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STATUS OF YELLOWFIN SOLE (L1manda agpert) 

IN THE EASTERN BERING SEA 

by 

R. Bakkala and G. Hirschhorn 

INTRODUCTION 

The yellowfin sole resource in the eastern Bering Sea was reduced 

to a relatively low level of abundance by intensive fishing by Japan 

and the Soviet Union in the late 1950's and early 1960's (Fadeev, 1965; 

Kasahara, 1972; Pruter, 1973; Document 1669). Analyses of catch and 

effort statistics up to 1972 and biological data from as late as 1973 

showed that the stock had not recovered from this depressed condition 

(Documents 1669, 1679, 1712 (App. 2), 1719). 

Japan began fishing for yellowfin sole in eastern Bering Sea in 

1954 but fishing effort remained limited (for about one month in late 

summer by a few mothership fleets and independent stern trawlers) until 

1958 (Forrester, Beardsley and Takahashi, 1975). During these years, 

the vessels operated on the central shelf of the eastern Bering Sea 

off Bristol Bay, and catches were frozen for human consumption. 

Beginning in 1958 Japan intensified its fishery for yellowfin sole 

and utilized the catches for reduction to fisbmeal as well as for 

freezing. The fishing season was extended, lasting about six months 

through the spring and summer. The Soviet Union also entered the 

fishery in 1958. Following these developments, catches by both nations 

increased very substantially from a total of about 44,000 metric tons 

(mt) in 1958 to about 600,000 mt in 1961 (Table 1, Fig. 1). This level 
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Table I.-Annual catches of yellowfin sole in the eastern 
Bering Sea (east of 180°) in metric tons, 1954-73. 

Year Japa.n* 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 20,804 92,596 113,400 
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 97,773 157,553 
1971 82,205 119,470 201,675 
1972 34,854 36,738 71,592 
1973 57,481*** 4,497 61,978 

* Includes catches of other flounders up to 1961. 

** U.S.S.R. catches for 1958-61 are from Fadeev (1970), for 
1962-66 from Document 1669, and for 1967-72 from data pro
vided the United States by the Soviet Union. Soviet data 
includes catches of some other flounders. 

*** January through October only. 



of exploitation was far more than the resource could sustain and catches 

dropped markedly to 113,000 mt in 1963. Since that year catches have 

fluctuated between about 62,000 and 200,000 mt. 

Following 1963 the main effort of the Japanese and Soviet fisheries 

shifted to Ala~ka pollock (Theragra chalcogramma). The Japanese spring

summer fishery for yellowfin sole continued on the central shelf area 

until 1969 when the main Japanese effort for yellowfin sole was shifted 

to winter months (October-March) off Untmak Island. One mothership 

fleet has operated in this fishery each winter season except in 1970-71 

when two fleets operated. Incidental catches of yellowfin sole are also 

made by trawlers fishing for pollock. 

Details of the Soviet fishery are unknown. Their catches of yellow

fin sole -apparently exceeded those of Japan from 1963 to 1972 (Table 1), 

but the Soviet figures also contain catches of some other flatfish. 

Reported Soviet catches dropped from about 119,000 mt in 1971 to about 

4,500 mt in 1973. Surveillance reports by the U.S. National Marine 

Fisheries Service indicate that the Soviet Union essentially abandoned 

their flounder fishery after the winter of 1971-72. 

This document updates information presented in Document 1719 by 

reviewing the most recent catch and biological data bearing on the 

condition of the resource. The primary source of information for 

assessment of stock condition consists of catch, effort and size 

composition data from the Japanese commercial trawl fishery. These 

data, submitted annually to the International North Pacific Fisheries 

Commission (INPFC) by the Fisheries Agency of Japan only cover the 
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years 1964-1973. Hence, they cover the period since the stock underwent 

depletion in the early 1960's. Data similar to that furnished by Japan 

is lacking for the Soviet fishery. Other data utilized in the report 

came from the U.S. crab-groundfish research survey in the eastern Bering 

Sea, the U.S. observer program aboard Japanese fishing vessels, and in

formation available from the literature. 

DISTRIBUTION AND MIGRATIONS 

Investigations by the U.S.S.R. and the Fisheries Agency of Japan 

have contributed substantially toward an understanding of the distribution 

and movements of yellowfin sole in the eastern Bering Sea. Fadeev (1970) 

demonstrated that they form well defined concentrations in winter. He 

identified four such concentrations, the largest off Unimak Island and 

the next largest west of the Pribilof Islands. Two smaller groups were 

located southeast of the Pribilofs and in Bristol Bay. In a more recent 

study (Document 1669), the two larger of these concentrations were identi

fied but the two smaller groups mentioned by Fadeev were found to be less 

stable and not well defined each year. 

In spring the wintering groups generally move in a northeast direction. 

The group located west of the Pribilof Islands in winter appears to 

initially move north or northwest along the slope and lower shelf prior 

to moving into shallower waters. The larger Unimak Island group ap

parently moves directly northeast. By summer the Pribilof Island and 

Unimak Island groups become distributed over the central and upper shelf 

areas, again forming two main concentrations, one off Nunivak Island 
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and the other off Bristol Bay (Fig. 2). Trawl surveys by U.S. research 

vessels in 1973 and 1974 of the area occupied off Bristol Bay by the 

Unimak Island group in summer indicated concentrations of yellowfin 

sole fram Bristol Bay west to about 1650W (Fig. 3). Catches were usually 

small or lacking at depths greater than 100 m. In 1974, catches were 

also small northwest of a line connecting St. George Island and the 

north side of Kuskokwim Bay at all depths, the area of low density of 

yellowfin sole between the northern and southern concentrations shown 

by the Japanese research survey in 1968 (Fig. 2). 

Tagging experiments by the Fisheries Agency of Japan demonstrate 

that the two principal wintering groups largely maintain their 

separate identities throughout the year (Fig. 4). The tagging was 

carried out in July, 1970 and June, 1971 and almost all the tag 

recoveries were in winter. Those tagging data illustrate the location 

of each of these groups in winter and summer and the migration from 

summer to wintering areas. As pOinted out in Document 1669 distribution 

of the Unimak Island and Pribilof Island groups can be separated by a 

line from the north side of Kuskokwim Bay to St. George Island. The 

tagging shows only limited intermixing between the two groups and 

would indicate that the two groups represent separate spawning stocks. 
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ORGANIZATION OF DATA AND THEIR LIMITATIONS 

An analysis of stock condition of yellowfin sole is complicated 

by the various changes that have taken place in the fishery including 

chariges in fishing season and areas, and types and sizes of vessels. 

Through 1969, most of the Japanese catch of yellowfin sole was taken 

by pair trawlers and Danish seiners. Since then the catch by Danish 

seiners has become negligible while stern trawlers have accounted for 

a larger fraction of the yellowfin sole catch. In addition, changes 

in size and horse~wer of vessels and experience gained by the fisher

men have undoubtedly increased the fishing power of the trawl fleets 

substantiall~ There is the further complication that some of the Jap

anese catch of yellowfin sole is taken incidentally when the fishing 

effort is directed toward other species. 

To eliminate, as nearly as possible, those features of the fishery 

that obscure the effects of fishing on the resource, catch and effort 

data were selected that were Judged to most accurately represent the 

condition of the resource. The data selection was the same as described 

in Document 1719, namely catch and effort data from those ~o by 1° blocks 

and months in which yellowfin sole made up 50% or more of the total 

catch. 

In view of the evidence presented in Document 1669 of the probable 

existence of two spawning stocks of yellowfin sole in the eastern 

Bering Sea, an attempt was made to examine trends in CPUE for each of 

these stocks. The two stock areas were separated by a line (see 

Figure 4) connecting St. George Island (about 56°39'N and l69°30'W) 
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and Cape Avinof (about 59°58'N and 164°14'w). However, catch and effort 

data for ~o by 1° areas and months in which ye110wfin sole accounted for 

50% or more of the total catch were too limited to examine year-to-year 

changes in CPUE in the northern area. Therefore, analysis qf catch and 

effort data was restricted to the southern stock area. As shown below, 

with the exception of two years over 80% of the Japanese catch has come 

from this area. 

Catch in northern Catch in southern Percent of catch in 
stock area stock area southern stock 

Year ~MT~ 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· 2,874 26,748 90.3 
1969 11,828 69,101 85.4 
1970 19,900 39,031 66.2 
1971 16,229 65,552 80.2 
1972 2,893 31,890 ·91.7 
1973 3,210 54,052 · 94.4 

To illustrate trends in CPUE the data were separated into spring-

summer and winter seasons of fishing, and by gear type. We have also 

adjusted fishing effort for pair trawlers and Danish seiners by changes 

in horsepower, but lacked the information needed for a similar adjustment 

in fishing effort by stern trawlers. 
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TRENDS IN RELATIVE ABUNDANCE 

As indicated earlier, the CPUE data for the Japanese trawl fishery 

during 1964-73 (Table 2, Figure 5) represent the condition of the stock 

after it had been substantially reduced. For the spring-summer period 

the evidence indicates that the abundance of yellowfin sole in the 

southern area declined during 1964-66 and remained at a reduced level 

through 1969. In the winter fishery, a season when yellowfin sole are 

more concentrated, CPUE's for pair trawlers fluctuated rather sharply 

from year to year with no apparent trend. Stern trawl CPUE's remained 

fairly stable over the four-year period, 1969-73. 

Our overall interpretation of the CPUE values is that there has 

been no major change in the condition of the yellowfin sole resource in 

the southeastern Bering Sea since the mid-1960's. Thus t the stock 

remains in the depressed condition caused by overfishing in the early 

1960's. 

SIZE AND AGE COMPOSITION 

Figures 6 and 7 show length frequencies of yellowfin sole from 

samples of catches by the Japanese trawl fishery for the months of 

September (1957-67) and October-December (1969-14). In those months 

length frequency data were available over most of the history of the 

fishery, including the peak period of the fishery. The areas from 

which the 1957-62 samples were taken are unknown, but since 1964 

they were taken from INPFC halibut conservation area E (see Figure 8). 
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Table 2.-Catch of yel10wfin sole, fishing effort, and CPUE for the Japanese trawl 
fisheries in the southern stock area of the eastern Bering Sea, 1964 to 1973. Data 
are for l°x~o statistical blocks and months in which ye110wfin sole made up 50% or 
more of the catch of groundfish. 

Effort CPUE21 
No. of 1000's of Ml' per 1000 

Catch hours or AVy UP-hours liP-hours or 
Season Gear Year (MT) sets HP1 or HP-sets liP-sets 

Spring-summer Pair trawl 1964 15,760 2,275 325 739 21.33 
1965 6,108 768 328 252 24.24 
1966 3,333 909 315 286 11.65 
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 1,925 647 1,245 11.45 
1970-71 26,766 1,762 789 1,390 19.26 
1971-72 25,812 2,929 858 2,513 10.27 
1972-73 31,328 2,700 858 2,317 13.52 

Stern trawl 1969-70 6,594 1,999 3.30 
1970-71 2,521 1,112 2.27 
1971-72 8,587 2,262 3.80 
1972-73 9,362 4,788 2.00 

11 Measures of average horsepower of pair trawlers and Danish seiners are from Takahashi 
(1974) . Data for average horsepower of stern trawlers are not available. 

gj CPUE for stern trawlers is in metric tons per hour. 
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Length frequencies for September (Figure 6) indicate that catches in 

1957 and 1958 were made up largely of fish in the 30 and 40 cm length 

range. There was an apparent reduction in size prior to the peak 

period of the fishery. In Document 1669, it is suggested that this 

may have been due to the fishery 'converting its production from frozen 

fish to fish meal which allowed the fishery to use smaller fish. The 

frequencies show a further reduction in length during the peak period 

of the fishery between 1960 and 1962 which undoubtedly represents a 

real reduction in size of fish in the population. Since 1962 and 

continuing up to the present time (see also Figure 7) catches have 

mainly been made up of 20 to 30 cm fish. 

The October-December frequencies (Figure 7) indicate some decrease 

in size of yellowtin sole between 1969 and 1974. The modal length was 

near the 28-29 cm class interval in 1969 but had shifted to the 24-25 

cm class interval by 1974. 

Changes in size of yellowfin sole since 1957 are also illustrated 

in Figure 9 by mean lengths. The samples show a rapid decline in mean 

size from about 33 cm to about 26 cm from 1957 to 1962 (sample areas 

are unknown for these years). In most years from 1964 to 1971 mean 

lengths were relatively stable, varying around 26 and 27 cm. After 1964 

samples were from INPFC halibut conservation areas A, B, and E. In the 

most recent years there has been a further decline in mean sizes to 

24 or 25 em. 
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Data presented in Document 1669 show that size at first spawning is 

10.5 cm for males and 18.5 cm for females. The size at which 50% of the 

fish become mature is 13 cm for males and 26 cm for females. The 18-19 cm 

females are mainly 5- and 6-year olds while 26 cm fish are mainly 7-9-year 

old fish. Based on age-length samples taken by U.S. observers in 1973 and 

1974, yellowfin sole first become recruited to the fishery at age 4 and are 

fully recruited to the fishery at age 6. 

The age composition of yellowfin sole in the southeastern Bering Sea 

(samples from halibut conservatiqn Areas A, B, and E) is illustrated in Fig

gure 10. These data are based on age-length samples and length frequencies 

taken during U.S. research vessels surveys in 1971-74 and by U.S. observers 

on the Japanese mothership which operated for yellowfin sole in 1973 and 1974. 

The 1966 and 1967 year classes were apparently relatively strong and 

usually dominated the research and commercial catches in 1971-74. Their 

strength became apparent in research vessel catches in 1972 as 5- and 6-

year olds and also dominated in research and commercial catches in 1973 as 

6- and 7-year olds. They continued to dominate in the commercial fishery as 

as 7- and 8-year olds in 1974. 

The age data collected by U.S. observers in October and November of 

1973 and 1974 indicate that Japanese commercial catches consisted primarily 

of relatively young age groups. Their catches, particularly in 1973 con

sisted of sUbstantial proportions of prespawning fish. 

GROWTH PARAMETERS 

The effect of the large catches of yel10wfin sole in eastern Bering Sea 

in the early 1960's on growth parameters, using length-at-age data collected 
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prior to, during, and after the period of peak catches was also examined in 

Document 1719. The study was patterned after that reported by Nikolski (1957) 

regarding the effect of fishing on the growth of male yellowfin sole off Kam

chatka (Peter the Great Bay) during their first 5 ye~rs of life. 

To update the 1974 study, we have added growth parameters calculated 

from data presented in Document 1669 for 1968 and from data collected in 

1974 during a survey by a U.S. research vessel and by U.S. observers on a 

Japanese mothership. Table 3 gives the Berta1anffy parameters computed from 

the 1968 and 1974 sample data together with those presented in Table 2 of 

Document 1719. Details of the sample data, methods of measurements and pro

cedures of estimating the growth parameters are as describe in the above 

document. 

Estimates of asymptotic length (Lw) and growth completion rate (k) 

have changed substantially since the inception of the eastern Bering Sea 

trawl fishery. Two definitive periods of growth are apparent. The first 

period, lasting through 1963 hence covering years prior to and during those 

in which large catches were made, was one of slow growth. The second period, 

following 1963 hence covering years after the large catches were made, was 

one of much faster growth. We interpret the larger k values since 1963 

(and through 1974) as indicating weaker year classes generated in and since 

the early 1960's. 

CONCLUSIONS AND RECOMMENDATIONS 

The yel10wfin sole fishery in the eastern Bering Sea has been character

ised by low levels of catch per unit effort, smaller mean length of fish, and 
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Table 3.-Growth parameters for ye110wfin sole in the eastern Bering Sea. 

Age 
range 

Source!! Sex Year Months used LOll k to 

Males 1963 4-11 45.31 -.07 -2.38 1 
1965-66 4-13 36.48 -.14 + .13 2 
1968 June-July 4-16 42.81 -.10 - .12 3 
1911 July-Aug. 4-17 39.72 -.15 + .81 4 
1973 Oct.-Nov. 4-16 32.21 -.17 - .41 5 
1974 Oct.-Nov. 4-16 39.50 -.11 -1.29 5 
1974 June-July 4-16 31.95 -.20 +1.39 4 

Females 1963 4-13Y 59.61 -.06 -1.56 1 
1965-66 ..., 4-13 42.16 -.11 - .08 2 
1968 June-July 4-16 38.66 -.14 + .82 3 
1971 July-Aug. 4-19 41.45 -.14 + .34 4 
1973 Oct.-Nov. 4-18 32.24 -.18 - .44 5 
1974 Oct.-Nov. 4-16 38.36 -.16 + .24 5 
1974 June-July 4-16 42.11 -.12 + .65 4 

Sexes 1959 June 3-17 50.38 -.10 + .32 6 
combined 1959 July 4-16 58.96 -.07 -1.91 6 

1959 Sept. 4-13 77.09 -.04 -3.50 6 
1960-61 Apr.-May 6-122/ 54.44 -.08 -1.59 6 
1963 4-13- 85.91 -.03 -2.92 1 
1965-66 4-13 39.10 -.13 + .02 2 
1968 June-July 4-16 42.44 -.10 + .16 3 
1971 July-Aug. 4-19 41.86 -.13 - .28 4 
1973 Oct.-Nov. 4-18 33.67 -.16 - .28 5 
1974 Oct.-Nov. 4-16 42.75 -.10 -1.23 5 
1974 June-July 4-16 41.36 -.11 + .53 4 

1/ Sources were: 1-Maeda (1969) 
2-Hatanaka (1968) 
3-Document 1669 
4-Nationa1 Marine Fisheries Service, Bering Sea survey 
5-U.S. Observer Program 
6-Fadeev (1970) 

Y Mean length for age II females was changed from 32.1 cm as published to 
32.5 cm based on length frequencies given for that age. 
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accelerated growth rates since 1963. In addition, estimates of age composi

tion based on U.S. observer samples from the Japanese fishery in 1973 and 

1974 show catches to be made up mainly of younger ages, substantial propor

tions of which are prespawning fish in some years. The aggregate body of 

evidence indicates that, for more than a decade, the resource has remained 

in the depressed condition caused by the extremely large catches in the early 

1960's. 

To initiate a recovery of the resource, it is recommended that total 

annual catches of yel1owf1n sole in the eastern Bering Sea be limited to no 

more than 65,00Omt (about the level of 1973) until evidence becomes available 

that a greater catch can be sustained. 
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Figure 7.--Length frequency distribution of yellowfin sole in 
October-December from samples of the Japanes~ commercial catches 
in area E. gear types. combined. Samples in 1974 were taken by 
U.S. observers. 
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Figure 8.--Ber1ng Sea· showing halibut conservation areas. 
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Figure 9.--Mean length of yellowfin sale from samples of Japanese trawl catches with gear types and 
months combined by year. Data in 1957-63 from Fisheries Agency of Japafl (1964) and in 1964-73 from 
length data submitted to INPFC by the Fisheries Agency of Japan. The 1974 data was taken by U S 
observers. ~onths were May and September fer the earlier period and October to December for later 
years. The 1964 to 197 3 means are weighted by size of catch. 
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Figure lO--Age composition of yel10wfin sole in the southeastern Bering Sea 
(halibut conservation areas A. B. and E) as shown by United States research 
surveys in June to August and by samples taken by United States ,observers on 
a Japanese mothersh1p in October-November. 


