FRI-UW-8315
October 1983

ORIGINS OF CHINOOK SALMON IN THE AREA OF THE
JAPANESE MOTHERSHIP AND LANDBASED DRIFTNET
SALMON FISHERIES IN 1980

by

Curtis M. Knudsen, Colin K. Harris and Nancy D. Davis

Submitted to

International North Pacific Fisheries Commission
by the
United States National Section

Fisheries Research Institute
School of Fisheries
College of Ocean and Fishery Sciences
University of Washington
Seattle, Washington 98195

THIS PAPER MAY BE CITED IN THE FOLLOWING MANNER:

Knudsen, Curtis M., Colin K. Harris, and Nancy D. Davis. 1983. Origins
of chinook salmon in the area of the Japanese mothership and land-
based driftnet fisheries in 1980. (Document submitted to annual
meeting of the INPFC, Anchorage, U.S.A., November 1983). 71 pp.
University of Washington, Fisheries Research Institute, FRI-UW-8315.
Seattle.






ORIGINS OF CHINOOK SALMON IN THE AREA OF THE
JAPANESE MOTHERSHIP AND LANDBASED DRIFTNET
SAIMON FISHERIES IN 1980
INTRODUCTION
The United States has for many years been concerned about the level

of high seas interceptions of U.S.-origin chinook salmon, particularly
by the Japanese mothership salmon fishery in the central Bering Sea.
This concern was greatly intensified following the record 1980 mother—
ship catch of 703,798 chinook salmon (previous maximum was 553,892 fish
in 1969; 1952-1979 mean annual catch is 169,981). Because of the pauci-
ty of information on origins of chinook in the Bering Sea and in other
areas- of the mothership fishing region, the Fisheries Research Institute
(FRI) undertook a research project, funded by the Alaska Department of
Fish and Game and the U.S. National Marine Fisheries Service, to deter-
mine by scale pattern analysis chinook origins in the mothership fishery
area in 1975-81. At the last INPFC annual meeting, the United States
suggested that the Salmon Sub-committee’s Special Panel Topic include

discussion on stock composition of chinook in the Bering Sea.

Since 1978 a considerable part of high seas salmonid research has
been directed to determination of continental origins of all species of
salmonids in the area of the Japanese landbased driftnet (LBDN) fishery
(south of 46ON), pursuant to Article III.l1.(d) of the revised Protocol
amending the International Convention for the High Seas Fisheries of the
North Pacific Ocean. Although the LBDN fishery catches of chinook have

been small relative to those made by the mothership fishery, we included



the LBDN area in the scope of the scale pattern analysis of 1975-81 high

seas samples.

This report summarizes progress to date in this chinook scale
pattern study. Virtually all of the scale sampleé and background stock
abundance data required for the entire 1975-81 analysis have been ac-
quired, but only the 1980 high seas samples have been analyzed at this
time. Results of analysis pertaining to both the mothership and LBDN
fisheries are included in this report, since the methodologies for both
studies are identical and since very few samples are available from the

LBDN area.

REVIEW OF PREVIOUS WORK
There is very little information on origins of chinook salmon in
the central and western North Pacific Ocean and Bering Sea, owing
largely to the low relative abundance of the species and consequent low
catches in research vessel operations. Available information comes

largely from tagging studies and one previous scale pattern analysis.

Information From Tagging

Figure 1 shows all 13 coastal or near—coastal recoveries of exter-—
nally tagged chinook salmon reported to the INPFC to date, for waters
west of 155°W. Nine of these resulted from releases in the Bering Sea,
largely in the area of the mothership fishery, and four were from releas-
es in the North Pacific Ocean south of the central Aleutian Islands. The
recoveries from Bering Sea releases have all been from western Alaska,

particularly from Yukon, Kuskokwim, and Nushagak river fisheries. The



four recoveries from releases in the North Pacific Ocean suggest a more
diverse stock composition in that area. Three of the four recoveries
were from the Kamchatka River, the Togiak River of western Alaska, and
the upper Columbia River system. Recovery number 11 in Figure 1 was not
a coastal recovery, but rather was from the Fairweather grounds troll
fishery. The exact origin of the fish cannot be determined, as chinook
in the Fairweather area are known to originate from central Alaska to

California.

The recent effort by U.S. observers to recover coded-wire tagged
salmon from incidental catches of foreign groundfish vessels in the U.S.
Fishery Conservation Zone has provided new information on origins of
chinook salmon in the eastern Bering Sea. Figure 2, which is based on
recoveries made west of 155°W reported by Dahlberg (1982) and Wertheimer
and Dahlberg (1983), shows that stocks from a large region from central
Alaska to Oregon can occur in the eastern Bering Sea. The great major-
ity of incidental chinook catches by groundfish vessels is made in win-
ter, but recoveries 5 and 7 in Figure 2 were made on 9 May and 27 June,
respectively. Recovery 6 was made on 8 November. These coded-wire tag
recoveries do not provide direct information on origins of chinook in
epipelagic waters of the mothership fishery area in the central Bering
Sea, but they do attest a diverse stock composition in at least the

eastern Bering Sea in fall, spring and possibly early summer.

Information From Previous Chinook Scale Pattern Analysis

Major et al. (1977) applied linear discriminant analysis to scale

pattern data to determine origins of chinook salmon in the Japanese



mothership fishery area in 1966-72 (their work is summarized by Major et
al., 1978). A linear discriminant function was developed from 1968 sam-
ples of known origin to classify high seas samples taken from immature
chinook of various age groups. Only two regional categories were consid-
ered, Asia and western Alaska. Standard (= known origin) samples repre-
senting western Alaska were collected from inshore fisheries, while

those representing Asia were taken from maturing chinook caught by the
mothership fishery west of 17OOE, under the assumption that they would

all be Asian fish.

Results of the study indicated that Asian and western Alaskan fish
intermingle throughout most of the mothership fishery area. Point esti-
mates of mixing proportion of Asian fish were generally higher for sub-
areas in the North Pacific Ocean than for sub-—areas in the Bering Sea
(sub-areas of the mothership fishery were defined by Fredin and Worlund
1974). Especially in the Bering Sea, point estimates for western Alaska
generally decreased westward, although some high estimates (over 50%)
for western Alaska occurred as far west as sub—-area 4, between 165°-170°E.
In the Bering Sea, where most of the mothership chinook catches have
traditionally been made, estimates for western Alaska in June and July
ranged from 42% to 100% and averaged 677% in sub-area 8 (between 175%E-
1800) and ranged from 657% to 1007 and averaged 937 in sub-area 10

(between 1800—1750W).

The investigators considered their results provisional pending

further research to examine possible sources of bias in the analysis,



one being perhaps the occurrence of other stock-complexes (besides Asia

and western Alaska) in the high seas study area.

METHODS

Scope of Study

Chinook salmon scale samples collected on board Japanese salmon
motherships and on research vessels were requested for the area 480~6OON,
160°E-175% during June and July (when the mothership fishery operates),
and for 38°-48°N, 160°E-175° during May through July (when the LBDN
fishery operates), 1975-1981. Only analysis of samples collected in

1980 is presented in this document.

When this study was originally designed, only the disc tag recover~-
ies depicted in Figure 1 were reported. Because chinook from Kamchatka
and from North American areas as far south as the Columbia River were
known to occur in the central Aleutian Island region, we planned to
establish standard samples for five major regions: Asia (= Kamchatka),
western Alaska, central Alaska, southeast Alaska/British Columbia, and
Washington/Oregon/California (Fig. 3). Scale samples and run size infor-
mation (catch and/or escapement statistics) were requested of numerous
agencies involved in management of these stocks. Although age determina-
tions were in many cases already made by these agencies, we decided to
re—-age all samples so that age determinations would be based on the same

criteria.

The high seas (= unknown origin) samples were also re-aged by FRI

biologists to maintain consistency with the standard samples. Tables 1



and 2 compare age compositions of the 1980 high seas samples as deter-
mined by the Japan Fisheries Agency and by FRI. FRI biologists consid-
ered a larger number of scales to be regenerated. The age compositions
based on only those scales that were aged completely (i.e., freshwater
and ocean age) compared very closely between the two agencies. The
great majority of the total high seas sample consisted of immature age
1.2 or 1.3 fish. Therefore, only these two age/maturity groups were

considered in this analysis.

Construction of Regional Standard Samples

Within the five regional categories considered in this analysis are
19 major stock groupings. As in our previous scale pattern studies of
sockeye and coho origins, we constructed regional standards so as to
weight the component stocks or stock-groupings according to best esti-

mates of relative abundance within the region.

Since the age at maturity of the immature chinook salmon sampled on
the high seas is not known, we decided to classify "unknown" scale
samples with regional standards of the same brood year. An attempt was
made to include in the brood year standards all ages at which fish in
the high seas samples might have matured. For example, age 1.2 immature
chinook in 1980 were classified according to standard samples containing
age 1.3 matures returning in 1981 and age 1.4 matures returning in 1982.
No samples were available for 1983, and so they could not be included in
the brood year standards. Brood year 1975 standards were developed to
classify age 1.3 immature chinook and brood year 1976 standards were

developed to classify age 1.2 immature chinook.



The Asian brood year standards were composed of scales from chinook
returning in 1981 to the Kamchatka and Bolshaya rivers. These are the
only stocks and year for which scale samples were available representing
the same brood year as the unknowns. Abundance estimates for Asian
chinook are limited to unofficial commercial catch statistics for East

and West Kamchatka in 1981 (Table 3).

The western Alaska regional standards were composed of six stocks:
Yukon, Kuskokwim, Kanektok, Nushagak, and Togiak rivers and Goodnews Bay
(Table 3). The total run size estimates for the Yukon, Kuskokwim,
Kanektok and Goodnews Bay stocks are based on the harvest, an escapement
index, and an assumed exploitation rate between 0.5 and 0.8. Estimates
for Nushagak and Togiak river run sizes include commercial and subsis-

tence catch and escapement estimates.

Central Alaska regional standards were made up of scales sampled
from Cook Inlet and Copper River chinook. Reliable estimates of escape~
ment are not available for most Central Alaska stocks. Therefore, pro-
portions of Cook Inlet and Copper River chinook were weighted by the

catch (commercial, subsistence and sport) statistics in Table 3.

Southeast Alaska/British Columbia regional standards include seven
major chinook stocks (Fraser, Skeena, Nass, Bella Coola, Stikine, Taku,
and Alsek rivers). The total run size estimates in Table 3 include
terminal and in-river commercial, Alaskan and British Columbian native
subsistence, and sport catches, and escapement estimates. Techniques of

surveying and estimation of the above indices vary among stocks. Al-



though these estimates represent the best available information on abun-
dance, they may not be reliable (personal communication, P. J. Starr,

Can. Dept. Fish. Oceans, 1983).

The Washington/Oregon/California regional standards were construct-
ed from six major stock groupings: Washington inland waters, Washington
coast, Columbia River spring chinook, Columbia River fall chinook, Oregon
coast, and California. Run size estimates for these stocks (Table 3) in~-
cluded terminal or in-river commercial and sport catches, and escapement

estimates.

Scale samples were aged by FRI scale specialists, and age composi-
tion of each major stock by year was computed (Tables 4 to 8). Regene-
rated scales were not digitized or included in age composition

calculations.

Run size data and estimated age compositions were used to determine
a "total return"” for each age class in each stock by year. The total
return for each age class and stock to be included in a particular brood
year standard was then summed to obtain a total "brood year return'.
Then, the proportion of the total brood year return represented by each
age class and stock was computed. This proportion was multiplied by the
total desired sample size of each brood year standard (200 scales) to

determine the number of scales needed from each age class and stock.

The desired and final sample sizes for brood years 1975 and 1976
are shown by region, stock, return year, and age class in Tables 9 and

10, respectively. Final sample sizes of less than 200 scales occurred



for some standards as not enough samples were available to complete the
standard. When the number of scales from a particular stock was insuf-
ficient to provide desired sample size, all available scales from the
stock were used. The Washington/Oregon/California regional standard for
brood year 1975 could not be constructed due to the very small number of
age 1.4 and 1.5 chinook salmon available from that region (<50 in 1981

and 1982 combined).

Scale Measurement and Characteristics

Chinook salmon scales were digitized with a micro-computer based
digitizing system, along a measurement axis perpendicular to the boundary
of the sculptured field of the scale and intersecting the center of the
focus (Fig. 4). Incremental measurements of the distance to the outer
edge of each circulus through three zones were made. Zone one included
the area from the focus to the outer edge of the last circulus in the
freshwater annulus. Zone two began at the outer edge of the last circu-
lus in zone one and extended to the outer edge of the last freshwater
circulus. The third zone began at the outer edge of the last freshwater
circulus and extended to the outer edge of the last circulus in the

first ocean annulus.

Sixty characters were created from the digitized scale data (Table
11). From these sixty characters subsets of 3 to 6 characters were

selected for use in each discriminant analysis.,
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Classification and Estimation Procedures

The methods of character selection, classification, and point and
variance estimation are the same as those used by Cook et al. (1981).
Brood year standards for 1975 and 1976 were classified by a direct
density, leaving-one—out approach (Cook 1982) to establish the level of
accuracy that would be obtained in classifying "unknowns". Overall
classification accuracies were calculated as the unweighted mean of the

accuracies on the diagonal of the classification arrays.

Temporal stratification in the analysis was by 10-day period and
month. Three different geographic schemes were used to stratify the
study area. The first employed INPFC 2° x 5° areas as study area divi-
sions. The second scheme divided the study area into Japanese mothership
fishery sub-areas (after Fredin and Worlund 1974), and additional sub-
areas south of 46ON, defined in this report (Fig. 5). The third scheme
divided the study area into three large high seas regions roughly corre-—
sponding to the Japanese landbased driftnet fishery area (south of
460N), northern North Pacific Ocean (460N-520N), and Bering Sea (north
of 52°N) (Fig. 6). The spatial and temporal distributions of measured
high seas samples are shown in Figures 7 (for age 1.2 fish in June), 8

(1.2 fish in July), 9 (1.3 fish in June), and 10 (1.3 fish in July).

Point estimates of stock composition and 90% confidence intervals
were calculated for each time-period/area stratum represented by at
least 25 measured scales. There were no strata in May that met this
minimum sample size. 'Significant" estimates are those with 90%

confidence intervals that do not include zero.
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RESULTS

Table 12 presents the scale characters used in all five-, four-
three—, and two-way analyses. Descriptive statistics and frequency
distributions of the scale characters used in the five-way analyses are
shown in Appendix Figures 1 - 3 (for brood year 1975) and 4 and 5 (for
brood year 1976). The results of classifying standard samples for each
five—-, four-, three—, and two-way regional combination are given in
Tables 13 to 18. Overall classification accuracies for brood year 1976
five-way and four-way regional combinations were 70.0% and 68.4%, re-
spectively. The ranges of overall classification accuracies for three-
way and two-way regional combinations were 75.4% to 85.0% and 81.3% to
90.3%, respectively. Overall classification accuracies for the four-way
and three-way regional combinations of brood year 1975 standards were

79.3% and 87.5%, respectively.

Immature Age 1.2 Chinook

Mixing proportion estimates for immature age 1.2 chinook are given
in Tables 19-22 for the various levels of temporal and spatial stratifi-
cation. Subsequent discussion will be based mainly on results for the
twenty 10-day period/INPFC area strata in Table 19. Only one of these

strata (E6542 in late June) pertains to the LBDN fishery area.

Significant estimates for Asia, ranging from 19.8% to 53.9%, were
obtained for 12 strata, and in seven of those Asia was the predominant
stock. The proportion of Asian fish in the population was apparently
higher in the North Pacific Ocean than in the Bering Sea; the mean esti-

mate for the area south of 52°N is 37.2% while the mean for north of 52°N
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is 9.2%. The same conclusion can be drawn by examining the results by
high seas region, in Table 22. All of the seven 10-day period/INPFC
area strata in which Asian fish predominated were in the region south of

52°N.

Significant estimates for western Alaska, ranging from 11.2% to
100%, were obtained for 16 strata, and the stock-complex predominated in
10 of these. Estimates were generally higher in the Bering Sea region;
Table 22 shows that estimates for western Alaska for the region 46°-52°N
were 32,7% and 19.1% in June and July, respectively, while the estimate
for morth of 52°N in July was 84.2%. One of the significant estimates,
indicating predominance of western Alaska fish, was obtained for an area

in the LBDN region, E6542 in late June (42.6%).

Central Alaska stocks were generally in much lower relative abun-
dance than were those of Asia and western Alaska. Only two significant
estimates for 10-day period/INPFC area were obtained (E7048 in early and
late July). Estimates for strata north of 52°N averaged 5.47%, while
those for the two regions south of 52°N averaged 11.7%. The analysis
stratified by high seas region also showed a low incidence of central
Alaska fish in the Bering Sea and a higher (up to 18.7% in July) inci-

dence in the region 46°-52°N (Table 22).

Seven statistically significant estimates, ranging from 22.8% to
57.1%, were obtained for the southeast Alaska/British Columbia complex,
and in two of these (E7050 in early July and W8048 in mid-July) the

stock-group apparently predominated. One of the significant estimates
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was obtained for E6542 in late June. Estimates for 10-day period/INPFC
area strata north of 52°N averaged 4.0% and none were statistically

significant. Estimates for the strata south of 52°N averaged 27.3%.

Only one, very low 10-day period/area estimate was obtained for the
Washington/Oregon/California region, indicating that the stock~group is
not abundant in the study area. Estimates derived for the other levels
of stratification also indicated that the group did not occur in detect-

able proportions in the study area (Tables 20-22).

The results show no clear temporal trends in relative abundance,
except that the western Alaska group appeared to be at its highest
relative abundance in sub—area 5 in the first two 10-day periods of June

(Table 21).

Immature Age 1.3 Chinook

Table 23 gives the mixing proportion estimates for immature age 1.3
chinook salmon, by 10-day period or month and INPFC area, sub-area, and
high seas region. Sample availability was much less for this age group
owing to its low relative abundance, and only 14 sets of estimates could

be made across all levels of stratification.

Significant estimates for Asian fish were obtained for sub-area 5
in mid-June, sub-area 5 in July, 46°-52°N in mid—-June, and north of 52°N
in mid-July. An additional significant estimate, for 46°-52°N in mid-
June, was based on the same sample as for sub-area 5 in mid-June, so it

adds no further information. Unlike the results for immature age 1.2
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fish, there was no marked difference between relative abundance of Asian
fish in the North Pacific Ocean and Bering Sea, although the number of
strata and size of the samples do not permit a definite conclusion.
Estimates for sub—area 5 in June and July were 5.5% and 22.87, respec-
tively, while the Asian estimate for sub—area 8 in July was 7.9%. The
estimates from samples pooled across high seas regions, however, were
5.4% and 2.8% for the region 46°-52°N in June and July, respectively,

while that for north of 52°N in July was 10.6%.

All but one of the estimates for western Alaska were statistically
significant. Western Alaska was the predominant stock in all combina-
tions of sub-area and month and high seas region and month. For both of
these levels of stratification, western Alaska estimates were higher for

Bering Sea than for North Pacific areas.

No statistically significant estimates for the central Alaska
stock-complex were obtained. As was found for immature age 1.2 fish,
point estimates were higher for the North Pacific region 46°-52°N than
for the area north of 52°N (14.8% and 11.0% for 46°-52°N in June and

July, respectively, as compared to 1.1% for the Bering Sea in July).

Similar to the results for immature age 1.2 fish, southeast Alaska/
British Columbia was the second most abundant North American stock-group
in the study area. Ten of the 14 stratum—estimates for this group were
statistically significant, and for three strata this group apparently

predominated in the population. Also similar to results for the age 1.2
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fish, this stock-group was in higher relative abundance in the North

Pacific Ocean than in the Bering Sea (Table 23b and c¢).

DISCUSSION
Our results from the scale pattern analysis of age 1.2 and 1.3
immature chinook salmon sampled in 1980 compare well with results of
tagging experiments and previous scale pattern analysis. Both Major et
al. (1977) and tagging results include information for all freshwater
and ocean age groups, while the present study included analysis of only

age 1.2 and 1.3 fish.

Direct evidence from recoveries of externally and coded-wire tagged
chinook suggests that the North Pacific Ocean sector of our study area
has a stock mixture represented to some extent by all five of the produc-
tion regions considered in this study, although the number of recoveries
is far too small to permit quantitative estimates. Tagging information
for the Bering Sea indicates the predominance of the western Alaska
stocks, but also the presence of central Alaska, Oregon, and possibly
British Columbia stocks. The present study confirms the occurrence of

these stocks in the western North Pacific Ocean and Bering Sea regions.

Mixing proportion point estimates by month/sub-area for the North
Pacific Ocean and Bering Sea regions in June and July as obtained by
Major et al. (1977) and in the present study are compared in Table 24.
The western Alaska point estimates from Major et al. (1977) are the mean
corrected proportional estimates for the period 1966-72. Estimates for

Asia attributed to their study were calculated as 1.0 minus the corrected
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estimate for western Alaska (the authors did not present corrected esti-
mates for Asia in their report). The estimated proportions of "Other
North American stocks" (i.e., other than western Alaska) obtained in the
present study for month/sub-area strata ranged from 0.8% to 65.6%, and
averaged 28.2%. Major et al. (1977) did not establish categories for
those stocks in their study, so fish in their high seas samples that
were of "other North American" origin would have been classified to
either the Asia or western Alaska categories. Therefore, direct com—
parison of Major’s et al. (1977) and our results is not recommended.

Nevertheless, some general similarities in results are apparent.

Both studies detected higher incidences of Asian fish in the North
Pacific Ocean region than in the Bering sea, although there are excep-
tions to this trend when results for individual month/sub-area strata
are examined. Both studies show that chinook in the Bering Sea sub-
areas, especially sub-area 10, are predominantly of western Alaska
origin. Both studies also showed a general decrease in estimates for
Asia from west to east and a general increase in estimates for western

Alaska from west to east, for the Bering Sea sub-areas.

SUMMARY AND CONCLUSIONS
Overall conclusions of this study are summarized according to high
seas regions: LBDN fishery area (south of 46ON), pre-1978 mothership
fishery area in the North Pacific Ocean (460—520N), and pre-1978 mother-

ship fishery area in the Bering Sea (north of 52°N).



17

LBDN Area (South of 46°N)

There were very few samples available for areas south of 46°N
(Figs. 7-10). Estimates could only be made for age 1.2 immature chinook
in one stratum for each of the four levels of stratification (Table
19-22), and they were based on generally small sample sizes relative to
strata representing areas farther north. Our estimates for the entire
region suggest that Asian, western Alaska, and southeast Alaska/British
Columbia fish comprised 12.8%, 45.6%, and 41.67Z of the population in
June, respectively. The estimates for western Alaska and southeast

Alaska/British Columbia were statistically significant.

Northern North Pacific Ocean (460-520N)

Asian fish were predominant in the population of age 1.2 immature
chinook in the region 46°-52°N in both June and July, comprising about
407% of the population in both months. Western Alaska fish made up the
second most abundant stock group (337% in June and 197% in July), followed
by southeast Alaska/British Columbia (14% in June, 23% in July) and
central Alaska fish (13% in June, 19% in July). Washington/Oregon/
California age 1.2 fish were not detected except in three fine strata,
and we conclude that their relative abundance in 1980 was very low. One
tag return (No. 12, Fig. 1) indicates that the stock-group does occur in
the region. Statistically significant estimates by INPFC area indicate
occurrence of Asian age 1.2 fish as far east as area W8048, and tag re-
coveries put the eastward known limit at about 172°W. North American
chinook were detected in statistically significant proportions as far

west as areas E7046, E7048, and E/050.
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Relative abundance of Asian fish in this region was much lower for
age 1.3 fish than for age 1.2 fish (estimates for age 1.3 fish were only
5.4% and 2.87% in June and July, respectively, compared to about 40% in
both months for age 1.2 fish). The predominant stock group in the age
1.3 population was western Alaska, followed closely by southeast Alaska/
British Columbia. Central Alaska fish were not detected in statistic-
ally significant proportions, and no non-zeroc estimates were obtained

for age 1.3 Washington/Oregon/California fish.

Bering Sea (North of SZON)

Western Alaska fish are by far the most abundant stock—-group in the
Bering Sea population of age 1.2 immatures in July (no estimates could
be made for north of 52°N in June). The overall regional estimate for
western Alaska was 84.27 (Table 22), and estimates for sub—areas 6, 8,
and 10 in July were 79.7%, 82.7%, and 89.7%, respectively. Asian fish
were found to comprise nearly the entire remainder of the population, as
estimates for central Alaska and southeast Alaska/British Columbia
stock—groups were very low and not statistically significant. As was
the case for other regions of the entire study area, age 1.2 fish of

Washington/Oregon/California origin were not detected in the Bering Sea.

Western Alaska fish also predominated in the Bering Sea population
of age 1.3 immature chinook in July, constituting 55.27% of the popula-
tion. The second most abundant stock-group was apparently southeast
Alaska/British Columbia, which made up nearly one-third of the popula-

tion according to results from the entire sample pooled over the whole
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region. Estimates for central Alaska indicated that the stock was
either not present or was present in very low relative abundance. There
was no indication that Washington/Oregon/California age 1.3 immature

chinook occurred in the population.
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5
o o - WASHINGTON/OREGON/CALIFORNIA
. 15.Washington Inland Waters
—Nooksack/Samish
ASTA —:;il%iguamish/Snohomish
—Skagi
1.Bolshaya -Duwamish
2.Kamchatka -
~Puyallup
WESTERN ALASKA ~Hood Canal
3.Yukon ~Deschutes
. 16.Washington Coastal
4 .Kuskokwim
. -Quileute
-Kuskokwim :
S ~Quinault
-Kanektok
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~Goodneus ~Humptulips
5.Bristol Bay ~Chehalis
—Nushagak
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ogia ~Grays Harbor
CENTRAL ALASKA 17 .Columbia River
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6.Cook Inlet )
7.Copper River ~Springs
18.0regon Coastal
-Y. i
SOUTHEAST ALASKA/BRITISH COLUMBIA adquina
~Siletz
8.Alsek ~Ropue
9.Taku —Cogs
10.Stikine ~Umpqua
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Figure 3. Map showing the five standard regions (Asia, Western Alaska,‘Cent%al Alaska,
Southeast Alaska/British Columbia, and Washington/Oregon/California) and
nineteen sub-regions. Standards for some sub-regions were composed of the
stocks listed below the sub-region name. :
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MEASUREMJENT AXI1S

-ZONE 3

-ZONE 2

~ZONE 1
~-FOCUS

)k
L

Fig. 4. Age 1.3 chinook salmon scale from the Kalama River, Washington,
(4/4/81) showing the measurement axis and life history zones
measured for the scale pattern analysis. Measurement axis =
perpendicular to sculptured field; Zone 1 = distance from center
of focus to outer edge of last circulus in freshwater annulus;
Zone 2 = distance from outer edge of last circulus in freshwater
annulus to outer edge of last freshwater circulus; Zone 3 =
distance from the outer edge of the last freshwater circulus to
the outer edge of the last circulus in the first ocean annulus.
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Figure 5. Designated sub-areas (1-10; after Fredin and Worlund, 1974) of

the Japanese mothership salmon fishery, and additional sub-areas
(11-15), defined in the present report for the landbased drift-

net fishery.
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Figure 6. High seas regions corresponding to the Japanese landbased driftnet fish-
ery area (S of 46°N), northern North Pacific Ocean (46°N-52°N), and Ber-
ing Sea (N of 52°N) over which "unknowns' were pooled.
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Table 3. Chinook salmon run size estimates, 1981-1982, used in the
formation of brood year standards for a) Asia, b) Western
Alaska, c¢) Central Alaska, d) Southeast Alaska/British
Columbia, and e) Washington/Oregon/California.

Stock 1981 1982

. . . R 1
a) Asian chinook salmon commercial catch estimates.

Kamchatka River 116,700 -
Bolshaya River 9,000 -

b) Western Alaska chinook salmon total run size estimates.

Yukon River2 410,000 223,000
Kuskokwim RiverZ 215,000 199,000
Kanektok River2 43,000 32,500
Goodnews BayZ 14,300 13,000
Nushagak River3 356,369 462,000
Togiak River3 51,748 57,400

c) Central Alaska chinook salmon commercial, subsistance and sport
catch estimates.

Cook Inlet? 37,412 50,435
Copper River? 24,782 54,680

d) Southeast Alaska/British Columbia chinook salmon terminal and in-
river commercial, subsistance, and sport catch and escapement
estimates.

Alsek River® 4,113 4,824
Taku River® 17,153 8,488
Stikine River® 27,547 23,675
Nass River/ 20,787 18,878
Skeena River/ 55,048 42,627
Bella Coola River/ 9,087 14,850

Fraser RiverS 84,888 124,692
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Table 3. Chinook salmon run size estimates, 1981-1982, used in the
formation of brood year standards for a) Asia, b) Western
Alaska, c¢) Central Alaska, d) Southeast Alaska/British
Columbia, and e) Washington/Oregon/California — cont’d.

Stock 1981 1982

e) Washington/Oregon/California chinook salmon terminal and in-river
commercial (treaty and non-treaty) and sport catch and escapement
estimates.

Washington Inland

Waters? 426,900 454,971
Washington Coastl10 71,170 65,046
Columbia River -

spring chinookll 140,350 136,300
Columbia River -

fall chinook!l 241,500 291,600
Oregon Coastl12 188,170 184,773
Californial3 411,721 342,961

lgnofficial commercial catch statistics.

2Based on harvest, an escapement index and an educated guess as to
probable exploitation rate (pers. comm., R. I. Regnart, ADF&G, Div.
Comm. Fish., Dec. 16, 1982).

3Based on commercial and subsistence catch and escapement esti-
mates (ADF&G, 1982a, 1982b; McBride and Wilcock, 1983; pers. comm., S.
R. Behnke, ADF&G, Subsist. Div., Dec. 22, 1982; pers. comm., W. A.
Bucher, ADF&G, Div. Comm. Fish., Dec. 22, 1982).

4ADF&G, 1981, 1982b; McBride and Wilcock, 1983; pers. comm., S. C.
Hammarstrom, ADF&G, Div. Sport Fish., Jan. 25, 1983; pers. comm., P. H.
Ruesch, ADF&G, Div. Comm. Fish., Jan. 25, 1983.

5ADF&G, 1981; McBride and Wilcock, 1983; pers. comm., M. F.
Merritt, ADF&G, Div. Comm. Fish., Jan. 20, 1983; pers. comm., W. D.
Potterville and F. T. Williams, ADF&G, Div. Sport Fish., Jan. 21, 1983.

6Anon., 1981; Can. Dept. Fish. Oceans, 1982; Kissner, 1983; pers.
comm., P. D. Kissner, Jr., ADF&G, Div. Sport Fish., 1983; pers. comm.,
D. N. McBride, ADF&G, Div. Comm. Fish., 1983; pers. comm., D. J. Reid,
Can. Dept. Fish. Oceans, Econ. and Stat. Branch, 1983.

Tpers. comm., P. J. Starr, Can. Dept. Fish. Oceans, 1983.

8Can. Dept. Fish. Oceans, 1981; Fraser et al. 1982; pers. comm.,
P. J. Starr, Can. Dept. Fish. Oceans, 1983.

Ipers. comm., L. Stearn, Wash. Dept. Fish., Jan. 17, 1983.

10pers. comm., M. Barker, Wash. Dept. Fish., Feb. 9, 1983.

llpacific Fish. Mgt. Council, 1981; pers. comm., J. Galbreath, Ore.
Dept. Fish. Wildl., Dec., 1982.

230lazzi and Martin, 1982; pers. comm., R. Berry, Ore. Dept. Fish.
Wildl., Jan. 24, 1983; pers. comm., A. McGie, Ore. Dept. Fish. Wildl.,
Jan. 24, 1983,

3pers. comm., W. Harper, U.S. Fish Wildl. Serv., Nov. 1982; pers.
comm., P. Hubbell, Calif. Dept. Fish Game, Dec., 1982, Jan., 1982.
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Table 4. Age composition of Asian chinook salmon scale samples.
Stock: Kamchatka River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 171 .01 .01 .00 .02 .77 .19 .01 .00
1982 — - - - - - - - -
Stock: Bolshaya River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 178 .01 .02 .00 .00 .46 .43 .09 .00

1982
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Table 5. Age composition of Western Alaska chinook salmon scale
samples.
Stock: Yukon River (Emmonak fishery)
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1,2 1.3 1.4 1.5 Other
1981 794 .00 .00 .00 .07 .20 .71 .02 .00
1982 1064 .00 .00 .00 .10 .23 .50 .10 .07
Stock: Kuskokwim River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
19811 669 .00 .00 .00 .10 .32 .57 .01 .00
19822 407 .00 ,01 .01 .12 .19 .59 .06 .02

lBethel and Kwegooyuk fisheries.
2Bethel and Kwegooyuk fisheries and Aniak sonar sampling site.

Stock: Kanektok River (Quinhagak fishery)
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 312 .00 .00 .00 .60 .18 .20 .01 .01
1982 209 .00 .01 .00 .09 .59 .24 .03 .04
Stock: Goodnews Bay
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 124 .00 .00 .00 .57 .17 .26 .00 .00
1982 64 .00 .02 .00 .09 .64 .20 .02 .03
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Table 5. Age composition of Western Alaska chinook salmon scale
samples - cont’d.
Stock: Nushagak River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 654 .00 .00 .00 .25 .33 .41 .01 .00
1982 501 .00 .00 .01 .04 47 .42 .04 .02
Stock: Togiak River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 127 .00 .00 .00 .40 .23 .35 .01 .02
1982 217 .00 .00 .01 .11 .56 .23 .03 .06
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Table 6. Age composition of Central Alaska chinook salmon scale
samples.

Stock: Cook Inlet

Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
19811 1215 .00 .00 .00 .18 .40 .35 .02 .05
19822 749 .00 .00 .00 .29 .37 .31 .01 .02

lryonek fishery, Kenai R., Deep Cr., Anchor R., Ninilchik R.
2Tyonek fishery.

Stock: Copper River

Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 153 .00 .00 .00 .05 .44 44 .00 .07

1982 1399 .00 .00 .00 .06 .52 .23 .00 .19




43

Table 7. Age composition of Southeast Alaska and British Columbia
chinook salmon scale samples.
Stock: Fraser River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 356 14 .35 .04 .16 .29 .03 .00 .00
1982 779 .15 .34 .01 .17 .27 .02 .00 .02
Stock: Nass River
Total Percent composition of readable scales
number Age
Year readable 0.2 0,3 0.4 1.2 1.3 1.4 1.5 Other
1981 94 04 14 06 .10 .31 .31 .00 .04
1982 105 .00 .00 .00 .26 .60 .14 .00 .00
Stock: Skeena River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 129 .01 .11 .07 .13 .28 .40 .00 .00
1982 161 .01 .01 .04 .18 .44 .30 .01 .02
Stock: Bella Coola River (Atnarko)
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 125 .03 .29 .13 .08 .29 .18 .0O .01
1982 219 06 .24 13 .15 .22 .16 .00 .04
Stock: Alsek River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 63 .00 .00 .03 .14 .41 .37 .00 .05
1982 178 .01 .00 .02 .14 .43 .40 .00 .00
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Table 7. Age composition of Southeast Alaska and British Columbia
chinook salmon scale samples ~ cont’d.
Stock: Taku River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 919 .00 .00 .00 .23 .30 .36 .00 .11
1982 114 .00 .00 .00 .02 .16 .81 .01 .00
Stock: Stikine River
Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 613 .00 .03 .02 .04 .29 .58 .01 .03
1982 435 .00 .00 .00 .05 .15 .76 .02 .02




45

Table 8. Age composition of Washington, Oregon, and California
chinook salmon scale samples.

Stock: Washington Inland Waters

Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
19811 506 .14 .70 .05 .07 .03 .00 .00 .01
19822 761 .30 .42 .09 .12 .06 .00 .0O .02

INooksack/Samish, Skagit, Stillaguamish/Snohomish, Duwamish,
Hood Canal.

2Nooksack/Samish, Skagit, Stillaguamish/Snohomish, Duwamish,
Hood Canal, Puyallup, Deschutes.

Stock: Washington Coast

Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
19811 827 .16 .42 .34 .01 .01 .00 .00 .06
19822 1529 .17 .31 .44 .01 .01 .00 .00 .06

1Quileute, Quinault, Queets, Humptulips, Chehalis, Willapa Bay.
2Quileute, Quinault, Queets, Humptulips, Chehalis.

Stock: Columbia River - fall chinook

Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other

1981 338 .30 .37 .11 .02 .01 .00 .00 .19
1982 — - - - - - - -

Stock: Columbia River - spring chinook

Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
1981 338 01 .03 .02 .59 .36 .01 .0O .00

1982 480 00 .00 .00 .43 .45 .01 .00 .00
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Table 8. Age composition of Washington, Oregon and California
chinook salmon scale samples - cont’d.

Stock: Oregon Coast

Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
19811 547 .24 W41 .25 .00 .01 .01 .00 .08
19822 361 .12 .35 .30 .02 .01 .05 .00 14

1Yaquina, Rogue.
2Siuslaw, Nestucca, Tillamook, Yaquina, Coos, Coquille.

Stock: California

Total Percent composition of readable scales
number Age
Year readable 0.2 0.3 0.4 1.2 1.3 1.4 1.5 Other
19811 566 420 .20 .02 .02 .05 .00 .00 .29
19822 1506 .31 .43 .01 .03 .00 .00 .00 .22

Ixlamath and Sacramento.
2K1amath.
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Table 9. Composition of brood year 1975 standard used to classify
age 1.3 immature chinook caught in 1980. A Washington/
Oregon/California standard could not be constructed due
to insufficient numbers of age 1.4 and 1.5 chinook

salmon.
Sample Final
Return  Age size sample
Region Stock year class needed size
Asia Kamchatka 1981 1.4 170 33
Bolshaya 1981 1.4 30 72
Asia Total 200 105
Western Alaska Nushagak 1981 1.4 46 46
1982 1.5 6 6
Togiak 1981 1.4 6 6
Kuskokwim 1981 1.4 38 38
1982 1.5 4 4
Kanektok 1981 1.4 2 2
Goodnews 1981 1.4 2 2
Yukon 1981 1.4 90 90
1982 1.5 6 6
Western Alaska Total 200 200
Central Alaska Cook Inlet 1981 1.4 106 105
1982 1.5 4 4
Copper River 1981 1.4 90 29
Central Alaska Total 200 138
Southeast Alaska/ Fraser 1981 1.4 8 6
British Columbia Nass 1981 1.4 22 22
Skeena 1981 1.4 76 49
1982 1.5 2 2
Bella Coola 1981 1.4 6 6
Alsek 1981 l.4 6 6
Taku 1981 1.4 22 22
Stikine 1981 1.4 56 56
1982 1.5 2 2

Southeast Alaska/British Columbia Total 200 171
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Table 10. Composition of brood year 1976 standard used to classify age 1.2
immature chinook salmon caught in 1980,

Sample
Return Age size Final
Region Stock year class needed sample size

Asia Kamchatka 1981 1.3 192 127
Bolshaya 1981 1.3 8 8

Asia Total 200 135
Western Alaska Nushagak 1981 1.3 32 32
. 1982 1.4 54 54

Togiak 1981 1.3 4 4

1982 1.4 4 4

Kuskokwim 1981 1.3 18 18

1982 1.4 32 32

Kanektok 1981 1.3 2 2

1982 1.4 2 2

Yukon 1981 1.3 22 22

1982 1.4 30 30

Western Alaska Total 200 200
Central Alaska Cook Inlet 1981 1.3 56 56
1982 1.4 58 58

Copper River 1981 1.3 40 36

1982 l.4 46 45

Central Alaska Total 200 195
Southeast Alagka;’ Fraser 1981 1.3 44 44
British Columbia 1982 1.4 4 4
Nass 1981 1.3 12 12

1982 1.4 4 4

Skeena 1981 1.3 28 28

1982 1.4 24 24

Bella Coola 1981 1.3 4 4

1982 1.4 4 4

Alsek 1981 1.3 4 4

1982 1.4 4 4

Taku 1981 1.3 10 10

1982 1.4 12 12

Stikine 1981 1.3 14 14

1982 1.4 32 32

Southeast Alaska/British Columbia Total 200 200
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Table 10. Composition of brood year 1976 standards - cont‘d.

Sample
Return Age size Final
Region Stock year class needed sample size
Washington/oregon/ California 1981 1 03 42 21
California Oregon Coast 1981 1.3 4 4
1982 1.4 18 15
Columbia R. 1981 1.3 100 94
Springs 1982 1.4 2 2
Columbia R. 1981 1.3 4 2
Falls
Washington 1981 1.3 2 2
Coast 1982 1.4 2 0
Washington 1981 1.3 26 11

Inland Waters

Washington/Oregon/California Total 200 151
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Table 11. Scale characters used in the scale pattern analysis of 1980 immature age
1.2 and 1.3 Japanese mothership and research vessel-caught chinook.

Character

No. Descriptiona

1 Size Zomne 1

2 Size Zone 2

3 Size Zone 3

4 Size Zone 1 + size Zone 2

5 Size Zone 2 + size Zone 3

6 Size Zone 1 + size Zone 2 + size Zone 3

7 No. circuli Zone 1 + no. circuli Zone 2 + no. circuli Zone 3

8 Size Zone 2/(size Zone 1 + size Zone 2 + size Zone 3)

9 (Size Zone 1 + size Zone 2 + size Zone 3)/(no. circuli Zone 1 + no. circuli

Zone 2 + no. Zone 3)

10 (Size Zone 1 + size Zone 2)/(size Zone 1 + size Zone 2 + size Zone 3)

11 (Size Zone 2 + size Zone 3)/(size Zone 1 + size Zone 2 + size Zone 3)

12 No. circuli Zone 1

13 No. circuli Zone 2

14 No. circuli Zone 3

15 No. circuli Zone 1 + no. circuli Zone 2

16 No. circuli Zone 2 + no. circuli Zone 3

17 Size Zone 1/no. circuli Zome 1

18 Size Zone 2/no. circuli Zone 2

19 Size Zone 3/no. circuli Zone 3

20 (Size Zone 1 + size Zome 2)/(no. circuli Zone 1 + no. circuli Zone 2)

21 (Size Zone 2 + size Zone 3)/(no. circuli Zone 2 + no. circuli Zone 3)

s Distance Cl to C3 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
23 Distance C4 to C6 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
24 Distance C7 to C9 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
25 Distance Cl10 to Cl2 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
26 Distance Cl3 to Cl5 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
27 Distance Cl6 to Cl18 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
28 Distance Cl19 to C21 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
29 Distance C22 to C24 in Zones 2+3/(size Zonme 1 + size Zone 2 + size Zone 3)
30 Distance C25 to C27 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
31 Distance C28 to C30 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
32 Distance C31 to C33 in Zones 2+43/(size Zone 1 + size Zone 2 + size Zone 3)
33 Distance C34 to C36 in Zones 2+3/(size Zone 1 + size Zone 2 + size Zone 3)
34 Distance Cl to C9 in Zones 2+3
35 Distance Cl0 to C18 in Zones 2+3

36 Distance Cl19 to C27 in Zones 2+3
37 Distance C28 to C36 in Zones 2+3

38 Radius of focus

39 Distance C2-C4 in Zone 1

40 Distance C5-C7 in Zone 1

41 Distance C8-Cl0 in Zone 1

42 Distance Cl1-Cl3 in Zone 1
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Table 11. Scale characters used in the scale pattern analysis of 1980 immature age
1.2 and 1.3 Japanese mothership and research vessel-caught chinook-

continued.
Character ;
No. Descriptiona
43 Distance Cl4~Cl6 in Zone 1
44 Distance C2-C4 in Zone 1/(size Zone 1 + size Zone 2 + size Zone 3)
45 Distance C5-C7 in Zone 1/(size Zone 1 + size Zone 2 + size Zone 3)
46 Distance C8-Cl0 in Zone 1/(size Zone 1 + size Zone 2 + size Zone 3)
47 Distance Cl1-Cl3 in Zone 1/(size Zone 1 + size Zone 2 + size Zone 3)
48 Distance Cl4~C16 in Zone 1/(size Zone 1 + size Zone 2 + size Zone 3)
49 Distance Cl to C3 in Zones 2+3
50 Distance C4 to C6 in Zones 243
51 Distance C7 to C9 in Zones 2+3
52 Distance Cl0 to Cl2 in Zones 2+3
53 Distance Cl13 to Cl15 in Zones 243
54 Distance Cl6 to Cl8 in Zones 243
55 Distance Cl19 to C21 in Zones 243
56 Distance C22 to C24 in Zomnes 2+3
57 Distance C25 to C27 in Zones 243
58 Distance C28 to C30 in Zones 2+3
59 Distance C31 to C33 in Zones 243
60 Distance C34 to C36 in Zones 243

8Zone 1: The area of the scale from the center of the focus to the outer
edge of the last circulus in the freshwater annulus.

Zone 2: The area of the scale from the outer edge of the last circulus in
the freshwater annulus to the outer edge of the last freshwater
circulus.

Zone 3: The area of the scale from the outer edge of the last freshwater
circulus to the outer edge of the last circulus in the first ocean
annulus.

C_: The incremental distance from the outer edge of the previous
circulus (Cn—l) to the outer edge of circulus n.
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Table 1l4. Decision array for the four-way classification of brood
year 1976 age 1.3 and 1.4 chinook salmon of Asian, Western
Alaska, Central Alaska and Southeast Alaska/British Colum-
bia (S.E. Alaska/B.C.) origin. Overall classification
accuracy was 68.4 percent.

Correct decision (%)

Calculated Western Central S.E. Alaska/

decision Asia Alaska Alaska B.C.
Asia 105(77.8) 8( 4.0) 20(10.3) 15( 7.5)
Western

Alaska 10( 7.4) 157(78.5) 24(12.3) 5( 2.5)
Central

Alaska 11( 8.1) 29(14.5) 101(51.8) 49(24.5)

- S.E. Alaska/

B.C. 9( 6.7) 6( 3.0) 50(25.6) 131(65.5)

Total 135 200 195 200
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Decision arrays for the three three-way regional
classifications of brood yvear 1976 age 1.3 and 1.4
chinook salmon of a) Asian, Western Alaska, and
Southeast Alaska/British Columbia (S.E. Alaska/
B.C.) origin, b) Asian, Western Alaska, and Central
Alaska origin, and c¢) Asian, Central Alaska, and

S.E. Alaska/B.C. origin.

Overall classification

accuracies were 85.0, 76.2 and 75.4 percent,

respectively.

a) Asia vs. Western Alaska vs. S.E. Alaska/B.C.

Calculated Correct decision (%)

decision Asia Western Alaska S.E. Alaska/B.C.
Asia 116(85.9) 15¢ 7.5) 15¢ 7.5)
Western Alaska 12(¢ 8.9) 167(83.5) 14C 7.0)

S.E. Alaska/B.C. 7( 5.2) 18( 9.0) 171(85.5)
Total 135 200 200

b) Asia vs. Western Alaska vs. Central Alaska

Calculated Correct decision (%)

decision Asia Western Alaska  Central Alaska
Asia 105(77.8) 15( 7.5) 28(14.4)
Western Alaska 12( 8.9) 156(78.0) 25(12.8)
Central Alaska 18(13.3) 29(14.5) 142(72.8)
Total 135 200 195

¢) Asia vs. Central Alaska vs. S.E. Alaska/B.C.

Calculated Correct decision (%)

decision Asia Central Alaska S.E. Alaska/B.C.
Asia 113(83.7) 20(10.3) 12¢ 6.0)
Central Alaska 16(11.9) 133(68.5) 40(20.0)
S.E. Alaska/B.C. 6( 4.4) 42(21.5) 148(74.0)
Total 135 195 200
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Table 16. Decision arrays for the three two-way regional
classifications of brood year 1976 age 1.3 and
1.4 chinook salmon of a) Asian and Western
Alaska origin, b) Western Alaska and Central
Alaska origin, and c) Western Alaska and South-
east Alaska/British Columbia origin. Overall
classification accuracies were 89.0, 81.3, and
90.3 percent, respectively.

a) Asia vs. Western Alaska

Calculated Correct decision (%)

decision Asia Western Alaska
Asia 120(88.9) 22(11.0)
Western Alaska 15(11.1) 178(89.0)
Total 135 200

b) Western Alaska vs. Central Alaska

Calculated Correct decision (%)
Western
decision Alaska Central Alaska
Western Alaska 163(81.5) 37(19.0)
Central Alaska 37(18.5) 158(81.0)
Total 200 195

¢) Western Alaska vs. Southeast Alaska/British Columbia

Calculated Correct decision (%)
Western Southeast Alaska/
decision Alaska British Columbia
Western Alaska 180(90.0) 19(C 9.5)
Southeast Alaska/ 20(10.0) 181(90.5)

British Columbia

Total 200 200
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Table 18. Decision array for the three-~way classification of
brood year 1975 age 1.4 and 1.5 chinook salmon of
Asian, Western Alaska, and Southeast Alaska/British

Columbia (S.E. Alaska/B.C.) origin.

acy was 87.5 percent.

Overall accur-

Correct decision (%)

Calculated Western
decision Asia Alaska S.E. Alaska/B.C.
Asia 99(94.3) 3(C 1.5) 7C 4.1)
Western Alaska 3( 2.9) 169(84.5) 21(12.3)
S.E. Alaska/B.C. 3( 2.9) 28(14.0) 143(83.6)

TOTAL 105 200 171
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Appendix Fig.l.

NO. CIRCULI IN ZONES 1+2+3

Regional means (X), standard deviations (S), and fre-
quency distributions of scale characters used in the
five-way analysis of immature age 1.2 chinook salmon
(Oncorhynchus tshawytscha) from Asia, Western Alaska,
Central Alaska, Southeast Alaska/British Columbia and
Washington/Oregon/ California in 1980. Characters are
A) the size of the first ocean zomne and B) the number
of circuli through the first ocean annulus. All meas-
urements are in inches at 100X.
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Appendix Fig. 2.

NO. CIRCULI IN ZONES 2+3

Regional means (X), standard deviations (S), and fre-
quency distributions of scale characters used in the
five-way analysis of immature age 1.2 chinook salmon
(Oncorhynchus tshawytscha) from Asia, Western Alaska,
Central Alaska, Southeast Alaska/British Columbia and
Washington/Oregon/California in 1980. Characters are
A) the distance from the end of the freshwater annulus
to the end of the first ocean annulus divided by the
distance from the focus through the end of the first
ocean zone and B) the number of circuli from the end
of the freshwater annulus to the end of the first ocean
annulus. All measurements are in inches at 100X.
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Appendix Fig. 3.
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DISTANCE C18-27 IN ZONES 2+3

Regional means (i), standard deviations (S), and fre-

quency distributions of scale characters used in the
five-way analysis of immature age 1.2 chinook salmon
(Oncorhynchus tshawytscha) from Asia, Western Alaska,

Central Alaska,

Southeast Alaska/British Columbia and

Washington/Oregon/California in 1980. Characters are
A) the distance between circuli 13 and 15, beginning
from the end of the freshwater annulus, divided by the
distance from the focus through the first ocean annu-
lus and B) the distance between circuli 19 and 27,
beginning from the end of the freshwater annulus. All
measurements are in inches at 100X.
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