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THE CONTINENT OF ORIGIN OF COHO SALMON IN THE JAPANESE
LANDBASED DRIFTNET FISHERY AREA IN 1981

INTRODUCTION

This document is a report on an investigation of the continent of

origin of coho salmon (Oncorhynchus kisutch) in and near the pre—1978

Japanese landbased driftnet (LBDN) fishery area (south of 46°N and west

of 175°W, Fig. 1). Scale pattern analysis was used to determine Asian

or North American origin of age 2.1 coho salmon collected in and near

the LBDN area by Japanese research and mothership vessels in 1981. The

research was conducted in response to provisions of the revised (1978)

Protocol amending the International Convention for the High Seas Fisher

ies of the North Pacific Ocean, that called for a coordinated research

endeavor by member nations to determine the continent of origin of

salmonids in the LBDN area.

REVIEW OF PREVIOUS WORK

Coastal recoveries of coho salmon tagged in or near the LBDN area

(Fig. 2) suggest that most fish are of Asian origin. However, tagging

experiments have been insufficient to determine with any resolution

either distributions of major regional stocks or mixing proportions in

areas of intermingling.

In 1980, a preliminary analysis of the feasibility of using scale

pattern analysis to determine coho origins was made, which employed

scales of age 2.1 coho of known origin (“standards”) collected in 1979
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(Harris et al. 1980). Analysis of the 1979 scales was extended in 1981,

and an overall classification accuracy of 66.5% was obtained (Myers et

al. 1981). Classification of scales of fish sampled on the high seas

(“unknowns”) indicated a predominance of Asian over North American coho

in most combinations of ten—day period and International North Pacific

Fisheries Commission (INPFC) area in the LBDN area. Percentage esti

mates of North American fish decreased over the sample period, and no

statistically significant estimates were obtained for coho from south

east Alaska stocks.

In 1982, an analysis was made of scales of age 2.1 coho collected

in 1980 (Walker and Harris 1982). Overall classificatory accuracy in

that study was 65.4%. Mixing proportion estimates of coho from Alaskan

and Asian regions were roughly equivalent for most combinations of

ten—day period and INPFC area in and near the LBDN area throughout the

sample period, and there was no clear pattern of predominance of one

region over another. No estimates were obtained for British Columbia

stocks, strengthening the indication that southeast Alaska and British

Columbia fish are not present in detectable numbers in the LBDN area.

METHODS

The methods used in the scale pattern analysis of 1981 coho salmon

were essentially the same as those reported by Myers et al. (1981) in

the analysis of 1979 coho scales. Differences from those methods are

outlined below.
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Construction of Regional Standards

Our analysis was again limited to age 2.1 coho, as scale samples of

age 1.1 fish from Asia and western Alaska were too small (n = 83 and 94,

respectively) to provide sufficiently precise mixing proportion esti

mates. In addition, age 1.1 fish were only a small proportion (9.0%) of

coho sampled in and near the LBDN fishery area.

The stocks represented in our samples were grouped according to

four major geographical regions (Kamchatka, western Alaska, central

Alaska, and southeast Alaska/British Columbia), and standard samples

composed of up to 200 scales were constructed for each area. The Alaska

Department of Fish and Game (ADF&G) provided scales from Alaskan

streams, while those from British Columbia streams were provided by the

Department of Fisheries and Oceans Canada (DFO). Southeast Alaska and

British Columbia were combined into a single standard, as the two areas

are geographically similar. Requested scales from four areas of the

U.S.S.R. were sent by the Pacific Scientific Research Institute of Fish

eries and Oceanography (TINRO) for this analysis, but they were never

received by the Fisheries Research Institute (FRI). The Asian standard

was therefore constructed from samples from two major coho—producing

rivers of Kamchatka (Kamchatka and Bolshaya rivers), provided through

the Japan Fisheries Agency (JFA).

The stock composition and construction of the regional standards

are shown in Table 1. The criteria described by Myers et al. (1981)

were used in allocating proportions of the desired regional sample
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(n 200) to major stocks within the region. Rough estimates of run

sizes were used in apportioning the western Alaska stock. Escapement

estimates were employed for southeast Alaska and British Columbia

stocks. Representation in the central Alaskan standard was on the basis

of commercial catch statistics.

Scales from Kamchatka Peninsula coho were markedly smaller than

those from North American fish. As these scales were measured, they

were placed in one of three size categories: normal, small, or very

small. Normal scales were defined as those having a distance of at

least six inches along the measurement axis from the focus to the outer

edge of the ocean annulus of scales projected at a magnification of

100X. (Six inches was toward the lower range of this measurement in

scales used for North American standards.) Small scales included those

with the measurement between five and six inches on the projected image,

and very small scales measured less than five inches. Very small scales

were not used in the analyses.

Two different standards were constructed to represent Asian stocks.

The first included normal and small scales from the Kamchatka and

Bolshaya rivers. The two rivers were represented in proportion to un

official catch statistics. (There were insufficient scales from the

Kamchatka River to bring this standard to 200 fish.) This standard was

used in a four—way analysis and in subsequent three— and two—way analy

ses. Because the results of these analyses may have been biased due to

the inclusion of small scales in the standard, another analysis was per—

formed using only larger (normal—sized) scales in the Asian standard,
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although the number of these scales was inadequate to weight the stocks

in proportion to catch indices of run sizes. The majority of these

scales come from the Bolshaya River, the runs of which are perhaps a

third the size of those of the Kamchatka River. This standard was used

only in a four—way analysis.

Abundance estimates used in weighting stocks for inclusion in

standards may be inaccurate. Commercial catches may not reflect actual

run size, and escapement estimates are often extrapolations. Weighting

factors used for construction of standards, while possibly inaccurate,

are based on the best information available.

Sample Composition and Age Determination of Coho Unknowns

Two collections of scales of 1981 coho unknowns were used in the

analysis. The first was a sample of scales (n = 6089) collected from

coho caught in or near the LBDN area in 1981 by Japanese research ves

sels, and provided to us by JFA. The second was a sample of scales (n =

716) collected by JFA inspectors aboard Japanese motherships operating

just north of the LBDN in 1981. Scales were provided from sites south

of 51°N and east of 160°E. Therefore, in this paper analyses for INPFC

areas north of 50°N (E6550, E7050, E7550, and W8050) only include scales

from the southern half of the area, between 50°N and 51°N. (This obser

vation applies to Myers et al. 1981 and Walker and Harris 1982, although

it was not mentioned by those authors).

Ages of all scales in both collections were determined by JFA bio

logists. Due to differences in age determination of 1979 coho unknowns
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(discussed in Myers et al. 1981), both collections were re—aged by FRI

biologists to maintain consistency with age determinations in the stand

ards. As was found with 1980 coho of unknown origin (Walker and Harris

1982), there was substantially better agreement between JFA and FRI

determined ages than for the 1979 fish. Biologists of the JFA desig

nated 4075 out of 4792 readable scales as age 2.1 coho (85.0%), while

FRI biologists counted 3955 out of 4548 readable scales as age 2.1

(87.0%).

Scale Measurement

Measurement of coho scales was as described in Myers et al. (1981)

and Harris et al. (1980). One fish scale technician made all measure

ments of standard, mothership, and a portion of research vessel unknown

scales. A second technician read the remaining research vessel scales.

Character Selection

Scale characters were chosen from the set of 60 listed in Table 2,

using the method of Cook and Lord (1978). As noted above and in a pre

vious report (Walker and Harris 1982), scales from Kamchatka coho tended

to be smaller than those of other regions, in particular having a small

er first ocean zone with fewer circuli. Because of the distinctiveness

of this trait, several related characters also ranked high as discrimi

nators between regions. In general, the use of highly dependent charac

ters was avoided.
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In the four—class analysis using the catch—weighted Asian standard,

six scale characters were selected to separate the four regional stand

ards and to classify high seas samples: characters 3, the size of the

first ocean zone (zone 3); 10, the number of circuli from the focus to

the end of the ocean annulus (zones 1 + 2 + 3); 14, the number of

circuli in the first ocean zone (Zone 3); 15, the number of circuli in

the freshwater and intermediate growth1 zones (zones 1 + 2); 26, the

distance between circulus 13 and circulus 15 in zone 3 divided by the

size of zone 3; and 43, the distance between circulus 19 and circulus 21

in zone 3.

For areas where either the central Alaska or southeast Alaska!

British Columbia stock—group was not detected, the analysis was repeated

using the remaining three regions. A new character set was chosen for

each combination of regions analyzed. For the three—class analysis be

tween Kamchatka, western Alaska, and central Alaska, six scale charac

ters were chosen: 3, 10, 15, and 43 as above; and characters 2, size of

intermediate growth zone (zone 2) and 11, average spacing of circuli

through the end of the ocean annulus (size of zones 1 + 2 + 3 divided by

number of circuli in the zones). For the three—class analysis between

Kamchatka, western Alaska, and southeast Alaska/British Columbia, a

different set of six characters was used: 3, 10, 26, and 43 as above;

and character 35, the distance between circulus 16 and circulus 18 in

the intermediate and ocean zones combined (zones 2 + 3) divided by the

size of the combined zones.

‘The intermediate growth zone, zone 2, was defined as the region
from the last circulus of the second freshwater annulus through the last
circulus before true ocean—growth circuli; it contained freshwater
plus—growth and/or estuarine growth.
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The analysis was again repeated between Kamchatka and western

Alaska when either central Alaska or southeast Alaska/British Columbia

was not detected in a three—class analysis. The six characters used

were 3, 10, 26, and 43 as above, and characters 19, average spacing of

circuli in the first ocean zone (size of zone 3 divided by number of

circuli in the zone) and 42, the distance between circulus 16 and

circulus 18 in zone 3.

In the four—class analysis using only normal—sized scales in the

Asian standard, six characters were chosen: 10, 14, 15, and 26 as in

the other four—class analysis, and characters 17, the average spacing of

circuli in the freshwater zone (size of zone 1 divided by number of cir—

culi in the zone) and 27, the distance between circulus 16 and circulus

18 in zone 3 divided by the size of zone 3.

The regional means, standard deviations, and frequency distribu

tions of the fourteen scale characters are shown in Appendix Figures 1

to 6.

Classification and Point and Variance Estimation Procedures

Patterns of selected scale characters in the regional standards

were used to determine the most probable origin of individual fish in

the unknown samples. The methods of classification and point estimation

are described by Cook et al. (1980) and those of variance estimation are

described by Cook et al. (1981). A new technique, described by Cook (in

press), constrains point estimates to values between zero and one, so

that when a stock is not detected (i.e., its point estimate is zero or
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negative), estimates for the remaining stocks can be obtained without

repeating the analysis. Values obtained in this manner have been shown

by extensive simulation experiments to be in good agreement with those

obtained by collapsing and repeating the analysis with the non—detected

stocks deleted. However, one possible advantage of a repeated analysis

over the constrained estimator is that different scale characters,

specifically chosen to maximize separation of the remaining stocks, may

be selected.

Point estimates and 90% confidence intervals were obtained for each

combination of 10—day period by INPFC statistical area, month by INPFC

area, and month by quadrat (Fig. 1) for samples of 25 or more fish. The

term “positive estimate” refers to any point estimate greater than zero

obtained for a regional stock. The term (statistically) “significant

estimate” refers to a point estimate for which the 90% confidence inter

val does not include zero.

In the four—class analysis using the catch—weighted Asian standard,

the central Alaska stock was not detected in 22 time—area combinations

and the southeast Alaska/British Columbia stock was not detected in 18

combinations. For these cases the analysis was repeated using the other

three regions. For 46 time—area combinations neither the central Alaska

nor the southeast Alaska/British Columbia stocks were detected, and a

two—class Kamchatka—western Alaska analysis was done. In five cases in

which the Kamchatka stock was not detected, point estimates from the

constrained estimator procedure were used.
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In the analysis using only normal—sized scales in the Asian stand

ard, constrained estimates were used for all cases in which a stock was

not detected.

RESULTS

Analyses Using Catch—weighted Asian Standard

The results of classifying the various combinations of regional

standards, including the catch—weighted Asian standard, are shown in

Appendix Table 1. Overall classificatory accuracy for the 4—class

analysis was 64.1%. The percentages of fish correctly classified as

western Alaska, central Alaska, southeast Alaska/British Columbia, and

Kamchatka, were 60.4, 51.0, 66.3, and 78.7%, respectively. In the 3—

class analyses, overall accuracies were 73.5% and 78.1% for the western

Alaska—central Alaska—Kamchatka and the western Alaska—southeast Alaska!

British Columbia—Kamchatka groupings, respectively. An accuracy of

85.3% was obtained in the two—class analysis between western Alaska and

Kamchatka fish. As in the study of 1979 and 1980 fish, misclassification

errors for North American coho were greatest among the three North Ameri

can regions, and least with Kamchatka. Misclassification errors between

Kamchatka and a North American region were largest between Kamchatka and

central Alaska, and least between Kamchatka and southeast Alaska/British

Columbia.

Mixing proportion estimates and 90% confidence intervals calculated

for North American and Kamchatka stocks using the catch—weighted Asian
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standard are presented in Appendix Table 2. Sample sizes of 25 or more

fish within a combination of 10—day period and INPFC area were available

from 46 strata sampled in 1981, 28 of which were in the LBDN area. The

LBDN area strata were from 12 INPFC areas: E6044, E6046, E6540, E6542,

E6544, E6546, E7042, E7044, E7542, E7544, W8042, and W8044. Adequate

samples within a 10—day period were also available for 18 strata from 10

INPFC areas north of the LBDN area.

Statistically significant estimates were obtained for western

Alaska coho in all 28 10—day period/INPFC area strata (in the LBDN area)

analyzed. Estimates ranged from 55.3% to 100%, and tended to be higher

in the western and southern portions of the LBDN area.

Only one significant estimate was obtained for central Alaska in

the LBDN area, an estimate of 21.8% in area W8044 in late June. (Four

positive but statistically nonsignificant estimates were obtained for

other period—area combinations in the LBDN area.)

No significant estimates were obtained for southeast Alaska/British

Columbia stocks for any combination of 10—day period and INPFC area.

(Six positive but nonsignificant estimates for period—area combinations

in the LBDN area were primarily grouped in the western half of the area

in late June and early July.)

Statistically significant estimates were obtained for Kamchatka

coho in nine out of 28 period—area combinations in the LBDN area. These

estimates ranged from 13.1% to 27.5% and were primarily east of 175°E.
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(Fifteen additional estimates for period—area combinations in the LBDN

area were positive but nonsignificant.)

In waters outside of the LBDN area (north of 46°N), significant

estimates were obtained for western Alaska coho for all period—area

combinations except for two. Only three estimates for central Alaska

were significant in these waters, and there were no significant esti

mates for southeast Alaska/British Columbia coho. Thirteen of the

eighteen period—area combinations yielded significant estimates for

Kamchatka coho.

Analysis Using Only Normal—sized Scales in the Asian Standard

Most scales from Kamchatka stocks appeared to be noticeably smaller

than those from North American stocks or from the unknown samples, as

noted earlier. Since this might bias the classification of unknowns

toward North American stocks, a followup analysis was performed using

only the larger scales available from Kamchatka stocks. This had the

advantage of comparing more like—sized scales in the standards, although

Asian scales generally remained smaller. One disadvantage was that in

order to construct an adequate Asian standard sample, scales had to be

taken disproportionately from the Bolshaya River, in violation of one of

the assumptions of the pattern recognition technique (Cook 1982).

Overall classificatory accuracy was 61.2% for a four—class analy

sis, with 55.9%, 57.0%, 58.8%, and 73.2% of the fish classifying

correctly to western Alaska, central Alaska, southeast Alaska/British

Columbia, and Kamchatka, respectively (Appendix Table 3). As expected,
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mixing proportion estimates shifted toward Kamchatka stocks, although

North American (in particular western Alaskan) stocks remained predomi

nant. Figures 3 to 8 present a comparison of the analyses using the

catch—weighted Asian standard with the analysis using an Asian standard

with normal—sized scales. The Kamchatka estimate for each period—area

combination is juxtaposed with the sum of the North American stock esti

mates for each set of analyses. (Because of the combination of North

American estimates, no confidence intervals are presented.) The two

sets of estimates are not strictly comparable because of two factors in

addition to the partial change of scales composing the Asian standard:

1) two scale characters were changed, and 2) the estimates from the

second analysis come only from the constrained estimator technique, with

no repetition of analysis when stocks dropped out. (Constrained esti

mates are generally in good agreement with estimates from reanalysis.)

The number of statistically significant estimates for western

Alaska coho in the LBDN dropped slightly from 28 to 25, and the magni

tudes of the estimates were generally lower. The reverse was true for

estimates of Kamchatka coho: significant estimates in the LBDN doubled,

from 9 to 19, and the magnitudes were generally larger. There were no

significant estimates for either central Alaska or southeast Alaska!

British Columbia. The number of positive but nonsignificant estimates

dropped slightly for central Alaska stocks and rose slightly for stocks

from southeast Alaska/British Columbia. The trends of these changes are

shown in Appendix Table 4.
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DISCUSSION

Mixing proportion estimates for western Alaskan coho strongly

dominated those from all other regions for most combinations of 10—day

period and INPFC area in and near the LBDN area. Estimates for western

Alaskan coho were more than four times the size of estimates for the

second largest stock, Kamchatka, in the analyses using a catch—weighted

Asian standard. The western Alaskan estimates were over one and a half

times as large as those for Kamchatka using only normal—sized scales in

the Asian standard. Percentages of western Alaskan fish were highest in

the western and southern portions of the area, while percentages of

Kamchatka fish were highest in the north and east, although still

secondary to western Alaskan estimates. Estimates for central Alaska

and southeast Alaska/British Columbia stocks were nearly all small and

nonsignificant.

These results are markedly different from studies on 1979 and 1980

coho scales (Myers et al. 1981, Walker and Harris 1982). Analysis of

1979 samples indicated a predominance of Kamchatka fish over those of

North America. The analysis of 1980 samples showed no clear pattern of

predominance, as Kamchatka, western Alaska, and central Alaska estimates

were in rough equivalence. In both years estimates for central Alaska

were as large as or slightly larger than those from western Alaska. One

point of agreement with past studies is the continuing lack of signifi

cant and positive estimates for the southeast Alaska/British Columbia

region. This further supports our belief that age 2.1 coho from these



15

regions are not present in detectable numbers in waters as far west as

the LBDN area.

The results of this year’s analysis of 1981 scales are also in

contrast to the pattern of tag returns (Fig. 2), which suggests that the

majority of coho in the LBDN area are of Asian origin. However, there

are three western Alaska recoveries of fish tagged in the area of study

(south of 50°N, 160°E—165°W), including one from the pre—1978 LBDN area,

and one—third (14 out of 41) of the returns of fish tagged in area

W8050, just north of the study area, have come from western Alaska. In

addition, coho fishery exploitation rates leading to tag recoveries may

have been lower in western and central Alaska in early years. Catches

of coho salmon have more than doubled in western and central Alaska

since 1978, and all tag recoveries (from releases south of 500N) from

western Alaska have been in recent years (1977 and 1982). Nevertheless,

tag returns indicate a preponderance of Asian fish in the LBDN area.

There are two possible factors that singly or together may explain

the discrepancy between analysis of 1981 coho scales and results of

previous scale analysis and tagging experiments. A dramatic shift in

the relative magnitudes of Asian and Alaskan coho runs might be indicat

ed. For example, the analysis of 1980 coho scales showed a shift from

dominance by Asian stocks (indicated by the 1979 study) to near

equivalence of Asian and Alaskan stocks. Subsequently available catch

statistics lent some support to this finding, showing 1980 USSR catches

of coho at half of their 1979 level, while Alaskan catches had
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remained high. However, 1981 catch information indicates that the

relative abundanced of Asian coho increased in 1981.

A more probable explanation is that results of the analysis of 1981

scales are to some degree biased by the type of scales available for the

Asian standard. In 1979 TINRO biologists collected scales for the Asian

standard using materials provided by FRI. Diagrams and explicit instruc

tions demonstrated the body area preferred for scale collection. The

1980 Asian standard was composed of scales selected by FRI biologists

from smear samples provided by TINR0. The 1981 Asian standard was con

structed from acetate scale impressions provided by JFA, presumably from

scales selected by JFA biologists from TINRO smear samples. Following

the observations of FRI biologists on board a TINRO tagging cruise in

the summer of 1983, it is now believed that TINRO biologists take scale

samples from their own preferred body zone just below the dorsal fin, an

area anterior and considerably dorsal to the INPFC preferred area.

Smear samples provided in 1980 and 1981 probably came mostly from this

region. Scales selected by FRI biologists from the 1980 sample were

chosen for size and shape most closely resembling scales from the

preferred area, while those selected by JFA biologists from 1981 samples

may have been chosen primarily for aging purposes, without consideration

of use in stock separation by scale pattern analysis. Therefore, the

1980 standard may have been more suitable for scale pattern analysis

than that of 1981. The decline in percentage estimates of Kamchatka

coho from 1979 to 1981 may be associated in part with use of scales

farther and farther from the INPFC—pref erred area.
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Sato (1961) found that scales of age 2.1 coho of Asian origin had

smaller first ocean zones with fewer circuli than fish of North American

origin. Thus Kamchatka scales might be expected to be smaller. Howev—

er, the extremely small scales found in this year’s study are likely to

have come from a nonpreferred body zone. Variation in scale characters

with body zone has been noted before for coho salmon (Hayashi and

Kitahara 1959, Scarnecchia 1979), and further studies are underway at

FRI to examine the effect that area of collection may have on scale

patterns.

In conclusion, three somewhat obvious points remain:

1. Kamchatkan, western Alaskan, and central Alaskan fish all seem

to be present in the LBDN areas to some degree, although with the

variation between analyses it is difficult to quantify the proportions.

2. Coho of southeast Alaskan and British Columbian origin are

either absent from the LBDN area or are present in very low numbers that

are difficult to detect.

3. For accurate analysis and reliable estimation of mixing pro—

portions, it is necessary that all standard and unknown—origin scales be

collected from the INPFC—preferred area of the body.
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Fig. 4. Mixing proportion estimates (%) of age 2.1 coho salmon (Onco—
rhynchus kisutch) from the Kamchatka Peninsula and North
American by INPFC area, May 21—31, 1981, using A) catch—
weighted Asian standard and B) only normal—sized scales in
Asian standard.
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rhynchus kisutch) from the Kamchatka Peninsula and North
America by INPFC area, June 11—20, 1981, using A) catch—
weighted Asian standard and B) only normal—sized scales in
Asian standard.

54

52

50

ILl
~D48
F
:1

I—cr46
-J

44

42

40
155

Fig. 6. Mixing proportion estimates (%) of age 2.1 coho salmon (Onco—
rhynchus kisutch) from the Kamchatka Peninsula and North
America by INPFC area, June 21—30, 1981, using A) catch—
weighted Asian standard and B) only normal—sized scales in
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Fig. 8. Mixing proportion estimates (%) of age 2.1 coho salmon (Onco—
rhynchus kisutch) from the Kamchatka Peninsula and North
America by INPFC area, July 11—20, 1981, using A) catch—
weighted Asian standard and B) only normal—sized scales in
Asian standard.
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rhynchus kisutch) from the Kamchatka Peninsula and North
America by INPFC area, July 1—10, 1981, using A) catch—weighted
Asian standard and B) only normal—sized scales in Asian standard.
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Table 2. Scale characters examined for use in the discriminant analyses
of 1981 age 2.1 coho salmon (Oncorhynchus kisutch) scale
samples.

Character
No. Descriptiona

1 Size zone 1
2 Size zone 2
3 Size zone 3
4 Size zone 1 + zone 2
5 Size zone 2 + zone 3
6 Size zone 1 + zone 2 + zone 3
7 Size zone 1/(Size zone 1 + zone 2 + zone 3)
8 Size zone 2/(size zone 1 + zone 2 + zone 3)
9 Size zone 3/(size zone 1 + zone 2 + zone 3)

10 No. circuli zone 1 + zone 2 + zone 3
11 (Size zone 1 + zone 2 + zone 3)/(no. circuli zone 1 + zone 2 +

zone 3)
12 No. circuli zone 1
13 No. circuli zone 2
14 No. circuli zone 3
15 No. circuli zone 1 + zone 2
16 No. circuli zone 2 + zone 3
17 Size zone 1/no. circuli zone 1
18 Size zone 2/no. circuli zone 2
19 Size zone 3/no. circuli zone 3
20 (Size zone 1 + zone 2)/(no. circuli zone 1 + zone 2)
21 (Size zone 2 + zone 3)/(no. circuli zone 2 + zone 3)
22 Distance Cl to C3 in zone 3/size zone 3
23 Distance C4 to C6 in zone 3/size zone 3
24 Distance C7 to C9 in zone 3/size zone 3
25 Distance ClO to C12 in zone 3/size zone 3
26 Distance C13 to C15 in zone 3/size zone 3
27 Distance C16 to C18 in zone 3/size zone 3
28 Distance C19 to C21 in zone 3/size zone 3
29 Distance C22 to C24 in zone 3/size zone 3
30 Distance C25 to C27 in zone 3/size zone 3
31 Distance C28 to C30 in zone 3/size zone 3
32 Distance C31 to C33 in zone 3/size zone 3
33 Distance C34 to C36 in zone 3/size zone 3
34 Distance Cl to C9 in zone 3
35 Distance ClO to C18 in zone 3
36 Distance C19 to C27 in zone 3
37 Distance Cl to C3 in zone 3
38 Distance C4 to C6 in zone 3
39 Distance C7 to C9 in zone 3
40 Distance ClO to C12 in zone 3
41 Distance Cl3 to C15 in zone 3
42 Distance Cl6 to Cl8 in zone 3
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Table 2. Scale characters examined for use in the discriminant analyses
of 1981 age 2.1 coho salmon (Oncorhynchus kisutch) scale samples
— cont’d.

Character
No. Descriptiona

43 Distance C19 to C21 in zone 3
44 Distance C22 to C24 in zone 3
45 Distance C25 to C27 in zone 3
46 Distance C28 to C30 in zone 3
47 Distance C31 to C33 in zone 3
48 Distance C34 to C36 in zone 3
49 (Distance Cl to C3 in zone 2 + zone 3)/(size zone 2 + zone 3)
50 (Distance C4 to C6 in zone 2 + zone 3)/(size zone 2 + zone 3)
51 (Distance C7 to C9 in zone 2 + zone 3)/(size zone 2 + zone 3)
52 (Distance ClO to C12 in zone 2 + zone 3)/(size zone 2 + zone 3)
53 (Distance C13 to C15 in zone 2 + zone 3)/(size zone 2 + zone 3)
54 (Distance C16 to C18 in zone 2 + zone 3)/(size zone 2 + zone 3)
55 (Distance C19 to C21 in zone 2 + zone 3)/(size zone 2 + zone 3)
56 Distance Cl to C3 in zone 2 + zone 3
57 Distance C4 to C6 in zone 2 + zone 3
58 Distance C7 to C9 in zone 2 + zone 3
59 No. circuli in ocean annulus
60 Size of ocean annulus

aZone 1: The area of the scale from the center of the focus to the
outer edge of the last circulus in the second freshwater annulus.

Zone 2: The area of the scale from the outer edge of the last circu—
lus in the second freshwater annulus to the outer edge of the last inter
mediate growth circulus (i.e., freshwater plus—growth and/or estuarine
growth), if present.

Zone 3: The area of the scale from the outer edge of the last inter
mediate growth circulus if present (outer edge of last circulus in second
freshwater annulus otherwise) to the outer edge of the last circulus in the
ocean annulus.

C circulus
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Appendix Table 1. Decision arrays for mature age 2.1 coho salmon of
Western Alaska vs. Central Alaska vs. Southeast
Alaska/British Columbia vs. Kamchatka Peninsula ori
gin in 1981 calculated for a) 4—class, b) 3—class,
and c) 2—class situations, using catch—weighted
Asian (Kamchatka) standard. The overall classifica
tory accuracies were calculated as the unweighted
means of the accuracies on the diagonals of the
decision arrays.

a) 4—class:
Western vs. Central vs.
Scale characters used:

Southeast/B.C. vs. Kamchatka
3,10, 14,15,26,43a

Correct decision (7)
Southeas t/

Overall
accuracy: 64.1%

b) 3—class:
Western vs. Central vs.
Scale characters used:

Calculated
decision

Kamchatka

Correct decision (%)
Central Kamchatka

Western vs. Southeast/B.C. vs. Kamchatka
— Scale characters used: 3,10,26,35,43,54a

Correct decision (%)
Calculated Southeast/
decis ion

Calculated
decision Western Central B.C. Kamchatka

Western 119(60.4) 35(17.5) 30(15.1) 8( 6.6)
Central 37(18.8) 102(51.0) 33(16.6) 17(13.9)
Southeast/B.C. 26(13.2) 40(20.0) 132(66.3) 1( 0.8)
Kamchatka 15( 7.6) 23(11.5) 4( 2.0) 96(78.7)
Total 197 200 199 122

Overall
accuracy: 73.5%

Western

Western 143(72.6) 37(18.5) 11( 9.0)
Central 33(16.7) 140(70.0) 16(13.1)
Kamchatka 21(10.7) 23(11.5) 95(77.9)
Total 197 200 122

Overall
accuracy: 78.1%

Western B.C. Kamchatka

Western 137(69.5) 39(19.6) 14(11.5)
Southeast/B.C. 40(20.3) 155(77.9) 2( 1.6)
Kamchatka 20(10.2) 5( 2.5) 106(86.9)
Total 197 199 122
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Appendix Table 1. Decision arrays for mature age 2.1 coho salmon of
Western Alaska vs. Central Alaska vs. Southeast
Alaska/British Columbia vs. Kamchatka Peninsula ori
gin in 1981 calculated for a) 4—class, b) 3—class,
and c) 2—class situations, using catch—weighted
Asian (Kamchatka) standard. The overall classifica
tory accuracies were calculated as the unweighted
means of the accuracies on the diagonals of the
decision arrays — cont’d.

c) 2—class Overall
Western vs. Kamchatka accuracy: 85.3%
Scale characters used: 3,10,19,26,42,43a

Calcuated Correct decision (%)
decision Western Kamchatka

Western 168(85.3) 18(14.8)
Kamchatka 29(14.7) 104(85.2)
Total 197 122

aSee Table 2 for descriptions of scale characters used in analyses.
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Appendix Table 3. Decision array for mature age 2.1 coho salmon of
Western Alaska vs. Central Alaska vs. Southeast
Alaska/British Columbia vs. Kamchatka Peninsula
origin in 1981 calculated for the 4—class situa
tion, using only normal—sized scales in the Asian
(Kamchatka) standard. The overall classificatory
accuracy was calculated as the unweighted mean of
the accuracies on the diagonal of the decision
array.

Overall
accuracy:Scale characters used: lO,l4,l5,l7,26,27a - 61.2%

Correct decision (%)
Calculated Southeast/
decision — Western Central B.C. Kamchatka

Western 110(55.9) 27(13.5) 41(20.6) 14(11.4)
Central 29(14.7) 114(57.0) 33(16.6) 15(12.2)
Southeast/B.C. 31(15.7) 43(21.5) 117(58.8) 4( 3.2)
Kamchatka 27(13.7) 16( 8.0) 6( 3.0) 90(73.2)
Total 197 200 199 123

aSee Table 2 for descriptions of scale characters used in the
analysis.
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