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STATUS OF THE YELLOWFIN SOLE (Limanda aspera) RESOURCE 

IN THE EASTERN BERING SEA THROUGH 1975 

by R. Bakkala and G. Hirschhorn 

INTRODUCTION 

The overexploitation and decline of the yellowfin sole resource of the 

eastern Bering Sea in the early 1960's have been described in reports (Fadeev, 

1965; Kasahara, 1972; and Pruter, 1973) and in documents of the International 

North Pacific Fisheries Commission (INPFC). Catch, effort, and biological data 

from the Japanese trawl fisheries and other sources for the years since the 

decline of the fishery were reviewed in INPFC Documents 1785, 1794, and 1831, 

app. 2. These documents generally conclude that the stock has remained in a 

depressed condition since the intensive fishery of the early 1960's. Further, 

as indicated by the aggregate body of evidence reviewed at the 1975 meeting of 

INPFC (Document 1831, app. 2) large catches from 1969 to 1971, ranging from 

about 167,000 mt to 207,000 mt aggravated the condition of the resource. 

Since 1971 the combined catches of Japan and the U.S.S.R. have declined 

(Table 1, Figure 1). Catches in 1972 and 1973 (71,600 mt and 80,000 mt) were 

lower than any since 1965 and the 1974 catch of about 47,500 mt was lower than 

any since 1958. 

The present document reviews the most recent catch, effort~ and biological 

data from the Japanese commercial fishery as well as information from NMFS 

research vessel surveys and the U.S. observer program to update Document 1785 

and assess the current condition of the stock. 
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Table 1.--Annual catches of yellowfin sole in the eastern Bering Sea 
(east of 1800 ) in metric tons. 

Year Japan* U.S.S.R.** Total 

1954 12,562 12,562 
1955 14,690 14,690 
1956 24,697 24,697 
1957 24,145 24,145 
1958 39,153 5,000 44,153 
1959 123,121 62,200 185,321 
1960 396,946 96,000 492,946 
1961 455,885 154,200 610,085 
1962 253,420 139,480 392,900 
1963 21,576 92,596 114,172 
1964 48,928 81,872 130,800 
1965 26,030 36,170 62,200 
1966 45,105 71,295 116,400 
1967 58,415 120,000 178,415 
1968 29,646 57,092 86,738 
1969 81,448 103,850 185,298 
1970 59,780 106,875 166,655 
1971 82,205 -124,441 206,646 
1972 34,845 36,738 71 ,583 
1973 75,514 4,497 80,011 
1974 38,270 9,200 47,470 
1975 20,594*** 49,800 70,394 

* Catches by Japanese mothership and North Pacific trawl fisheries. 
Catches for 1954 to 1963 are from Forrester et al. (1974) and for 
1964 to 1975 from data provided to the United States by Japan. 
Includes catches of some other flounders up to 1961. Figures for 
1963 and 1972 differ slightly from those in Document 1785 to agree 
with data sources. 

** U.S.S.R. catches from 1958-61 from Fadeev (1970), for 1962-66 from 
Document 1669 and for 1967-75 from data provided the United States 
by the Soviet Union. Soviet data includes catches of some other 
flounders. Catches for 1970 and 1971 differ from those in Document 
1785 due to the transfer of some flounders from the other fish 
category. 

*** January through July only. 
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SPAWNING STOCKS OF YELLOWFIN SOLE IN THE EASTERN BERING SEA 

In Document 1785, evidence was presented from Soviet, Japanese, and U.S. 

investigations which suggested the possibility of independent spawning stocks 

of yellowfin sole in the eastern Bering Sea--a northern and southern stock. 

The stock areas were separated by a line connecting St. George Island (about 

56039'N and 169030'W) and Cape Avinof (about 59058 1 N and 164014 I W). The 

primary evidence for separating yellowfin sole into these stocks comes from 

Japanese tagging stUdies as reported in Document 1669. They demonstrated that 

although fish from stocks north and south of the St. George Island-Cape Avinof 

line conduct extensive migrations to the southwest between summer and winter 

and then to the northeast between winter and summer, these two stocks maintained 

their separate identities throughout the year. 

It was hoped that a three vessel NMFS trawl survey in the eastern Bering 

Sea in August-October 1975 would define the main concentrations of these two 

groups, but results were inconclusive (Figure 2). Catch rates clearly demon

strate the location of the southern group between the Alaska Peninsula and 

580N and from about 1600 to 166oW. A second much smaller and possibly inde

pendent group may be represented by the relatively high catch rates between 

58 and 590N at about 1670W. The Japanese tagging studies show returns from 

this latter area coming primarily from west of the Pribilof Islands--the wintering 

area for the northern stock but also from north of Unimak Island. No large 

catches were made near Nunivak Island, previously reported as the summer location 

of main concentrations of the northern stock. 

Results of the survey, while not clearly demonstrating the presence of 

two independent stocks, does illustrate that by far the greatest proportion of 

the total eastern Bering Sea population resides in the southern area. 

As shown below, over 80% of the Japanese catch has come from the southern 

stock area with the exception of two years. 
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Catch in northern Catch in southern Percent of catch 
stock area stock area in southern 

Year {mt} stock area 

1964 8,326 40,376 82.9 
1965 4,754 20,919 81. 5 
1966 5.781 39,323 87.2 
1967 18,169 38,594 68.0 
1968 2,869 26,748 90.3 
1969 11,818 69,101 85.4 
1970 19,877 39,031 66.3 
1971 16,086 65,552 80.3 
1972 2,873 31,890 91. 7 
1973 3,235 71,989 95.7 
1974 2,768 15,245 84.6 

Because the major share of catches comes from the southern stock area and 

catch and effort data were very limited from the northern stock area, trends 

in CPUE were examined only for the southern area in Document 1785. This pro

cedure is again followed in this document. 

TRENDS IN RELATIVE ABUNDANCE 

The method of calculating CPUE was described in Document 1785. Catch and 

effort data were selected from those 10 longitude by ~o latitude blocks and 

months in which yellowfin sole made up 50% or more of the total catch. The 

purpose of this selection was to eliminate effort directed to other species and 

use those data that most accurately represented the condition of the yellowfin 

sole resource. Because the fishing season for yellowfin sole has shifted from 

spring and summer to winter (starting in 1969-70) the trends in CPUE were 

examined separately for each of these seasons. Data by gear types were also 

analyzed separately. 

In previous U.S. documents on yellowfin sole, adjustments to fishing effort 

were made for changes in vessel horsepower. The horsepower figures used were 

annual mean values by vessel type as given by Takahashi (1974) for the years 
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1964 to 1972. These horsepower values were applied to Danish seine effort 

through 1969 and to pair trawl effort through the 1972-73 winter season. 

Values given by Takahashi (1974) were for vessels operating in the Japanese 

mothership pollock fishery. 

Horsepower values for pair trawl and stern trawl vessels actually operating 

in the winter flounder fishery have recently become available from the Japan 

Fishery Agency (Takahashi, personal communications).1! CPUE values were re

calculated using these new horsepower figures to adjust effort for the years 

since the beginning of the winter fishery in 1969-70. Trends in CPUE for the 

recalculated values were similar to those in Document 1785 in which CPUE was 

calculated using the average horsepower of vessels in the pollock fishery. The 

new annual values, however, were lower than those previously calculated because 

horsepower of vessels in the winter flounder fishery was greater than that of 

vessels in the pollock fishery. 

Catch, effort, and CPUE data for each year since 1964 are given in Table 2 

and trends in CPUE are shown in Figure 3. Trends in CPUE for the spring-summer 

fishery which was terminated in 1969 were described in Document 1785. For the 

winter fishery, CPUE values for pair trawlers have been variable, fluctuating 

from 6.2 to 12.7 to 6.3 mt per 1,000 hp hours in the 1969-70, 1970-71, and 1971-72 

seasons, and then increasing from 6.3 to 10.5 mt per 1,000 hp hours from the 

1971-72 to 1973-74 fishing seasons. The CPUE for stern trawl vessels have 

ranged from ·a high of 2.9 mt per 1,000 hp hours in 1971-72 to 0.9 mt per 1,000 hp 

hours in 1973-74, the lowest value of record. 

Trends in CPUE for pair trawls and stern trawls in the winter fishery 

differed. In seasons when pair trawl CPUE was relatively high, those for stern 

trawlers were low. Conversely, when those for pair trawlers were low, those 

11 Takahashi, Yoshiya. Japan Fishery Agency, Far Seas Fishery Research Laboratory, 
Shimizu, Japan, March 1976. 
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Table 2.--Catch of yellowfin sole, fishing effort, and CPUE for the Japanese trawl fisheries 
in the southern stock area of the eastern Bering Sea, 1964 to 1974. Data are for 
lox~o statistical blocks and months in which yellowfin sole made up 50% or more of 
the catch of groundfish. 

Effort CPUE MT 
No. of 1,0001s of per 1,000 

Catch Hours Ave. HP-hours HP-hours or 
Season Gear Year (MT) or sets HP!I or HP-sets HP-sets 

Spring-summer Pair trawl 1964 15,760 2,275 325 739 21.33 
(April-September) 1965 6,108 768 328 252 24.24 

1966 3,333 909 315 286 11.65 1 
1967 895 210 380 80 11.19 
1968 0 0 

'1969 1,167 174 454 79 14.77 

Danish 1964 22,788 6,159 275 1,694 13.45 
seine 1965 5,890 2,346 333 781 7.54 

1966 2,698 1,135 320 363 7.43 
1967 567 338 393 133 4.26 
1968 3,243 978 456 446 7.27 
1969 2,950 1,168 509 595 4.96 

Winter Pair trawl 1969-70 14,250 1,925 1,200 2,310 6.17 
(October-March) 1970-71 26,766 1,762 1,200 2,114 12.66 

1971-72 25,812 2,929 1,400 4,101 6.29 
1972-73 31,328 2,700 1,400 3,780 8.29 
1973-74 27,234 1,853 1,400 2,594 10.50 

Stern trawl 1969-70 6,594 1,999 1,650 3,298 2.00 
1970-71 2,521 1,112 1,400 1,557 1.62 
1971-72 8,587 2,262 1,325 2,997 2.87 
1972-73 11 ,596 5,890 1,400 8,246 1.41 
1973-74 3,990 3,268 1,400 4,575 0.87 

1/ Measures of average horsepower of pair trawlers and Danish seiners for 1964 to 1969 are 
- from Takahashi (1974). Those for 1969-70 to 1973-74 are from Takahashi (personnel communi-

cations, see text footnote 1). 
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for stern trawlers were high. Nevertheless, the CPUE data for the winter 

fishery when contrasted with that for the spring-summer fishery indicates 

that the abundance of yellowfin sole in the early 1970's ha~ not increased 

over that in the mid and late 1960's and may have been somewhat lower. For 

pair trawlers which operated in both seasonal fisheries, the CPUE values for 

the winter fishery were usually lower than those from the spring-summer fishery. 

This has occurred even though yellowfin sole are more concentrated in winter. 

This comparison is complicated, however, by the lack of horsepower figures 

directly applicable to catcher boats operating for yellowfin sole in the spring

summer fishery. 

CPUE values from Japanese commercial pair trawlers and from United States 

and Japanese research vessels indicate an improving trend in the abundance of 

yellowfin sole after 1972 (Table 3). The United States research vessel data 

show an increase in CPUE from 98 kg/km trawled in 1973 to 134 kg/km trawled in 

1974. The value in 1975 was about the same as 1974. These are average annual 

values from a comparable area (Figure 4) fished each year between early June 

and mid-August. 

Japanese research vessel data (also for a comparable area and similar time 

period each year) indicate an increase in relative abundance of yellowfin sole 

in the eastern Bering Sea in 1975 in relation to 1971 and some earlier years 

(similar data were not available in 1972, 1973, and 1974). Trends in CPUE for 

Japanese pair trawl vessels operating in the winter flounder fishery were 

described earlier in this document but were also examined in Document 1794 for 

the years 1971 to 1974. The data presented in Document 1794 showed an increase 

in CPUE from 9.6 to 14.7 mt/hr trawled from 1972 to 1974. The interpretation 

in Document 1794 of the combination of the Japanese research and commercial 

vessel data was that the abundance of yellowfin sole had declined drastically 

in 1971 and 1972 followed by an upward trend from 1973 to 1975. 



Table 3.-- Catches and CPUE values by fishing and calendar years, 1968-1975. 

Fishing ~ear data Calendar ~ear data 
Year Catch CPUE Year Catch CPUE 

(mt) Japanese* Japanese* (mt) Japanese** Japanese** U.S.* 
pair trawl stern trawl pair trawl research research 

(mt per 1000 (mt per 1000 (mt/hour (Relative (kg/km 
hp hours) hp hours) trawled) average trawled) 

density index) 

1968-69 147,525 1969 185,298 1.48 

1969-70 218,899 6.17 2.00 1970 166,655 1.25 

1970-71 187,733 12.66 1.62 1971 206,646 14.49 1.00 

1971-72 87,388 6.29 2.87 1972 71,583 9.57 

1972-73 79,974 8.29 1.41 1973 80,011 11.95 98.2 00 

1973-74 43,611 10.50 0.87 1974 47,470 14.73 133.8 

1974-75 95,216 1975 70,394*** 1.65 134.2 

* From this document. 

** From Document 1794. 

*** Includes total U.S.S.R. catches in 1975 but only those of January through June for Japan. 
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STANDING STOCK ESTH1ATE FROM N~1FS SURVEY 

In August to October 1975 the NMFS conducted a three-vessel demersal trawl 

survey in the eastern Bering Sea. The area surveyed (see Figure 2) covered the 

major portion of the distribution of yellowfin sole. Station densities in the 

·survey area varied from one per 598 km2 to one per 1,036 km2. 

The trawl used by each vessel had the same dimensions: a 34 m footrope 

and 102 mm mesh in the wings and body and 89 mm mesh in the intermediate and 

cod end. Each trawl had a 32 mm mesh liner in the cod end for the retention 

of small fish. The three vessels differed in size as did dimensions of the 

otter boards. Comparative fishing tests, however, showed that fishing power 

factors for yellowfin sole among vessels were similar and adjustments of catch 

rates between vessels was unnecessary. 

The area-swept technique of Alverson and Pereyra (1969) was used to 

estimate the biomass of yellowfin sole in the survey area. The estimate for 

age 7 and older fish was 864,728 mt with 95% confidence limits of 724,952 to 

1, 004,513 mt. 

POTENTIAL YIELD 

It was pointed out in Document 1794 that for the years following 1963, when 

the catch exceeded approximately 120,000 mt, the stock size in the next year 

declined, and when catches fell below this level, the stock size increased. 

The relationship between catches in a given year and the change in stock size 

between that year and the next (see Figure 5 of Document 1794), suggested 

that the catch in 1966 was near an equilibrium level. Based on data in Docu

ment 1794, the exploitation rater Catc~ ] 11 in 1966 was 0.146. Applying 
~tock SlZe 

this exploitation rate to the biomass estimated from the NMFS survey would 

11 Stock size is weight of age 7 and older fish. 
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indicate that the equilibrium yield in 1975 was about 126,000 mt with a range 

(based on 95% confidence limits) of 106,000 to 147,000 mt. 

SIZE AND AGE COMPOSITION 

Trends in mean size of yellowfin sole since early years of the fishery 

were illustrated in Document 1785. The trends showed a sharp decline in mean 

size from about 33 cm in 1957 to about 26 cm in 1962 which corresponds to the 

years of development and peak catches of the fishery. In subsequent years, 

through 1968, mean lengths were relatively stable, varying around 26 and 27 cm. 

Length frequency distributions for the years since the fishery began 

operations in winter reflect a further reduction in size through 1974 (Figure 

5). Catches since 1969 have mainly been made up of 20-30 cm fish. Within 

this size range modal length has shifted from about 28-29 cm in 1969 to about 

25 cm in 1974. U.S. observer data indicate some improvement in 1975 when the 

mean size was 25.7 cm. 

The age composition of yellowfin sole for 1973, 1974, and 1975 in the 

southeastern Bering Sea (samples are almost entirely from Area E) is shown in 

Figure 6. These data are based on age-length samples and length frequencies 

taken during U.S. research vessel surveys and by U.S. observers on the Japanese 

mothership which operated for yellowfin sole in those yearso The age composi

tion from U.S. observer data is given in precent and that from U.S. research 

surveys in CPUE (number/2.5 miles trawled). 

The age data presented in Document 1785 showed that Japanese commercial 

catches in 1973 and 1974 were dominated by the two relatively strong year 

classes of 1966 and 1967. They predominated in catches as 6 and 7 year olds 

in 1973 and as 7 and 8 year olds in 19740 UoS o observer data showed these 

same year classes providing the major share of catches again in 1975 as 8 and 

9 year olds. The strength of the 1966 and 1967 year classes is also evident 

from U.S. research survey datao 
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The NMFS research survey data suggests that the incoming year classes of 

1969, 1970, and 1971 (ages 4, 5, and 6) were not as strong in 1975 as they were 

in 1973 and 1974 (Figure 6). The more extensive NMFS survey in late summer 

1975, however, indicates that these year classes may not be as weak as the 

earlier survey would suggest (Figure 7). Relative to age 7 and 8 year fish 

the age 4, 5 and particularly the age 6 fish were more abundant in the late sum

mer survey than they were in the earlier survey. These year classes should be 

closely followed, however, because they were spawned following the fishing 

years (1968-69, 1969-70, and 1970-71) in which .relatively large removals were 

made from the stock as described earlier. The cold winters of 1970-71 and 

1971-72 in the eastern Bering Sea (McLain and Favorite, 1976) could have also 

reduced the abundance of these year classes, especially those of 1970 and 1971. 

Once the strong 1966 and 1967 year classes die out, the overall population 

size could again decline if recruitment of the 1969, 1970, and 1971 year 

classes is low from fishing mortality on the parent stock or because of ad

verse environmental conditions. 

CONCLUSIONS AND RECOMMENDATIONS 

The depressed condition of the yellowfin sole stock in the eastern Bering 

Sea, caused by overfishing in the early 1960's, continued into the early 1970's. 

Fishing effort through the 1960's and early 1970's remained at a level that 

prevented any sustained recovery of the resource, and the relatively large 

catches in 1969, 1970, and 1971 had a further adverse influence on the stock. 

Rising trends in CPUE indicate some improvement in the stock condition 

after 1972 and the 1975 biomass estimate from the NMFS trawl survey suggests 

that the stock size is now of sufficient magnitude to penmit larger all-nation 

catches than recommended in Document 1785. This improvement can be attributed 
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to the strong 1966 and 1967 year classes which have been moving through the 

fishery and the reduced fishing mortality by Japan and the U.S.S.R. in the 

fishing years of 1971-72. 1972-73. and 1973-74. 

As discussed earlier. the estimated equilibrium yield in 1975 was 126,000 

mt with a 95% confidence interval of 106,000 to 147,000 mt. Because the yellow

fin sole population has not stabilized as evidenced by recent fluctuations in 

apparent relative abundance, and because the affect on the population of catches 

much above 100,000 mt are not well understood, it is recommended that the catch 

be no higher than the lower limit of the 95% confidence interval. Thus, for 

1976 and 1977, the all-nation catches should be limited to 106,000 mt. 
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Figure 5.--Length frequency distribution of yellowfin sole in 
October-December from samples of the Japanese commercial 
fishery in area E, gear types combined. Samples in 1974 and 
1975 were taken by U.S. observers. 
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Figure 6.--Age compositon of yellowfin sole in halibut conservation areas A and E as 
shown by NMFS research surveys in June to August and by samples from the Japanese 
yellowfin sole fishery taken by U.S. observers in October and November. 
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Figure 7.--Age composition of yellowfin sole as shown by a single vessel 
NMFS survey in June to mid-August 1975 and a three vessel NMFS 
survey in August to mid-October 1975. The area coverage was 
much more extensive for the three vessel survey (Figure 2) 
than it was for the single vessel survey (Figure 4). 


