Revo (1970; cited by Lachenbruch and Kupper 1973) found that the LDF 

worked very well on univariate and bivariate Poisson and negative 

binomial variates. The LDF, then, appears to be quite- robust against 

violations of the normality assumption for discrete distributions, although 

Lachenbruch, Sneeringer and Revo (1973) have shown that it is "not at all" 

robust for continuous non-Gaussian parent distributions. They also found 

that the QDF can actually give worse results than the LDF for some types 

of non-normality. Specht (1966) found for small sample sizes that his PDF 

performed-better than the QDP when the parent distributions were Gaussian. 

We attempted to select the discriminant technique most appropriate for 

our applications by using linear, quadratic, and polynomial functions on the 

same sets of data and comparing the resulting classificatory accuracies. For 

each type of function,·both discriminant function (LDF, QDF, and PDF) and the 

new leaving-one-out approach (LDE, QDE, and PDE) were used. We have included 

in most of the analyses in this evaluation a second independent test sample 

to test for any significant bias that might be incurred by using the test 

(or training) sample both to estimate the classification matrix and to modify 

the decision rule (i.e., by changing the a priori probabilities so that 

classification errors are balanced). Thus, the "training sample" or 

"test sample 1 11 in Tables 5 to 8 was used to estimate the classification 

matrix and to adjust the a priori probabilities, and th~ "test sample" or 

"test sample 2" on the right side of the tables was the independent sample 

used to test bias. Three different sets of data were used in the evaluation: 

age 2.2 and 2.3 maturing sockeye sampled in 1975 were reanalyzed (see Marshall 

et al., 1978, for a detailed description of the samples, sample collection, 

preparation and viewing, and scale character selection), and a sample of age 
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2.0 smolts from the 1977 outmigration from five major Bristol Bay rivers 

was provided by the Alaska Department of Fish and Game. Each discriminant 

analysis of the same sample group employed identical scale characters. 

The results of applying the LDF, QDF, and PDF to age 2.2 sockeye are 

presented in Table 5. For both test samples the classificatory accuracy 

of the QDF was slightly higher than that of the LDF or PDF. Similarity of 

results from the two test samples was tested by chi-square comparisons of 

the column vectors of the two classification matrices (Table 10). There 

were no significant differences between column vectors between test samples 

for any of the three discriminant function techniques used on the age 2.2 

sockeye samples. Table 6 presents the results of the same analysis, based 

on the direct density method (LDE, QDE, and PDE). The overall classificatory 

accuracies of the linear and quadratic analyses decreased while that of the 

polynomial discrimination remained about the same as obtained with the use 

of discriminant functions. The results of the two independent estimates of 

the classification matrix were not significantly different, except for the 

single case of Kamchatka fish classified by the LDE method, in which the 

original training sample provided considerably less accuracy than the 

second, independent sample. 

The corresponding analyses of age 2.3 sockeye samples are presented 

in Tables 7 and 8. For both discriminant function (Table 7) and direct 

density (Table 8) approaches, the polynomial discriminant method provided 

somewhat higher classificatory accuracies than did the linear or quadratic 

methods. Comparison of results obtained from the two test samples used in 
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the discriminant function approach showed that results were not statistically 

different except for the case of the Gulf of Alaska sample analyzed by 

quadratic functions (Table 10). Again, the original test sample provided 

less classificatory accuracy for this group than did the second test sample. 

Column-:-by-column comparisons of results obtained by LDE, QDE, and PDE analyses 

of the training and test sample revealed again only one difference. In this 

case, the original training sample of Gulf of Alaska fish was classified 

more accurately by the LDE method than was the second, independent test 

sample. 

The sample of age 2.0 smolts from Bristol Bay river systems was not 

sufficient to subdivide, and it was analyzed only by the direct density 

approach to the linear, quadratic, and polynomial discriminant techniques 

(Table 9). The LDE and QDE methods provided classificatory accuracy of 

only-.30 and .29, respectively, which are barely more than the .20 expected 

by guessing, whereas the PDE method provided 42% accuracy. 

These comparisons led to the provisionalconclusion that the polynomial 

discriminant techniques (PDF or PDE) are best .for our applications on 

salmon scale pattern data. The PDF appears to perform at least as well as 

the LDF or QDF, and the same is true for the PDE over the LDE and QDE. The 

polynomial techniques provided slightly or markedly higher classificatory 

accuracy in all comparisons except that based on the sample of age 2.2 sockeye. 

Of the 36 column-by-column comparisons of _the classification matrices 

obtained from the two independent test samples, only three showed significant 

differences (Table 10), and the differences were not all in the same direction. 

We conclude from these results that any bias incurred by using the test (or 

training) sample simultaneously to estimate the classification matrix and to 
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provide a means to balance the classification errors.is at most slight, 

and does not warrant discontinuation of the method. 

Another area of discriminant technique development was the derivation 

of an n-class variance estimate. Iri our analyses to date the variance of 

a proportional estimate has been determined by rewriting the classification 

matrix to correspond to a 2-class situation (that is, the class for which 

the estimate will pertain versus all other classes pooled), and then by using 

the 2-class variance formula described in Cook (1979). On going simulation 

studies should reveal the best approach. 

Development of Scale Digitizing System 

Racial analysis of mixed populations of fish based upon scale pattern 

recognition has been severely limited by the time-consuming and hence 

expensive process of extracting, transcribing and coding the data (Major 

et aL, 1972). During FY 79 we developed a minicomputer-based fish scale 

digitizing system which eliminates this barrier to stock identification 

projects. Our system utilizes a specially designed viewer to project a 

scale's image onto a digitizer from the rear. The operator uses a free

cursor to measure patterns of interest. Under control of a FORTRAN program, 

the computer interprets, formats and stores the data on flexible disks. 

Subsequently, the data is transferred over telecomnunication lines to a 

larger computer for ana}ysis. 

Scale Pattern Analysis of Coho Salmon 

Racial analysis of scale patterns of coho salmon sampled in the 

landbased fishery area before 1979 is severely hampered or precluded 

by a paucity of scale samples of known origin from Asian and North 

American areas. To permit future analyses-, we contacted the Alaska 
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Department of Fish and Game and the U.S.S.R.ts TINRO. prior to the 1979 

fishing season to encourage the collection of coho scale samples from 

major producing areas. Coho were sampled from the commercial catches 

of Bristol Bay by FRI personnel. Our request for samples was forwarded 

to the branch offices of TINRO, and the samples will b~ sent soon. Coho· 

scales were promised from most of the major producing areas of western 

and central Alaska. In addition, the Japan Fishery Agency cooperated 

by collecting two scales per fish.examined on research vessels to overcome 

the problem of high regeneration rate of coho scales. We will begin 

analysis of these forthcoming samples soon after receipt from the various 

agencies •. 

U.S. Observer Program on Japanese Salmon Research Vessels 

Two U.S. biologists participated in research carried out on Japanese 

salmon research vessels Hokko Maru and No. 2 Riasu Maru, which operated 

in and just north of the landbased fishery area in 1979, The primary 

objectives of the program were to: 1) collect additional sockeye and 

coho salmon scale samples for use in future scale pattern analyses, 

2) study the spatial distributions of salmon catch on longline gear as 

it might reflect patchiness of distribution on the high seas, '3) record 

oceanographic and meteorological observations, 4) observe and document 

sampling,·subsampling, and tagging procedures used by Japanese scientists 

and crew, and 5) record and subsample for biological examination incidental 

catches made by gillnet and longline gear. The cruise dates were May 10 

to June 24 and July 5 to August 10 for the No. 2 Riasu Maru (gillnetter and 

longliner), and June 11 to July 8 and Jul~ 15 to August 8 for the Hokko Maru 

(longliner). 
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The program was successful, as the U.S. biologists were able to collect 

useful samples and data toward all objectives. As a result of this 

program, we have gained a much clearer understanding of sampling, subsampling, 

and tagging procedures used by Japanese scientists, and are in a much better 

position to plan future field work in the central western Pacific. 

Scale samples collected during cooperative research on 
board Japanes.e sal:mon research vessels 

No. 2 Riasu Maru Hokko Maru 

Number of fish 
sampled by Sockeye Coho Sockeye 

JFA biologists: 1,859 1,017 174 

FRI biologists: 470 686 0 

Total 2,329 1,703 174 

Coho 

269 

30 

299 
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Fig. 1. Map of North Pacific Ocean showing locations for sea surface and air temperature data. 
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Fig. 4. Release and recovery locations of 51 sockeye salmon released by United States biologists and 
repo.rted in 1979. An additional innnature sockeye was recovered on the high seas near the 
release location and could not be shown on the map. 
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Table 1. Mean (x), stamlard deviation (s), coefficient of variation (c.v.), and range (r) 
for 11 scale characters of Bristol Bay sockeye smolt and adult samples. 

I 
Width ~ 0 Circuli Circuli Circuli Circuli Circuli Width Width Width Width Width of 

... 
µ '" 1st 1st 2nd 2nd plus 1st 1st 2nd 2nd plus widest 

"' Q) "'µ River Q) oc 'n µ summer· winter summer wir.:1.ter growth summer winter summer winter growth circulus 
;,< < ti) 

Naknek 74 1.0 46 X 10.630 2.870 2.391 77 .696 10.761 13.196 3.804 
s 2.533 .934 1.468 15.116 3.683 8.735 .957 

c.v. .238 .325 .614 .195 .342 .662 .252 
r 5-17 2-6 0-6 52-109 3-19 0-35 2-6 

76 1.2 32 X 11.531 3.469 4.594 86.750 17.406 30.063 4.406 
s 2.396 .761 1.757 17.939 4.196 11.245 ;911 w 

c.v. .208 .219 .382 .207 .241 .374 ._207 0 

r 7-16 2-5 1-9 59-122 7·-28 6-54 3-6 
-77 1.3 31 X 10.645 3.355 4.742 78.065 16.000 32.839 4.323 
s 2.524 .709 1.570 16.830 3.521 12.092 .653 

c.v. .237 .211 .331 .216 .220 .368 .151 
r 5-16 2-5 2-8 41-119 9-24 10-61 3-6 

74 2.0 48 X 6.313 2.667 10.604 2.750 .417 52.021 9.938 59.479 10.104 2.104 4.563 
s 1.776 .930 2:018 .812 .794 8.893 3.570 13.434 4.244 4. 719 .769 

c.v. .281 .349 .190 .295 1.904 .171 .359 .226 .420 2.2·43 .169 
r 2-11 2-6 4-14 2-6 0-3 31-74 6-21 1'9-89 3-28 0-26 3-6 

7C 2.2 48 X 6.542 3.104 7 .271 3.146 3.083 53.167 12.875 44.646 i4.104 19.417 4.229 
s 1.913 • 751 2.029 .799 L609 12.184 3.015 14.084 3.453 9.706 • 778 

c.v. .292 .242 .279 .254 .522 .229 .234 .315 .245 .500 .184 
r 4-13 2-5 2-12 1-5 0-7 34-97 8-20 16-87 7-22 0-47 2-6 

77 2.3 46 X 7.152 2.935 8.196 3.174 2.761 57.565 13.348 50.457 14.674 18.522 4.565 
s 1.619 .574 1.833 .677 1.493 10.940 3.321 12.326 3.266 9.045 .935 

c.v. .226 .196 .224 .213 .541 .190 .249 .244 .223 .488 .205 
r 4-11 2-4 4-11 2-6 0-8 34-86 7-21 26-72 8-21 •· 0-43 3-8 



Table 1. Mean (x), standard deviation (s), coefficient of variation (c.v.), and range (r) 
for 11 scale characters of Bristol Bay sockeye smolt and adult samples - cont'd." 

I ., Circuli Circuli Circuli Circuli Circuli Width Width Width Width Width Width of 
..-1 0 

"' .., ..-1 1st 1st 2nd 2nd plus 1st 1st 2nd 2nd plus widest ., Q) ., .., 
River Q) bO n .., summer winter summer winter growth summer winter SUllllller winter growth circulus :,.. < ti) 

-Naknek 75 1.0 50 X 10.200 3.020 1.620 75.040 10.940 7.600 3.680 
s 2.167 1.000 1.524 14. 729 4.546 7.111 .891 

c.v. .212 .331 .941 .196 .416 .936 .242 
r 4-13 2-7 0-7 37-105 4-32 0-31 2-6 

77 1.2 47 - 12.957 3.404 2.404 100.213 15.447 16.149 4.830 w 
X .... 
s 2.000 .614 1.313 14.050 2.955 8.032 1.167 

c.v. .154 .180 .546 .140 .191 .497 .242 
r 6-18 2-5 0-7 59-120 10-23 0-33 2-8 

78 1.3 66 - 10.864 3.379 2.985 80.849 14.712 18.152 4.833 X 

s 2.190 .696 1.544 15.010 2.944 10.363 .852 
c.v. .202 .206 .517 .1e6 .200 .571 .176 

r 6-15 2-5 0-8 53-110 9-24 0-50 3-7 
-75 2.0 65 X 4.292 2.739 8.277 2.492 .908 41.523 10.446 40.400 10.108 4.600 3.631 
5 1.818 .834 2.987 .640 1.042 12,655 3.231 .17.796 6.162 5.43-9 1.009 

c.v. .424 .304 .361 .257 1.148 .305 .309 .440 .610 1.182 .278 
r 1-9 2-5 3-15 2-4 0-4 13-69 5-23 4-84 3-51 0-22 2-6 

78 2.3 43 - 6.419 2.814 8.000 3.140 1.605 52.767 12.163 48.744 13.954 9.512 4.605 
X 

s 2.084 .588 2.204 .675 1.050 13.140 2.288 14.318 3.632 6.541 .821 
c;v. .325 .209 .276 .215 .654 .249 .188 .294 .260 .688 .178 

r 3-11 2-4 3-11 2-5 0-4 27--84 8-17 17-71 8-23 0-26 3-6 
-Kvichak 74 1.0 50 X 8.800 2.720 1.660 70.100 10.300 8.740 4.060 
s 1.355 .991 1.319 7.670 3.025 6,761 .890 

c.v. .154 ,364 .795 .109 .294 • 774 .219 
r 5-11 1-5 0-5 53-88 5-18· 0-25 3-6 



Table 1. Mean (x), standard.deviation (s), coefficient of variation (c.v.), and range (r) 
for 11 scale characters of Bristol Bay sockeye smolt and adult samples - cont'd 

I Circuli Circuli Circuli Circuli Circuli Width Width Width Width Width Width of '" .... C) 
1st 1st 2nd 2nd plus 1st 1st 2nd 2nd plus widest I, '-' .... 

River <II Q) n <II'-' winter winter growth summer winter summer winter growth circulus Q) 00 '-' SUllllller summer :,.. < C/l 

-Kvichak 76 1.2 25 X 9.240 3.640 4.240 75.400 16.160 24.960 4.600 
s 1.451 • 757 1.855 10.116 4.375 11.264 .866 

c.v. .157 .208 .438 .134 .271 .451 .188 
r 7-13 2-5 0-8 58-104 7-23 0-40 3-6 

77 1.3 34 X 8.853 3.235 4.677 71.824 14.647 30.118 4.824 
s 1.480 .606 1.918 9.606 2.963 14.838 .834 

c.v. .167 .187 .410 .134 .202 .493 .173 w 
N r 6-12 2-4 1-9 47-93 9-21 11-64 3-7 

74. 2.0 94 -
X 4.968 2.734 8.638 2.745 .053 47.032 9.979 47.245 9.809 .319 4.011 
s 1.997 .832 1.592 .891 .226 11.074 3.379 9.401 3.728 1.377 .769 

c.v. .402 .304 .184 .325 4.264 .235 .339 .199 .380 4.317 .192 
r 1-9 1-6 5-12 1-6 0-1 17-75 4-19 19-68 4-27 0-8 2-6 

76 2.2 47 -
X 5.915 2.872 7.532 3.021 1.936 49.511 12.766 48.957 13.298 11. 702 4.553 
s 1.679 .494 · 1.316 .608 1.150 9.813 2.672 7.681 2.985 6.666 .746 

c.v. .284 .172 .175 .201 .594 .198 .209 .157 .224 .570 .164 
r 4-10 2-4 5-10 2-5 0-5 32-69 8-19 35-64 6-19 0-,30 3-6 

77 2.3 17 -
X 5.588 3.118 7.294 3.118 1.412 47.588 13.235 44.765 13.765 7.765 4.353 
s 1.698 .600 1.448 .485 .870 12.535 2.948 9.203 3.133 4.603 .786 

c.v. .304 .192 .199 .156 .616 .263 .223 .206 .228 .• 593 .181 
r 3-9 2-4 5-11 2-4 0-3 25-72 9-20 30-63 6-18 0-14 3-6 
-75 1.0 50 X 9.760 3.240 1.020 74.360 13.000 4.800 3.540 
s 2.273 .1.287 1.270 13.638 5.099 5.887 1.014 

c.v. .233 .397 1.245 .183 .392 1.226 .286 
r 4-14 1-7 0-5 38-103 4-27 0-22 2-5 

77 1.2 46 x 10.000 3.174 2.630 78.978 13.696 16.087 4.609 
s 1.333 .608 1.062 9.992 2.820 6.706 .802 

c.v. .133 .192 .404 .127 .206 .417 .174 
r 7-13 2-5 0-5 51-103 7-20 0-34 3-7 



Table 1. Mean (x), standard deviation (s), coefficient of variation (c.v.), and range (r) 
for 11 scale characters of Bristol Bay sockeye smelt and adult samples - cont'd 

I 
~ 0 Circuli Circuli Circuli Circuli Circuli Width Width Width Width Width Width of 

"" 
..,.,.. 1st 1st 2nd 2nd plus 1st 1st 2nd 2nd plus widest 

"' C!) "'.., River C!) t,I) n .., summer winter suJ11111er .winter growth summer winter summer winter growth circulus ;,-, < ti) 

-Kvichak -78 1.3 17 X 9.471 3.471 3.294 70.941 14.529 19.647 4.941 
s 1.231 .874 1.490 9.141 3.875 8.200 .659 

c.v. .130 .252 .452 .129 .267 .417 .133 
r 7-11 2-5 1-7 53-93 7-24 6-39 4-7 

75 2.0 106 X 4.745 3.085 8.745 2.717 .113 46.123 11.943 47.491 10.368 .519 4.038 
s 2.029 .987 2.138 . 902 .558 12.121 4.548 11. 765 4.413 5.292 .904 

c.v. .428 .320 .244 .332 4.938 .263 .381 .248 .426 10.197 .224 w 
1-12 2-6 2-13 1-5 0-4 14-80 3-25 15-73 4-29 0-20 2-7 w r 

77 2.2 48 - 6.792 3.000 7.625 3.208 1.083 56.104 13.479 46.708 14.479 2.638 4.833 X 

s 1.352 .583 1.282 .683 .846 8.825 3.255 7.893 3.820 3.707 .781 
c.v. .199 .194 .168 .213 .781 .157 .241 .169 .264 1.405 .162 

r 5-11 2-4 5-11 2-5 0-4 42-83 8-24 30-66 6-29 0-16 3-6 

Ugashik 74 1.0 48 x 11.292 2.813 .167 85.479 9.958 • 771 4.063 
s 1.473 .790 .476 11.193 3.396 2.116 .836 

c.v. .130 .281 2.850 .131 .341 2.744 .206 
r 5-15 2-5 0-2 52-107 5-21. 0-9 2-6 

76 1.2 21 x 10.143 3.095 4.286 75 .381 14.810 26.476 4.476 
s 2.081 .539 1.927 16.812 3.586 13.239 .814 

c.v. .205 .174 .450 ·.223 .242 ;500 .182 
r 7-14 2-5 1-9 43-115 8-21 8-58 2-5 

77 1.3 38 x 10.158 3.000 4.237 72.737 14.395 25.737 4.421 
s 1.653 .615 1.923 12.220 3.018 13.869 .793 

c.v. .163 .205 .454 .168 .210 .539 .179 
r 7-14 2-4 0-8 50-101 7-21 0-63 3-6 



Table 1. Mean (x), standard deviation (s), coefficient of variation (c.v.), and range (r) 
for 11 scale characters of Bristol Bay sockeye smolt and adult samples - cont'd 

I 
~ u Circuli Circuli Circuli Ci,rculi Circuli Width Width Width Width Width Width of 

I-< ... ..-1 1st 1st 2nd '2nd plus 1st 1st 2nd 2nd plus widest Ill GI Ill .., 
River GI 00 n ... summer winter sunnner winter growth winter winter growth circulus :,.. < "' 

summer summer 

Ugashik 74 2.0 48 X 5.125 2.771 12.000 2.167 .021 44.896 10.542 70.563 6.854 .146 4.563 
s 1.645 .831 1.544 ,595 .144 :J_0.211 3,973 11.364 2.501 1.010 .823 

c.v. .321 .300 .129 ,275 6.857 .227 .377 .161 .365 6.918 .180 
r 2-9 1-5 9-15 1-4 0-1 22-65 3-23 45-91 2-14 o;..7 3-6 

76 2.2 47 X 5.745 3.106 9.489 3,149 1.447 46.702 12.447 59.894 13.106 7.660 4.426 
s 1. 799 .598 1. 792 . 722 .880 12.242 2.483 11.208 3.655 4,710 • 773 

c.v. .313 .193 .189 .229 .608 .262 .199 .187 .279 .615 .175 w 
.,:,. 

r 2-10 2-5 5-13 2-5 0-3 20-75 5-21 24-81 4-21 0-19 3-6 
-77 2.3 46 X 6.044 3.130 8.283 3.087 1.696 45.217 12.891 53.413 13.848 8.978 4.370 
s 1.943 .542 1.328 • 725 1.093 12.501 2.767 9.797 3.366 6.145 .903 

c.v. .321 .173 .160 ,235 .644 .276 .215 .183 .243 .684 .207 
r 3-11 2-4 4-11 2-5 0-5 26-77 7-19 27-78 5-22 0-31 3-7 

75 2.0 44 X 5.182 2.886 10.182 2. 727 0 46.296 12.068 56.409 10.136 0 4.182 
·s 2.049 .895 2.244 ,997 0 13.649 3.688 14.332 3.849 0 .843 

c.v. .395 .310 .220 .366 .295 .306 .254 .380 .202 
r 2-10 2-6 6-15 1-6 0-0 24-77 6-26 32-96 4-23 o-o· 3-7 

77 2.2 52 - 6.135 3,019 8.500 3.154 .692 45.096 12.615 54.000 13.231 3.635 4.577 X 

s 1.889 .610 1.566 .668 .853 11.661 3,454 9.967 3.033 4.140 .723 
c.v. .308 .202 .184 .212 1.233 .259 .274 .185 .229 1.139 .158 

r 3-11 2-5 5-13 2-4 0-3 24-79 7-23 28-79 8-20 0-14 3-6 
-78 2.3 51 X 6.373 3.000 8.706 3.177 

) 

.902 49.059 12.902 56.412 14.392 4.333 4.863 
s 1.523 .566 1.758 .684 1.487 10.531 2.265 11.580 3.539 4.489 .825 

c.v. .239 .189 .202 .215 1.649 .• 215 .176 .205 .246 1.036 .170 
r 4-10 2-4 5-13 2-5 0-10 32-76 7-21 39-86 -7-22., ..0-22 3-8 
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Table 1. Mean (x), standard deviation (s), coefficient of variation (c.v.), and range (r) 
for 11 scale characters of Bristol Bay sockeye smolt and adult samples - cont'd 

I 
<I) Circuli Circuli Circuli Ci,rculi Circuli Width Width Width Width Width Width of ..-1 tJ 

'" .µ ..-1 1st 1st 2nd 2nd plus 1st 1st 2nd 2nd plus widest lll Cl) n lll .µ 
River Cl) 00 .µ summer winter summer winter growth summer winter summer winter growth circulus :,.. < ti) 

Wood 75 1.0 49 X 7.857 2.939 .061 70.184 10.102 .225 3.245 
s 1.803 1.449 .429 13.051 5.051 1.571 .778 I.,..) 

c.v. .229 .493 7.033 .186 .500 6.982 .240 I.JI 
r 3-11 1-8 0-3 43-101 2-27 0-11 2-5 

771.2 54 X 10.074 3.315 2.278 76.667 14.500 12.630 4.833 
s .2.330 .748 1.485 13.330 4.120 9.033 .986 

c.v. .231 .226 .652 .174 .284 .715 .204 
r 6-15 2-6 0-6 53-108 5-30 0-38 3-8 

78 1.3 51 X 9.510 3.216 2.824 73.177 13.608 17.059 4.824 
s 1.405 .702 1.506 10.510 2.491 9.967 .793 

c.v. .148 .218 .533 .144 .183 .584 .164 
r 6-14 2-5 0-6 45-103 8-19 · 0-3B 3-7 



Table 2. Results of median tests comparing scale characters of smelt and escapement samples from 
four Bristol Bay river systems. "s" means significant at 5% level, "S" means significant 
at 1% level, "N" means not significantly different; the symbol is positioned in line with 
the sample having the larger median. "=" means the medians of the two samples were equal. 
"*" means that the medians of the two samples were equal but that the chi-square value was 
nevertheless significant because of the effects of a large numbe~ of observations equal to 
the pooled median (such values were pooled with observations less than the pooled median 

River 

Naknek 

Kvichak 

after the method of Siegel, 1956) · 

Year Age n 

74 
76 

74 
77 

74 
76 

74 
77 

75 
77 

75 
78 

75 
78 

74 
76 

74 
77 

1.0 
1.2 

1.0 
1.3 

2.0 
2.2 

2.0 
2.3 

46 
32" 

46 
31 

48 
48 

48 
46 

1.0 50 
1.2 47 

1.0 50 
1.3 66 

2.0 
2.3 

1.0 
1.2 

1.0 
1.3 

65 
43 

50 
25 

50 
34 

Scale character (C = circuli count; W = width) 

C 1st C 1st C 2nd C 2nd W 1st W 1st W 2nd W 2nd W widest 
summer winter summer winter summer winter summer winter circulus 

* N 

= = 

= N 

N N 

= s 

= = 

= s 

= s 

= 
N 

s = 

s = 

= 
s 

s 

N 

N 

N 

s 

= 

s 

s 

N 

* s 

= s 

s s 
s s 

N = s s 

s s 

s s 

s s s s 

s N 

s s 



Table 2, cont'd 

Scale character (C = circuli count; W = width) 

C 1st C 1st C 2nd C 2nd W 1st W 1st W 2nd W 2nd W widest 
River Year Age n summer winter summer winter summer winter summer winter circulus 

74 2.0 94 s 
= = 

76 2.2 47 N N s N s s 

74 2.0 94 N N N = = = 77 2.3 17 N s s 

75 1.0 50 
* 77 1.2 46 N s N s 

75 1.0 50 N = 78 1.3 17 N N s 

75 2.0 106 s N = w 77 2.2 48 s N s N s s ......, 

Ugashik 74 1.0 48 N s = 76 1.2 21 s N 

74 1.0 48 s s = 
77 1.3 38 s N 

74 2.0 48 = s N s N 
76 2.2 47 N s N s 

74 2.0 48 s N s N = 77 2.3 46 N s s s 

75 2.0 44 - s N = 77 2.2 52 N N N s s 

75 2.0 44 s N = = 78 2.3 51 N N N s N 



Table 2, cont'd 

Scale character (C 

C 1st C 1st C 2nd C 2nd 
River Year Age n sununer winter sununer winter 

Wood 75 1.0 49 
77 1.2 54 s N 

75 1.0 49 
78 1.3 51 s N 

= circuli count; W = width) 

W 1st W 1st W 2nd W 2nd 
sununer winter sununer winter 

N s 

N s 

W widest 
circulus 

s 

s 

w 
CX) 
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Table 3. Results of polynomial discriminant analysis of adult 
Bristol Bay sockeye of known origin, based on standard 
and test samples composed of smolts from the same fresh~ 
water age and brood year. Overall classificatory 
accuracies are calculated as the unweighted mean of the 
proportions correctly classified on the diagonals of the 
classification arrays. 

A. Test sample of 1974 age I smolts 

Calculated Correct decision 
decision Kvichak Naknek Ugashik 

Kvichak 16 (O. 64) 8 (0.35) 1 (0.04) 
Naknek 6 (0.24) 7 (0.30) 9 (0.36) 
Ugashik 3 (0.12) 8 (0.35) 15 (0.60) 

Total. 25 23 25 
Overall accuracy: 51% 

B. Classification of 1976 age 1.2 adults 

Calculated Correct decision-
decision Kvichak Naknek Ugashik 

Kvichak 18 (O. 72) 11 (O. 34) 12 (O. 57) 
Naknek 5 (0.20) 12 (0.38) 4 (0.19) 
Ugashik 2 (0.08) 9 (0.28) 5 (0.24) 

Total 25 32 21 
. Overall accuracy: 45% 

c. Classification of 1977 age 1.3 adults 

Calculated Correct decision 
decision Kvichak Naknek Ugashik 

Kvichak 28 (0.82) 13 (0.42) 22 (0.58) 
Naknek 3 (0.09) 11 (0~35) 10 (0 .• 26) 
Ugashik 3 (0.09) 7 (0.23) 6 (0.16) 

Total 34 31 38 
Overall accuracy: 44% 
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Table 3, cont'd 

D, Test sample of 1975 age I smolts 

Calculated Correct decision 
decision Kvichak Naknek Wood 

Kvichak 11 (0.44) 9 (0.36) 7 (0.28) 
Naknek 8 (0.32) 12 (0.48) 3 (0.12) 
Wood 6 (0.24) 4 (0.16) . 15 (O. 60) 

Total 25 25 25 
Overall accuracy: 51% 

E. Classification of 1977 age 1.2 adults 

Calculated Correct decision 
decision Kvichak Naknek Wood 

Kvichak 41 (0.89) 47 (1.00) 47 (O. 87) 
Naknek 5 (0.11) 0 6 (0.11) 
Wood 0 0 1 (0.02) 

Total 46 47 54 
Overall accuracy: 30% 

F. Classification of 1978 age 1.3 adults 

Calculated Correct decision 
decision Kvichak Naknek Wood 

Kvichak 15 (0.88) 61 (0.92) 40 (0.78) 
Naknek 2 (0.12) 5 (0.08) 11 (0.22) 
Wood 0 0 0 

Total 17 66 51 
Overall accuracy: 32% 
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Table 3, cont'd 

G. Test sample of 1974 age II smolts 

Calculated Correct decision 
decision Kvichak · Naknek Ugashik 

Kvichak 42 (0.84) 7 (0.29) 1 (0.04) 
Nakn_ek 5 (0.10) 10 (0.42) 9 (0.36) 
Ugashik 3 (0.06) 7 (0.29) . 15 (0.60) 

Total 50 24 25 
Overall accuracy: 62% 

H. Classification of 1976 age 2.2 adults 

Calculated Correct decision 
decision Kvichak Naknek Ugashik 

Kvichak 42 (0.88) 39 (0.81) 28 (0.60) 
Naknek 6 (0.12) 9 (0.19) 14 (0.30) 
Ugashik 0 0 5 (0.10) 

Total 48 -48 47 
Overall accuracy: 39% 

I. Classification of 1977 age 2.3 adults 

Calculated Correct decision 
decision Kvichak Naknek Ugashik 

Kvichak 16 (0.94) 28 (0.61) 36 (0.78) 
Naknek 1 (0.06) 18 (0.39) 10 (0.22) 
Ugashik 0 0 0 

Total 17 46 46 
Overall accuracy: 44% 

.. 
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Table 3, cont'd 

J. Test sample of 1975 age II smolts 

Calculated Correct decision 
decision Kvichak Naknek Ugashik 

Kvichak 13 (0.52) 2 (0.08) 10 (0.50) 
Naknek 5 (0.20) 17 (0.68) 3 (0.15) 
Ugashik 7 (0.28) 6 (0. 24). 7 (0.35) 

Total 25 25 20 
Overall accuracy: 52% 

K. Classification of 1977 age 2.2 adults 

Calculated Correct decision 
. decision Kvichak Naknek Ugashik 

Kvichak 37 (0. 77) No 28 (0. 56) 
Naknek 0 samples 2 (0.04) 
Ugashik 11 (0.23) 20 (0.40) 

Total 48 50 
Overall accuracy: 59% 

L. Classification of 1978 age 2.3 adults 

Calculated Correct decision 
decision Kvichak Naknek Ugashik 

Kvichak 25 (0.58) 25 (0.49) 
Naknek no 6 (0.14) 2 (0.04) 
Ugashik samples 12 (0.28) 24 (0.47) 

Total 43 51 
Overall accuracy: 31% 
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Table 4. Tag recovery rates of sockeye salmon tagged by U.S. scientists 
in INPFC area. W 8050 as immature fish in 1974-1978. High seas 
and coastal recoveries are included. 

Year of Ocean age at release in 1974 
return Age .1 Age .2 Total 

1974* 1/1416 = 0.1% 2/279 = 0.7% 3/1695 = 0.2% 
1975 11/1416 = 0.8% 6/279 = 2. 2%- 17/1695 = 1.0% 
1976 11/1416 = 0.8% 0/279 = 0% 11/1695 = 0.6% 
Total 23/1416 = 1. 6% 8/279 = 2.9% 31/1695 = 1. 8% 

Ocean age at release in 1975 
Age .1 Age .2 Total 

1976 13/1038 = 1.3% 12/310 = 3.9% 25/1348 = 1.9% 
1977 8/1038 = 0.8% 0/310 = 0% 8/1348 = 0.6% 
1978 1/1038 = 0.0% 0/310 = 0% 1/1348 = 0.0% 
Total 22/1038 = 2.1% 12/310 = 3.9% 34/1348 = 2.5% 

Ocean age at release in 1976 
Age .1 Age .2 Total 

1977 3/708 = 0.4% 4/105 = 3.8% 7/813 = 0.9% 
1978 9/708 = 1.3% 0/105 = 0% 9/813 = 1. 1% 
Total 12/708 = 1.7% 4/105 = 3.8% 16/813 = 2.0% 

Ocean age at release in 1977 
Age .1 Age .2 Total 

1977* 0/2028 = 0% 1/231 = 0.4% 1/2259 = 0.0% 
1978 26/2028 = 1. 3% 7/231 = 3.0% 33/2259 = 1.5% 
1979 29/2028 = 1. 4% 0/231 = 0% 29/2259 = 1.3% 
Total 55/2028 = 2.7% 8/231 = 3.5% 63/2259 = 2.8% 

Ocean age at release in 1978 
Age .1 Age .2 Total 

1978* 1/1582 = 0.1% 0/316 = 0% 1/1898 = 0.1% 
1979 16/1582 = 1. 0% 5/316 = 1.6% 21/1898 = 1.1% 
Total 17 /1582 = 1. 1% 5/316 = 1.6% 22/1898 = 1.2% 

*High seas recoveries of immature fish in year of release. 



Type 
of 

function 

Linear 

Overall 

Quadratic 

Calculated 
decision 

Bristol Bay 

Table 5. The classification arrays for two test samples of age 2.2 
mature sockeye salmon from Bristol Bay, the Gulf of Alaska, 
and the Kamchatka Peninsula obtained. in linear quadratic, 
and polynomial discriminant function analyses. Overall 
accuracies are calculated as the unweighted means of the 
proportions correctly classified on the diagonals. 

Test SamEle 1 Test Sample 2 
Correct Decision Correct Decision 

Bristol Bay Gulf of Alaska Kamchatka Bristol Bay Gulf of Alaska 

49 (.78) 10 (.16) 4 (. 06) 51 ( .82) 7 ( .11) 
Gulf of Alaska 10 (.16) 33 (. 53) 19 ( .30) 8 (.13) 32 ( .52) 
Kamchatka 4 ( .06) 19 (.31) 41 (. 64) 3 (.05) 23 (.37) 

Total 63 62 64 62 62 
accuracy: ·. 65 . 71 

Bristol Bay 51 (.81) 8 ( .13) 4 (. 06) 55 ( .89) 10 (.16) 
Gulf of Alaska 9 (.14) 39 (.63) 14 ( .22) 2 (. 03) 34 (.55) 
Kamchatka 3 ( .05) 15 (.24) 46 (. 72) 5 (. 08) 18 (. 29) 

Total 63 62 64 62 62 
Overall accuracy: .72 .74 

Polynomial Bristol Bay 50 (. 79) 9 ( .15) 4 (. 06) 53 (.85) 9 ( .15) 
Gulf of Alaska 9 (.14) 34 (.55) 19 (.30) 6 ( .10) 33 (. 53) 
Kamchatka 4 (.06) 19 (.31) 41 (. 64) 3 (.OS) 20 (.32) 

Total 63 62 64 62 62 
Overall accuracy: .66 .71 

Kamchatka 

1 (. 02) 
13 (. 21) 
49 (.78) 
63 

3 (.05) ~ 
~ 

10 (.16) 
50 (. 79) 
63 

2 ( .03) 
14 (.22) 
47 (.75) 
63 



Table 6. The classification arrays for a training sample and independent test sample 
of age 2.2 mature sockeye salmon from Bristol Bay, the Gulf of Alaska, and 
the Kamchatka Peninsula obtained in linear, quadratic, and polynomial 
discriminant analyses using direct density estimation techniques. Overall 
accuracies are unweighted means of the proportions correctly classified 
on the diagonals. 

Training SamEle Test Sam;ele 
Type of Calculated Correct Decision Correct Decision 
function decisions Bristol Bay Gulf of Alaska Kamchatka Bristol Bay Gulf of Alaska Kamchatka 

Linear Bristol Bay 69 (. 69) 9 (. 09) 22 (.22) 64 (.64) 4 (. 04) 6 (. 06) 
Gulf of Alaska 25 (. 25) 52 (. 52) 23 (.23) 31 (. 31) 42 ( .42) 6 (. 06) 
Kamchatka 6 (. 06) 39 (. 39) 56 (. 55) 5 (.05) 53 (.54) 88 (. 88) 

Total 100 100 101 100 99 100 
Overall accuracy: .59 .65 

.i::-
V, 

Quadratic Bristol Bay 75 (.75) 13 ( .13) 12 (.12) 71 (. 71) 12 ( .12) 13 ( .13) 
Gulf of Alaska 16 ( .16) 59 (. 59) 25 (. 25) 25 (.25) 53 (.54) 20 (. 20) 
Kamchatka 9 (. 09) 28 (.28) 64 (.63) 4 (.04) 34 (.34) 67 (. 67) 

Total 100 100 101 100 99 100 
Overall accuracy: .66 .64 

Polynomial Bristol Bay 79 (.79) 17 (.17) 4 (. 04) 84 (.84) 22 (. 22) 7 (.07) 
Gulf of Alaska 17 ( .17) 55 (. 55) . 28 (. 28) 15 ( .15) 52 (. 53) 24 (.24) 
Kamchatka 4 (. 04) 28 (. 28) 69 (. 68) 1 ( .01) 25 (.25) 69 (. 69) 

Total 100 100 101 100 99 100 
Overall accuracy: . 67 .69 



Table 7 . The classification arrays for two test samples of age 2.3 mature sockeye 
salmon from Bristol Bay, the Gulf of Alaska, and the Kamchatka Peninsula 
obtained in linear quadratic, and polynomial discriminant function analysis • 

. Overall accuracies are unweighted means of the proportions correctly 
classified on the diagonals. 

Test Sam.Ele 1 Test SamEle 2 
Type of Calculated Correct Decision Correct Decision 
function decision Bristol Bay Gulf of Alaska Kamchatka Bristol Bay Gulf of Alaska Kamchatka 

Linear Bristol Bay 40 (. 67) 9 (.15) 11 (.15) 40 ( .67) 7 ( .11) 9 ( .12) 
Gulf of Alaska 5 (. 08) 29 (.47) 28 (. 38) 8 (.13) 40 (. 65) 35 ( .48) 
Kamchatka 15 (.25) 24 (. 39) 34 (. 47) 12 (. 20) 15 (.24) 29 (. 40) 

Total 60 62 73 60 62 73 
Overall accuracy: .54 .57 

~ 

°' Quadratic Bristol Bay 37 (. 62) 15 (. 24) 8 ( .11) 38 (.63) 8 (.13) 6 (.08) 
Gulf of Alaska 12 (.20) 27 (.44) 23 (. 32) 17 (.28) 41 (. 66) 30 (.41) 
Kamchatka 11 (.18) 20 (. 32) 42 (.58) 5 (.08) 13 (.21) 37 ( .51) 

Total 60 62 73 60 62 73 
Overall accuracy: .55 .60 

Polynomial Bristol Bay 43 (. 72) 12 ( .19) 5 (.07) 39 (. 65) 8 c.1:n 3 (. 04) 
Gulf of Alaska 7 (.12) 32 (.52) 23 (, 32) 15 (. 25) 36 (. 58) 23 (.32) 
Kamchatka 10 ( .17) 18 (. 29) 45 (.62) 6 ( .10) 18 (. 29) 47 (. 64) · 
Total 60 62 73 60 62 73 

Overall accuracy: .62 .62 



Type of 

Table 8. The classification arrays for a training sample and independent test 
sample of age 2.3 mature sockeye salmon from Bristol Bay, the Gulf 
of Alaska, and the Kamchatka Peninsula obtained in linear, quadratic, 
and polynomial discriminant analyses using direct density estimation 
techniques. Overall accuracies are unweighted means of the 
proportions correctly classified on the diagonals. 

Training Sam:ele Test Sam:ele 
Calculated Correct Decision Correct Decision 

function decision Bristol Bay Gulf of Alaska Kamchatka Bristol Bay Gulf of Alaska Kamchatka 

Linear Bristol Bay 62 (.63) 22 (. 22) 14 (.12) 52 (.54) 8 (. 08) 14 (.12) 
Gulf of Alaska 30 (.31) 44 (.44) 26 (.22) 32 (. 33) 26 (. 26) 22 ( .19) 
Kamchatka 6 (.06) 34 (. 34) 77 (. 66) 13 ( .13) 65 (.66) 81 (. 69) 

Total 98 100 117 97 99 117 
Overall accuracy: .58 .50 

Quadratic Bristol Bay 55 (. 56) 17 (.17) 26 (.22) 53 (. 55) 17 ( .17) 18 ( .15) 
Gulf of Alaska 29 (. 30) 51 (.51) 20 (.17) 34 (.35) 41 (. 41) 34 (. 29) 
Kamchatka 14 (.14) 32 (.32) 71 (.61) 10 ( .10) 41 ( .41) 65 ( .56) 

Total 98 100 117 97 99 117 
Overall accuracy: .56 .51 

Polynomial Bristol Bay 69 (. 70) 22 (.22) 7 (. 06) 69 (. 71) 12 ( .12) 13 ( .11) 
Gulf of Alaska 16 ( .16) 50 (. 50) 34 (. 29) 20 (.21) 52 ( .53) 40 (. 34) 
Kamchatka 13 (.13) 28 (.28) 76 (.65) 8 (.08) 35 (. 35) 64 ( .55) 

Total 98 100 117 97 99 117 
Overall accuracy: .62 .60 

.i::-
-...J 
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Table 9. The classification array for a training sample of age 2.0 
smolts from five major Bristol Bay river systems obtained 

· in linear, quadratic, and pPlynomial discriminant analyses 
using direct density techniques. Overall accuracies are 
the unweighted mean~ of the proportions correctly 
classified on the diagonals. 

Type of Calculated Correct Decision 
function decision Egegik Kvichak Naknek Ugashik Wdod 

Linear Egegik 42 (.43) 10 ( .10) 18 ( .18) 15 (.16) 13 ( .13) 
Kvichak 22 (.23) 18 (.18) 21 (.21) 6 (. 06) 33 (. 34) 
Naknek 19 (. 20) 30 (. 31) 25 (.25) 6 (. 06) 16 ( .16) 
Ugashik 9 (. 09) 10 ( .10) 21 (. 21) 40 (.42) 16 ( .16) 

. Wood 5 (. 05) 30 (.31) 14 (.14) 29 (. 30) 18 ( .18) 
Total 97 98 99 96 96 

Overall accuracy: .30 

Quadratic . Egegik 25 (.26) 8 (. 08) 21 (.21) 20 (.21) 23 (.24) 
Kvichak 32 (.33) 33 (.34) 18 (.18) 4 (. 04) 10 ( .10) 
Naknek 19 (. 20) 34 (.35) 17 (.17) 7 (.07) 22 (. 23) 
Ugashik 16 ( .17) 18. ( .18) 23 (. 23) 32 (. 33) 7 (.07) 
Wood 5 (.05) 5 (.05) 20 (. 20) 33 (. 33) 34 (. 35) 
Total 97 98 99. 96 96 

Overall accuracy: .29 

Polynomial Egegik 54 (. 56) 14 (.14) 14 ( .14) 10 ( .10) 5 (.05) 
Kvichak 19 (. 20) 33 (.34) 16 ( .16) 7 (.07) 23 (.24) 
Naknek 18 ( .19) 16 ( .16) 30 (. 30) 23 (. 24) 12 (.13) 
Ugashik 1 (. 01) 8 (. 08) 24 (.24) 46 ( .48) 16 ( .17) 
Wood 5 (.05) 27 (.28) 15 ( .15) 10 ( .10) 40 ( .42) 
Total 97 98 99 96 96 

Overall accuracy: .42 
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Table 10. 

Analysis 

Age 2.2, 

Age 2.2, 

Age 2.2, 

Age 2.3, 

Age 2.3, 

Age 2.3, 

Age 2.2, 

Age 2.2, 

Age 2.2, 
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Chi-sq·uare: values for tests comparing columns of the classification 
matrices obtained from the test (or training) sample and from a 
second, independent test sample. D' ta are from Tables 5 -f:c, ~ • 
"*" means significant at a. = • 05 (x2 ,. 05 = 5. 99). 

Column ComEare:d 
Bristol Bay Gulf of Alaska Kamchatka 

LDF .40 .92 3.62 

QDF 5.10 .84 .97 

PDF .81 .04 1.83 

LDF 1.04 4.10 1.38 

QDF 3.14 6.50* 1.52 

PDF 4.10 1.04 .54 

LDE .92 5.11 26.22* 

QDE 4.01 . 94 .66 

PDE 2.08 .89 1.12 

Age 2.3, -LDE 3.52 20.85* .43 

Age 2.3, QDE 1.10 3.17 4.09 

Age 2.3, PDE "1.63 3.76 2.83 


