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INTERCEPTIONS OF NORTH AMERICAN AND BRISTOL BAY SOCKEYE SALMON
BY THE JAPANESE LANDBASED DRIFTNET FISHERY, 1972—1981

INTRODUCTION

Harris and Meyer (1982) estimated interceptions of North American

sockeye by the Japanese landbased driftnet (LBDN) fishery in 1972—81.

Included in that study were listed several suggested improvements of

technique by which accuracy of estimates might be improved. They were:

1) Supplementing age composition data for the 1977—81 period with infor

mation from the mothership fishery; 2) Improved compilation of biologi

cal data to include fish with regenerated freshwater portion of the

scale, but for which ocean age and maturity stage are known; 3) Expan

sion of the age/maturity composition analysis to include more groups

and; 4) Improved methods of averaging and substitution of age/maturity

estimates when direct data are lacking. Since some of the underlying

stock proportion estimates for the Gulf of Alaska stock—group were thought

to be spurious (see Cook et al. 1981), an additional improvement of meth

odology was to make a separate series of estimates for the Bristol Bay

stock—group alone, since it was the major component of the North American

group and since estimates for Bristol Bay were not suspected to be

spurious.

This document presents the results of re—calculating the intercep

tion estimates, based on the above improvements of technique.

METHODS

Stock proportion estimates from the scale pattern analysis (Cook et

al. 1981 and Knudsen and Harris 1982) were stratified by year, age!
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maturity group, time period, and spatial area. Six age/maturity groups

were considered (immature 1.2 and 2.2, and maturing 1.2, 2.2, 1.3, and

2.3). Time—period/area stratification in that study was by month and

INPFC area, and by month and quadrat, for the months of May and June in

each year 1972—1976. Quadrats were defined as regions of the overall

study area (east of 160°E and south of 50°N) formed by the intersection

of 175°E and 46°N.

Interception estimates made in the present paper were similarly

stratified, calculated according to the formula:

A. A.

N.. =C. xF.. xP..
ijkl jkl ijkl i~-jkl

where N is the estimated interception of North American or Bristol Bay

sockeye for a given age/maturity group (i), month (j), year (k) and

INPFC area (1), C is the LBDN catch of sockeye in numbers of fish

reported in documents submitted to the INPFC by the Japan Fisheries

Agency (JFA), F is the estimated proportion of age/maturity group i in

the population exploited by the fishery, and P is the estimated North

American or Bristol Bay stock proportion for age/maturity group i,

Interception estimates were calculated for only part of the total

LBDN catches of sockeye, as no estimates could be made for: 1) catches

made in July, as the scale pattern analysis covered only May and June;

2) catches made west of 160°E or north of 50°N; and for 3) age/maturity

groups other than the six aforementioned groups covered by the scale

pattern analysis.
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Estimation of Age/Maturity Composition (F)

Age/maturity composition estimates for 1972—1976 and 1977—1981 were

necessarily derived in a different way. The 1972—1976 estimates were

derived from detailed biological data (individual fish records) collect

ed on Japanese research vessels in conjunction with research vessel

sockeye catch data. Weighted age/maturity composition estimates were

derived from these data in the following manner:

1) For each commercial—type gillnet ttAtt operation by research vessels

in May and June, south of 50°N and east of 160°E, total sockeye catch

was prorated to numerous age and maturity groups according to propor

tions calculated from the subsample in the biological data file. JFA

age and maturity determinations were used.

2) Catches—by—age from individual operations were then summed within

area/month/year strata, to give weighted estimates of age and maturity

composition. Proportional estimates were calculated for eighteen age/

maturity groups: immature ages total.1, 1.2, 2.2, 3.2, total.2, total.3

and total immature, and maturing ages total.1, 1.2, 2,2, 3.2, total.2,

1.3, 2.3, 3.3, total.3, total.4, and total matures. Fish with regenerat

ed freshwater and/or marine portion of scale were prorated into freshwa

ter and/or ocean age groups in proportions calculated from the subsample

of fish of known age.

3) LBDN catches were made in a number of area/month/year strata for

which there were no direct F estimates as defined above, or for which

the F estimates were based on a sample size of less than 25 fish.
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Indirect F estimates calculated for these strata were the mean of all

available age/maturity estimates for the same month/year from the eight

surrounding INPFC areas plus the area of concern, weighted by the re

search vessel CPUE. These indirect estimates comprised 59.3% of all the

1972—76 F estimates required for the compilation.

Since we did not have detailed biological data (i.e., individual

fish records) for years 1977—1981, data from summary tables provided by

JFA, which gave age/maturity composition by 10—day period/INPFC area of

sockeye sampled on motherships and research vessels, were used to derive

F estimates, as follows:

1) The 10—day period research vessel and mothership samples were

summed by age/maturity group to give age/maturity estimates for each

area/month/year stratum. The same 18 age/maturity groups as defined for

the 1972—76 estimates were considered.

2) For any stratum in which LBDN catches occurred but for which there

were no research vessel or mothership data, or for which the available

sample size was less than 25 fish, F estimates were the mean age/

maturity compositions of the eight surrounding INPFC areas and the area

of concern, weighted by research vessel CPUE, Only mothership data were

available for areas E7046 and E7048 in June of 1979. These areas were

weighted by their corresponding mothership CPUE in cases where they were

included in a mean computation. Fifty—four percent of all F estimates

in the 1977—81 period were derived by this indirect method.
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3) For areas E6042 and E6542 in May 1977 no information was available

by the above methods. F estimates for these areas were calculated as

the unweighted mean of the same month/area stratum taken over all years

1972—1981.

Appendix Table 1 provides all the 1972—81 age/maturity composition

estimates (F) made, and indicates the method by which each stratum’s

estimate was derived.

Estimation of North ~merican and Bristol Bay Stock Proportions (P)

Stock proportion estimates for overall North American and for

Bristol Bay sockeye were based on Cook et al. (1981), although estimates

for age 1.2 maturing sockeye only were based on Knudsen and Harris

(1982). Estimates used in the present work were taken from original

computer outputs that presented values in .0001 precision; they there

fore differ slightly from values tabulated to .001 precision in the two

documents cited, For the years 1972—76, LBDN catches were made in a

number of strata for which there are no direct stock proportion esti

mates. In those cases the following hierarchical procedure was followed

to derive an estimate:

1) If an area/month/year stock proportion value was not available, the

quadrat/rnonth/year value was substituted. Thirty percent of the stock

proportions were obtained through this substitution.

2) If quadrat/month/year values were not available, the mean area/

month value over all other years (1972—76) was substituted. Means were
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usually calculated only if the number of month/area values was three or

greater.1 Two percent of the estimates were derived in this manner.

3) If d8ta were insufficient to calculate mean area/month values, the

mean quadrat/month value was substituted, Again, means were calculated

only if the number of available values was three or greater.1 Nine per

cent of the estimates were of this type.

4) If mean quadrat/month values were not available, adjacent quadrat/

month/year estimates were substituted (i.e., NW for SW, and NE for SE,

as gradation of stock proportions was found to be greater across longi

tude than across latitude). Thirty—one percent of the P estimates were

adjacent quadrat substitutions.

5) If the adjacent quadrat/month/year estimate was not available, the

mean adjacent quadrat/month over all other years 1972—76 was used. This

substitution accounted for eighteen percent of all P estimates.

P estimates for years 1977—81 were all unweighted area/month or

quadrat/month means calculated from the 1972—76 values. If an area!

month stratum was represented by three or more values over all years

1972—76, they alone were averaged to give the P estimate. Five percent

of the 1977—81 P estimates were of this type. If less than three area!

month values were available, the mean was computed with quadrat/month

11t was necessary to compute means based on less than three values
for areas in the SE and NE quadrats because of the paucity of stock pro
portion estimates for the region.
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values substituted for empty area/month strata. Eighteen percent of all

1977—81 P’s were of this type. If necessary, adjacent quadrat/month

values were substituted for empty strata in calculating the mean. If

the above methods failed to yield and estimate, then mean quadrat/month,

mean quadrat/month with adjacent quadrat/month substitutions, or finally

mean adjacent quadrat/month values were used. These methods accounted

for 32, 24, and 21% of the 1977—81 P estimates, respectively.

Appendix Table 2 shows the estimated North American and Bristol Bay

stock proportions (P), and indicates the method by which each estimate

was obtained.

RESULTS AND DISCUSSION

Age and Maturity Composition of LBDN Catches

Appendix Table 3 shows the estimated age and maturity composition

of May and June LBDN sockeye catches east of 160°E and south of 50°N, by

INPFC area and month. Table 1 and Figure 1 summarize this information

in terms of the major age/maturity groups considered in the scale pat

tern analysis, and all other groups combined, Table 1 also shows the

catches made outside the time/area frame covered by the sockeye scale

pattern analysis.

Immature sockeye, irrespective of age group, comprised an unweight—

ed average of 50.9% (range 31.2% in 1975 to 71.9% in 1978) of the to—

0 0tal May—June catches southeast of 50 N, 160 E in 1972—81. The propor

tion of immature fish in the catch was generally higher in June (mean
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69.2%) than in May (mean 43.5%), although in 1972 there was virtually no

difference in the proportion of immatures between May and June, and in

1978 and 1979 there was a higher proportion of imtnatures in May. We

attribute this general finding of increased proportion of immature fish

in the June catches to the earlier northward movement of maturing

sockeye bound for coastal areas.

The minor age/maturity groups tallied were immature total.1, 0.2,

3.2, and total.3, and maturing total.1, 0,2, 3.2, 0.3, 3.3, and total.4.

Sockeye in these ten minor groups comprised an unweighted average of

16.7% (range = 11.0% in 1979 to 21.5% in 1972) of the total May—June

0 0catches made southeast of 50 N, 160 E (Table 1). Freshwater age 3. fish

(in all ocean age and maturity categories) comprise the majority of the

combined minor age groups, averaging 10.9% of the total catch (range =

2.9% in 1979 to 17.8% in 1972). Interestingly, there was a notable

decrease in the proportion of age 3. fish after 1977 (mean 14.0% in

1972—77, 6.3% in 1978—81). Freshwater age 0. fish comprised an average

of 0.9% of the catch (range = 0.05% in 1980 to 2,5% in 1977). Immature

age .3 fish comprised an average of 4.5% of the May—June catches south

east of 50°N, 160°E (range = 1.8% in 1976 to 11.5% in 1978). Maturing

age .4 fish averaged 0.07% of the catches (range = 0% in several years

to 0.4% in 1980). Lastly, ocean age .1 fish (of both maturity groups)

averaged 0.3% of the catches.

Immature age 1.2 and 2.2, and maturing age 1.2, 2.2, 1.3, and 2.3

sockeye form the major age/maturity groups covered by the scale pattern

analysis. Immature age 1.2 and 2.2 sockeye made up an average of 41.1%
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(range = 25.6% in 1975 to 55.6% in 1978) of the total May—June catch

southeast of 50°N, 160°E. The age 2.2 fish predominated among the

immatures, accounting for 66.8% (range = 52.9% in 1979 to 85.8% in 1973)

of the combined immature 1.2 and 2.2 total. Maturing age 1.2 and 2.2

sockeye accounted for an average of 33.8% (range = 13.3% in 1978 to

57.5% in 1975) of the total catch. Age 2.2’s were again dominant, com

prising a mean of 86.6% (range = 80.2% in 1981 to 94.6% in 1975) of the

maturing 1.2 and 2.2 total. Maturing age 1.3 and 2.3 sockeye comprised

the remaining 8.4% (range = 2.9% in 1972 to 18.2% in 1981) of the total

May—June catch in the study area. Freshwater age 2. fish predominated,

averaging 60.7% (range = 34.7% in 1979 to 83.8% in 1972) of the combined

maturing 1.3 and 2.3 total.

The restriction of the LBDN fishery after 1976, following Japan—

U.S.S.R. and INPFC agreements, resulted in a significant decrease in

total catches (Table 1). There is considerable annual variation in

age/maturity composition in the entire 10—year period covered by this

analysis. The only notable change in age/maturity composition after

1976 (besides the decrease in proportion of freshwater age 3. fish,

already mentioned) was an increase in the average proportion of immature

ages 1.2 and 2.2 (means = 34.7% in 1972—76, 47.6% in 1977—81).

Interceptions of North American and Bristol Bay Sockeye

Appendix Table 4 shows the estimated interceptions of North Ameri

can sockeye by the LBDN fishery, by month, year, INPFC area, and major

age/maturity group. Appendix Table 5 presents the estimated intercep

tions of Bristol Bay fish in the same format. Figure 2 summarizes annual



10

interceptions of North American and Bristol Bay sockeye by maturity

group, in comparison with total LBDN catches and May—June catches in

major age/maturity groups southeast of 50°N, 160°E.

In subsequent discussion and referenced tables, rates of intercep

tion are in terms of May—June catches of sockeye in the six major age/

maturity groups east of 160°E and south of 50°N, since the scale pattern

analysis covered only that portion of the total LBDN catches. These

catches comprised an average of 78.65% of the total LBDN catches report

ed in official catch statistics (range = 70.4% in 1972 to 87.5% in

1979). Our general conclusions regarding continental stock composition

of some of the minor age/maturity groups are the same as presented in

Harris and Meyer (1982). Discussion will address two periods, 1972—76

when the fishery operated before recent regulatory changes, and 1978—81

when the fishery operated under new regulations imposed by Japan—U.S.S.R

and INPFC agreements. In 1977 the fishery operated under a unique set

of regulations resulting from a Japan—U.S.S.R. agreement, which, for the

area east of 16O°E, involved a late start of fishing operations.

Estimated interceptions of North American sockeye averaged 362,814

fish in the period 1972—76, ranging from 266,083 in 1973 to 505,573 in

1975, Interception rates for the 1972—76 period average 14.2% (range is

10.5% in 1973 to 19.9% in 1975). In 1977, an estimated 95,638 North

American sockeye were intercepted, representing an interception rate of

9.8%. Interceptions in 1978—81 averaged 80,765 fish (range is 60,683 in

1979 to 111,125 in 1978), for an average interception rate of 10.8%

(range is 9.2% in 1979 to 11.5% in 1981).
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Interceptions of Bristol Bay

fish (range is 122,334 in 1975 to

for that period is 8.8% (range is

1977 66,405 Bristol Bay fish

representing a rate of 6.8%.

fish were intercepted (range

Estimated interception rates

7.5% in 1979 to 9.7% in 1981).

sockeye in 1972—76 averaged 212,945

356,923 in 1976). The average rate

4.8% in 1975 to 13.3% in 1976). In

were estimated to have been intercepted,

In the 1978—81 period an average of 65,695

is 49,629 in 1979 to 85,446 in 1978),

for the later period average 8.8% (range is

Estimates of North American and Bristol Bay interception rates show

a high degree of consistency over most years. This is probably due in

part to the averaging and substitution methods necessarily employed to

determine stock proportions when direct estimates were not available.

The peak interception of North American fish that occurred in 1975 is a

result of a large May catch of maturing age 2.2 sockeye in area E6544,

in conjunction with the relatively high North American stock proportion

(P) estimate for that stratum. Interestingly, 1975 was a peak cycle

year of the Bristol Bay sockeye run, in which age 2.2 fish predominated,

yet the P estimate for Bristol Bay stocks in area 16544 in May 1975 is

zero. P and F estimates for maturing age 2.2 fish in area 16544 in May

1975 were direct values, not based on averaging or substitution.

Table 2 presents a summary of yearly interception rate estimates

for North American and Bristol Bay fish, broken down by maturity group.

These rates were calculated as the yearly interception divided by the

total estimated catch of immature ages 1.2 and 2.2 fish or of maturing

ages 1.2, 2.2, 1.3, and 2.3 fish, as appropriate. There is virtually no



12

difference in the interception rates between the two maturity groups in

either the 1972—76 or 1978—81 periods. For both maturity groups, the

interception rate for North American fish declined after 1977 (means are

13.3% in 1972—76, 11.0% in 1978—81 for immatures, and 13.7% in 1972—76,

10,9% in 1978—81 for maturing fish). The estimated interception rate

for immature Bristol Bay fish also declined (from 9.7% to 9.1%), but

that for maturing fish increased from 7.9% to 8.7%.

In all years except 1975, Bristol Bay sockeye form the major consti

tuent (average is 75.6%, range 64.2% in 1972 to 84.6% in 1980) of the to

tal North American interception estimate. In 1975 the Bristol Bay stock—

complex comprised only 24.2% of the estimate for North America, again

due largely to the influence of one area/month stratum for which the

stock proportion estimate for Bristol Bay was zero. We consider this

finding for 1975 anomalous, given that 1975 was a peak—cycle year for

Bristol Bay, and that the predominance of maturing age 2.2 fish found in

the high seas population was consistent with the principal age group in

the 1975 Bristol Bay run.

Interception rates for the area east of 175°E were much higher than

the rates in other regions of the LBDN fishery (Table 3). The 1972—76

mean interception rate for North American fish southeast of 46°N, 175°E

is 46.1%, versus 9.2% for the area west of 175°E south of 44°N, and

10.7% for the area northwest of 44°N, 175°E. Similarly, the estimated

interception rates for Bristol Bay fish in 1972—76 are 35.3% southeast

of 46°N, 175°E, 7.3% for the area southwest of 44°N, 175°E, and 6.0% for

the area northwest of 44°N, 175°E. The large difference is due in part
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to the lack of direct estimates for the southeast quadrat, making it

necessary to substitute values from the northeast quadrat, where North

American and Bristol Bay stock estimates are generally high. Although

these substitutions may have biased upwards the estimates for areas

southeast of 46°N, 175°E, it is likely that the fraction of North

American fish is higher in these areas than in those west of 175°E, as

gradations in stock proportion estimates show a stronger longitudinal

than latitudinal component. Any bias of the estimates for the southeast

areas is not likely to have a great effect on the overall interception

rates, however, as the catches made in those areas account for only a

small fraction (average 9.4%) of the total May—June LBDN catch made

southeast of 50°N, 160°E in the 1972—76 period.

The total number of intercepted North American and Bristol Bay sock

eye dropped off dramatically in the 1978—81 period, following the closure

of the area southeast of 46°N, 175°E and especially most of the area

north of 44°N. The mean interception rate for North American fish in

the 1978—81 period declined by 3.4% from that of the 1972—76 period, and

there was no change in the mean rate for Bristol Bay fish. We interpret

this general result to indicate that the drop in interceptions is due

mostly to reduction of the catch rather than to the different fishing

area after 1977. Although the area east of 175°E was represented by

high estimated interception rates, the region never produced more than a

minor fraction of the total sockeye catch, so closure of the area did

not greatly alter the overall interception rate. We warn, however, that

a strict comparison of interception rates between the two periods is not
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possible since the stock composition estimates for the 1978—81 period

were average values taken from the 1972—76 scale analysis.

Comparison of these results with those of the previous analysis

(Harris and Meyer 1982) show only slight changes in stock proportion,

age composition and interception estimates. Stock proportion estimates,

apart from the higher precision in base data and corrections made in a

few strata, remain unchanged. Refinements in estimating age composition

resulted in a slight increase in the proportion of the combined minor

age/maturity groups (average percent increase was 0.18%). The propor

tions of the groups immature .2, maturing .2, and maturing .3 changed

(i.e., original estimate minus present) by averages of 0.39%, 0.66%, and

—0.88%, respectively. The relative proportions of the major age/maturity

groups, however, remained generally similar.

A slight increase in the estimated numbers of intercepted North

American sockeye resulted from the improvements of methodology. Esti

mates were somewhat higher in all years except 1973 and 1979. These

increased estimates are due to revised age/maturity composition esti

mates, particularly in those area/month strata in which larger catches

occurred.

Although this re—analysis represents what is hoped to be more

accurate estimates of interceptions of North American and Bristol Bay

sockeye by the Japanese LBDN fishery, it is still limited by the same

factors mentioned by Harris and Meyer (1982) (viz., sample representa—

tiveness, accuracy of the stock proportion estimates from the scale
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pattern analysis, accuracy of JFA age/maturity designation, accuracy of

catch statistics, and appropriateness of averaging and substitution of

estimates for many area/month strata where needed data were lacking).
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Table 2. Summary of estimated interception rates of North
American and Bristol Bay sockeye salmon by matur
ity group. Rates were calculated from estimates
presented in Table 1 and Appendix Tables 4 and 5.

Immature Maturing Total
Year N.A. B.B. N.A. B.B. N,A. B.B.

1972 13.5 10.4 9.6 9.3 12.0 10.0
1973 13.3 10.5 8.9 4.8 10.5 7.0
1974 16,8 11.4 7.7 6.1 12,2 8.7
1975 12.4 8.8 23.0 3.2 19.9 4.8
1976 10.3 7.6 19.5 16.2 16.4 13.3
1972—76
mean 13.3 9.7 13.7 7.9 14.2 8.8

1977 9.5 6.9 10.3 6.5 9.8 6.8
1978 10.8 8.0 11.9 9.4 11.0 8.4
1979 10.3 8.7 8.5 6.7 9.2 7.5
1980 11.3 9.8 11.6 9.4 11.4 9.6
1981 11.5 10,0 11.5 9.4 11.5 9.7
1978—81
mean 11.0 9.1 10.9 8.7 10.8 8.8
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