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STATUS OF THE YELLOWFIN SOLE RESOURCE IN 

THE EASTERN BERING SEA THROUGH 1976 

K. Wakabayashi,* R. Bakkala,** and L. Low** 

INTRODUCTION 

"The- overexploitation and decline of the yellowfin sole resource of 

the eastern Bering Sea in the early 196O'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 com

mercial fishery and Japanese and U.S. research vessel surveys were 

reviewed in INPFC Documents 1873, 1882, and 1931, app. 2. Conclusions 

on the condition of the resource reached in documents submitted by 

Japanese and U.S. National Sections were in general agreement: (1) 

the resource remained in a depressed condition through the early 196O's; 

(2) catches ranging between 133,000 and 167,000 mt from 1969 to 1971 

aggravated the condition of the resource; and (3) the status of the 

resource improved after 1972 due to recruitment of strong year classes 

into the fishery, and possibly to lower fishing mortality in 1972-74 

when catches ranged between 42,000 and 78,000 mt. 

Equilibrium yields for the 1975 population of yellowfin sole in 

the eastern Bering Sea were estimated at about 117,000 mt in the Japanese 

Document (1882) and at about 126,000 mt with a 95% confidence interval 

of 106,000 to 147,000 mt in the U.S. Document (1873); the tJ.S. Document 

* Far Seas Fisheries Research Laboratory, JFA, Shimizu, Japan. 
** Northwest and Alaska Fisheries Center, NMFS, Seattle, Washington. 
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recommended that catches be restricted to the lower limit of the 95% 

confidence interval. Estimates of equilibrium yield in the two Docu

ments were similar, even though the Japanese estimate was based on a 

virtual population analysis and the U.S. estimate on a biomass esti

mate derived from a research vessel survey. 

the present _Docum_ent, which is a joint effort by Jg_pa_nese and U.S .. 

authors, will review the.most current catch, effort and biological data 

from the Japanese commercial fishery, from research vessel surveys, 

and from the U.S. observer program to update Documents 1873 and 1882 

and assess the present condition of the resource. 

CATCH STATISTICS 

At the 1976 annual meeting of INPFC, the Bering Sea Groundfish 

Subcanmittee expressed concern about differences in catch figures for 

yellowfin sole in the Japanese and U.S. Documents and recommended that 

differences be resolved prior to the 1977 annual meeting. Catch sta

tistics, agreed upon and compiled by authors of the present report, are 

given in INPFC Document 1964 for yellowfin sole and all other species 

of flounders except Pacific halibut. Yellowfin sole catches from Docu

ment 1964 for the eastern Bering Sea are given in Table 1. Data sources 

and methods of compiling catches are given in Document 1964 and in foot

notes to Table 1. 

Catches for the northern and southern stock areas, areas used for 

stock assessment, are shown in Table 2. To compile statistics by stock 

area, Japan~se catches were summed over ½0 latitude by 10 longitude 

statistical blocks on either side of the boundary shown in Figure 1. 
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USSR catches from INPFC statistical area 1 were assumed to be equiva

lent to the southern stock area and catches from INPFC area 2 to the 

northern stock area (see Table 5 of Document 1964). Because the USSR 

flounder fishery has operated in winter since 1964, their catches from 

area 1 were assumed to come from the southern portion of this area and 

thus most likely from the southern stock area. 
. - - . -

The history of exploitation of yellowfin sole in the eastern Bering 

Sea, based on catch statistics in Table 1, can be summarized as follows: 

Number of 
Period Years Cumulative Catch Average Annual Catch 

1954-58 5 120,247 24,049 

1959-62 4 1,615,869 403,967 

1963-68 6 599,567 99,928 

1969-71 3 460,612 153,537 

1972-75 4 234,106 58,526 

Catches in the four year period of 1972-75 were relatively low in 

contrast to catches from 1959 to 1971 and, as previously mentioned, 

this reduction in catches may have contributed to the improvement in 

the resource that has been noted in recent years. 

SPAWNING STOCKS OF YELLOWFIN SOLE IN THE 

EASTERN BERING SEA 

In winter, yellowfin sole form dense concentrations in various 

areas of the outer continental shelf and upper slope of the eastern 

Bering Sea. The largest of these concentrations is located in the Uni

mak Island area. The second largest winter concentration forms west of 
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St. Paul Island. Fadeev {1970) reported a third smaller concentration 

south of St. George Island, but this concentration was not observed 

every year. A fourth concentration, consisting of small fish, was also 

reported by Fadeev (1970) in Bristol Bay. Catches by the Japanese 

flounder fishery suggests the presence of another winter concentration 

of yellowfin sole east of St. George Island in the yicinity of 56°30 1 N 

and 1680W. 

Results of winter tagging studies by Japanese commercial vessels 

demonstrate intermixing of fish from the wintering group near Unimak 

Island and that near 56°30 1 W and 168°W (Figure 2 lower panel). Japanese 

research vessel tagging studies demonstrate that yellowfin sole from 

east of St. George Island and near Unimak Island combine to form dense 

concentrations in spring prior to their migration inshore (Figure 2 

upper panel). In summer, this group becomes widely distributed over 

the upper shelf of the southeastern Bering Sea and conducts return mi

gration to wintering areas in fall or winter (Figure 3; updated from 

Figure 6 of INPFC Document 1669 with new tag recoveries). 

There are few data on yellowfin sole wintering just south of St. 

George Island. The location of this concentration is near the western 

boundary of the east St. George group, and has not been observed con

sistently (Fadeev, 1970). The south · St. George and east St. George 

fish may be the same group which form concentrations farther west in 

some years. The small fish wintering in Bristol Bay are also assumed 

to be a part of the Unimak Island concentration and probably represent 

some segment of the juvenile portion of the population. Yellowfin sole 
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from the wintering areas near Unimak Island, east and south of St. 

George Island and in Bristol Bay have been considered to constitute a 

single stock group termed the southern stock. 

Based on distribution and tagging studies {up to 1974) by Japan, 

the USSR and the United States (Fadeev, 1970; INPFC Documents 1669, 

1785, 1873), the concentratiqn ~int~ring west of St. Paul Island was 

thought to form a separate or northern stock group. 

Other evidence leading to the two-stock concept were: (1) apparent 

differences in growth rate and length-weight relationships between 

samples from the two areas (INPFC Document 1669); (2) differences in 

egg diameter between samples from north and south of Nunivak Island, 

where independent spawning areas for the two stocks might exist 

(Kashkina, 1965); and (3) distribution µatterns shown by research 

vessel surveys in spring and late summer (INPFC Document 1873; Chikuni, 

1971; Yamaguchi, 1972) which suggested independent concentrations of 

fish in the northern and southern stock areas. 

Some previous information and some new evidence now suggests that 

the yellowfin sole population in the eastern Bering Sea may consist of 

a single stock: (1) Fadeev (1970) found no significant differences in 

biological features, such as growth and length-weight relationships, 

for fish from the two principal wintering concentrations; (2) no sig

nificant differences were found in body proportions and meristic 

characters for samples from the two wintering areas (Fadeev 1970); 

(3) no significant differences were found in the relationship between 

total l~ngth and radius of the otolith (INPFC Document 1669); (4) winter 

concentrations of small yellowfin sole have only been found in Bristol 
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Bay (Fadeev, 1970); and (5) recoveries of tagged fish since 1974 have 

shown movements of fish between the area west of St. Paul Island and 

the area east of St. George Island and from the vicinity of Nunivak 

Island to the area east of St. George Island (Figure 3). 

Conclusive evidence to resolve the stock question may come from 

exgmin.ation of 9..enetic characters through electrophroesis analysis. 

Analysis of samples collected near Nunivak Island and in the southern 

stock area during U.S. research vessel surveys in 1975 and 1976 proved 

negative (Table 3). Analysis of five biochemical genetic systems 

showed no significant differences in gene frequencies between the two 

samples in the southern stock area and a third sample in the northern 

stock area. The single sample in the northern stock area did not pro

vide adequate area coverage, however, because of the possibility of 

intermixing of fish, especially juveniles, between the southern and 

northern stock areas in coastal regions. Additional samples for 

electrophroesis analysis collected north of St. Paul Island in summer 

1977 will hopefully provide more definitive resolution of the stock 

problem. 

With the stock question still unsettled, analysis of data con

cerning the condition of the resource will assume the existence of two 

stocks, but mainly deal with the southern stock which is the more 

important. Data in Table 2 show that over 75% of the total catch has 

come from the southern area each year and biomass estimates from a 

U.S. research vessel survey in May 1976, when intermixing of fish from 

the two areas is minimal, indicated that about 93% (1,215,248 mt of 

1,308,207 mt) of the yellowfin sole were located in the southern stock 
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area. Data is also insufficient for examining the status of the northern 

stock because fishing effort was low in the northern area in many years, 

and intermixing of fish between the areas may have varied from year to 

year to further complicate any analysis of data in the northern stock 

area. 

TRENDS IN RELATtVE ABUNDANCE 

In calculating CPUE for Japanese commercial fisheries vessels, 

catch and effort data were compiled from those 1° longitude by ½0 

latitude statistical blocks and months in which yellowfin sole made up 

50% or more of the total catch. This selection was made to eliminate 

effort directed to other species and use those data that most accurately 

represented the condition of the yellowfin sole resource. Data were 

examined separately by gear type and adjustments were made to fishing 

effort for changes in vessel horsepower. Horsepower values were used 

for pair trawl and stern trawl vessels actually operating in the winter 

flounder fishery (Takahashi, personnel communication)Y. 

Catch, effort, and CPUE values since the beginning of the Japanese 

winter flounder fishery are given in Table 4 and trends in CPUE shown 

in Figure 4. The data is for the southern stock area only, where over 

75% of the catch has come since 1964 (Table 2). CPUE for pair trawlers 

fluctuated between 6.2 and 12.7 mt per 1000 hp-hours from the 1969-70 to 

1971-72 fishing seasons. It increased to 10.5 mt per 1000 hp-hours in 

the 1973-74 season and then rose sharply to 27.8 mt per 1000 hp-hours 

in the 1974-75 season and increased again to 29.4 mt per 1000 hp-hours 

in 1975-76. 

1f Takahasi, Yoshiya. Japan Fishery Agency, Far Seas Fishery Research 
Laboratory, Shimizu, Japan, March 1976. 
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The trend in CPUE for stern trawlers differs from that for pair 

trawlers (Figure 4). The values were relatively high in the 1970-71 

and 1971-72 seasons at 2.9 mt per 1000 hp-hours, declined to 0.7 mt 

per 1000 hp-hours in the 1974-75 season, and increased to its highest 

level at 4.7 mt per 1000 hp-hours in 1975-76. Stern trawlers in the 

flounder fishery are usually emplo_yed_as scQut vessels to locate con

centrations of yellowfin sole and trends in CPUE from this gear type 

may not reflect changes in abundance as well as trends from pair trawls. 

The sharp increase in pair trawl catch rates between the 1973-74 

and 1974-75 fishing seasons is at least partially due to changes in 

fishing strategy by· the Japanese fleet. Prior to the 1974-75 winter 

season, fishing was conducted on a 24 hour basis. In the 1974-75 and 

1975-76 seasons, however, fishing was restricted to daylight hours when 

catch rates are higher. The higher catch rates in daylight hours are 

presumably due to the greater concentration of yellowfin sole near the 

bottom in daylight than during hours of darkness. Anchored radar 

reflectors were also used in these latter seasons to mark and maintain 

contact with concentrations of yellowfin sole. These changes in fishing 

strategy invalidates the comparability of catch rates in the last two 

fishing seasons with those of previous seasons. 

Catch rates from U.S. research vessel surveys in a comparative 

area fished each year since 1973 (see Figure 5 for the comparative area) 

indicate an increase in abundance of yellowfin sole between 1973 and 

1974 and a rather stable condition from 1974 to 1976 (Figure 4). The 

increase in CPUE from 1973 to 1974 corresponds to the increase shown 

by pair trawl data between the 1973-74 and 1974-75 fishing seasons. 
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The CPUE increased by a factor of 1.6 for research vessels and a factor 

of 2.6 for pair trawlers. The pair trawl data may reflect both higher 

abundance of yellowfin sole in the 1974-75 season and better fishing 

success due to fishing during daylight hours only and the use of radar 

reflectors. 

AGE COMPOSITION AND YEAR CL-ASS STRENGTH 

The age composition of yellowfin sole in the eastern Bering Sea for 

the years 1973-76 are shown in Figure 6. These data are based on age

length and length-frequency samples taken by U.S. observers on the 

Japanese mothership which operated for yellowfin sole in those years 

and on samples taken from a comparative area (Figure 5) fished by U.S. 

research vessels each year. The observer data is from halibut conserva

tion areas E and De and months October-November and research vessel 

data from halibut conservation areas A, C, and E and months June to 

mid-August. 

As described in INPFC Document 1873, the relatively strong year 

classes of 1966 and 1967 have been observed each year in both research 

vessel and commercial fishery samples and according to observer data, 

dominated commercial catches in the years 1973, 1974, and 1975. These 

year classes as 9 and 10 year old fish dominated Japanese convnercial 

catches again in 1976. U.S. research vessel surveys in 1976, which 

sample greater proportions of young fish than is taken by the commercial 

fishery, show new year classes (those of 1968, 1969, and 1970) now 

dominating the population in terms of numbers of fish. The research 

vessel data also indicates that the 1971 year class may be relatively 

strong. 
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In INPFC Document 1873, there was some question about the strength 

of the 1969, 1970, and 1971 year classes. Results from one survey in 

1975 suggested they might be weak while a second survey in 1975 indi

cated relatively good survival for these year classes. The 1976 data 

(Figure 6) a·nd preliminary information from 1977 age samples now suggest 

that the 1969 and -1970-year classes a~e relatively .strong, but there 

is still some doubt about the strength of the 1971 year class. 

Results of the age studies appear favorable. The strong 1966 and 

1967 year classes dominated commercial catches through 1976 as 9 and 

10 year olds and research vessel data indicate that the more recent 

year classes of 1968, 1969, and 1970 are also relatively strong. 

STANDING STOCK ESTIMATES 

NMFS Surveys 

The NMFS conducted two major trawl surveys in the eastern Bering 

Sea, one in late summer 1975, and the other in spring 1976, from which 

biomass estimates for yellowfin sole were made. The survey areas 

(Figure 7) were believed to encompass the major part of the distribu

tion of yellowfin sole in the two seasons. Methods used for the surveys 

were given in Pereyra et al. (1976). Biomass estimates were based on 

the area swept technique of Alverson and Pereyra (1969). During the 

1976 spring survey, yellowfin sole were migrating inshore and a major 

part of the total distribution was sampled in each of the months of 

April, May and June. Estimates for the total period of the 1975 survey 

and by monthly periods for the 1976 survey for all age groups sampled 

were as follows: 
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Year Month (s) Biomass estimate {mt} 95% confidence interval 

1975 August-October 1,038,600 870,800 ... 1~206 ,400 

1976 April 5,911,135 0 - 15,520,670 

May 1,308,207 405,108 - 2,211,307 

June 1,192,624 661,690 - 1,723,558 

The unrealistically high estimate for April 1976 probably resulted 

from the extreme variability in catch rates encountered in April when 

yellowfin sole were highly concentrated prior to their inshore migration. 

May and June estimates were simiiar but the June estimate is probably 

better because the population was stabilized to a greater degree in 

June than May. 

Estimates for age groups available to the corm1ercial fishery (age 

6 and older) were as follows: 

Year Month (s} Biomass estimate (mt) 95% confidence interval 

1975 August-October 

1976 June 

991,917 

1,099,731 

Cohort Analysis (Virtual Population Analysis) 

Methods 

831,226 - 1,152,608 

610,131 - 1,589,331 

Cohort analysis is a term used by Pope (1972) for~ method involving 

sequential computation of fishing rate and stock size. The mechanics of 

the computation are based on Baranov's catch equation. If the natural 

mortality fate or rates in a stock is known or assumed, fishing mortality 

rates by year-class at successive ages and stock sizes may be computed 

using yearly age composition data from catch statistics. It is also 
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necessary to assume a fishing mortality rate (F) for one age as a 

starting point for the computation. The age chosen should be the oldest, 

or one of the oldest, to which the computation is applied, because esti

mates of F have been proven to converge asymptotically towards younger 

ages and diverge towards older ages for a given constant value of natural 

mortality (Murphy 1965, Tomlinson 1970). 

The cohort analysis procedure was previously applied to yellowfin 

sole stocks in the eastern Bering Sea by the Japanese National Section 

and reported in INPFC Documents 1794 and 1882. The method of Murphy 

(1965) was applied using the computer program of Tomlinson (1970). In 

this document, the analysis was refined using a more detailed breakdown 

of the catch data and updated through 1975. Moreover, an easier approxi

mation procedure suggested by Pope (1972) was used. 

As in earlier analyses reported in INPFC document 1882, cohort 

analyses were carried out for yellowfin sole by stocks. It has been 

postulated that there is a northern and a southern stock separated 

geographically by a line joining Cape Avinof and St. George Island. 

Since the integrity of these two stocks may not be absolute and inter

change of fish between areas may be higher than postulated, the analysis 

was also carried out for stock areas combined. The constant natural 

mortality coefficient of M = 0.25, previously used, was also adopted for 

the current analysis. Variable terminal fishing mortalities determined 

to be realistic values were also applied for all year classes that appear 

in the catch data. These input data values and catch· numbers by age 

are shown in Table 5. 
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Catch numbers by age group used in the cohort analysis were deter

mined through an elaborate sequence of calculation~ as shown in Figure 8. 

Essentially, these calculations involved converting catches in weight 

to numbers by age using age-length and length-weight keys derived from 

research vessel surveys. 

Age-length keys for .estimating age composition from the length 

distributions of the catches were not available for all years. Previous 

estimates of age composition for yellowfin sole (INPFC Documents 1669, 

1794, and 1882) were based on a method proposed by Chikuni in Document 

1678. The method employs a single age-length key constructed from 

average lengths and normalized length distributions at age. The key is 

applied to length distributions in an iterative procedure. Estimates of 

age composition based on this method tend to diminish the importance of 

dominant year classes (INPFC Document 1669). This may result from yearly 

variations in growth, biased normal length distributions within ages, 

or poorly defined relationships between age or length and standard 

deviation of length at age. To avoid possible problems with the itera

tive procedure, yearly age-length keys were used in the present cohort 

analysis. The keys were from Japanese age-length samples taken in 1965, 

1967, and 1968, and U.S. samples in 1971-75. Growth parameters calcu

lated from Japanese and U.S. age-length keys show some differences 

(Table 6) but growth curves from the two sources were quite similar 

(Figure 9). Comparative age-readings by Japanese and U.S. scientists in 

1977 demonstrated that aging techniques were basically the same. 

Age-length samples were not available for 1964, 1966, 1969, and 

1970. For those years keys from adjacent years were used. In these 
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cases, the growth curves and length distributions by age were assumed 

to be the same as that in the year the key originated, but adjustments 

were made in length distribution sample sizes by age to account for 

year-class strength. The same key was used for both stock areas. In 

1974 and 1975, more than one age-length sample was available, and keys 

were changed at six-month intervals in those years. 

Estimated Biomass 

Previous studies {Alverson et al., 1964; INPFC Doc. 1794) have 

indicated that the virgin biomass of yellowfin sole in the eastern 

Bering Sea was about 1.8-2.0 million mt. Estimates derived from a 

virtual population analysis indicate that the biomass was reduced to 

about 40% of its initial size by the intensive fishery in the early 

1960 1 s (Document 1794). The current analysis for data combined over 

stock areas indicate that biomass of age 6 and older fish ranged from 

about 879,000 mt to 969,000 mt from 1964 to 1967 and then declined 

further to range between 604,000 mt and 721,000 mt from 1968 to 1971 

(Table 7, Figure 10). In subsequent years the biomass increased and 

was estimated to be 910,000 mt in 1975, a level similar to that of the 

mid 1960 1 s, and perhaps half that of the vtrgin stock. 

The accuracy of the 1975 estimate and those for about the preceeding 

two or three years is uncertain .because of possible errors in the fishing 

mortalities used in the cohort analysis for year classes in 1975. The 

1975 estimate from cohort analysis was 808,000 mt for age 6 and older 

fish (considering only that proportion of the population available to 

the research gear) and 992,000 mt estimated from U.S. research vessel 

survey data in 1975. 
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Biomass estimates for individual stock areas show almost the same 

trend as that for data combined over stock areas (Figure 10). The 

portion of the estimated biomass located in the southern stock area 

ranged from 81.5% to 87.4% and averaged 85.1% from 1964 to 1975; 87.6% 

of the catch has come from the southern stock area in this period. 

As an index of recruitment, numbers of age 6 fish in the popu

lation are also given in Table 7. Recruitment was relatively low for 

the 1961-65 year classes ranging from 921 to 1,266 million fish. The 

recruitment of the 1957-1960 year classes was relatively good ranging 

from 1,507 to 2,941 million fish. The importance of these year classes 

in the fishery can be observed over several years (Figure 11). Recruit

ment of the year classes 1966-1969, which started to become available 

to the fishery in 1972, was also relatively high, ranging from 1,420 to 

2,407 million fish. 

Results of the cohort analysis presented in INPFC Document 1794 

and 1882 indicated a good correlation between catch and the change in 

biomass between the year of the catch and the following year. This 

relationship was not evident from the current cohort analysis. The 

reason may be that variation in strength of year classes (Figure 11) had 

a greater influence on biomass than did catches at the levels taken in 

1964-75. The influence of year class strength on biomass may not have 

been evident from previous cohort analyses (INPf£ Documents 1794 and 

1882) because, as discused earlier, the iterative procedure used to 

estimate yearly age composition tends to diminish the importance of 

strong year classes. 
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The biomass of yellowfin sole for certain age groups was projected 

through 1977 based on results of the cohort analysis through 1975 -

fishing mortality coefficients for 1975 and an average of the mean 

weights at age from the years 1964-75. The following assumptions were 

used in making these projections: 

(1) F values estimated for 1975 were valid; 

(2) F values in 1976 were the same as in 1975 (the preliminary 

catch figure for 1976 of 67,000 mt is similar to the 66,000 mt taken in 

1975); and 

(3) the availability to the fishery of partially recruited age 

groups was the same in 1977 as their average availability over the 

period 1964-75. 

The estimated biomass of age 8 and older fish (an age range that 

eliminates the 1971 and later year classes, the strengths of which are 

still unknown) at the beginning of 1975 was 525,000 mt. Projected bio

mass estimates for these age groups was 652,000 mt in 1976 and increased 

further to 758,000 mt in 1977. This increase results from the recruit

ment and growth of the strong 1966-69 year classes. 

CONCLUSIONS AND RECOMMENDATIONS 

Results of cohort analysis indicates that the biomass of yellow

fin sole in the eastern Bering Sea declined in the early 1960's to about 

40% of its initial size and remained at about this level until the mid-

1960's (INPFC Document 1882). Based on results of the cohort analysis 

presented in the current document, estimated biomass declined further 

in the late 1960's. Since 1972, the stock condition has improved, 
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mainly as a result of the strength of the 1966-69 year classes, and 

perhaps because of relatively low catches since 1972. 

The improvement in the condition of the yellowfin sole resource 

is based on a mumber of indicators: 

(1) U.S. research vessel catch rates increased sharply between 

1973 and 1974 and remained fairly stable thereafter; 

(2) CPUE from Japanese pair trawl vessels operating in the flounder 

fishery also increased substantially between the 1973-74 and 1974-75 

fishing seasons and remained at the higher level through the 1975-76 

fishing season (part of the increase for pair trawlers is thought to 

come from changes in fishing methods as discussed earlier); 

(3) Biomass estimates from U.S. research vessel data for age 6 and older 

fish were relatively high in both 1975 (991,900 mt) and 1976 (1,099,700 mt) 

when contrasted with estimates for earlier years from cohort analysis. 

(4) Biomass estimates from cohort analysis for age 6 and older 

fish shows an increasing trend from 1971 to 1975 and for age 8 and 

older fish since 1973; 

(5) Projected estimates for age 8 and older fish indicate further 

increases in biomass through 1977 although these estimates are tentative 

and dependent on the validity of certain assumptions; and 

(6) the strength of the 1966 to 1970 year classes are stronger 

than average based on estimates from U.S. research vessel surveys and 

from cohort analysis. 

Equilibrium yields were estimated by Japanese scientists at 117,000 mt 

in Document 1882 and by U.S. scientists at 126,000 mt with a 95% con

fidence interval of 106,000 to 147,000 mt in Document 1873. The U.S. 
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National Section recommended that total catches in 1976 and 1977 not 

exceed 106,000 mt. Both the Japanese and U.S. estimates of equilibrium 

yield were based on exploitation rates derived from the relationship 

between catch and the difference in biomass in the year of the catch 

and the follow,ng year. The current cohort analysis does not show 

such a relationship. In addition, the U.S. estimate of equilibri~m 

yield considered only age 7 and older fish, while it may be more appro

priate to include age 6 fish as well, aince they are also available 

to the fishery. Thus, although the equilibrium yields recommended in 

1976 are not considered unreasonable, they need to be revised on the 

basis of current data. 

Projected estimates of biomass from cohort analysis suggest that 

the improvement in the yellowfin sole resource, which started in 1973 

or earlier, continued in 1976 and 1977, but the validity of assumptions 

used for this projection are not yet clear. Data to evaluate these 

assumptions should become available in 1978, at which time a more 

rational basis for new estimates of equilibrium yields can be made. 

The various signs of improvement in the resource indicate that the popu

lation could sustain catches of at least 106,000 mt in 1977 and 1978. 

Based on biomass estimates for age 6 and older yellowfin sole from U.S. 

research vessels in 1975 and 1976 (991,900 and 1,099,700 mt) and from 

cohort analysis for 1975 (910,000 mt), catches of this magnitude repre

sent a conservative exploitation rate of from .096 to .116. From 1964 

to 1975, exploitation rates have ranged from a low of .055 in 1974 to 

a high of .277 in 1969, and averaged .127. These values are based on 

catches and the biomass estimates for age 6 and older fish from the cur

rent cohort analysis. 
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Table 1.--Annual catches of yellowfin sole in the eastern Bering Sea 
(east of 180° and north of 54°N) in metric tons. 

Year 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

Japan* 

12,562 
14,690 
24,697 
24,145 
39,153 

123,121 
360,103 
399,542 
281,103 

20,504 
48,880 
26,039 
45,423 
60,429 
40,834 
81,449 
59,851 
82,179 
34,846 
75,724 
37,947 
59,715 

U.S.S.R.** 

0 
0 
0 
0 

5,000 
62,200 -

96,000 
154,200 
139,600 

65,306 
62,297 
27,771 
56,930 

101, 799 
43,355 
85,685 
73,228 
78,220 
13,010 

2,516 
4,288 
6,060*** 

Total 

12,562 
14,690 
24,697 
24,145 
44,153 

185 ,32r 
456,103 
553,742 
420,703 

85,810 
111,177 
53,810 

102,353 
162,228 

84,189 
167,134 
133,079 
160,399 

47,856 
78,240 
42,235 
65,775 

* Catches by Japanese mothership, North Pacific trawl and landbased 
dragnet fisheries. Catches by mothership and North Pacific trawl 
fisheries for 1954-61 from Takahashi (1972), and for 1962-date 
from original catch data on file Far Seas Fisheries Research 
Laboratory, Shimizu, Japan. Landbased dragnet fishery catches from 
Hokkaido Fisheries Regulation office and others (1966-77). 
The 1967 and 1968 figures include catches of 1,940 and 11,119 mt 
from an exploratory mothership operation. Catches include other 
flounders up to 1962. 

** U.S.S.R. catches for 1958-64 from Fadeev (1970), for 1965-66 from 
FAQ statistical yearbook (1974) and for 1967 to date from catch 
statistics provided the U.S. by the U.S.S.R. Catches for 1958-62 
include some other flounders. From 1963-date Japanese catch data 
(exluding landbased dragnet data) were used to prorate U.S.S.R. 
catches to species. Japanese catch data were also used to prorate 
Soviet catches to INPFC areas up to 1966 . For later years the 
allocation of Soviet catches to area as given in INPFC Documents 
1515, 1607, 1664, 1752, and 1869 was used. Soviet catches in 1965 
and 1966 (FAO Statistical Yearbook, 1974) are from FAO statistical 
area 67 (east of 1750W and north of 400 or 400 30'N). All 
of the area 67 flounder catch was assumed to come from the eastern 
Bering Sea . 

*** Preliminary Data 
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Table 2.-- Annual catches of yellowfin sole in the eastern Bering Sea by nation 
and stock area in netric tons and proportions of catches taken in the 
southern stock area. 

Stock Percent of tot[! .! 
Southern stock area Northern stock area areas catch from south-

Year Ja2an USSR** Total Jaean USSR** Total combined em stock areas 

1963 20,299 64,653 84,952 205 653 858 85,810 99.0 

1964 40,353 56,595 96,948 8,527 5,702 14,229 111,177 81.2 

19-65 21,209- 25,772 46,981 4, -8.JO 1,999 6,829 53,810 81.3 

1966 42,437 55,642 98,079 2,986 1,288 4,274 102,353 95. 8 

1967 41,151 101, 799 142,950 19,278 0 19,278 162,228 88.1 

1968 37,854 43,355 81,209 2,980 0 2,980 84,189 96.5 

1969 69,108 85,685 154,793 12,341 i) 12,341 167,134 92.6 

1970 38,284 63,559 101,843 21,567 9,669 31,236 133,079 76.5 

1971 65,590 59,270 124,860 16,589 18,950 35,539 160,399 77.8 

1972 32,036 10,754 42, 790 2,810 2,256 5,066 . 47,856 89.4 

1973 72,287 2,286 . 74,573 3,437 230 3,667 78,240 95.3 

1974 35,080 3,569 38,649 2,867 719 3,586 42,235 91.5 

1975 51,796 4,451* 56,247 7,919 1,609* 9,528 65, 775 85 .5 

*Preliminary. 

** USSR catches for the southern stock area are from INPFC statistical area 1 
and for the northern stock area from INPFC area 2 as given in INPFC Document 
1964. 
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Table 3.--Results of electrophroesis analysis of gene frequencies for samples of yellowfin sole from the north 
and south stock areas. Frequencies are given for only the most common gene. 

North stock area l./ 
95% confidence 

Enzyme system Frequency interval 

Phosphoglucose Isomerase-1. o. 796 o. 738-0. 854 

Phosphoglucose Isomerase-2. o. 970 0.946-0.994 

Phosphoglucomutase 0.964 0. 9 37-0. 991 

6-Phosphogluconic dehydrogenase 0.908 0.867-0.949 

Malate dehydrogenase 0.980 0. 960-·l. 000 

!/ Sample from near Nunivak Island; sample size was 98 fish. 

£1 Sample from 56°SO'N, .164°18'W; sample size was 50 fish. 

}/ Sample from 56°00'N, 164°35'W; sample size was 85 fish. 

South stock area 'J:./ South stock area]/ 
Samele 1 Sa~le 2 

95% confidence 95% conf idenc• 
Frequency interval Frequency interval 

0.870 0 . 80 3-0 • 9 3 7 , o. 753 0.687-0.819 

o. 930 0.879--0.981 0.988 0.971-1.000 

o. 940 '" 0.893-0.987 0.947 0.913-0.981 

0.920 0.866-0.974 ' 0.990 0. 9 75-1. 000 

0.990 o. 970-1. 000 0.982 o. 962-1. 000 



Table 4 .---Catch, effort, and CPUE for yellowfin sole by the Japanese· trawl 
fisheries in the southern stock area for 1/2° by 1° statistical b·locks 
and months in which yellowfin sole ~ade up 50% or more of total catch 
of groundfish. 

CPUE (mt per 
Fishing Catch Average Thousands thousand 

Gear type year ( nt:) Hours HP of HP hours HP-hours) 

Pair trawl 1969-70 14,250 1,925 1,200 2,310 6.17 
1970- 71 26,766 1,762 1,200 2,114 12.66 
1971-72 25,873 2,937 1,400 4,112 6.29 
J.972-73 32,354 i, ~88_ .l,400 3,903 8.29 
1973-74 27,234 1,853 1,400 2,594 10.50 
1974-75 32,456 833 1,400 1,166 27. 84 
1975-76 41,206 1,002 1,400 1,403 29.37 

Stern trawl 1969-70 6,559 1,997 .1,650 3,295 1.99 
1970-71 2,266 558 1,400 781 2.90 
19 71-72 8,479 2,176 1,325 2,883 2.94 
1972-73 11,319 5,030 1,400 7,042 1.61 
1973-74 3,765 2,814 1,400 3,940 o. 96 
1974-75 3,078 3,515 1,250 4,394 o. 70 
1975-76 12,331 2,109 1,250 2,636 4.68 



Table 5 -- Yellowfin sole input data for Cohort Analysis 

(A) Catch 'in numbers . by age and ca 1 ender year 

NORTHERN STOCK AREA 

Age 1964 1965 1966 1967 1968 1969 

3 6,676,520 0 0 0 0 0 

4 11,133,457 0 0 0 0 0 

5 17,235,919 0 0 0 0 0 

6 24,646,003 20,685 15,054 1,910,030 18,702 182,070 

7 27,467,186 97,360 614,040 7,259,001 569,191 242,588 

8 22,459,254 2,590,372 1,791,548 19,644,768 641,765 3,641,244 

9 5,423,367 6,259,862 4,254,472 26,921,531 1,509,034 3,617,260 

10 6,813,049 2,416,012 5,915,772 26,488,901 1,819,476 7,236,516 
N 
0\ 

11 7,35'0,567 4,037,471 1,251,177 22,384,104 2,074,855 7,733,388 

12 5,689,391 4,683,722 1,170,006 2,332,646 2,322,513 10,635,621 

13 1,929,463 3,524,671 1,296,593 1,535,725 805,127 6,364,319 

14 830,899 1,327,720 759,457 1,747,037 649,310 3,695,312 

15 168,602 413,320 239,068 1,n51,755 606,278 1,154,439 

16 43,174 100,906 76,141 347,928 433,056 1,058,098 

17 0 44,979 17,093 63,871 24L1,677 1,176,316 
. 

18 0 0 0 0 169,482 192,708 

19 0 0 0 0 147 '7181 1,089,313 

?n " I'\ 



Table 5 (cont'd.) - - Yellowfin sole input data for Corort Analysis 

(A) Catch in numbers by a9e and calender year 

NORTHERN STOCK AREA 

Age 1970 1971 1972 1973 1974 1975 

3 0 0 0 0 0 0 

4 0 0 0 0 0 0 

5 0 82,409 0 127,758 0 72,776 

6 677,142 949,957 0 668,880 46,263 419,512 

7 9,151,347 8,250,962 310,825 4,230,797 3,618,052 3,581,096 

8 17,821,524 8,407,391 1,550,513 4,087,754 8,927 ,471 6,131,395 

9 24,055,372 12,761,800 856,353 2,785,295 3,905,944 16,255,780 

10 7,419,271 18,037,579 821,617 1,811,558 3,035,673 12,186,329 NI 
-....i 

11 12,815,317 6,009,010 1,885,892 1,869,681 3,256,239 4,886,121 

12 18,525,309 11,965,500 2,861,991 1,765,096 1,009,770 1,942,605 

13 13,411,972 15,332,782 1,493,328 1,336,827 626,920 2,323,834 

14 14,496,192 18,112,118 2,937,047 640,569 722,242 1,573,414 

15 1,358,679 17,967,741 0 326,495 475,367 694,936 

16 1,141,835 788,321 803,955 63,575 281,075 532,330 

17 0 0 0 154,088 0 141,487 

18 0 0 0 0 0 111,915 

19 0 0 505,438 26,783 0 0 

20 0 0 0 0 0 0 



Table 5 (cont'd) -- Yellowfin sole input data for cohort analysis 
(A) Catch in numbers by age and calendar year 
SOUTHERN STOCK AREA 

Age 1964 1965 1966 1967 1968 1969 

3 47,074 0 0 0 0 0 

4 536,754 598 ~.014 87,464 0 1,285 

5 2,483,171 90,509 35,104 87,464 238 ;488 1,043,630 

6 25,714,509 1,568,360 796,183 11,915,224 1,343,748 8,185,479 

7 105,998,086 5,541,669 13,966,520 30,792,626 28,364 ,.072 6,685,617 

8 211,100,298 41,762,250 42,045,106 79,728,620 29,810,664 93,344,048 

9 50,147,234 82,573,914 94,588,062 120,223,892 67,394,341 91,873,755 

10 56,156,012 19,708,425 150,189,399 135,247,185 75,311,793 166,725,008 

11 59,648,830 24,112,665 34,056,234 1~8,022,056 75,263,198 154,949,200 
N 
co 

12 40,586,598 26,412,748 35,639,009 26,773,654 64,620,637 137,871,537 

13 12,742,632 16,554,459 37,316,080 22,868,012 19,231,002 71,019,057 

14 5,108,248 4,855,725 21,626,006 22,879,670 10,761,532 21,469,510 

15 982,972 1,714,644 6,481,212 18,639,029 9,243,024 8,119,541 

16 215,866 222,409 1,855,030 6,8~9,492 6,251,684 4,977,063 

17 0 215,989 510,256 1,117,425 3,570,466 6,865,026 

18 0 0 0 0 2,347,~94 1,604,782 

19 0 0 0 0 1,633,959 2,117,952 

20 0 0 0 0 0 0 



Table 5 (cont'd) -- Yellowfin sole input data for cohort analysis 
(A) Catch in numbers by age and calendar year. 
SOUTHERN STOCK AREA 

Age 1970 1971 1972 1973 1974 1975 

3 0 0 n 0 0 0 

4 0 0 80,781 0 0 0 

5 297,410 108,583 3,861,702 2,598,114 531,754 429,620 

6 13,377,701 24,515,017 32,756,203 13,602,508 8,402,476 2,476,521 

7 59,457,434 156,583,295 66,115,345 86,()18,516 25,914,620 21,140,416 

8 82,754,746 94,891,388 20,890,811 83,129,558 61,051,922 36,195,693 

9 92,303,249 89,366,187 37,244,067 56,642,437 43,864,454 95,963,356 

10 26,045,169 86,647,883 24,197,012 36,R40,28R 17~'331,~77 71,940,015 

11 41,868,966 20,940,308 199,977,314 38,022,279 18,491,526 28,844,422 I'\) 

~ 

12 56,970,832 36,890,993 10,954,083 35,895,428 11,307,024 11,467,852 

13 33,110,172 29,089,719 9,313,782 27,186,044 11,382,402 13,718,376 

14 38,744,190 30,825,569 4,095,254 13,026,757 7,519,555 9,288,391 

15 2,132,471 2,140,924 () 6,639,677 4,527,461 4,102,443 

16 1,196,637 819,842 389,141 1,292,883 1,519,986 3,142,521 

17 0 0 0 3,133,568 303,444 835,246 

18 0 0 0 0 54,070 660,670 

19 0 0 380,867 544,668 0 0 

20 0 0 0 0 0 39,985 



Table 5 (cont'd)--Yellowfin sole inout data for cnhnrt analysis 
(B) Terminal fishing mortality rates {F) by year class 

Northern Southern Stock areas 
Year Class Stock Area Stock Are.a · combined 

1945 .500 .500 .580 

1946 .500 .500 .500 

1947 .500 .500 .500 

1948 .500 .500 .500 

1949 .040 .020 .020 

1950 .100 .040 .500 

1951 .800 .500 .800 

1952 .300 .400 .500 

1953 .400 .500 .500 

1954 .200 .150 .200 

1955 .050 1.000 .500 

1956 .800 .170 .170 

1957 .050 .100 .050 

1958 .170 .100 .170 

1959 .170 .170 .170 

1960 .170 .170 .170 

1961 .184 .184 .184 

1962 .228 .228 .228 

1963 .200 .200 .200 

1964 .120 .120 .120 

1965 .190 .190 .190 

1966 .197 .197 .197 

1967 .100 .100 .100 

1968 .027 .027 .027 

1969 .013 .013 .013 



Table 5 (cont'd) -- Yellowfin sole input data for cohort analysis 

(C) Average lengths (cm) by age and year used to calculate averaqe weiqhts from the relatjonship w=0.012L2•9774 
The same lengths were used for both stock areas. 

Age 1964-65 1966 1967 1968-69 1970-71 1972 1973 1974 1975 

1 0.00 0.00 0.00 5.37 3.43 : 9.53 10.35 4.99 3.15 

2 .18 1.53 2.47 8.17 8.11 12.91 13.84 8.47 7.20 

3 6.77 7.37 7.82 10.86 12.21 15.93 16.81 11.67 10.86 

4 12.14 12.23 12.34 13.39 15.81 18.63 19.34 14.61 14.14 

5 16.52 16.28 16.16 15. 79 18.96 21.05 21. 50 17.31 17.10 

6 20.09 19.66 19.38 18.07 21.72 23.20 23.34 19.79 19.77 

7 22.99 22.47 22.11 20.22 24.15 25.13 24.90 22.07 22.16 

8 25.36 24.82 24.40 22.27 26.27 26.85 26.24 24.17 24.32 
w .... 

9 27.30 26.77 26.34 24.21 28.13 28.39 27.38 26.10 26.27 

10 28.87 28.40 27.98 26.05 29.76 29.77 28.35 28.87 28.02 

11 30.15 29.76 29.36 27.79 31. 19 31.00 29.17 29.50 29.59 

12 31.20 30.89 30.53 29.44 32.45 32.10 29.88 30.99 31.01 

13 32.05 31.84 31. 52 31.01 33.55 33.08 30.48 32.37 32.28 

14 32.75 32.63 32.35 32.50 34.51 33.96 30.99 33.63 33.43 

15 33.31 33.28 33.05 33.91 35.36 34. 74 31.43 34.79 34.47 
~.l 

16 33.78 33.83 33.65 35.24 36.10 35.44 31.80 35.)i6 35.40 

17 34.15 34.28 34.15 36.51 36.75 36.07 32.11 36.84 36.24 

18 34.46 34.66 34.57 37.71 37.32 36.63 32.38 37.74 36.99 

19 34.71 34.98 34.93 3R.84 37.81 37.13 32.61 38.57 37.67 

20 34.91 35.24 35.23 39.92 38.25 37.58 32.81 39.33 38.28 
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Table 6.--Growth parameters for yellowfin sole in the eastern Bering Sea~ 
calculated from age-length samples collected by Japan in 1965, 
1967, and 1968, and by the United States in 1971-75. 

Year L., K To 

1965 35. 81 0.2045 1. 9751 ,-

1966* 36.56 0.1822 1. 7652 

1967 36.86 0.1693 1.5911 

1968 59.65 0.0533 -0.7717 

1971 41. 36 0.1317 0.3416 

1972 41.34 0.1124 -1. 3329 

1973 33. 94 - 0.1599 -1. 2741 

1974 47. 98 o. 0844 -0. 3015 

1975 43.79 0.1052 Q.2909 

*Calculated using average lengths by age of 1965 and 196 7. 

• 
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Table 7.--Biomass of age 6 and older yellowfin sole and nwnbers of age 6 fish , 
(as an index of recruitment} in the eastern Bering Sea as estirnated 
by cohort analysis. 

Biomass (x 103 mt} Number Year class 
Southern Northern Total of Estimate for age 6 iish of age 6 

stock stock estimates oy data combined (xlO ) fish 
Year area area stock. area over stock areas 

1963 2,941 195T 

1964 840.3 132.0 972.3 912.5 2,276 1958 

1965 868.0 144.2 1,012.2 960.7 1,765 1959 

1966 867.8 145.0 1,012.8 969.0 1,507 1960 

1967 774. 9 140.2 915.1 879.0 921 1961 

1968 567.5 102.9 670.4 635.4 1,266 1962 

1969 508.3 103.8 612.l 604.0 1,026 1963 

1970 593.2 135.0 728.2 720.8 928 1964 

1971 551.6 102. 8 654.4 648.~ 980 1965 

1972 580.9 83.9 664.8 660.0 1,420 1966 

1973 739.0 112. 7 851. 7 849.1 2,407 1967 

1974 654.6 108.4 763.0 761.4 2,345 1968 

1975 779.9 131.8 911. 7 910.2 2,169 1969 

·--·--- - ---.. -
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Figure !.--Bering Sea showing. INPFC statistical areas, halibut conservation areas, and boundaries between 
northern and southern stock areas for yellowfin sole. 
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Figure 2 .--Release and recovery loctttions .for t.:!gged :,-ellowfin sole from tagging 
studies by . Jap.:inese resc3rch vessels (upper pE!nt~l) and coic::1,~rcial 
vessels (lower ann0l). 



175r--,r---.---r---r-.!.!17TO~__,.---r--r---r--,-!,1~6:,l.;5 ~-,--~--,---~· -!1~-------

175 

' --"" 19 .. ., 

620 \ 8 
3 

\ 
\ 

\ 
\ 

., I 
I 
\ 
\ 

170 

,, ,,, 
,, , . 

' 25 0 

165w 

VE LL OW FI N S O L.E 

0 Released in 1970 

• Released in 1971 

160 

60 

58N 

56 

Figure 3.--Release and recovery locations of yellowfin sole tagged by Japanese research vessels in 1970 and 
1971 and recovered by commercial fishing vessels (a few fish, shown by d~shed lines, were tagged 
by connnercial vessels). Numbers of fish released are shownat each tagging location. This is 
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Figure 8.--Annotated flow diagram for yellowfin sole cohort analysis. 
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