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STATUS OF BERING SEA STOCKS OF PACIFIC COD, 

ROCK SOLE, FLATHEAD SOLE, AND TURBOTS IN 1976 

by R. Bakkala* and K. Wakabayashi** 

INTRODUCTION 

Pacific cod, rock sole, flathead sole, an~_ the turbots (Gr_eenlan~ 

turbot and arrowtooth flounder) are, to a large degree, taken inci

dentally in fisheries for pollack and yellowfin sole although Japan and 

apparently the USSR have directed some effort to Greenland turbot since 

the early 197O 1 s. The status of these stocks are difficult to evalu

ate because of the incidental nature of the catches in the commercial 

fisheries, and effort applicable to these species cannot be separated 

from that directed to other species. 

Catch rates from research vessels should reflect the relative abun

dance of species, such as rock sole and flathead sole, when their dis

tributions are adequately surveyed. Research vessel catch rates for 

cod and the turbots are less likely to be representative of abundance 

because the semi-demersal behavior of cod may place a variable pro

portion of the population above the sampling gear and research surveys 

do not adequately cover depth ranges occupied by adult turbots. 

Current information available for each of the species is reviewed 

in this report to update U.S. Document 1964, agreed-upon catch statistics 

for all flounders except Pacific halibut were summarized by members of 

the Japanese and U.S. National Sections. Catch data for Pacific cod were 
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from statistics submitted to INPFC by Japan and to the United States by 

the USSR and the Republic of Korea through bilateral · agreements. 

Catch and effort statistics and length frequency data from the 

Japanese mothership, North Pacific longline-gillnet, North Pacffic trawl, 

and land-based dragnet fisheries were also analyzed to examine trends in 

rel~tive abundance and size of fish taken in the fisheries. Annual 

vaiues of CPt:tE were calculated ·by sumning monthly catch and effort data 

from all 10 longitude by !f) latitude statistical blocks by gear type in 

the Bering Sea and Aleutian Islands area, and then dividing total catch 

by total effort. Fishing effort was not adjusted for changes in vessel 

horsepower because such adjustments would have little meaning when 

effort is not directly applicable to the species in question. Japanese 

length-frequency samples for Pacific cod, rock sole, and flathead sole 

were used to estimate the size composition of the total catch. 

A minor adjustment to all Japanese length-frequency data processed 

at the Northwest and Alaska Fisheries Center was made in 1977. This 

adjustment was required after learning that the system used by Japan 

to measure fish differed from that used by the United States. For ex

ample, frequencies reported by Japan for 20 cm fish were assumed to 

represent the mid-point of measurements from 19.5 to 20.5 cm, whereas 

it actually represented the upper limit of measurements ranging from 

19.0 to 20.0 cm. In addition to revising length-frequency and mean 

length values for each species and year since 1964 to adjust the data 

by 0.5 cm, new length-weight relationships were used to estimate the 

size compositions of the total catch. The relationships, derived from 

measurements taken during U.S. research vessel surveys in 1975 and 1976, 

were as follows: 



Species 

Rock sole 
Flathead sole 
Pacific cod 

Length-weight Relationship 

W = .0067 L3 .. l569 
W = .0038 L3.2759 
W = .0065 L3.1519 

In addition to the commercial statistics, CPUE and age composition 

data from U.S. research vessel surveys were examined for each species. 

P.ACI FI C COD-

A 11-nati on catches of Pacific cod have reached two major peaks 

since 1964 with totals of approximately 75,000 mt in 1970 and 67,000 mt 

in 1974. In 1975 and 1976, catches declined to 53,000 mt and 54,000 mt 

(Table 1, Figure 1). The Japanese mothership and North Pacific trawl 

fisheries have taken the major share of catches. Cod are primarily taken 

as an incidental species in the pollock fishery, although as noted in 

Document 1775, cod are an occasional target species when high concen

trations are encountered. 

Most of the catches of cod by Japan were made by Danish seiners 

until 1970, but pair trawlers and stern trawlers have taken most of the 

catch since 1971 (Figure 1). Catch rates by gear type have generally 

followed trends in total catches (Figure 1). These data may not reflect 

actual stock abundance, however, because effort was usually not directed 

to cod. 

Trends in relative abundance from U.S. research vessel surveys in 

the southeastern Bering -Sea for a comparative area fished since 1973 

(Figure 2) were also examined. Mean annual catch rates were similar 

each year except 1975, when the value was approximately twice that of 

the other years (Figure 1). With the exception of the 1975 value from 



Age: 

Year 

U.S. research vessel data, and the 1974 value from pair trawls, trends 

in CPUE -from both conrnercial and research- gear since 1973 were rela

tively stable. 

Age data from a U.S. research vessel survey in April-June 1976 

(see Figure 3 for the area surveyed) shows the following age compo

sition and mean size at age for Pacific cod in the survey area: 

1 2 3 4 5 6 
Aqe 

class: 1975 1974 1973 1972 . 1971 1970 unknown 

Millions of fish 61.03 18.74 30.86 12.41 3.20 0.18 0.46 

Mean size 32.7 37.9 47.9 60.4 72.6 R6.n 

Age sample size 7 43 95 44 9 1 

Mean lengths at age for ages 1 and 6 are probably not accurate because 

small age 1 fish were not included in the age sample and the mean for 

age 6 fish was based on a single specimen. 

Relating the above mean lengths at age to modes in length fre

quency distributions from the conrnercial fisheries (Figure 4) indicate 

that catches consist principally of 2 and 3 year old fish. Mean sizes 

of Pacific cod in the corrnnercial fisheries have varied from year to 

year, but have not shown any consistent trend since 1964. Mean sizes 

were smaller in years when age 2 fish contributed substantially to 

catches, and larger when the contribution of age 2 fish was relatively 

low. 

Based on length-frequency data in Figure 4, proportions of 35 cm 

and smaller cod (mainly age 2 fish) in 1973, 1974, and 1975- appears to 

be lower than in most previous years. There was no apparent decline in 



availability of age 3 and 4 fish .in 1974 and 1975, however, based on 

CPUE data that give~ no indication of · lower abundance in 1974 and 

1975 or in 1976. 

In s.umma ry, there is no evidence of major changes in abundance of 

cod in the period 1973-76, when catches rangeo from 53,000 mt to 

67,000 mt and averaged 58,250 mt. 

ROCK SOLE 

Catch data for rock sole are from INPFC Document 1964. These 

revised catch statistics (Table 2) differ to some extent from those 

presented in Document 1866. The data indicate that catches remained 

at relatively low levels from 1963 to 1968, ranging between 3800 mt 

and 9200 mt. Catches in subsequent years increased substantially to 

62,500 mt in 1972 and then declined sharply thereafter, falling to 

11,700 mt in 1975 (Table 2, Figure 5). The wide fluctuations in 

catches are due, at least in part, to factors other than changes in 

abundance of rock sole. The identification of rock sole in catches 

has been inconsistent (INPFC Document 1931, appendix 2), and declines 

in catches in recent years are due in part to the absence of a USSR 

flounder fishery since 1973 and perhaps to winter area closures in 

the southeastern Bering Sea that may have limited catches of rock 

sole by Japan and the USSR. 

Pair trawlers have accounted for most of the rock sole catch in 

the Japanese fishery (Figure 5). Trends in CPUE values by gear type 

in the Japanese fishery generally follow trends in catches by the 

respective gear types. The CPUE values may therefore reflect the 

degree of interest in rock sole by the Japanese fishery rather than 



trends in abundance of the stocks·. Trends in CPUE from U.S . . 

research vessels for a comparative ar.ea in the southe~stern Beririg 

Sea (see Figure 2 for area) indicate an increase in abundance of 

rock sole in the period from 1973 to 1976. Mean annual catch· rates 

increased fr.om 10.0 kg/km trawled in 1973 to 22.7 kg/km in 1976 

(Figure 5). 

Length frequency distributions from the Japanese col11TlerciaT 

fishery and age composition data from U.S. research vessel surveys 

presented in U.S. Documents 1816 and 1866, indicated that the 1965 and 

1966 year classes of rock sole were relatively strong and contributed 

substantially to co111T1ercial catches from 1971 to 1974. The contri

bution of these year classes continued to be important in later years 

based on results from large-scale research vessel surveys by the United 

States in 1975 and 1976 (see Figure 3 for areas surveyed). In 

addition to the importance of the 1965 and 1966 year classes, year 
\ 

classes of 1967 and 1970 also contributed substantially to the re-

search- vessel catches (Figure 6). The recruitment of these new year 

classes into the commercial fishery is evident by the modes at 24 and 

27 cm in length frequency distributions for 1975 (Figure 7). 

Proportions of the age 3, 4, and 5 year-old fish (representing 

year classes 1971, 1972, and 1973 in 1976) were lower in 1976 than in 

1975 (Figure 6). The areas and seasons surveyed differed in the two 

years, however, and results may not be comparable. Nevertheless, the 

1971-73 year classes should be closely followed because they were 

spawned in years of relatively cold winters (Mclain and Favorite, 1976), 

and the large catches of 1971and 1972 may have reduced the spawning 

population in those years. 



Assuming that catch rates at U.S. research vessels provide a 

better index of abundance than do corrmercial fishery CPUE values~ 

abundance of rock sole increased from to 1976., mainly as a 

result of recruitment of a number of year classes into the population 

having average or better than average strength; relatively low catches 

in 1973-75 (averaging 18,000 mt) may have also contributed to this 

increase. 

FLATHEAD SOLE 

Catch data for flathead sole are not accurate, because the species 

has not always been adequately identified in catches (INPFC Document 

1931, appendix 2). Reported statistics indicate that catches in

creased from 6,900 mt in 1965 to a historical peak of 51,600 mt in 

1971 {Table 2, Figure 8). Following this peak, catches declined to 

5,700 mt in 1975, the lowest catch of record. The sharp decline in_ 

catches in recent years may reflect the absence of a USSR flounder 

fishery since 1973 and possibly the influence of winter area closures 

in the southeastern Bering Sea that may have restricted Japanese and 

Soviet catches of flathead sole. 

Flathead sole are taken mainly as an incidental species in the 

yellowfin sole and pollack fisheries by pair trawlers and Danish 

seiners (Figure 8). Catch rates by these gear types have generally 

followed trends in catches {Figure 8) and are most likely not good 

indicators of abundance of flathead sole. Catch rates from U.S. 

research vessel surveys increased from 4.9 kg/km trawled in 1973 to 

9.9 kg/km in 1974 and were 7.0 and 9.8 kg/km trawled in 1975 and 1976 

(Figure 8). 



Size composition data from the Japanese corrmerci~l fishery pre

sented in Document 1866 i l_ l us trated that greater proportions of sma 11 

fish were taken in 1974 than in previous years. This was thought to 

reflect either relatively good recruitment of fish less than 25 cm or 

lower abundance of fish over 30 cm. Age composition data from U.S. 

research vessel surveys in 1975 and 1976 indicate that all of the year 

classes spawned from 1965-71 made relatively substantial contributions 

to catches (Figure 9). Based on their contribution to the research 

vessel catches, particularly in 1976, the 1969 year class would appear 

to be strong, and the 1968 year class would appear to be of better 

than average strength. The 1969 year class in 1974 (age 5 fish) were 

generally less than 25 cm and apparently accounted for the strong 

representation of those size groups in 1974 commercial catches. 

Length frequency data from the Japanese corrmercial fishery in 1975 

substantiates results of the age study from U.S. research vessel 

surveys (Figure 10). The principal mode in the length frequency dis

tribution was between 20 and 25 cm in 1974, and between 25 and 30 cm 

in 1975, reflecting the importance of the 1968 and 1969 year classes 

in the fishery in those two years. 

The condition of the flathead sole resource is not clearly evi

dent, but most indicators appear favorable. Declining catch rates in 

the Japanese commercial fisheries since 1971 is probably not a reliable 

indicator of the stock condition. Catch rates of U.S. research vessels 

show an increasing trend, but these surveys encompass only the southern 

part of the flathead sole distribution in the eastern Bering Sea. 

Results of age composition studies from U.S. research vessel surveys 
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and length-frequency distributions from Japanese commercial v.essels 

suggest the recruitment of strong year classes into the fishery in 1974 

and 1975. Reduced catches of flathead sole since 1972 may also have 

contributed to the improvement in stock condition between 1973 and 1976. 

TURBOTS 

The turbot category includes two species, arrowtooth flounder and 

Greenland turbot. The status of these species was -previously examined 

collectively because their catches were usually combined in convnercial 

statistics. Catches for species combined since 1964 and for individual 

species since 1970 were estimated in INPFC Document 1964, and these 

catch data are used here (Table 3, Figure 11). 

Catches of arrowtooth flounder and Greenland turbot combined show 

two peaks since 1960. Catches were relatively large in 1961 and 1962 

at 57,000 and 58,000 mt when a Japanese meal fleet fished specifically 

for turbot (Ta~ahashi, 1972). From 1963 to 1970, catches· were lower 

ranging from 10,000 to 40,000 mt, but then increased to a range of 

90,000 to 115,000 mt in 1972-75. The recent increase in total turbot 

catch was due to a sharp rise in the catch of Greenland turbot--

26,000 mt in 1970 to 75,000 to 95,000 mt in 1972-75. Estimated 

catches of arrowtooth flounder since 1970 have fluctuated between 

13,000 and 27,000 mt and were highest in 1974 and 1975. 

Japan has accounted for mo-st of the Greenland turbot catch between 

1970 and 1975 with the land-based dragnet fishery averaging about 

31,000 mt annually and the mothership, North Pacific longline-gillnet, 

and North Pacific trawl fisheries averaging about 27,000 mt per year 

(INPFC Document 1964). The USSR took most of the arrowtooth flounder 

in 1974 and 1975. 
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Catch rates for Japanese land-based dragnet stern trawlers may 

reflect actual trends in abundance for Greenland turbot because a sub

stantial amount of effort by these vessels was directed to this species 

in recent years and in 1972-75, Greenland turbot made up 40-60% of 

their total catch. Catch rates from the land-based fishery may not 

accurately reflect trends in abundance of arrowtooth flounder because 

it is only an incidental part of the catch . 

CPUE values from the land-based dragnet fishery for Greenland 

turbot, after reaching a peak of 40 mt per 100 hours trawled in 1972, 

declined to 27 mt per 100 hours in 1975 (Figure 11). The trend in 

CPUE for arrowtooth flounder in the same period was variable, reaching 

a peak of 8 mt per 100 hours in 1973 and then declining to 2 mt per 

100 hours in 1975. 

CPUE trends for arrowtooth flounder and Greenland turbot from a 

comparative area fished by U.S. research vessels in the southeastern 

Bering Sea since 1973 are also shown in Figure 11. Catches of these 

species in the comparative area are mainly juvenile fish based on age 

data collected during a large-scale NMFS trawl survey in the eastern 

Bering Sea in spring, 1976 (Figure 12). Over 90% of both the arrow

tooth flounder and Greenland turbot taken in 1976 were age 5 or 

younger, ages which are primarily immature fish (Shuntov, 1966; 

Pertseva-Ostroumova, 1961). The catch rates for Greenland turbot have 

fluctuated during the four year period, but in the last three years 

indicate relative stability in the abundance of juvenile fish. Those 

for arrowtooth flounder have increased from a value of 1.0 kg/km 

trawled in 1973 to 3.0 kg/km in 1976. 



Catch rates from the land-based dragnet fishery and research 

vessel surveys for Greenland turbot show somewhat different trends, 

but this may result from the two data sources representing different 

segments of the population. Results from U.S. research vessels sug

gest some increase in abundance of juvenile Greenland turbot between 

1973 and 1974 and then a fairly stable situation thereafter. The · 

land-based dragnet data suggest a decline in abundance of adult fish 

between 1972 and 1975. 

The maximum sustainable yield of Greenland turbot in the Bering 

Sea/Aleutian region was estimated at 32,600 mt in INPFC Document 1894. 

This estimate seems low, however, in view of recent catch levels. 

Nevertheless, recent all-nation catches, averaging 86,000 mt annually 

during 1972-75, appears to have been in excess of equilibrium yield. 

Although there is very little information available that is use

ful in evaluating the condition of the arrowtooth flounder resource, 

abundance of juveniles in 1976 appears to be higher than in the pre

vious three years. 
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Year 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

E.l 

u 

Table 1 -- All nation catches of Pacific cod in the 
Bering Sea in metric tons 

Ja2an 
MS-LG-NPT~7 LBoli-1 Total USSR R.O.K. Total 

19,078 19,078 19,078 
15,710 1,638 17,348. 17,348 
17,347 1,693 19,040 19,040 
30,728 2,780 33,508 33,508 
52,309 11,426 -63-, 735 63,735 
45,078 8,221 53,299 53,299 
61,335 13,278 74,613 74,613 
33,076 13,281 46,357 4,139 50,496 
34,776 5,158 39,934 7,0Z8 46,962 
39,489 6,099 45,588 12,980 58,568 
44,364 6,058 50,422 16l592 67,0l4e/ 
31,197-a-~ 3,441 34,638 18,486 49 53,17Y::./ 
35,000:::. 18,912 306 54,247!.. 

Calender year catches by mothership, North Pacific longline-gillnet, and 
North Pacific trawl fisheries. 

Calender year catches by land-based dragnet fishery 

January through October only 

Catch for fishing year, November 1975 to October 1976 

Preliminary 

I 
I 

I 



Table 3.--Estimated all-nation catches of turbots in the Bering Sea, 1960-75, and catches by indivi~ual species, 1970-75. 
(From INPFC Document 19642. 

West of 18oo11 Aleutians Bering Sea total 
Year Jnean u.s.s.ll. Total Jaean JaEan u.s.s.R. Total Ja2an u.s.s.R. All nations catch 

TURBOTS 
1960 36,843 36,843 0 0 0 36,843 36,843 
1961 57,348 57,348 2 0 0 57,350 57,350 
1962 58,226 58,226 84 0 . o 58,310 58,310, 
1963 31,565 31,565 62 7 7 31,634 31,634 
1964 33, 729 33,729 309 504 504 34,542 34,542 
1965 7,947 1,800 9,747 30 300 300 8,277 1,800 10,077 
1966 10,842 2,200 13,042 · 130 63 63 11,035 2,200 13,235 
1967 21,230 2,639 23,869 850 394 394 22,474 2,639 25,113 
1968 19,980 15,252 35,232 2,404 213 213 22,597 15,252 37,849 
1969 19,231 16, 798 36,029 3,797 228 228 23,256 16,798 40,054 
1970 24,069 8,220 32,289 5,884 559 559 30,512 8,220 38,732 
1971 41,796 17,460 59,256 7,364 2,331 2,331 51,491 17,460 68,951 
1972 53,636 23,998 77,634 19,295 13,930 367 14,297 86,861 24,265 111,126 
1973 48,283 16,214 64,497 12,761 12,009 362 12,371 73,053 16,576 89',629 
1974 61,657 29,470 91,127 11,665 11,944 39 11,983 85,266 29,509 114,775 
1975 53,866 31,785 85,651 18,273 3,611 143 3,754 75,750 31,928 107,678 

ARROWTOO'rn FLOUNDE~/ 
19 70 9,354 3,244 12,598 0 274 274 9,628 3,244 12,872 
1971 11,603 7,189 18, 792 2,337 581 581 14,521 7,189 21, 710 -
1972 3,823 9,301 13,124 1,340 1,217 106 1,323 6,380 9,407 _ 15, 78.7 
1973 4,929 4,288 9,217 1,740 3,682 23 3,705 10,351 4,311 14,662 
1974 2,823 18,650 21,473 2,365 3,195 0 3,195 8,383 18,650 27,033 

1975 1,241 19,591 20,832 1,037 641 143 784 2,919 19,734 22,653 

GREENLAND TURBOTl/ 

1970 14,715 4,·9 76 19,691 5,884 285 285 20,884 4,976 ZS,860 

1971 30,193 10,271 40,464 4,027 1,750 1,750 36,970 10,271 47,241 

1972 49,813 14,697 64,510 17,955 12,713 161 12,874 80,481 14,858 95,339 

1973 43,354 11,926 55,280 11,021 8,327 339 8,666 62,702 12,265 74,967 

1974 58,834 10,820 69,654 9,300 8,749 39 8,788 76,883 10,862 87,742 
1975 52,625 12,194 64,819 17,236 2,970 0 2,970 72,831 12,194 85,025 

.!/catches by the U.S.S.R. not available. 
1./Includes small catches of unidentified flounders. ,...._ 

..c 

~ 



Year 

A. Rock 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

Table 2 -- Total catches of rock sole and flathead sole in the Bering Sea 
by area and nation in metric tons (From Document 1964) 

By area By nation 
East of 180° West of 180° Aleutians 

(INPFC (INPFC (INPFC 
Areas 1 & 2) Areas 3 & 4) Area 5) Japan USSR Tota] 

sole 

5,002 l _, 640 27 2,863 3_, 80_6 6,,66S 
3,238 1,306 152 2,890 1,806 4,69€ 
3,678 36 147 1,963 1,898 3,861 
9,104 82 4,119 5,067 9,186 
4,762 154 25 2,069 2,872 4,941 
5,250 261 17 2,911 2,617 5,528 
9,240 774 2 5,061 4,955 10,016 

20,123 900 2 10,518 10,507 21,025 
40,419 1,962 1 22,122 20,260 42,382 
60,824 1,714 5 44,774 17,769 62,543 
23,835 1,862 2 24,704 995 25,699 
19,975 655 36 18,002 2,664 20,666 
11,145 507 3 10,192 1,463 11,655 

B. Flathead sole 

1963 29,625 74 14 7,167 22,546 29,713 
1964 25,288 1,287 43 12,451 14,167 26,618 
1965 6,713 26 128 3,441 3,426 6,867 
1966 11,020 63 25 5,084 6,024 11,108 
1967 23,437 594 32 11,247 12,816 24,063 
1968 21,575 586 186 12,623 9,724 22,347 
1969 18,563 435 2 9,605 9,395 19,000 
1970 41,152 932 11 21,031 21,064 42,095 
1971 51,024 540 16 26,094 25,486 51,580 
1972 15,690 511 4 10,365 5,840 16,205 
1973 18,141 472 24 17,686 951 18,637 
1974 14,917 234 41 13,164 2,028 15,192 
1975 5,545 112 1 4,986 672- 5,658 
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Figure 1. --All-nation Bering Sea catches of Pacific cod, catches and 
CPUE values by gear type in the Japanese commercial fisheries, 
and CPUE values from U.S. research vessel surveys. 
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Figure 3.--Areas of the eastern Bering Sea surveyed by U.S. research 
vessels in August-October 1975 and April-June 1976. 
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Figure 4.--Length-frequency distributions of Pacific cod in the Bering 
Sea from samples of catches by the Japanese mothership, North 
Pacific longline-gillnet, and North Pacific trawl fisheries. 
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Figure 6.--Age composition of rock sole as shown by U.S. research 
vessel surveys in 1975 and 1976. Year classes are shown in 
appropriate bars for certain year ~lasses. 



.12. 

1964 
10 

J. =33.1 

0 
1965 

10 
;( =35.7 

0 
1966 

10 
!=32.5 

o · 
1967 

10 
I=29.4 

0 -r-

1968 
10 

I=24.1 

0 
1969 

.,_ 10 
[=•24.2 a5 

(.) 0 
a:: 

1970 w 
a.. 10 

I=20.o 

0 
1971 

10 
I=2e.e 

0 
1972 

10 
-:{'=27.4 

0 
1973 

10. 

0 

10 

0 

10 

0 

!...=29.8 

1974 

.(.=30:1 

1975 

f=27.9 

5 10 15 20 25 30 35 40 

LENGTH (cm) 

Figure 7.--Length-frequency distribution of rock sole in the Bering 
Sea from samples of catches by the Japanese mothership and 
North Pacific trawl fisheries. 
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Figure 9.--Age composition of flathead sole as shown by U.S. research 
vessel surveys ·in 1975 and 1976. Year classes are shown in 
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Figure 10.--Length-frequency distribution of flathead sole in the Bering 
Sea from samples of catches by the Japanese mothership and North 
Pacific trawl fisheries. 
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Figure 11.--A11-nation Bering Sea catches of turbots and trends in 
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Figure 12.--Age composition of arrowtooth flounder and Greenland 
turbot in areas of the eastern Bering Sea surveyed by U.S. 
research vessels in April-June 1976. 


