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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 1759W, 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



(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.



Construction of Regional Standards

Qur 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.5.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



(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,



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



(discussed in Myers et al. 1981), both collections were re—aged by FRI
bioclogists 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.



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 growthl 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 zomes 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 zomes.

IThe 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.



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 zomne 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



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 907 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%Z. 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. 1In the 3~
class analyses, overall accuracies were 73.5% and 78.1%Z 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 73.27% 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
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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 500N, 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). WNevertheless,

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 TINRO. 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. Therefofe, 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-preferred 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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Fig. 5. Mixing proportion estimates (%) of age 2.1 coho salmon (Onco-

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.
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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
Asian standard.
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Fig. 7. Mixing proportion estimates (%) of age 2.1 coho salmon (Onco-
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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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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Mixing proportion estimates (%) of age 2.1 coho salmon (Onco-
rhynchus kisutch) from the Kamchatka Peninsula and North
America by INPFC area, July 21-31, 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. Description?

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 + zonme 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 Cl0 to Cl2 in zone 3/size zone 3
26 Distance Cl13 to Cl5 in zone 3/size zone 3
27 Distance Cl6 to Cl8 in zone 3/size zone 3
28 Distance Cl19 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 Cl0 to Cl8 in zone 3

36 Distance Cl19 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 Cl0 to Cl2 in zone 3
41 Distance Cl13 to Cl5 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. Description?
43 Distance Cl9 to C21 in zone 3
44 Distance C22 to C24 in zone 3
45 Distance C25 to C27 in zomne 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 zome 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 CY in zone 2 + zone 3)/(size zone 2 + zone 3)
52 (Distance Cl0 to Cl2 in zone 2 + zone 3)/(size zone 2 + zone 3)
53 (Distance Cl3 to Cl5 in zone 2 + zone 3)/(size zone 2 + zone 3)
54 (Distance Cl6 to Cl8 in zone 2 + zone 3)/(size zone 2 + zone 3)
55 (Distance Cl19 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

@Zone 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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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 ¢) 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:

Overall

Western vs. Central vs. Southeast/B.C. vs. Kamchatka accuracy: 64.17
Scale characters used: 3,10,14,15,26,432

Correct decision (%)

Calculated Southeast/
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) 4C 2.0) 96(78.7)
Total 197 200 199 122
b) 3-class: Overall
Western vs. Central vs. Kamchatka accuracy: 73.5%

Scale characters used: 2,3,10,11,15,438

Calculated Correct decision (%)
decision Western Central Kamchatka
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
Western vs. Southeast/B.C. vs. Kamchatka accuracy: 78.17%

___Scale characters used: 3,10,26,35,43,542

Correct decision (%)

Calculated Southeast/

decision 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: 3,10,19,26,42,432
Calcuated Correct decision (%)

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

a o .
See Table 2 for descriptions of scale characters used in analyses.



37

(9°9%-0 )T°TT 0 (6°8%-0 )€°8T  (8°16~T°[T)G"6S Gg 9%708M
(7°6€-0°11)27°ST 0 (%°12-0 )v°¢ (0°88-8°0G6)%° 69 €71 71708Mx
(9°92-0 )T°6 0 0 (00T-%"€L)8°06 €€ 708 My
(6°66-9°11)8*¢c  (L°%¢-0 I¥°T 0 (6°96-L°0€)8°€9 6€ 9%G/H
(1°0%-2°11)L°ST 0 0 (8°88-6"6S)€° 7L %9 4G [ Ax
(L*9%-T°01)S° LT 0 0 (8°68-€°66)S"TL 7Y AR VAL
(6°9.-7°8 )S*¢y  (¥°96-0 )0°6T  (L°T79-0 )6°9 (6°LL-0 )9°1¢ LT 060L4
(8°0¢€-0 )0*€1 0 (0°25-6°0 )59  (0°/8~T1°%E£)G°09 9¢ 8%70.LH
(1°62-8°T )y €1 0 0 (2°86~-6°"%1)9°98 16 9%0.Hd
(#°91-0  )S°1 0 0 (001-9°G8)5° 86 8¢ w70, Hx
(0°12-0 )69 0 0 (00T-0"6L)1°€6 16 84091
(9°02-0 )¥°9 (8°¢g-0 )T 01 0 (00T-€"¥S)¥° €8 96 9409
(G*vz-0  )L°8 (L°0€-0 )S°9 0 (00T-2°%S)8° %8 6% %09dx  OTI-1 AInr
(6°6£-€°9 )6°CC 0 (L°T%-8°0 )8°1C  (€°L/[-€°€€)E"SS 08 #5708Mx
(¢€°0z-0 )8°8 0 0 (00T-L°6L)T°16 98 TH08Mx
0 0 0 (001-6°68) 00T 101 4G [
(0°61-0  )9°T (1°1%-0 )L'8 0 (00T-S°0S)L"68 8¢ 9769y
0 0 0 (001-6*68) 00T 9/ 79C9Hy
(8°%1-0 )L°T (6°Z%-0  )6°ST  (9°S%y-0  )8°9 (00T-€°6€£)5°GL €L 276 9
0 (6°65-0  )6°SI 0 (00T-6°TE)T"¥8 43 0%G9Hx 0€-T1z @unp
(z°92-0 )e"01 0 0 (00T1-8°€L)L°68 184 %46 Hy  07-11 sunp
(€°21-0 I%*T (y*vZ-0  )8°9 0 (001-2°69)8°06 A4 hSLHx  T€-1C LR
0 0 0 (00T-6°28) 001 4 TwSLax  0C-T1T1 Ael
BINSutTuUag *D°g/eqsely BYSBIY BYSBTVY 9Z1S goIiew potaad
BY3ByOowey 1s8eayl1nog Teaaus) uI931s9aM oT1dweg DAINT Lep—-01

STEeAI9]UT 9OUSPIIUOD %06 UITM (%) seojewrise uoriiodoad JuTXTR

:seoae HAANI UTUY3ITH sporasd Aep-Ql ioao pafood seydueg (B

*edae AI9YSTJ PIsSeqpUeT UTYITM SBaIB DAANT = ¥ THLSLT 03 H 09T X N,9% ©3 N O%
Azmv jeapenb 3ssmyinog B S9T ©3 H GLT X N 9% 03 z 0y = Ame umuvmnw 31sBayl1nog
*HGLT ©F H,09T X NZ§ 03 °N o7 = Aazv jeIpenb 3semgaoy "M,S9T 03 F G/T X N.z6§
03 ZO©¢ Amzv umuvmsw ummmsuuoz *piepuels URISY polydrem-yoied Suisn mmmhﬁmﬁm
WOIJ POATIOP So3evWIlsSy °*sieipenb urylTm syjuom iaac psjood sofdues (O pur ‘seaie
DAdNI UTY3lTm syjuow x9ao0 psTood soTdues (g ‘seoie (D4INI) UOTSSTWEO) SOTIDYSTS OT
~JTo®d Y3lION TBUOTIBRUISIUT UTYITM sporiad Lep-(Q] I=ao pafood sordues (e 103 pojend
-89 1861 UT ®Bai® AI9YsTJ poseqpue] osauedel oyl JIesu pur ul (YOINSTY SNYIUAYIODUQ)
UoWTBS OYOD UBRISY pu® uByseETY [°Z 98¢ Suranjeu jo uorixodoad SuTxXTw 9yl Jo seojewrisy °y oIqel XTpudaddy




38

(S°%T-L°T )1°€T 0 0 (£°86-6°G1)6°98 96 7708Mae

(8 H%-%°G1)1°0¢€ 0 0 (9°%8-2°65)6°69 %9 997G /A

(L*0%-S*0T1)9°ST 0 0 (6°68-€°6S)¥° 7/ 8¢ VARTACE]

(£°99-¢°€2)8°%%  (T°92-0 )T°9 (%°6S-0 )9°zT (§°€S=-0 )¥° 92T 08 0S0/H

(9°26-0°02)€°9¢  (I°S1-0 )ZT°0 (1°0%=0  DTI°*1T (% LL=-S°LT)%°TS 9¢T 8v0.d

(0°0%-£°0 )€°0T 0 (9°8%-0 )1°€T  (£°€8-6°67)9°9¢ €S 05691

(6°€c-%°6 )L 1T 0 0 (9°06-1°99)€°8L 06 86 9d

(0°82-0 )I1°21 0 0 (001-0°2£)6° L8 17 9%G9dy TE€-1T AInr

(9°6%-€°ST)¥°C¢E 0 (6°82-0  )T*0T  (9°8/-%"9€)S" /S 98 0508M

(T°62-1°2 )9°11 0 (9°96-1°61)8°6E¢  (£°€/-8°1€)9°2TS 96 8%708M

(¥°92-0°01)2° 81 0 0 (0°06=-9°€/)8°18 %GT 9%08M

(7°8€-€°€1)6°6C 0 0 (£°98-9°19)1° %/ 38 ¥5708Mx

(¥°1€-0 )8°¢I 0 (€°67-0 )0°L (00T1-8°€S)T°6L 09 T708Mx

(L*T9=T°T11)%°9C 0 0 (6°88-£°86)9°¢/ LS 9%G/H

(7°6T-%"L )¥°81 0 0 (9°26-9°0/)9°18 711 VALTAE

(1°%2-0 )L°6 0 0 (00T-6°SL)E° 06 159 ARYA L

(g*9%v-0 )z°C?z (T°6€-0 )9°6 (¥°86-0 )L°0T (00T-0°GT)G"* LS (% 060.4

(€°82-0 )O°#I 0 (#°19-0°61)2°0%  (5°99-1°GT)8 G¥ €6 8%70.4

(€°€T-1°6 )T*HI 0 0 (6°76-L°9.)8°G8 8/1 9%0.H

(8°02-0 )ZT°6 0 0 (001-2°6.)8°06 ¢8 90/ Hx

(8°L1-0 )1I°¥% 0 0 (001-2°28)6°G6 16 790 L3

(9°€E-T €TI¥°€T 0 0 (8°98-%°99)9°9/ 7T 94099+

(0°0%-0  )9°8I 0 (0°G6e-0 )16 (00T1-6°CT%)E°TL ¢y vH09dx  07-11 A1nf
eTnsuTuad .U.M\mxmm.jw BYSBIV BYSETVY 9ZTS roade .@Oﬁhmm
mxum.ﬁoﬁdw& ummmﬂuﬁom Hmuuﬂmu TUI2]159M wHQEmm OAdINT %m.@IOﬂ

STBAISIUT 90USPTIUOD Y06 UYITA (%) seojemrise uorixodoad SulxXTi

*p,3U0D ~ SBOIB DJAINI UTYITIA sporaad Aep-Q] iIsao pearood sardueg (®

*p,3U0D — BOIBR AI9YSTJ POSBqPUEB] UTYITM SB2I® DJAINI = ¢ °*dI oSLT 03 E 09T X

Ny9% 03 N,0Y = (#s) Feapenb 3semyinog M C9T 03 W G/T X N 9% 03 N oq (4s) 381penb
ummmﬁunom e oSLT 03 H 09T X N TG ©3 N oq (MN) umuwm:w uwwasuuoz M o591 03 W 6/T X
N,Z6 03 N 9Y = (dN) umuwmnw ummm:upoz .@umﬁamum UBISY @muﬁwawzsﬂuumu Busn mmm%ﬁwum
WOIJ POATISP sojewrlsy °*sieapenb urylTa syjuow ieao poafood sordues (0 pur ‘seele
NddNI UTY3IT# syjuow xaa0 payood sordues (q ‘seaie (DJ4NI) UOTSSTWWO) SOTIABYSTH
DIJTOo®d YIIO0N TEBUOIJBUIDIUT UIYITM sporiad Aep-Q] 19a0 poaTood sofdues (v I0J pojeTnd
—-TED 1861 UT B2IB K19YsTJ poseqpue] ossuede[ 9yl Ie9U pue UL (YOINSTY SNYDUAYIODUQ)
UOWTEBS OUYOD UBTSY PuUB UBYSBIV [°7 988 Suraniew Jo uorixodoiad 3ulxXTw 9yl JO SOIBUIISYH

+7 91qel xTpueddy



39

(7°€2-0 )9°6 0 (6°0€-0 )9°11 (001-6"£S)8" 8L €6 TH08Mx
(€°Ty-€°72)¢€°C¢ 0 0 (LoLL=L°LS)L" L9 091 9%GLd
(£°0€-9°€1)1°2C 0 0 (7°98-€°69)6"LL A XA 79S [Hdx
(L°62-C°9 )6°L1 0 0 (8°€6-€°0L)1°28 S6 (A2 FA:ES
(6 €5-%°72)6"° L€ (¥°67~-0 )G°6 (6°€%-0 )° 91 (2°8S-€°%1)T°9¢ 061 06s0Ld
(9°2€-T°€1)6°CC 0 (L*Sy=L"61)L°TE (T*LG=9° 1€V vy 682 8%70LH
(°12-6°6 ¥°€l 0 0 (S°%6-9°81)9°98 €LC 9%0L1
(8°91-0 )8°9 0 0 (001-2°€8)T°€6 €Tl 770 LHx
(8°L1-0 )1y 0 0 (001-2°28)6°G6 1< ev0Ldx
CAR ST AN AD VAR YA 0 (6°6%-0 DYAR X/ (8°6/-6°1T7)9°¢€S GG 06694
(6°€E-¥"6 )L°TC 0 0 (9°06-1°99)€°8. 06 876 9H
(0°82-0 )1°2I1 0 0 (00T-0°2L)6° L8 £y 996 9H
(0°12-0 )6°9 0 0 (00T-0"64)1°€6 18 87094
(8°vz-2°L )0°91 0 0 (8°26-2°6L)0"%8 00¢ 9709y
(9°%1-0 )8 € 0 0 (00T-%°68)T°96 [49) 79709
0 0 (6°08-0 )8°GT (001-6°82)T" %8 67 7094y ATnp
(6*6€-€"9 )6°CC 0 (8°27%-8°0 )8°1¢ (€°LL-€°€€)E°SS 08 7%708Mx
(1°61-0 )e"8 0 0 (00T~6"08)L° 16 [44} TH08Mx
(z°01-0 )1°T 0 0 (00T-8°68)6°86 42! VAATACE
(0°61-0 )9°1 (1°1%-0 )L°8 0 (00T-5"0G)L°68 8¢ 9769
0 0 0 (001-9°68) 001 91 79G9Hx
(1°91-0 )1°€ (€ v%-0 Y781 (1°6€-0 )y AR (00T-T°T%¥)1°9L 6L 969y
0 (6°65-0 )6°G1 0 (00T1-6"T€)1°%8 [43 0%7G9dx sunp
0 (2°8¢€-0 )9°8 0 (00T~1°95)9° 16 Ge C708Mx
(L°6-0 )%°0 (9°02-0 )6°€ 0 (00T-2°GL)L"°G6 Ly1 (AT LeR
BINSUTUSg *0°g/eqserTy eSBTY BYSETY 9ZTS EERT] IUOR
e mRctupoliiscy] 318B9Y3INOG TBI3U) uIslsom ordueg  DJAANT

STBAI93UT 9JUSPTIIUOD %06 UIIM (%) so3ruIls® uorixodoid BulxXTIl

:seo1e DJ4INI UIUYITA syjuouw ioao paTood serdueg (g

*P,3U0D — BaI® AI9YSTJ POSBYPUBT UTYITM SedIe DJINI = ¢ °H oSLT 03 E 09T X
N,9% 0F N,0% = (Ms) 3eapenb 3semyinog M C9T 03 H G/LT X N, 9% 03 N oq (s) 28apenb
ummmnunom " oSLT ©3 H 09T X NZ6 03 N ©¢ (MN) umpwmsw ummszuuoz 3 69T ©3 H,GLT X
N,Z§ ©3 N 9¥ = (8N umuwmzv ummwsupoz .vumvcmum uBISY wmuanmBlsoumu 3uisn mmmmﬂmam
WoIJ poATiI9p seojeurisy °sieapenb urylrm syjuow a0 paTood soTdwes (O pue ‘seaie
94dNT UTY3ITIA syjuow I9a0 pafood seofdwes (q ‘seaie (DIINI) UOTSSTWWO) SITISDYSTI
DTJI0®4 YIJION TBUOIIBUIDIUT UTYITA sporaad Aep-O] I9a0 pafood saydues (e I0J poleTNd
-TBO [g6T UT ®oae KidysIj poseqpuel osouedef oYl JIB9U pu® UT (Y2INSTY SNYDUAYIOIUQ)
UOWTBS 00D UBTSY pu®B UBYSEBTY [°7 o8¢ Suranjeu jo uorjiodoad SurxTw 9yl Jo sojewilsy g7 oIqel XTpudddy




40

(8°€C-L°T1)8° LT 0 0 (€°88-2°9£)T° 18 £06 q8
(8°11-0 )9°¢ 0 0 (001-2°88)%" L6 A Ms
(0°62-2°91)9°2C 0 (%°92-7°6 )8° L1 (£°89-%°05)9°6S €LET N
(€°€2-2°6 )E"91 0 0 (8°06-L"9L)L"°€8 6EY MN A1np
(6°91~-1°T )S°6 0 0 (6°L6-1°€8)G°06 GGE gs
0 (6°62-0  )8°6 0 (00T-€°1L)T° 06 L8T MS
(1°2€-€°T )T 61 0 (§°06-6°T )6*9T (6°8L-9°67)E" %S €9 AN
0 (T°LE-0 )T°6 0 (00T~£°1G5)6°06 1% MN aunp
(9°8-0 )T'0 (0°22-0 )E°9 0 (00T-%"%L)G°€6 %781 4s LeR
BINSUTUd] *0*q/BYSeTVY BYSEBIV BYSBTV 9ZTS JeIpPEN) JJUOK
BYIBYDuURY 1se9yInog TBeI1UD) uI93S9OM o1dueg

STEAI®IUT DOUSPTIUOD %06 UITA (%) soireulise uoriliodoad SUIXIR

sjeapenb urylTm syjuow Ioao pafood sofdweg (O

(1°9%-9°€1)6°6C 0 (T*€e-0  )HS*#I (6°GL-€°G€)9°GS %6 0508M

(2° 620 )9°11 0 (9°96-1°G1)8°S¢ (€°€L-8°1€)9°2G 96 8%708M

(8°62-0°01)6° LT 0 0 (0°06-2°%v/L)1°C8 68¢ 97084 (*p,3uod)

(€°1€-9°G6T1)6°€T 0 0 (7°%8-1"89)G6° 9L L0 7%08dx Ang
BINSuUTUSg *D°qg/eNsery BYSBTVY BYSBIV 3ZIS BoI® YJUoR
BY3eyOuEy 1se9YIN0g Teiju9) uI93say arduegs  DJANI

STBAI93UT 90UDPTIUOD %06 UITM (%) seoieuwrise uoriiodoid BuIlxXIW

*p,3u0d — seaae DIINI UTIYITM syjuom Isao parood sordues (q

*pP,3U00 — BaIB AI9USTJ POSBQPUBT UTYITA SBOI® JAINI = % *H,SLT 03 H,09T X

N,9% 03 NOv = (Ms) 3eapenb 3semyinog M G9T 03 H GLT X N 9% 03 N oq (3s) 18apend
gmmwsusom | oSLT 03 09T %X NS 03 N oq (MN) umu@msv umw&ﬁuuoz z G9T 03 HLGLT X
N,Z§ 03 N 9Y = (aN) umuwmsv ummmsuuoz .wamvcmuw uBISY wmuﬂmawslsoumu Suisn mmmhﬁmam
WoIJ PIATISp sejewrisy *sieapenb uryizta syjuom isao pojood seordues (D pue ‘seaie
7ddNI UTY3ITA syjuow ioao pajood saydwes (q ‘seaie (DIJNI) UOTSSTUWO) SOTIADYSTI
0TITO®RJ YIION TeBuOIIRUIDIUT UTYITM sporaad Aep-Q] i19a0 psfood sofdues (B I0J Pojemd
~TBO [Q61 UT eoa® A19ysTj poseqpue] ossueder 9yl Iesu pue UT (Y2INSTY SNYOdULyaoodup)
UOWTBS OYOD URISY pue ueysely [°g 9%e Suranjew Jo uorjxodoad BurxTw 2Yy3 JO SOIBWIISH

*7 @1qel xtpuaddy



41

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
Scale characters used: 10,14,15,17,26,278 accuracy: 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) 4C 3.2)
Kamchatka 27(13.7) 16( 8.0) 6( 3.0) 90(73.2)
Total 197 200 199 123

85ee Table 2 for descriptions of scale characters used in the
analysis.
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