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INTRODUCTION 

The North Pacific Fishery Management Council funded a project during 

"FY 77-78 to evaluate the use of scale characters to identify the origins 

of sockeye salmon (Oncorhynchus nerka) in the area of the Japanese 

landbased driftnet fishery (Fig. 1). This study was undertaken because 

under P.L. 94-265 the United States assumed management authority of her 

stocks of Pacific salmon throughout their migratory range and because 

the origins of sockeye salmon, particularly in the eastern portion of 

. 1 
this fishery, were unclear (Hartt 1975 ; French, et al., 1976). This 

report should not be viewed as a comprehensive treatment of the subject 
' 

matter; rather it is- in·t-ended to satisfy a need for member nations of 

the International North Pacific Fisheries Commission (INPFC) to become 

aware of the method we are employing, the method's effectiveness, and 

the results of analysis to date. 

METHODS AND MATERIALS 

Scales of sockeye salmon record their growth and Mosher (1968) summarized 

typical patterns. One to three freshwater growth zones and one to four 

oceanic growth zones are connnon and each zone represents a year's growth (Fig. 2). 

In addition, a zone of plus or intermediate growth may be present between the 

freshwater and oceanic zones on some scales; this zone corresponds to growth 

realized in the year of seaward migration. The use of scales for identifying 

the racial origins of sockeye salmon depends upon the genetic similarity of a 

local (or regional) stock of fish acting in conjunction with local (or regional) 

environmental conditions to produce differences in scale patterns on a local 

(or regional) basis. Generally, multivariate statistical analyses are used 

to identify these patterns. 

1 Hartt, A. C. 1975. Continent of origin of sockeye salmon in the area of 
the Japanese landbased gillnet fishery. Univ. Washington, Fish. Res. Inst. 
18 pp. (unplished manuscript). 



Fig. 1. Map of the North Pacific Ocean showing the area of the Japanese landbased driftnet 
fishery. The Eastern boundary line was moved to 175°E in 1978. 



3 

• 
. .jf: 
,,,:JI 

Fig. 2. Photograph of a scale from an age 1.3 sockeye salmon. Line 
perpendicular to sculptured fi~ld indicates radius along 
which measurements and counts were made. 
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Analytical Procedures 

Discriminant function analysis depends upon recognition of patterns 

differing among classes of objects. In our case a measurement of p-scale 

characters from an individual sockeye sa~mon provides a description of 

that fish. A set of p-scale characters· for a number of sockeye from a 

specific geographic area estimates the -region in p-space (i.e., the multi

variate distribution) characteristic of that group of fish. Samples from 

sockeye of different and known origins,which are herein called learning 

samples, estimate regions in p-space for the stocks to be differentiated. 

Discriminant functions define decision surfaces between such regions. A 

sockeye of unknown origin may then be classified depending upon which 

reglon its set of scale measurement data occupies. 

Three types of decision surfaces have been used to describe the 

boundaries between regions; linear, quadratic and polynomial. Equations for 

describing linear surfaces were developed by Fisher (1936) and require that the 
~~ ~ 

data be multivariate normal with common variance-covariance matrices and that 

each individual to be classified is a member of one of the groups to which 

individuals are being assigned. Quadratic decision surfaces were developed 

by Smith (1947) and do not require common variance-covariance matrices. The 

polynomial discriminant function of Specht (1966) is nonparametric. Linear 

models have enjoyed great popularity among biologists attempting to identify 

the origins of salmon in mixed populations (Fukuhara et al., 1962; Amos et al., 

1963; Dark and Landrum, 1964; Mason, 1966; Anas and Murai, 1969; Krasnowski 

and Bethe, 1978}and this is probably related to the robustness of the model 

to violations of the assumption of a common variance-covariance matrix when 

large sample sizes are used (Issacson, 1954; Anas and Murai, 1969). 

A quadratic model was used by Anas and Murai (1969) and 
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they found it performed only slightly better than the linear model. Cook 

and Lord (1978) used the polynomial model. They believe the polynomial 

method to be preferrable to Gaussian-based functions because no assumptions 

of underlying distributions need be made. Specht (1966) showed that the 

polynomial method performs better than linear models even when the data 

a~e multivariate normal. We chose to use the polynomial method for these 

reasons. 

The polynomial method of Specht (1966) is based upon estimating the 

underlying multivariate density distribution of each class. Each class 

distribution is modeled by a sum of multivariate Gaussian functions~ one 

such function is computed for each fish in the learning sample. A poly

nomial term in the density function is derived from a power series expansion 

of the sum of the individuals' multivariate Gaussian functions. The coefficients 

are a function of the scale characters measured in the learning sample and 

define the decision surfaces between the classes. Each multivariate Gaussian 

function contains an artificial standard deviation or smoothing parameter (cr) that is 

incorporated into the estimate of the polynomial coefficients. This 'smoothing 

parameter must be supplied by the user. In general, as cr ➔ 00 the boundaries 

become linear while as cr ➔ o the boundaries become nonlinear. A trade-off then 

exists between generating a simple linear model with-a large smoothing parameter 

that would poorly describe nonlinear boundary surface~ and more precisely 

describing such surfaces with a small value for a which yields a high order 

equation. We choose a value for a that maximized classification accuracy 
with an equation of order 4. 

The polynomial discriminant function is: 

P(x):: 
2 

D + DlXl + D2X2 + . . . + DPXP + D11x1 + ... + D ~ ~ + ... 
0 klk2 1 2 

+ D x2 3 + . . . + 
Dklk2k3Xkl~2~3 

+ + D x3 + ... + DlllXl , , , 
pp p PPP P 

+ Dk k. •. "k Xk ~- ~ ... + . .. , 
1 J h 1 J h 
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where p = dimension of vector X,i.e., the set of scale characters 
1 < k. < p (k. = an integer) 

- J - J 

j = 1, 2, ... h 

h = the degree of the variable portion of the term. 

One such function is calculated for each class. The decision of an unknown 

fish (X) is: 

r 
choose d(X) = 0r so that hr p (X) > h Ps (X) 

s 

for alls; r 

where d (X) = the decision of an unknown (X) 

0.'s = the origins or classes 
l. . \ 

pi(X) = tte polynomial yalue for X calculated using the discriminant 
function for class 0. 

l. 

hi= the a priori probability 

A priori probabilities are used to define more precisely the decision 

boundaries._ For illustrative purposes consider the univariate distributions 

in Fig. 3. 

In this example any fish whose value for the character is greater than 

Z will classify as a member of 02 while a value less than Z will classify as 

a member of 01 • It can be seen, however, that the area of overlap (A1) of 

01
1 s distribution into 02

1 s is greater than the area of overlap (A2) of 02
1 s 

distribution into 01
1 s. A decision boundary at z

1 
would therefore tend to 

classify more members of 01 as belonging to 02 than vice versa. By changing 

the values of the a priori probabilities we shift the decision boundary to 

the right to z2 to balance the errors of misclassification. This is accomplished 

iteratively using an independent set of data also collected from the fish of 

interest when segregated. 
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A complication arises in this procedure, however, because the proportions 

of the various stocks in the unknowns are rarely the same as were used in the 

test data to adjust the a priori probabilities. Thus imbalances among the 

misclassified fish will recur unless the expected accuracy of classification 

is near 100%. Cook and Lord (1978) identified this problem ~nd devised a 

correction procedure. 

Letting C = the classification matrix T,"l'l, Ort:l each C,, is the proportion ....... _.,_ 
l.J 

of fish if allocated to class i that belongs to class j 

R- = the classification vector where each element is the u 

portion of fish allocated to the ith class 

U = the vector in which the u. is the true proportion of fish in 
l. 

unknowns sampled belonging ' to the ith class. 

Now, CU= Ru and our best estimate (U) of Uis U 

The estimates thus obtained have a variance dependent upon 1) the ·unknown sample 

size, 2) the test sample sizes, and 3) the classification accuracy (Cook in prep.) 

The estimated variance, 

,,,,...._ 
var 

where ui 

ui 

N 
u 

C •• 
l.l. 

C •• 
l. 1 

N. 
l. 

N. 
J 

i 

j 

= 

= 

= 

= 

= 

= 

= 

= 

= 

the estimate of the proportion of class i in the unknown 
population, 

the estimate of the proportion of class i in the unknown 
sample, 

the size of the unknown sample, 

the fraction of the test sample from class i that classified 
as class i, 

the fraction of the test sample from class j that classified 
as class i, 

the size of the ith test sample, 

the size of the jth test sample, 

the class of concern, 

all other classes. 
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Definition of continental Standards 

In development of continental standards we wished to strike a balance 

between achieving good classification accuracy by factoring out as many 

sources of variability as possible and keeping the number of standards that 

must be developed small. Maximum classification accuracy would be achieved 

by treating each year class from each brood year by stock separately (Cook 

and Lord, 1978; Krasnowski and Bethe, 1978; Anas and Murai, 1969). This 

procedure would, however, result in an overwhelmingly large experimental 

design. Additionally, scale samples from sockeye when segregated in either 

terminal fisheries or in the spawning grounds were available from only one 

Asian stock in 1975. These considerations l~d us to group stocks within 

regions and to treat year ·class within brood years separately; one Asian 

and two North American standard regions were defined. For the Asian standard 

samples collected aboard Japanese research vessels operating off the southwest 

coast of Kamchatka were used to represent the West Kamchatka stocks, i.e., 

the Ozernaya and Bolshay.a rivers. An attempt was made to allocate samples 

based on the catch per tan (of commercial gear only) by age class by INPFC 

area by month. A dearth of samples required divergence from this scheme, 

however. Escapement samples from the Kamchatka River were used to represent 

the stocks of the east side of Kamchatka. Table 1 summarizes sample sizes 

used. 

Two regions of the North American continent were defined corresponding 

to the water mass into which the parent streams terminate: Bristol Bay and 

the south coast of Alaska from about 160° W to 145° W (hereafter called the 

Gulf of Alaska standard). Standards by age class within these regions were 

compiled by sampling from the major stocks within the region in proportion to 



Table 1. Catch per tan, desired sample size, available scales and final sample sizes for age 2.2, 1.3 and 2.3 sockeye 
salmon taken by Japanese research vessels operating off the southwest coast of Kamchatka, gear A, mature fish, 
by month and area in 1975 and sample sizes used to represent the Kamchatka River , 

2.2 1.3 2.3 

Total Desired Final Total Desired Final Total Desired Final 
scales sample sample scales sample sample sc<\lcs sample sample 

Month Area Catch/tan available size sfaes Catch/tan available size sizes Catch/tan available size sizes 

June E 5052 0.082 15 10 10 0.034 55 15 21 0.066 106 13 13 
E 5050 0.023 31 3 3 0.066 88 29 38 0.104 140 21 21 
E 5552 0.013 '3 2 2 0.017 4 8* 4 0.014 26 23 23 
E 5550 0.012 5 1 1 0.017 6 8* 6 0.072 30 15 15 

July E 5052 0.020 2Q 2 2 0.057 64 25 62 0.027 40 5 31 
E 5050 0.079 6 9* 6 o. 0 0 0 0.039 3 8* 3 
E 5552 0.052 21 6 7 0.156 55 69* 55 0.052 21 11 17 
E 5550 0.280 42 33 35 0.047 7 21* 7 0.133 19 27* 19 

August E 5052 0.029 12 3* 12 o. 0 0 0 0.017 7 3 7 
E 5050 0.437 36 52* 36 0.011 1 5* 1 0.117 10 24* 10 
E 5552 0.082 58 10 35 0.005 2 2* 2 0.042 25 9 22 
E 5550 0.576 51 69* 51 0.040 4 18* 4 0.199 19 41* 19 

Sub-total 309 200 200 286 200 200 446 200 200 

Kamchatka River escapement 3 3 35 35 34 34 
I-' 
0 

Total 203 235 234 

*Indicates time x area deficiencies in available samples. 

i 
T .. 
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the abundance of each age class by stock. Tables 2 and 3 summarize the 

run size by stock and age class within each region and the resulting sample 

sizes. This report does not include the southeastern Alaska and British 

Columbia region due to the extreme unlikelihood of the presence of these 

fish in the area in question (French et al., 1976). 

Sample Collection, Preparation and viewing 

Scale samples to serve as standards were provided by the.Alaska Depart

ment of Fish and Game, the Japan Fishery Agency and TINR0, USSR. Scale 

samples to serve as unknowns .were obtained from the Japan Fishery Agency 

(JFA). The request was for samples collected aboard research vessels 

operating in and around the landbased fishery area. Scale samples are 

. - . 
not collected aboard commercial vessels within the area. Samples were 

grouped by age class, INPFC area and 10-day periods for analysis. Impressions 

of scales were made in cellulose acetate (Ko?, 1955). Personal communication 

with biologists of the providing agency (except for those scales provided by the 

Soviet Union) indicate thatmostscale samples were collected from body area 

A; as established by the International North Pacific Fisheries Commission 

(Anas, 1963). This area includes the first four rows of scales above and 

below the lateralline. The area is bounded anteriorly by an imaginary line 

dropping ventrally from the middle of the dorsal fin and posteriorly by an 

imaginary line dropping ventrally from the anterior edge of the adipose fin. 

Scale samples within this region from either side of the fish were used. 

Scale images were projected at 100 power using a Bausch & Lomb micro

projector.1 Measurement and count data were recorded directly onto a form 

from this image. A consistent radius along which measurements and counts 

were recorded was found by aligning the form so that the radius approximated 

1catalog No. 42-63-59 
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Table 2. Inshore run of the major stocks of sockeye salmon returning to 
the Bristol Bayregion for age classes 2.2, 1.3 and 2.3 and 
resulting sample sizes; 

Run size (thousands) Sam:ele size 
Stock 2.2 1.3 2.3 2.2 1.3 2.3 

Goodnews & Kwinhok1 ·24. 7 3.2 4.1 0 0 0 
Togiak 20.2 204.5 4.3 0 18 0 
Igushik 90.5 172. 7 113.8 1 15 8 
Snake 0.3 9.0 <0.1 0 1 0 
Wood 193.4 838.6 85.4 2 74 6 
Nushagak 3.6 60.8 2.2 0 5 0 
Nuyakuk 120.3 567.0 3.9 1 51 0 
Kvichak 14,014.5 13.8 520.7 161 1 36 
Alagnak 5.7 61.2 20.4 0 5 1 
Naknek 1,674.5 275.1 968.8 20 24 66 
Egegik 739.5 70.1 961.5 8 6 66 
Ugashik 249.0 2.7 21.1 3 0 1 
Bear 241.4 <0.1 198.8 3 0 14 
Sapsuk 129.0 11.0 25.0 1 0 2 

Total 17,506.6 2,289.7 2,930.0 200 200 200 

1 
Age composition estimated by using the average age composition 
the region because of a lack of samples--run size estimated at 
catch because of a lack of data. 

for 
2 times 
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Table 3. Inshore run of the major stocks of sockeye salmon returning to 
the Gulf of Alaska region for age classes 2.2, 1.3 and 2.3 and 
resulting sample sizes. 

Run size (thousands) SamEle size 
Stock 2.2 1.3 2.3 2.2 1.3 2.3 

Chignik 149.2 221.3 540.8 35 41 133 
Akalura 12. 6 2.6 0.6 3 0 0 
Frazer 51.3 1.9 4.5 12 0 1 
Upper Station 32.8 6.1 12.1 8 1 3 
Red River 49.5 2.9 14.3 11 1 3 
Karluk 264.0 7.9 55.2 62 1 14 
Cook Inlet 262.9 402.5 93.0 62 74 23 
Bering River no scale samples available 
Copper River 11.4 259.5 80.3 3 48 20 
Prince William Sound 18.6 182.4 13.1 4 34 3 
Management Area 

Total · 852 .3 1,087 .]: 813.9 200 200 200 
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a perpendicular angle to the sculpture field (Fig. 2) (Mosher, 1968; 

Narver, 1963). This axis was chosen over the longest axis because of 

the tendency for sockeye salmon scales from stocks returning to the south 

side of Alaska Peninsula, Cook Inlet and some rivers of the Kamchatka 

Peninsula to show broken and irregular circuli along the longest axis 

(Mosher, 1968). 

Aging 

Two technicians independently read each scale for age and then compared 

their readings with that provided by the agency supplying the scale. If all 

readers agreed, the age was accepted. If a disagreement was found, the 

scale in question was examined jointly by the two technicians. During these 

conference readings the pattern in question was identified and an attempt was 

made ·to resolve the conflict. If a· conflict could not be resolved 

the biologist in charge read the scale. If after this reading only one in 

four readings was discrepant, the age determination of the three readers was 

accepted, if a three-way discrepancy emerged, the scale was rejected. In 

the case where the agency supplying the scale had not aged the fish a similar 

procedure was used except that only two rather than three agreements were 

needed to accept the age reading. 

Screening of Characters 

Some characters selected for screening were identified from previous 

work. Anas and Murai (1969) reported that: 1) the number of circuli in 

the first half of the first ocean zone; 2) the measured distance between 

circuli 1 and 6 of the first ocean zone; and 3) the measured distance between 

circuli 13 and 18 of the first ocean zone provided good sepa~ation of Asian 

from Bristol Bay sockeye salmon when used in either a linear or quadratic 

discriminant function. Mosher (1963) used the number of circuli in the total 

freshwater zone and the first ocean zone for sockeye of age groups 1.- and 2.

and the size of the same two zones for sockeye of age group 3.- in bivariate 
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frequency tables to classify Asian and North American fish. We screened 

the following characters (Table 4); . characters Aland A2 are the same 

as those of Mosher (1963), character Bl is the same as Anas and Murai 

(1969). A combination of characters B4 and B5 and B8 and B9 are similar 

to Anas and Murai's character numbers 2 and 3 above, respectively. 

Characters were selected from this group for use in classifying 

unknowns using the method of Cook and Lord (1978). Briefly, the Kruskal

Wallis 'H' statistic (Kruskal and Wallis, 1952) and the difference in 

average sum of ranks for each pairwise class combination is calculated 

for each characteristic. Characters were then ranked according to value 

of the H statistic and by the greatest difference in average sum of ranks. 
) 

In .two category cases these proce?ures produce the same results. In three 

or more category problems it is often necessary to make decisions as to 

whether or not to choose a variable with good overall discriminating power 

versus one which has a lower H value but which provides good separation for 

one group from the others. In circumstances where the choice is unclear 

it is a simple matter to compare classificatory accuracy using each 

variable in question. 

Classification of Unknowns 

We classified unknowns by one of two methods depending upon location 

of sampling. Samples collected between 175° E and 170° W were classified 

using a three-way comparison of Bristol Bay, Gulf of Alaska and Kamchatka 

Peninsula; those collected west of 175° E were classified in a two-way 

comparison without the Gulf of Alaska category. This procedure was adapted 

because: scale patterns of fish from the Gulf of Alaska are very similar 

to those of Kamchatka (Anas and Murai, 1969) and especially to the Kamchatka 
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Table 4. Scale characters evaluated, 

A Freshwater Zone 
1 Number of circuli 
2 measured width 

B First Ocean Zone 
1. Number of circuli in first half of zone 
2. number of circuli in second half of zone 
3. measured width 
4. distance between outer edge of last freshwater circuli 

to the third ocean circuli 
5. distance between circuli 3 and 6 
6. II It It 6 and 9 
7. II II II 9 and 12 
8. II " " 12 and 15 
9. It II II 15 and 18 

10. II II II 18 and 21 
11. II It It 21 and 24 
12. It " It 24 and 27 
13. II II II 27 and 30 

C Second Ocean Zone 
1. Number of circuli 
2. measured width 
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River (this report) and because a bias exists in our analysis due to 

under-representation of Kamchatka River fish. Tests showed us that 

these two tactors tended to result in the classification of Kamchatka 

River fish as Gulf of Alaska fish. We therefore used a three-way 

classification procedure only for samples collected in areas where a 

high probability of the presence of all stocks was indicated from 

previous studies (French et al., 1976). 

·RESULTS 

Characters Selected and Classification Arrays 

Characters selected for use in the polynomial discriminant function 
(PDF) analysis are summarized for 
ea~h age class in Table 5. yariability in discriminanting power for a 

character between age classes produced some differences in those selected. 

The ability of these characters to identify fish to region of origin when 

used in the PDF analysis is summarized by calculating the percent correctly 

classified. The percent of samples correctly classified for age groups 

2.2, 1.3 and 2.3 in a three-way scheme is 70.5, 59.8 and 64.1, respectively. 

Table 6 presents the classification arrays for each age class. The 

classification array show.;that most errors occur because of the low 

separability of Kamchatka Peninsula and Gulf of Alaska fish. In the two-way 

classification procedure (Table 7) the percent of samples that correctly 

classified for age classes 2.2, 1.3 and 2.3 are 88.1, 78.2 and 85.7, respectively. 

Accuracy is slightly better for 2-ocean age fish than for 3-ocean age fish 

regardless of whether a 2- or 3-way procedure is used. Exclusion of Gulf of 

Alaska fish produced a large increase in accuracy. 
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Table ~- Characters selected for use in identifying the origins of mature 
sockeye intercepted by the Japanese landbased fishery, by age, 
class, 1975. (A+ indicates use of the character within an age 
class.) 

Character 

Number fresh water circuli - - -
Size freshwater zone - - - - -
Number circuli in first half 
of first ocean zone - - - - - -
Number circuli in second half 
of second ocean zone 
Size of first ocean zone 
Distance between circuli 
n1 and n2 of first ocean zone 

n1 = o1 n 2 = 3 

n1 = 6 

n1 =12 

n1 =12 

n1 =15 

1 

n2 = 6 

n2 = 6 

n2 = 9 

n2 = 15 

n = 18 
2 

n2 = 18 

2.2 

+ 

+ 

+ 

+ 

Age Class 
1.3 

+ 

+· 

+ 

+ 

+ 

2.3 

+ 

+ 

+ 

+ 

+ 

+ 

0 indicates the distance is measured from the outer edge of the last freshwater 
circuli. 
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Table 6. Classification arrays for mature sockeye salmon of Bristol 
Bay vs. Gulf of Alaska vs. Kamchatka Peninsula origin, by 
age class, 1975. 

Age 2.2 

Calculated 
decision 

Bristol Bay 
Gulf of Alaska 
Kamchatka 

Age 1.3 

Calculated 
decision 

Bristol Bay 
Gulf of Alaska 
Kamchatka 

Age 2.3 

Calculated 
decision 

Bristol Bay 
Gulf of Alaska 
Kamchatka 

Bristol Bay 

103 
14 

8 

Bristol Bay 

77 
19 
24 

Bristol 

90 
16 
14 

Bay 

Correct decision 

Gulf of Alaska 

17 
75 
32 

Correct decision 

Gulf of Alaska 

27 
63 
31 

Correct decision 

Gulf of Alaska 

22 
65 
37 

Kamchatka 

5 
35 
88 

Kamchatka 

16 
39 
92 

Kamchatka 

8 
43 
95 
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Table 7. Classification arrays for mature sockeye salmon of Bristol 
Bay vs~ Kamchatka Peninsula, by age class, 1975. 

Age 2.2 

Calculated 
decision 

Bristol Bay 

Kamchatka 

Age 1.3 

Calculated 
decision 

Bristol Bay 

Kamchatka 

Age 2.3 

Calculated 
decision 

Bristol Bay 

Kamchatka 

Correct decision 
Bristol Bay Kamchatka 

110 

15 

15 

113 

Correct decision 
Bristol Bay Kamchatka 

91 

29 

29 

118 

Correct decision 
Bristol Bay Kamchatka 

101 

19 

19 

127 
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Classification of Unknowns 

The percent of scales that classified as typical of Bristol Bay, Gulf 

of Alaska and Kamchatka Peninsula fish in samples stratified by age class, 

INPFC statistical area and 10-day periods are summarized in Figures 4 to 

6, and in Appendix Tables 1-3. 

Age 2.2 

Scale samples from four INPFC areas in the north central portion of 

the fishery in the period May 1-10 were classified (Fig. 4a). These 

samples indicate a predominance of Kamchatka Peninsula fish. This dominance 

is also evident in areas E 6046 and E 70~6. Confidence intervals indicate 
·, 

that none of the estimates for North American fish are significantly different 

from zero. In areas E 7548 and W 7548, well to the north and east of the 

fishery, significant incidences of North American fish were found. During 

the period May 11-20 estimates were made in three areas E 6546, E 6544 and 

E 6542. Results (Fig. 4b) show a preponderance of Kamchatka Peninsula fish. 

During the last period in May _(Fig. 4c) the data show a dominance of Kamchatka 

Peninsula fish in the north central area of the fishery and to the north of 

the fishery. Significant incidences of North American fish were found in 

area E 7548. 

Age 1. '3 

Only one sample of age 1.3 maturing sockeye was available from areas 

within the landbased fishery in 19.75. This sample from area E 6544 taken 

in the period May 1-10 (Fig. Sa) indicates the presence of only Kamchatka 

Peninsula fish. Two samples were available for the period May 11-20 (Fig. Sb), 

both well north of the fishery in areas E 6548 and E 7048. Both show a pre-
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dominance of Kamchatka Peninsula fish. Fairly good coverage of the areas 

to the north of the fishery was achieved during the last time period in 

May (Fig. Sc). These data show a high incidence of North American fish 

between 165 E - 170° E and 48° N-50° N and in area E 7046. 

Age 2.3 

No samples were available for the period May 1-10. In the middle 

of May (Fig. 6a) one sample from area E 6548 showed the presence of 

Kamchatka Peninsula fish only. Samples from 5 areas were analyzed in 

the period May 21-31 (Fig. 6b) from areas north of the central and eastern 

portions of the fishery. A significant incidence of North American fish 

was detected in areas E 7048, E 7548 and E 7Q46. 

DISCUSSION 

In this study our primary concern was to assess the feasibility of using 

scale characteristics and a polynomial discriminant function to identify the 

origins of sockeye salmon intercepted by the Japanese landbased driftnet fishery. 

We found, as did Anas and Murai (1969) and Mosher (1963), that stocks of the 

Kamchatka Peninsula and Bristol Bay are readily separable. Scale characteristics 

of stocks from the Gulf of Alaska closely resemble those from fish of the 

Kamchatka Peninsula, however. The reduced accuracy caused by this resemblance 

in a three-way analysis translates into higher variance for the proportional 

estimates, but does not preclude such an analysis. We also confirmed the 

results of Mosher (1963) and Anas and Murai (1969) which showed that characters 

in the freshwater and first ocean zone provide the best separation of Asian and 

North American sockeye. Our data doJ however, provide evidence that differences 

in the discriminanting power for a character may differ between year classes and 
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brood years. 

During 1977 we classified scale samples collected in 1975 from maturing sockeye 

of age classes 2.2, 1.3 and 2.3 by the JFA in a broad region of the North 

Pacific Ocean bounded by 160°E-170°W and 42°N-50°N. We did not detect a 

significant incidence of North American sockeye in samples collected from 

within the landbased fishery. Relative to areas further north, few scale 

samples were available from the landbased area. This preclu<le3 0ur ability 

to make any definitive statement regarding the interception of maturing North 

American sockeye. 

Results of classifying the available samples provide provisional 

evidence that the models of oceanic migration for North American sockeye 

presented by French et al. (1976) are incomplete. Regarding the stocks of 

the Gulf of Alaska, we found a significant incidence of maturing 2- and 3-ocean 

age fish of this group in area E 7548 in May • . French et al. (1976) do not 

show these stocks to range south of 50°N at longitudes west of 180°. We also 

found 3-ocean age fish which identified as Bristol Bay distributed further to 

the west and south than 2-ocean age fish identified as Bristol Bay. Thus 

western Alaskan sockeye maturing at age .3 may range further to the southwest 

from their natal streams during their third year at sea than they do during 

their second year. 

We still need to explore two factors prior to determining the feasibility 

of implementing the PDF method for the identification of the origin of sockeye 

salmon in the area of the landbased fishery: 1) the availability of scale 

samples from the Kamchatka Peninsula to serve as Asian standards; and 2) the 

adequacy of scale samples in terms of numbers by maturity, age class, time 

and location of sampling to serve as unknowns. The first matter will be 
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resolved through personal contact with Soviet scientists, the second 

through tabulation of records provided by the JFA. 

We believe that any further study of the origins of sockeye in the 

landbased fishery area directed at determining whether fish of North 

America are intercepted should emphasize an analysis of 2-ocean age 

immatures. We based this recommendation on the observation that if North 

American fish are present in the area they would be found in the eastern 

portion of the fishery and that research catch samples provided by JFA 

indicate a predominance of immature age .2 fish in the eastern portion of 

the fishery. 
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Appendix Table 1. Results of classifying scale samples collected from 
age 2.2 maturing sockeye salmon in 1975. Data as 
percentages with 90% confidence intervals. 

Sample Gulf of Kamchatka 
Period Area size Bristol Bay Alaska1 Peninsula 

May 1-10 E7548 18 50.2 ± 20.3 0 49.8 ± 20.3 
W7548 46 34.0 ± 12.9 65.2 ± 19.7 8. 3 ± 11.4 
E6046 22 0 100 
E7046 45 8.0 ± 10.4 92.0 ± 10.4 
E6044 150 5.6 ± 8.7 94.4 ± 8.7 
E6544 148 6.8 ± 8.8 93.2 ± 8.8 
E6042 46 4.6 ± 9.7 95.4 ± 9.7 
E6542 · 53 0 100 

May 11-20 E6546 17 0 100 
E6544 47 0 100 
E6542 20 10.9 ± 13.8 89.1 ± 13.8 

May 21-31 E6548 76 1.9 ± 8.9 98.1 ± 8.9 
E7048 99 0 100 
E7548 94 19 .6 ± 8.1 20.1 ± 14.4 60.2 ± 14.3 
E6546 90 0.7 ± 8.7 99.3 ± 8.7 
E7046 136 2.0 ± 8.7 98.0 ± 8.7 
E7546 41 0 6.1 ± 26.5 93.9 ± 26.5 
E6044 23 13.1 ± 13.8 86.9 ± 13.8 
E6544 15 0 100 

1Gulf of Alaska category used only for samples collected 
east of 175°E. 
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Appendix Table 2. Results of classifying scale samples collected from 
age 1.3 maturing sockeye salmon in 1975. Data as 
percentages with 90% confidence intervals. 

Sample Gulf of Kamchatka 
Period Area size Bristol Bay Alaska 1 Peninsula 

May 1-10 E6544 17 0 100 

May 11-20 E6548 30 0.5 ± 13.7 95.5 ± 13.7 
E7048 18 4.4 ± 15.2 95.6 ± 15.2 

May 21-31 E6548 10.2 52.2 ± 13.4 47.8 ± 13.4 
E7048 100 73.6 ± 14.4 26.4 ± 14.4 
E7548 29 55.0 ± 18.3 40.7 ± 22.1 4.4 ± 15.3 
E6546 27 4.4 ± 14.5 95.6 ± 14.5 
E7046 49 26.7 ± 15.0 73.3 ± 15.0 

1Gulf of Alaska category used only for samples collected 
east of 175°E. 
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Appendix Table 3. Results of classifying scale samples from age 2.3 
maturing sockeye salmon in 1975. Data as percentages 
with 90% confidence intervals. 

Sample Gulf of Kamchatka 
Period Area size Bristol Bay Alaska 1 Peninsula 

May 11-20 E6548 36 0 100 

~y 21-31 E6548 96 9.5 ±. 9.6 90.5 ± 9.6 
E7048 101 65.2 ± 11.0 34.8 ± 11.0 
E7548 25 40.2 ± 19.3 59.8 ± 19.3 0 
E6546 56 6.8 ± 10.3 93.2 ± 10.3 
E7046 27 28.6 ± 16.0 71.4 ± 16.0 

1Gulf of Alaska category used only for samples collected 
east of 175°E. 




