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ORIGINS OF COHO SALMON IN THE AREA OF THE
JAPANESE LANDBASED DRIFTNET FISHERY IN 1986 AND 1987

ABSTRACT

The continent of origin of coho salmon caught on the high seas in 1986 and 1987 in and
around the Japanese landbased driftnet fishery area (southwest of 46°N, 175° W) was determined
by scale pattern analysis. Coverage of Asian and North American production areas was improved
over earlier studies, and a new method based on similarity was utilized to construct composite
standards. For 1986 age 2.1 fish four standard groupings were constructed: western Kamchatka
Peninsula (Bolshaya R.); eastern Kamchatka and North Okhotsk Sea coast (Kamchatka R. and
Kukhtui R.); western Alaska (Norton Sound to Bristol Bay); and North Alaska Peninsula. Sample
sizes of scales from high seas areas in 1986 were sufficient to approach or exceed the
recommended level of 100 scales for seven subarea-month strata. A maximum likelihood method
was employed to calculate mixing proportion estimates of age 2.1 Asian and North American fish,
and samples were bootstrapped to derive estimates of variance. In 1986 Asian fish appeared to
predominate in six of the strata and were more abundant toward the western part of the fishery
area. Proportions of North American fish increased toward the east. Estimates of age 2.1 North
American fish in four strata in the fishery area ranged from 17% in subarea 11 (between 160°E and
165°E) in July to 47% in subarea 13 (170°E to 175°E) in July. The estimates obtained were in
general agreement with those of previous scale pattern studies, but are higher than the proportion
of North American fish in recoveries of tags from the study area. Application of estimates of age
2.1 fish to all ages and to all strata east of 160°E yielded a provisional catch estimate of 87,000
North American-origin coho in the landbased fishery in 1986, 18% of the total catch. Sample sizes
were insufficient to analyze age 1.1 scales from 1986. Statistical difficulties and poor Kamchatka
R. samples made results from analysis of age 2.1 scales from 1987 questionable.

INTRODUCTION

The research reported here is an effort to determine the origins of coho salmon in the landbased
driftnet fishery area as part of U.S. obligations as a member of the International North Pacific
Fisheries Commission (INPFC). The 1978 revision of the International Convention for the High
Seas Fisheries of the North Pacific Ocean (North Pacific Treaty) calls for coordinated research to
determine continental origins of salmonids in the landbased driftnet fishery area. In 1986 the
member nations of INPFC agreed on additional measures to reduce high seas interceptions of
U.S.-origin salmonids, including a 1°-longitude westward shift of the eastern boundary of the
landbased fishery area to 174°E. One product of this agreement was a Memorandum of
Understanding on salmon research which stipulated initiation of a three- to five-year program of
coordinated research to determine origins of salmonids migrating in the area of the landbased
fishery “so that the eastern limit of that fishery shall be negotiated no later than the beginning of the
1991 season.” The objective of this study is to provide information of use to the Commission in
this negotiation from scale pattern analysis estimates of stock origins of coho salmon caught on the
high seas in 1986 and 1987.



2

PREvIOuS STUDIES

The identification of the origins of coho salmon in and near the landbased driftnet fishery area
by scale pattern analysis has been addressed in three studies by the Fisheries Research Institute
(FR[) at the University of Washington (Myers et al. 1981, Walker and Harris 1982, Walker and
Davis 1983) and by four studies by the Fisheries Agency of Japan (FAJ) (Kato and Ishida 1985,
1986, 1988, 1989). In general all the studies estimated that Asian coho predominate in the area,
but that North American fish are present to some extent. FRI studies encountered difficulties with
small, poor samples from Asian stocks and incomplete coverage of Asian production areas. FAJ
studies have had incomplete coverage of North American production areas and used samples of
unknown origin collected in marine areas to represent Asian stocks. FAJ scientists have criticized
the results of all seven studies on the basis that scale pattern estimates did not closely match tag
recovery data, while FRI researchers have pointed out that tag recoveries of coho are too few to
determine the distributions of major stocks in this area and that exploitation and recovery rates may
differ markedly between the U.S.S.R. and Alaska.

Earlier summaries of oceanic distribution of coho summarized tagging data (Godfrey 1965,
Godfrey et al. 1975), but there was very little data from the landbased fishery area. The scale
pattern studies mentioned above have usually reported updated tag recovery data. The majority of
the few recoveries of fish tagged in and near the landbased fishery area have come from the
U.S.S.R., although some recoveries have been reported from western Alaska. No studies of
genetic stock identification, parasites, or morphometrics have been done on coho from this area.

METHODS

SCALE SAMPLEs

All scale samples measured were in the form of acetate impressions. Impressions for Alaska
stocks were provided by the Alaska Department of Fish and Game (ADF&G), and those from
British Columbia were provided by the Canadian Department of Fisheries and Oceans (CDFO).
The Fisheries Agency of Japan provided impressions of scales from salmon caught in and near
high seas salmon fishery areas and also impressions of scales from the Kamchatka and Bolshaya
Rivers. The U.S.S.R.’s Pacific Research Institute of Fisheries and Oceanography (TINRO)
provided FRI with original scale samples of adult returns to the Kukhtui River in 1986 and 1987
and to the Taui River in 1987. Under a binocular microscope a scale close in appearance to
INPFC-preferred area scales was selected for each fish, and acetate impressions were made for
measuring.

AGE DEThRMINATION

Ages were determined by the number of checks (decrease in spacing and thickness of circuli,
and breakage, interbraiding, and cutting over of circuli) which were considered annuli. Age
designation was by the European method (Koo 1962). Since there were no samples of known-age
coho from Alaskan or Asian streams to validate ages, any strong checks in the freshwater zone
were considered annuli. Emphasis was placed less on the tcorrectnes& of the age than on
consistency, that is, that fish from Asia, North America, and high seas samples having similar
patterns of checks would be considered as the same age and would be analyzed together. Age
determination was made as scales were measured, in part guided by ages determined by the agency
that provided the scales.
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Age determination was in general agreement with ages listed on data sheets by ADF&G, but
there was less agreement with ages of fishery samples provided by FAJ. FAJ scientists tended not
to regard all freshwater checks as annuli, leading to a higher estimated proportion of age 1.1 fish.
This is a similar circumstance to that encountered in analysis of coho scales from 1979 (Myers et
al. 1981). It is not considered a problem in this analysis, as all scales in both the standards and
fishery samples were aged by one person and all scales with similar patterns of freshwater checks
were analyzed together. Age proportions of 1986 high seas samples are listed by subarea-month
stratum in Table 1. No age composition is presented for 1987 samples as age 1.1 scales were not
measured and ages were not determined for all scales.

SCALE MEASUREMENT

Scales were measured using an image analysis system, the Optical Pattern Recognition System
(OPRS, BioSonics, Inc., Seattle, WA; Walker 1987). A reference line was chosen which
connected the posterior ends of the ocean annulus, and measurements were made on an axis 90° to
this line. Distances were measured from the center of the focus of the scale. Because of resolution
difficulties, measurements were not made of most freshwater circuli. The first measurement was
at the outer edge of the last circulus in the last freshwater annulus, and subsequent measurements
were made at the outer edge of each circulus thereafter, including circuli of freshwater plus growth
if present, to the outer edge of the ocean annulus. On scales from 1987 a marker consisting of two
very closely placed measurements (one OPRS sampling unit apart) was made to denote the
beginning of the ocean annulus and separate the summer and winter growth of the first ocean year.

SAMPLE SIzES

In order to explore similarities and differences between individual stocks to determine the best
grouping methods for forming composite standards, a relatively large number of scales was
measured from each stock sample collected in 1986 (Table 2; Fig. 1). For most stocks as many
scales of each age class as possible were measured, up to a total of 60 scales. For Asian stocks
and important Alaskan stocks larger numbers of scales were measured. Because of the large
number of samples available from Kodiak and southeastern Alaska, only 40 scales were measured
for most stocks. For 1987 scales, only 40 scales per sample were measured, except for larger
numbers from Asian stocks and large western Alaska stocks (Table 2). Due to decisions made
after preliminary analysis of 1986 scales, no age 1.1 scales and no scales from southeastern Alaska
or British Columbia were measured from 1987.

In construction of standards, only samples from fisheries near the river mouth were used, as
they were more likely to be representative of the production of the entire river, compared to
escapement samples collected only at a specific location in the river. In the course of analyzing
data from age 2.1 fish in 1986, larger samples were reduced by random sampling to create roughly
equal numbers per stock, and in order that the western Alaska standard not be substantially larger
than other standards. The unused scales and escapement samples were used later to test the model.

All measurable scales of age 2.1 (n= 1,746) and 1.1 (n= 299) fish in high seas samples from
the landbased fishery area in 1986 were measured. From 1987 samples only age 2.1 fish were
measured (n= 1,752). In order to achieve sample sizes in accord with recommendations of the
INPFC Sub-Committee on Salmon (n=100 or more), samples were pooled and stratified by month
and 5°-longitude subarea (see Fig. 2 for location of subareas).
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SCALE CHARACTERs

Measurement data was exported from OPRS internal files as ASCII files which were in turn
reformatted by a FORTRAN program. Reformatted data included biological and collection
information on each scale and 18 (1986) or 20 (1987) measurement variables. All reformatted
measurements are expressed in microns. For 1986 data, distance along the measurement axis and
circulus count of the first ocean year were used as variables, while for 1987 distance and circulus
count of the first ocean summer were used instead (Table 3). There was wide variability in width
of ocean annuli in both years, and it was sometimes difficult to determine the end of the annulus.
Because of this, separate variable sets containing the distance and circulus count of the first ocean
summer and of the first ocean year were tested from 1987 data. Linear discriminant analysis of all
Asian and western Alaska stocks and of standards constructed of these stocks showed very little
difference when using the two variable sets. Because determination of the start of the ocean
annulus subjectively seemed to have been more consistent, it was decided to use first ocean
summer values with 1987 data, although in practice this probably made little difference. As no
marker was placed at the beginning of the ocean annulus in 1986, distance and circulus count for
the first ocean year were used.

Individual circulus measurements were grouped in threes (triplets) up to a maximum of 45
circuli (15 triplets). As most scales did not contain this many circuli in the first ocean year, only
those triplets for which all scales had a value were used. Under this criterion only the first through
the seventh triplets were used for both the 1986 and 1987 data (Table 3). Distance along the
measurement axis of the freshwater zone through the end of the last freshwater annulus was also
used for both years. Basic statistics for all variables were calculated for each stock or fishery
sample; outliers were identified and those greater than four standard deviations from the mean were
removed.

CONs~mucTIoN OF STANDARDs

In line with recommendations from the INPFC Scale Pattern Analysis Workshop (INPFC
1987) groupings based on similarity were attempted in forming standard samples composed of
several stocks. The linear discriminant function analysis (LDA) program, 7M, of BMDP (Dixon
1988) was used to evaluate the similarity of individual stocks. LDA was used rather than a
clustering approach because it was felt that the LDA algorithm was closer than clustering
algorithms to the actual method used in allocating scales. Although the use of a large number of
groups in LDA is not a valid approach when actually classifying groups, the method was used
because it tries to discriminate or separate groups. Those samples that are difficult to separate can
be considered as a natural grouping. An indication of the distance between groups can be seen in a
two-dimensional plot of the first two canonical variables (which usually account for over 70% of
the dispersion) evaluated at the mean of each group. This plot is provided in output from BMDP
7M. BMDP 7M output also provides a table of the values of all canonical variables evaluated at
group means. These values can be used as coordinates in a space of dimension n, where n is the
number of canonical variables. Euclidean distances can be calculated between the groups using
these coordinate values. A table of these distances can then be examined for stocks or groupings
of stocks which are relatively closer together or further apart, and composite standards can be
decided on. Canonical variable plots and tables of distance measures from the analysis of 1986 age
2.1 coho are provided as an example of the method (Appendix Figs. 1-2; Appendix Tables 1-2).

Age 2.1 in 1986. When all individual stocks were considered together, there was some
confusion between Asian and south central Alaska stocks. Values of canonical variables from
western Kamchatka Peninsula (Bolshaya R.) scales were in the center of the distribution and were
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close to those of Kodiak Is. and southeastern Alaska (Appendix Fig. 1; Appendix Table 1).
Values from the North Okhotsk Sea coast (Kukhtui R.) and from eastern Kamchatka (Kamchatka
R.) were similar to each other but were also intermixed with those from Kodiak and Cook Inlet.
Yukon River and Norton Sound samples formed a tight cluster and were close to another cluster
formed by Kuskokwim area (Kuskokwim R., Quinhagak, and Goodnews) and Bristol Bay
(Nushagak and Togiak) stocks. Together these two clusters composed a western Alaska standard.
Values from two stocks along the northern coast of the Alaska Peninsula (Nelson and Ilnik) were
not close to other western Alaska stocks and were treated as a separate grouping. Kodiak and
Cook Inlet stocks formed a loose group that extended into the center of the distribution and
overlapped with Asian stocks. Cordova area stocks (Copper and Bering rivers) were between
central Alaska and a separate grouping of southeastern Alaska/British Columbia stocks.

From 40 samples from 37 stocks, six standard groupings could be constructed (Bolshaya,
Kamchatka/Kukhtui, western Alaska, North Peninsula, central Alaska including Cordova, and
southeastern Alaska/British Columbia), although the Asian and central Alaska standards were not
distinct from each other. Means and standard deviations for scale variables from these standards
are presented in Appendix Table 3. When a classification model was tested using these six
standards, there was confusion between central Alaska and all other standards, particularly
Kamchatka/Kukhtui. Kamchatka/Kukhtui also misclassified to most of the other standards,
especially central Alaska. Because of the high similarity to Asian stocks and because virtually all
tag returns (43 of 44; Myers et al. 1990) from coho stocks in central Alaska have come from fish
tagged in the Gulf of Alaska, east of l61°W, it was decided to remove these fish from the analysis.
Southeastern Alaska/British Columbia stocks were also removed as stocks unlikely to be present in
the high seas fishery area. All tag recoveries from these areas have come from east of l55°W (567
external tags, 22 coded-wire tags; Myers et al. 1990).

When only Asian and western Alaska stocks were considered, values from Bolshaya fish were
distinctive from other stocks (Appendix Fig. 2; Appendix Table 2). A grouping of Kukhtui and
Kamchatlca stocks was well-separated from others, and western Alaska and North Peninsula
stocks again formed well-defined groupings. In summary four standard groupings from 12 stocks
were used for the 1986 age 2.1 fish: Bolshaya R; Kamchatka/Kukhtui rivers; western Alaska
(Norton Sound, Yukon, Kuskokwim, Bristol Bay); and North Peninsula.

To see how scales from central Alaska and southeastern Alaska/British Columbia stocks would
be allocated in the four standard model if they were actually present, the data that were removed
from the analysis were used as unknowns in the maximum likelihood estimator program. The
largest proportion of all groups of these stocks was estimated to have come from
Kamchatka/Kukhtui (Table 4). Secondary to Kamchatka/Kukhtui, Chignik and Kodiak scales
were allocated to western Alaska and the North Peninsula; Cook Inlet scales to Bolshaya and North
Peninsula; Cordova (Copper and Bering) scales to Bolshaya; and southeastern Alaska/British
Columbia scales to Bolshaya and North Peninsula. Thus if fish from one of the deleted stocks are
present in the fishery area, the contribution of the standards indicated above, particularly
Kamchatka/Kukhtui, will be overestimated.

A~e 2.1 in 1987. For age 2.1 fish in 1987 no scales were measured from southeastern
Alaska/British Columbia. When scales from 23 other samples were considered together,
Bolshaya, Kamchatka, and Cordova (Copper and Bering) values formed three distinct groups.
However, all other stocks (North Okhotsk, western Alaska, North Peninsula, Kodiak, and Cook
Inlet) were inextricably mixed. It was again decided to delete the central Alaska stocks from the
analysis.
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When only Asian and western Alaska stocks were considered, Bolshaya, Kamchatka, and
North Peninsula stocks were each distinctive from others and were considered as three standards.
Kamchatka River scales probably were distinctive in part because of the poor quality of the
samples; FAJ biologists were often only able to find one or two scales per fish to mount from
Soviet samples, instead of five per fish as for Bolshaya scales. Many of the mounted scales were
not measured because they were obviously non-preferred, and means for most scale variables were
substantially smaller in 1987 than in 1986. The two North Okhotsk stocks, Kukhtui and Taui,
were close to one another, but were also close to the Kuskokwim-Bristol Bay edge of the cluster of
western Alaska stocks. Because of the importance of distinguishing between Asian and North
American fish, it was decided to split this larger group into two standards, North Okhotsk and
western Alaska, despite the similarity between them. Thus five standards were used for the
analysis of 1987 age 2.1 fish: Bolshaya, Kamchatka, North Okhotsk, western Alaska, and North
Peninsula. Means and standard deviations for these groupings as well for central Alaska are
contained in Appendix Table 4.

To see how scales from central Alaska stocks would be allocated in the five standard model if
they were actually present, the data that were removed from the analysis were used as unknowns in
the maximum likelihood estimator program. North Okhotsk was estimated to be the largest
contributor to the Chignik sample and North Peninsula was secondary (Table 5). Kodiak scales
were estimated to have come primarily from the North Peninsula. The majority of Cook Inlet
scales were allocated to North Peninsula and secondarily to Bolshaya and western Alaska.
Cordova (Copper and Bering) scales were estimated to have come almost equally from Bolshaya,
North Okhotsk, and western Alaska. Thus if fish from one of the deleted stocks are present in the
fishery area, the contribution of the standards indicated above will be overestimated.

Age 1.1 in 1986. Samples from central Alaska and southeastern Alaska/British Columbia were
removed from the analysis of age 1.1 fish in 1986 to reduce confusion between stocks and because
tag returns from these regions are virtually all from the Gulf of Alaska. Distances derived from
canonical variable values and plots from BMDP 7M indicated five natural groupings of age 1.1 fish
from Asia and western Alaska: Bolshaya (n=1 1), Kamchatka/Kukhtui (n=66), Yukon/Norton
Sound (n=72), Kuskokwim/Bristol Bay (n=59), and North Peninsula (n=66). Means and
standard deviations for these groups as well as for central and southeastern Alaska and British
Columbia are contained in Appendix Table 3. As reflected in the small sample sizes, freshwater
age 1. fish are not common in these areas, nor are they common in the high seas samples. The
small sizes of the standards preclude their use in a stable and acceptable analysis.

TESTS OF THE MODELS

There are no accepted methods for estimating the accuracy of maximum likelihood models.
However, the maximum likelihood estimator uses the same likelihood values that are used by
classification models. The jackknifed classification matrices from BMDP 7M are presented here
(Table 6) merely as crude indicators of the probable general accuracy of the maximum likelihood
models, and to indicate directions of misclassification among the standards. The matrices are not
intended to represent the true accuracy of the models. The overall unweighted accuracy of the
1986 age 2.1 four standard model was 75.7%; that of the 1986 1.1 four standard model (without
the very small Bolshaya standard) was 59.0%; and that of the 1987 age 2.1 five standard model
was 65.2%. In the 1987 model note that the accuracies of classifying the North Okhotsk and
western Alaska stocks were 51.4% and 56.5%, respectively, with large misclassifications between
the two groups.
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The four standard model for age 2.1 coho in 1986 was tested with scales from western Alaska
samples which were not used in construction of the model. These samples consisted of remainder
scales left after random sampling of five stocks to reduce sample sizes, and scales from three
escapement samples which were not used in construction of the model. The samples were treated
as unknowns and allocated by the maximum likelihood method. Remainder scales from the five
groups used in the model were allocated to the correct standard (western Alaska) to an
overwhelming degree (98.6% to 100%; Table 7). Scales from three escapement samples not used
in the model were only slightly less successfully allocated (91.0% to 100%; Table 7). Because of
the accuracy of the estimates, no bootstrap runs were made to estimate variances. These results
give a high degreee of confidence in the ability of the model to correctly identify scales of western
Alaska coho. There were no additional scales to test the accuracies of the other three standards in
the 1986 2.1 model, nor were there scales to test the 1986 1.1 and 1987 2.1 models.

CALCULATION OF MIXING PROPORTIONS OF UNKNOWNS

Estimates of proportions of fish from each of the standard groupings present in the mixed
fishery samples (unknowns) were obtained by a maximum likelihood method (Millar 1987, 1990a)
using a FORTRAN program written by R. Millar (Millar 1988, 1990b). Ten variables were used
in both the 1986 and 1987 analyses; there was no selection of variables, following Davis’s (1987)
finding that inclusion of noncliscriminating variables had only a slight effect on classification
accuracy. Variance estimates were derived from bootstrap runs (500 iterations) of the same
program. Confidence intervals (90%) were calculated as the estimate plus or minus 1.6449 times
the standard deviation.

COMPARISON WITH TAG RECOVERIES

Tag return data were also analyzed and compared with scale pattern estimates. Tag data were
taken from the INPFC tag recovery database maintained at FRI (see also Myers et al. 1990) and
new data reported by FAJ (Ogura 1990).

INTERCEPTION ESTIMATES

Catch estimates were calculated by applying proportions estimated for subarea-month strata in
the landbased and mothership fishery areas in 1986 to reported catches stratified in the same
manner. Proportions for the two North American standards were pooled, as were those from the
two Asian standards. Pooled variances were also calculated, and were used to calculate 90%
confidence intervals for the catch estimates.

RESULTS

MIXING PROPORTION ESTIMATES OF UNKNOwN (FISHERY AREA) SAMPLES

Statistical estimation of mixing proportions is an indirect method and as such depends on a
number of assumptions. Portions of this analysis that have some bearing on these assumptions
include questions on consistency of body area from which all scale samples were collected; lack of
samples from some small Asian stocks from which tag recoveries have been reported;
misallocations of scales between stocks; and discrepancies between tagging and scale pattern data.
Because new information or samples could lead to changes in the analysis, all estimates presented
here are considered provisional.
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Age 2.1 in 1986. Sample sizes are above or close to the recommended level of 100 for seven
strata (subarea-month combination) in the present or former landbased driftnet fishery area in June
and July of 1986 (Table 8). In the current fishery area four out of a possible six strata have
adequate sample sizes. Provisional maximum likelihood estimates of the proportion of fish from
stocks of each of the four standards are presented in Table 8. Asian fish predominate in all strata
except for subarea 15 in July. In general the proportion of Asian fish is higher in the west and
declines toward the east, while North American fish show the opposite trend. These estimates
indicate an average of 28% of the fish in the current landbased fishery area are of Alaskan origin,
while 49% of the fish in the former fishing area between 175°E and 175°W are of Alaskan origin.

Fish from the Kamchatka and Kukhtui systems were more abundant than fish from the
Bolshaya in four of the seven strata. Estimates of fish from western Alaska were generally higher
than those from the North Peninsula, but North Peninsula estimates were higher in two of the
seven strata.

Age 2.1 in 1987. Sample sizes for all five subareas in the current and former landbased fishery
area were above recommended levels for the month of June in 1987; for July, samples for subareas
13 and 14 were adequate, and scales from subareas 11 and 12 were combined to give an adequate
sample (Table 9). Provisional maximum likelihood estimates indicate that the overwhelming
majority of fish in all strata are of North Okhotsk origin (Table 9). Bolshaya fish are second in
abundance. Fish from the Kamchatka River, western Alaska, and the North Peninsula are
estimated to be in low abundance or absent. Estimates for Alaskan fish are higher in the east in
June, but are higher toward the west in July. Because of the confusion between North Okhotsk
and western Alaska scales and because of the poor quality of Kamchatka River scales (see
Construction of Standards, above), this analysis is considered questionable. The estimates from
high seas samples, which are generally zero for Kamchatka R. (a major Asian production system)
and small for western Alaska fish, also bring the analysis into question.

Age 1.1 in 1986. Adequate sample sizes for three high seas strata could be obtained only by
broadly pooling across wide areas: subareas 12-15 in June (n=143) and subareas 11, 13, and 15
in July (n=78). Because the sizes for the standard groupings were too small (average n= 66) to
perform an acceptable analysis, no estimation of composition of unknown strata is reported here.
That age 1.1 fish are uncommon (11-19%; Table 3) in the high seas fishery area indicates that fish
from more southerly regions where this age class is more common (central Alaska and especially
southeastern Alaska and British Columbia) are not likely present in substantial numbers.

COMPARIsoN WITH TAG RECOVERIES

The majority (54 of 59) of tag recoveries in and near the landbased fishery area (southwest of
48°N, l70°W) have come from streams in the U.S.S.R. (Table 10). Of the five North American
recoveries, only two have come from releases southwest of l75°W, 46°N and none from west of
175°E. However, there are two difficulties in using these data to infer that the vast majority of fish
in the landbased area are of Asian origin: the total number of recoveries is very low, and there is
potential bias in recovery and reporting rates between U.S.S.R. and Alaskan fisheries.

In spite of intensive tagging in recent years, the number of tag recoveries and the recovery rate
southwest of 175°W, 46°N remains very low. After 34 years of tagging, there are only five
recoveries from inside the boundaries of the current landbased fishery area, and a total of 49 from
southwest of 175°W, 46°N. These numbers are not large enough to make reliable estimates of
origins of coho in the landbased fishery. The recovery rate from 5,965 releases of coho southwest
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of 175°W, 46°N is 0.8%, compared with 2.9% (3,463 releases) between 155°E and 175°W north
of 46°N and south of the Aleutians and 26.2% (3,439 releases) east of 160°W. The lower recovery
rates indicate either that tagged fish in this area suffer a greater mortality, which is unlikely, or that
they return to areas where exploitation or reporting rates are much lower.

INThRCEPTJON ESTIMAmS

All interception estimates are considered provisional and may be revised based on new
information on the distribution of stocks in the landbased fishery area and on confirmation of the
accuracy of landbased catch data.

Provisional estimates of catches and 90% confidence intervals of age 2.1 North American- and
Asian-origin coho salmon in sampled strata of the landbased fishery in 1986 are presented in Table
11. Catches of North American age 2.1 fish in the four landbased strata for which estimates are
available total 58,016, or 24% of the 242,167 age 2.1 fish in those strata. An estimate for the
entire landbased fishery catch can be calculated based on the following assumptions:

- age 1.1 and 3.1 fish are from the same stocks in the same proportions as the age 2.1 fish;
- the July proportions for subarea 11(0.174) are applied to June for that subarea;
- the June proportions for subarea 12 (0.185) are applied to July for that subarea; and
- all coho west of 1 60°E are of Asian origin.

The total catch of North American coho by the landbased fishery in 1986 would then be 87,014, or
18% of the total coho catch of 477,483 (Table 12).

The 1986 age and proportion data can be used to make crude estimates for 1987-1989 catches
by making the same assumptions as above and the additional assumptions that age and mixing
proportions are generally the same in the subsequent years and that for 1988 and 1989 the June
(for subareas 12 and 13) and July (for subarea 11) proportions can be extended to May catches in
these subareas. While these gross assumptions undoubtedly do not strictly hold, application of the
1986 proportions to stratified 1987-1989 landbased catches can give a very rough idea of what
more recent catches might be. These calculations show interceptions of North American coho
declining as the fishery declines. Provisional rough estimates of catches of North American coho
decrease from 84,277 in 1987 (18% of the total) to 62,843 in 1988 (21% of the total) to 49,581 in
1989 (24 % of the total) (Table 13). Increases in proportions of North American fish in the catch
are due to a greater proportion of the catch coming from the eastern part of the fishery area, where
Alaskan coho are in higher relative abundance.

DISCUSSION

Results of this study in general confirm the findings of earlier work. U.S.S.R. streams are the
predominant producers of fish caught in the landbased fishery area, although North American fish
are present in low to moderate numbers. In earlier studies, FRI researchers (Myers et al. 1981,
Walker and Harris 1982, Walker and Davis 1983) found increasing proportions of North American
coho present in the landbased fishery area from 1979 (about 40%) to 1980 (60%) to 1981 (over
90%). However, North American proportions rose as the estimated quality of Kamchatka R.
samples declined between years. The analyses also did not include samples from North Okhotsk
coast stocks and used small samples from the Bolshaya R. which were combined with those from
the Kamchatka R.
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The studies of FAJ researchers (Kato and Ishida 1985, 1986, 1988, 1989) have generally
found lower proportions of North American fish than the FRI studies, with estimates usually in the
range of 15 to 30%. These estimates are very much in line with those of the present study. Some
deficiencies of the FAJ work include use of unknown origin mixed fishery samples to represent
Asian standards, poor coverage of and small samples from North American production areas in
some years, and small sample sizes for many of the fishery strata.

Although FM estimates of North American fish in the landbased area are generally low, FAJ
scientists have disputed their results on the grounds that they do not agree closely with tag return
estimates, which indicate very few North American fish southwest of 46°N, 175°W. Though few,
North American recoveries do constitute 4.1% of the 49 tags in that area, and 8.5% of the 59 tags
southwest of 48°N, 170°W. While there is no doubt of the value of tag returns in proving
definitively the presence of a stock in an area, the question arises of how reliable tag return data are
for deriving precise estimates of proportions of stocks in an area. Not only are the number of
recoveries of coho from the fishery area very low, but using the data for estimation of proportions
requires assuming that the chances of a tag being recovered and reported are roughly the same in all
recovery regions. This may be a valid assumption for sockeye salmon, where major stocks are
relatively few and intensively fished on both continents. However, exploitation of coho stocks
may differ significantly between fisheries.

It is difficult to estimate and compare exploitation rates in the U.S.S.R. and western Alaska
coho fisheries. The total commercial catches in the two regions are roughly similar (Appendix
Table 5), although the current level of exploitation of coho in western Alaska is a recent
phenomenon, as demonstrated by the increase in catches between 1973 and 1982. Soviet catches
have fluctuated around a relatively constant level since 1925. Estimates of escapement, and hence
total run size, are much more difficult to obtain. Alaskan fishery biologists caution that
“escapement” data that they tabulate is usually only an index, below the actual escapement.
Escapement is usually estimated from aerial surveys, and in autumn when coho return, weather for
flying is poor. Spawning areas are remote and difficult to census. Soviet escapement and
exploitation estimates are also difficult to obtain, and are subject to the same difficulties as Alaskan
estimates.

An example of the difficulties in interpreting tag data can be seen in examining U.S.S.R. catch
and tag recovery data. Catch statistics indicate that eastern Kamchatka Peninsula (primarily
Kamchatka River) stocks are largest, followed by western Kamchatka (primarily Bolshaya River)
stocks (Appendix Table 5). North Okhotsk catches are generally minor; in 21 years for which
there are reports, North Okhotsk catches average 1.5% of the total of the Kamchatka catches.
However, a much higher proportion (17 of 135, or 13%) of Soviet tag returns are from the North
Okhotsk coast, seven of them from southwest of 175°W, 46°N. Does this indicate that the
exploitation rate (or the reporting rate) from these fisheries is higher than from the eastern and
western Kamchatka fisheries? Or does it indicate that North Okhotsk stocks are more likely to be
encountered in the area where tagging was conducted? In any case, the discrepancy between North
Okhotsk catch sizes and their contribution to Asian tag recoveries, combined with uncertainty over
high seas distribution, is an indication of the problems inherent in using the small amount of tag
data to infer proportions of coho stocks in the landbased fishery area.

In the absence of better quantitative data from tagging, genetics, or any other source, scale
pattern analysis remains our best means of estimating mixing proportions of Asian and North
American coho stocks in the area of the landbased driftnet fishery. Although this study shares
some of the deficiencies of other work (coastal and high seas samples too small to analyze age 1.1
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scales; poor Kamchatka River scale samples in 1987; high overlap in distribution of variables of
important Asian and Alaskan production areas in 1987), it has a number of improvements over
previous scale pattern studies. Samples from the U.S.S.R. are generally markedly improved in
quantity, quality, and coverage of production areas. There is better coverage of North American
production areas as well. High seas samples are large enough to meet recommended levels for
estimating mixing proportions in most month-subarea strata in the area of the landbased fishery and
give relatively small confidence intervals on the estimates. A new approach to composing standard
groupings based more on similarity and less on geography has allowed good discrimination
between Asian and North American standard groups for age 2.1 fish in 1986. These
improvements allow confidence in the estimates from this model.

Provisional interception estimates based on the proportions from the 1986 age 2.1 model are
not large, but are not insignificant either. Expansion of the age 2.1 proportions to all ages in all
strata yields a total North American interception estimate of 87,000 fish, 18% of the total landbased
catch in 1986 and less than 8% of the combined western Alaska commercial catch of 1,130,000.
However, total catches by the landbased fishery are declining steeply as the fishery is reduced, and
current catches of North American coho are probably below 50,000 fish.
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Table 1. Estimated age composition of coho salmon in and near the landbased driftnet
fishery area in 1986. Sample sizes of age 1.1 and 2.1 fish are numbers of
scales measured in each stratum.

Sub- Age
Month Area N 1.1 2.1 3.1

June 12 213 24 (.113) 187 (.878) 2(.009)
13 371 57 (.154) 308 (.830) 6 (.016)
14 430 64 (.149) 357 (.830) 9 (.02 1)
15 460 58 (.126) 396 (.861) 6 (.0 13)

July 11 252 31 (.123) 217 (.861) 4 (.016)
13 248 48 (.194) 195 (.786) 5 (.020)
15 96 16 (.167) 78 (.8 12) 2 (.021)
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Table 2. Number of scales measured from samples used in 1986 and 1987 coho analyses.

1986 1987
Region Stock or Age 2.1 Age 1.1 Age 2.1

Sample measured used measured used

North Kukhtui R. 161 161 34 34 120
Okhotsk Taui R. 135

Western Bolshaya R. 64 64 11 11 160
Kamchatka

Eastern KamchatkaR. 184 184 32 32 131
Kamchatka

Western Unalakleet:
Alaska Commercial fishery 60 31 2 2 40

Test fishery 60 29 0 0 40
Yukon:

Middlemouth test 34 12 5 5 40
Emmonakcomml. 60 19 18 18
Ruby S. bank test 60 29 47 47
Big Eddy 40

Kuskokwim:
Bethel commercial 149 60 34 34 40
Kogrukiuk esc. 55 0 6 0

Quinhagak comml. 60 60 5 5 40
Goodnews comml. 60 60 8 8 40
Nushagak:

Nushagak commi. 107 60 3 3 56
Portage Cr. esc. 60 0 0 0

Togiakcomml. 108 60 9 9

North Nelson Lagoon 60 60 60 60 60
Peninsula Ilnilc Lagoon 60 60 6 6 60

South Chignik Lagoon 60 60 22 22 41
Peninsula

Kodiak Karluk R. 60 60 3 0 29
Dog Salmon (Frazer R.)36 36 15 15 30
Upper Station 40 40 20 20 29
Saltery R. 40 40 40 40 30
Discoverer Bay 40 40 29 29
ZacharBay 41 40 41 41
Swilcshak 40 40 40 40

Cook Central Dist. commi. 120 120 28 28 60
Inlet Yentna (Susitna R.) 76 76 6 6

Fish Cr. esc. 60 60 10 10 40
Kenai R. esc. 4 0
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Table 2. - continued.

1986 1987
Region Stock or Age 2.1 Age 1.1 Age 2.1

Samtile measured used measured used

Cordova Pr. Wm. Sound 30 0 25 0 12
CopperR. 164 164 150 150 60
BeringR. 60 60 60 60 60

Southeast Berners R. 60 60 51 51
Alaska Chilkat Lake 60 60 40 40

Redoubt Lake 59 59 21 21
Ford ArmLake 39 39 35 35
AukeCr. 40 40 9 0
Snettisham Hatchery 22 22 40 40
Taku R.:

Yehring Cr. 40 40 40 40
Canyon Is. 60 60 60 60

Black Bear Cr. 5 0 9 0
Crystal Lake Hatchery 4 0 60 60
Salmon Bay Lake 52 52 34 34
Salmon Bay Tributary 9 0 10 0
KlawockR. 12 0 8 0
KartaR. 55 55 27 27
Hugh Smith L. 60 60 28 28

Northern Taku R.:
British Taku R. 43 43 43 43
Columbia Hackett R. 46 46 40 40

Skeena R.:
Test fishery 12 0 26 26
Kitwanga 0 0 6 0
Babine 0 0 34 34

Kitimat R. 3 0 40 40

Southern Quinsam Hatchery 0 0 8 0
British Fraser R.:
Columbia Salmon R. 0 0 40 40
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Table 3. Scale characters used in 1986 and 1987 coho analyses. All distances measured along
an axis 900 to a reference line connecting the posterior ends of the ocean annulus.

Name of Used in analyses:
Scale Description 1986 1987

Character 2.1 1.1 2.1

Freshwater Distance in the freshwater zone from the center of X X X
size the focus to the outer edge of the last circulus in the

last freshwater annulus

Ocean size Distance in the first year of ocean growth from the X X
edge of the last freshwater annulus to the edge of the
last circulus in the ocean annulus; may include freshwater
plus-growth after the last freshwater annulus

Ocean circulus Number of circuli in the first year of ocean growth; X X
may include circuli of freshwater plus-growth

Ocean summer Distance in the first year of ocean growth from the X
size edge of the last freshwater annulus to the edge of the

first circulus in the ocean annulus; may include freshwater
plus-growth after the last freshwater annulus

Ocean summer Number of circuli in the first summer of ocean growth; X
circulus count may include circuli of freshwater plus-growth

Triplet 1 Distance from the edge of the last circulus in the last X X X
freshwater annulus to the edge of the third circulus in
the first year of ocean growth; may include plus-growth

Triplet 2 Distance from the third to the sixth circulus X X X
in the first year of ocean growth

Triplet 3 Distance from the sixth to the ninth circulus X X X
in the first year of ocean growth

Triplet 4 Distance from the ninth to the twelfth circulus X X X
in the first year of ocean growth

Triplet 5 Distance from the twelfth to the fifteenth circulus X X X
in the first year of ocean growth

Triplet 6 Distance from the fifteenth to the eighteenth circulus X X X
in the first year of ocean growth

Triplet 7 Distance from the eighteenth to the twenty-first circulus X X X
in the first year of ocean growth
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Table 4. Test of samples from excluded regions (central Alaska, southeastern Alaska,
and British Columbia) against the four standard model used for 1986 age 2.1
coho, to demonstrate where scales would be allocated if fish from these areas
were present in the fishery.

Region: Kamchatka! Western North
Stock group N Bolshaya Kukhtui Alaska Peninsula

Central Alaska:
Chignik 60 4.0 54.1 15.0 26.9
Kodiak 297 6.3 53.9 20.4 19.4
Cook Inlet 256 25.4 46.9 2.7 25.0
Cordova 224 16.9 82.4 0.7 0.0

S.E. Alaska! 360 21.4 61.8 15.6 1.2
British Columbia

Table 5. Test of excluded central Alaska stocks against the five standard model used for
1987 age 2.1 coho, to demonstrate where scales would be allocated if fish from
these areas were present in the fishery.

Region: North Western North
Stock group N Bolshaya Okhotsk Kamchatka Alaska Peninsula

Central Alaska:
Chignik 41 11.6 64.0 0.0 0.0 24.4
Kodiak 118 0.0 0.0 0.2 13.5 86.3
Cooklnlet 100 22.9 5.4 0.0 21.1 50.6
Cordova 119 29.4 34.0 0.0 36.6 0.0
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Table 6. Jackknifed classification matrices for coho models from BMDP 7M.
Information provided as crude index of accuracy of the maximum likelihood
models and is not intended to represent the true accuracy of the models.

a) 1986 age 2.1
Overall accuracy: 75.7%

Calculated Decision
Correct Karnchatka/ Western North
Decision N Bolshaya Kukhtui Alaska Peninsula

Bolshaya 64 55 (85.9) 3 5 1
Kamchatka/Kukhtui 345 31 245 (71.0) 42 27
Western Alaska 420 21 47 308 (73.3) 44
North Peninsula 120 6 12 15 87 (72.5)

b) 1986age1.1
Overall accuracy: 59.0%

Calculated Decision
Correct Kamchatka/ Yukon! Kuskokwim North
Decision N Kukhtui Norton Bristol Bay Peninsula

Karnchatka1’Kukhtui 66 41 (62.1) 9 8 8
Yukon 72 6 50 (69.4) 16 0
Kuskokwim/B. Bay 59 4 10 36 (61.0) 9
North Peninsula 66 12 3 8 43 (65.2)

c) 1987age2.1
Overall accuracy: 65.2%

Calculated Decision
Correct North Western North
Decision N Bolshaya Okhotsk Kamchatka Alaska Peninsula

Bolshaya 160 123 (76.9) 7 14 15 1
North Okhotsk 255 12 131 (51.4) 24 46 42
Kamchatka 131 6 10 99 (75.6) 7 9
Western Alaska 336 31 62 25 190 (56.5) 28
North Peninsula 119 3 21 2 15 78 (65.5)
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Table 7. Test of four standard model for 1986 age 2.1 coho. Allocation by maximum
likelihood method of western Alaska scales not used in model.

Kamchatka/ Western North
Sample N Bolshaya Kukhtui Alaska Peninsula

Remainders1:
Norton Sound 60 0.0 0.0 98.6 1.4
Yukon 94 0.0 0.9 99.1 0.0
Kuskokwim 89 0.0 0.0 100.0 0.0
Nushagak 47 0.0 0.0 100.0 0.0
Togiak 48 0.0 0.0 100.0 0.0

Escapement2:
Kogruklukweir 55 0.0 0.0 100.0 0.0
(Kuskokwim R.)

KisarlikR. 30 3.2 5.7 91.1 0.0
(Kuskokwim R.)

Portage Cr. 60 0.0 6.3 93.7 0.0
(Nushagak R.’)

i-Scales left after random sampling of the indicated stocks; not used in model
2Escapement scales from rivers indicated in parentheses; not used in model



Ta
bl

e
8.

P
ro

vi
si

on
al

m
ax

im
um

lik
el

ih
oo

d
m

ix
in

g
pr

op
or

tio
n

es
tim

at
es

by
su

ba
re

a
an

d
m

on
th

fo
r

19
86

ag
e

2.
1

co
ho

.
Es

tim
at

es
ut

ili
ze

M
ill

ar
’s

(1
98

8)
m

et
ho

d
w

ith
co

nf
id

en
ce

in
te

rv
al

s
ca

lc
ul

at
ed

fr
om

st
an

da
rd

de
vi

at
io

ns
de

riv
ed

fro
m

bo
ot

st
ra

pp
in

g
(5

00
ru

ns
)

tim
es

a
Z-

st
at

is
tic

of
1.

64
.

Su
b-

Bo
ls

ha
ya

Ka
m

ch
at

ka
/K

uk
ht

ui
W

es
te

rn
Al

as
ka

N
.

Pe
ni

ns
ul

a
M

on
th

Ar
ea

N
Es

t.
90

%
C

I
Es

t.
90

%
C

I
Es

t.
90

%
C

I
Es

t.
90

%
C

I

Ju
ne

12
18

7
.1

00
(.0

34
-.1

66
)

.7
15

(.6
16

-.8
14

)
.0

82
(.0

05
-.1

59
)

.1
03

(.0
14

-.1
92

)
13

30
8

.2
12

(.1
10

-.3
14

)
.4

78
(.3

63
-.5

93
)

.2
21

(.1
11

-.3
31

)
.0

90
(.0

14
-.1

66
)

14
35

7
.3

17
(.2

25
-.4

09
)

.2
05

(.1
28

-.2
82

)
.2

91
(.1

68
-.4

14
)

.1
87

(.0
72

-.3
02

)
15

39
6

.1
90

(.1
26

-.2
54

)
.3

89
(.2

94
-.4

84
)

.3
09

(.2
14

-.4
04

)
.1

12
(.0

33
-.1

91
)

Ju
ly

11
21

7
.0

82
(.0

18
-.1

46
)

.7
44

(.6
45

-.8
43

)
.0

74
(.0

13
-.

13
5)

.1
00

(.0
14

-.1
85

)
13

19
5

.3
49

(.2
49

-.4
49

)
.1

80
(.0

76
-.2

84
)

.2
87

(.1
69

-.4
05

)
.1

84
(.0

70
-.2

98
)

15
78

.2
13

(.1
04

-.3
22

)
.2

13
(.0

80
-.3

46
)

.3
08

(.1
42

-.4
74

)
.2

66
(.1

03
-.4

29
)

Ta
bl

e
9.

P
ro

vi
si

on
al

m
ax

im
um

lik
el

ih
oo

d
m

ix
in

g
pr

op
or

tio
n

es
tim

at
es

by
su

ba
re

a
an

d
m

on
th

fo
r

19
87

ag
e

2.
1

co
ho

.
Es

tim
at

es
ut

ili
ze

M
ill

ar
’s

(1
98

8)
m

et
ho

d
w

ith
co

nf
id

en
ce

in
te

rv
al

s
ca

lc
ul

at
ed

fro
m

st
an

da
rd

de
vi

at
io

ns
de

riv
ed

fr
om

bo
ot

st
ra

pp
in

g
(5

00
ru

ns
)

tim
es

a
Z-

st
at

is
tic

of
1.

64
.

Su
b-

Bo
ls

ha
ya

N
.

O
kh

ot
sk

Ka
m

ch
at

ka
W

.
Al

as
ka

N
.

Pe
ni

ns
ul

a
M

on
th

Ar
ea

N
Es

t.
90

%
C

I
Es

t.
90

%
C

I
Es

t.
90

%
C

I
Es

t.
90

%
C

l
Es

t.
90

%
C

I

Ju
ne

11
16

0
5.

6
(1

0.
6-

11
.1

)
93

.7
(8

6.
5-

10
0)

0.
0

(0
-0

.8
)

0.
0

(0
-2

.0
)

0.
6

(0
-4

.6
)

12
12

0
16

.6
(8

.8
-2

4.
4)

83
.4

(7
4.

2-
92

.6
)

0.
0

(0
-0

.4
)

0.
0

(0
-4

.9
)

0.
0

(0
-3

.1
)

13
28

5
15

.8
(8

.8
-2

2.
7)

78
.4

(6
7.

3-
89

.6
)

0.
1

(0
-1

.1
)

0.
1

(0
-1

0.
0)

5.
6

(1
.1

-1
0.

2)
14

44
9

25
.4

(1
8.

7-
32

.0
)

59
.4

(4
8.

2-
70

.6
)

0.
0

(0
-0

.9
)

7.
6

(0
-1

8.
9)

7.
6

(3
.6

-1
1.

7)
15

35
5

28
.7

(2
1.

0-
36

.4
)

55
.4

(4
3.

4-
67

.4
)

2.
6

(0
-5

.8
)

12
.5

(0
-2

5.
4)

0.
8

(0
-2

.5
)

Ju
ly

11
+1

2
12

6
15

.6
(5

.5
-2

5.
7)

66
.6

(4
7.

2-
86

.0
)

0.
0

(0
-0

.7
)

17
.8

(0
-4

0.
0)

0.
0

(0
-3

.2
)

13
13

5
37

.1
(2

4.
5-

49
.7

)
45

.8
(3

0.
4-

61
.2

)
0.

3
(0

-2
.2

)
16

.8
(0

-3
5.

0)
0.

0
(0

-5
.7

)
14

12
2

41
.9

(3
1.

1-
52

.7
)

53
.6

(4
0.

8-
66

.3
)

3.
0

(0
-7

.1
)

0.
0

(0
-3

.5
)

1.
5

(0
-5

.6
)



24

Table 10. Recoveries of coho tagged southwest of 48°N, 170°W reported to INPFC from 1955 to
1990, by recovery region. North American recoveries are marked with an asterisk (*).

Recovery Longitude
Latitude Region 1550-160°E 160°-165°E 165°-170°E 170°-175°E 175°E-180° 180°-175°W 175°-170°W

46°-48°N N. Okhotsk 1 1
W. Kamchatka 1 1
E. Kamchatka 1
U.S.S.R. unknown 1
Kuskokwim 2*

44°-46°N N. Okhotsk 1 1 2 1
W. Kamchatka 2 11 2
E. Kamchatka 5 4
BristolBay 1* 1* 1*

42°-44°N N. Okhotsk 1 1
W. Kamchatka 3 1
E. Kamchatka 1 2 3
Kurills. 1
Sakhalin 1
U.S.S.R. unknown 1 1

40°-42°N W. Kamchatka 1
Kuril Is. 1
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Table 11. Provisional estimated catch of age 2.1 coho of western Alaska (including North
Peninsula) origin in various strata in the landbased driftnet fishery areas in
1986. Strata are those for which adequate sample sizes exist. Confidence
intervals calculated using pooled variances from bootstrap-derived individual
variances for two Alaskan standard groupings.

Sub- Stratum Age 2.1 Western Alaska origin 2.1
Month An~a Size Catch Prop. Catch Prop. Catch 90% CI

June 12 187 140,034 .878 122,950 .185 22,746 (11,668-33,824)
13 308 123,994 .830 102,915 .311 32,007 (21,160-42,854)

July 11 217 17,268 .861 14,868 .174 2,587 ( 1,241-3,933)
13 195 1,825 .786 1,434 .471 676 ( 498-854 )

Total 283,121 242,167 58,016

Table 12. Provisional estimated catch of coho of western Alaska (including North
Peninsula) origin in the landbased driftnet fishery in 1986. Estimates made by
extending estimated proportions of western Alaska age 2.1 fish in various strata
to all ages and strata. See text for details.

Sub- Western Alaska origin
Month An~a Catch Prop. Catch

June 11 92,361 .174 16,070
12 140,034 .185 25,906
13 123,994 .311 38,562

July 11 17,268 .174 3,004
12 14,115 .185 2,612
13 1,825 .471 860

W. of 160°E 87,986 .0 0

Total 477,583 87,014
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Table 13. Provisional rough estimates of catch of coho of western Alaska (including
North Peninsula) origin in the landbased driftnet fishery for 1987-89.
Estimates made by extending estimated proportions of western Alaska age 2.1
fish in various strata in 1986 to all ages and strata in succeeding years. See text
for details.

Sub- Western Alaska origin
Year Month Area Catch Prop. Catch

5
302
241

10,661
16,879
34,755

0

62,843

1987 June 11 131,845 .174 22,941
12 160,981 .185 29,781
13 74,268 .311 23,097

July 11 11,030 .174 1,919
12 14,486 .185 2,680
13 8,193 .471 3,859

W.ofl6O°E 58,348 .0 0

459,151 84,2771987 Total

1988

1988

May 11 30 .174
12 1,635 .185
13 776 .311

June 11 61,270 .174
12 91,236 .185
13 111,751 .311

W.ofl6O°E 25,930 .0

Total 292,628

1988 May 11 10,335
12 16,542
13 7,542

June 11 21,928
12 55,343
13 91,074

W.ofl6O°E 5,215

.174

.185

.311

.174

.185

.311

.0

1,798
3,060
2,346

3,815
10,238
28,324

0

1988 Total 207,979 49,581
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