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PRELIlnNARY INVESTIGATION OF THE COlf.DITION OF YELLOWFIN 

SOLE (Limanda aspera) RESOURCE IN THE EASTERN BERING SEA IN RECENT YEARS 

• 
by Richard Bakkala and George Hirschhorn 

Exploitation of the eastern Bering Sea flatfish resources began prior 

to World War II but intensive harvesting of these resources did not take 

place until the post-war period. Japan resumed its fishery for groundfish 

in the eastern Bering Sea in 1954 and the Soviet Union started fishing these 

stocks in 1958. Catches of yellowfin sale increased dramatically after 1958 

(Figure 1) with the total catch rising from about 44,000 metric tons (MT) in 

1958 to about 600,000 MT in 1961. Catches dropped almost as dramatically in 

the following 2 years, to 86,000 MT in 1963. Since that time they have 

fluctuated between 168,000 MT (in 1969) and 42,000 MT (in 1972). S'vatistics 

-for the .Japanese fishery in 1972 do not include catches in Novemher and 

December of that year. The yellowfin sole catches shown for the Soviet 

fishery during 1965 to 1972 are estimates derived from their total flatfish 

catches and the proportion of yellowfin sole in the Japanese catches of 

flatfishes. 

Studies have -shown that the intensive fishery in the 1959 to 1962 

period led to a sharp decline in the stock size. Based on the decline in 

catch per trawl and size of fish in the catch Fadeev (1965) concluded "it 

is evident--that the fishing operations have markedly reduced the flatfish 

reserves of the southeastern part of the Bering Sea. This is especially true 

of the population wintering on Unimak Bank." Similar conclusions were 

reached by Kasahara (1972) and. by Pruter (1973). 
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This report presents in~ormation bearing on the condition of the yellowfin 

stock since it underwent depletion in the early 1960's, a depletion associated 

with intensive, uncontrolled fishing. The bulk of the information available 

for evaluating the condition of the yellowfin sole stock in recent years 

(1964-1972) consists of catch, effort, and size composition data for the 

Japanese fishery submitted annually to the International North Pacific Fisheries 

·Commission (INPFC) by the Fisheries Agency of Japan. Unfortunately similar 

information is lacking for the Soviet fishery. 

Distribution and seasonal migrations 

Studies by the Soviet Union from 1958 to 1964 revealed that yellowfin 

sole in the eastern Bering Sea conduct migrations which result in seasonal 

changes in their distribution. In spring and summer the entire population 

becomes distributed over the central shelf area of the eastern Bering Sea 

• • -. t) 'f ~ d ' 0 .... " , a.s snown ~n l'J.gure "- \ rom .1'3. eev, .,.,..':J (V J • ThIs area is usually occupied 

between May and early fall. B,y December or January the yellowfin sole occupy 

winter grounds and separate into well defined concentrations (Fadeev, 1970). 

The largest of these concentrations was located off Unimak Island. Two other 

winter concentrations were located on the eastern Bering Sea slope area 

southeast of St. George Island and the other west of St. George Island. These 

latter populations were far smaller than the Unimak Island segment. A fourth 

concentration appeared annually in Bristol Bay at depths of 70-100 m, but 

consisted of'small fish less than 24 cm. In s~mary; the Soviet studies 

indicated that the older yellowfin sole move off the central shelf area in 

winter to the deeper waters of the lower shelf and slope and separate from 

the younger fish. Changes that have taken place in the Japanese fishery for 

yellowfin sole are related to seasonal changes in the distribution of the 

species. 
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The fisheries , 

The principal areas of fishing for yello~~in sole in eastern Bering Sea 

have been on the central shelf area and the Unimak Island area. During the 

late 1950's and early 1960's fishing for yellowfin sole by Japanese and 

Soviet vessels vTaS conducted in spring and summer with most of the effort 

on the eastern Bering Sea shelf. This area falls primarily in INPFC halibut 

conservation Area E but overlaps into Ares. De (Figure 3). Since the mid-1960 1 s 

Soviet trawlers have fished for yellowfin sole and other flatfish mainly in 

the winter months in the western sector of Area E and near Unimak Island in 

Area A. The Japanese 1'ishery for yellowfin sole. remained a spring-summer 

fishery on the shelf area until the late 1960's at which time it also became 

essentially a winter fishery in the same general area as the Soviet fishery. 

In addition to changes in fishing seasons and areas, the types of vessels 

used in the Japanese fishery have changed. Through 1969, most 01' tneJapanese 

ca'tch of yellowfin sole was tak.en oy ,Pail.' L"'d,wlt:l'::; awl Da.nish 5cirl~I5. 

then, the catch by Danish seiners has become negligible while stern trawlers 

have accounted for a larger 1'raction 01' the yellowfin sole catch. 

Changes in fishing seasons, areas and vessel types complicate an analysis 

of the condition of the yellowfin sole stock in eastern Bering Sea. The 

situation is further complicated by the fact that much of the Japanese catch 

of yellowfin sole is taken incidentally in fishing 1'or pollock, and by changes 

in horsepower 01' vessels and improvements in acoustical equipment which have 

undoubtedly increased the fishing power 01' the trawl fleets substantially. 
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Indices of abundance 

In an attempt to account for some of the factors that complicate an 

analysis of stock conditions, hence obscure the effects of fishing on the 

resource, we have restricted our examination of CPUE statistics to those 

1 0 x ~o statistical areas in which yellowfin sole made up 50~ or more of 

the total catch of groundfish by Japanese trawlers. We have separated the 

data for the spring-summer and winter fishing seasons. We have also adjusted 

fishing effort by pair trawlers and Danish seiners for changes in horsepower, 

but lack the information needed for a similar adjustment in fishing effort 

by stern trawlers. The statistics on catch, effort and CPUE are given in 

Table 1. CPUE-values are shown in Figure 4. 

CPUE's for pair trawlers in the spring-summer fishery were substantially 

lower in 1966, 1967 and 1969 than in 1964 and 1965. CPUE's for Danish seiners 

in the spring-summer fishery had a general downward trend during 1964-69. As 

for the winter fishery, stern trawl CPUE's remained fairly stable over the 

three-year period covered while the pair trawl CPUE changed sharply from 

one year to the next. Our overall interpretation of the CPUE-values is that 

there has been no major change in the condition of the yellowfin sole stock 

in eastern Bering Sea since the mid-1960's, and that the stock remains in 

the depressed condition caused by fishing in the early 1960's. 
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Table 1.--Catch of yellowfin sole, fishing effort, 
in the eastern Bering Sea, 1964 to 1912. 

and CPUE for Japanese trawl fisheries 
(Data are for lOx ~o statistical 

blocks in which ye110wfin sole accounted for more than 50i of the total catch 
of groundfish.) 

Catch Effort, cpUEV 
Season Gear Year Ml' No. of Ave. HP.!I 1000's of MT per 1000 

brs or HP-brs or HP-hrs or 
sets HP-sets HP-sets 

Spring- Pair trawl 1964 11,215 2,536 325 824 20.89 
summer 1965 1,152 924 328 303 23.60 

1966 3,395 922 315 290 11..11 
1961 895 210 380 80 11..19 
1968 412 
1969 153 120 454 54 13.94 

Danish seine 1964 24,609 6,158 215 1,858 13.24 
1965 1,801 3,162 333 1,053 1.41 
1966 2,835 1,200 320 384 1.38 
1961 811 341 393 136 6.40 
1968 3,101 901 456 414 1.49 
1969 2,218 962 509 490 4.65 

Winter Pair trawl 1969-10 14,250 1,925 641 1,245 11.45 
1910-11 26,166 1,162 189 1,390 19.26 
1911-72 26,143 3,139 858 2,693 9.93 

Stern trawl 1969-70 6,423 1,955 3.29 
1910-11 1,908 . 455 4.19 
1911-72 8,434 2,139 3.94 

!I Measures of average horsepower of pair trawlers and Danish seiners are from Takahashi 
(1914). 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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Size composition 

Figures 5 to 7 show length frequencies of yellowfin sole sampled from 

catches by the Japanese fishery during the months of May (1960-68), September 

(1957-67), and October-November (1969-73). Length frequencies for these 

months were selected for examination because they provide data over a 

relatively long series of years, including the peak period of the fishery. 

Of particular interest are the length frequency data for September (Figure 6) 

which indicate that catches in 1957 and 1958 were made up largely of fish in 

the length range of 30 to 40 cm. In addition, Figure 6 suggests that the 

size of fish had been reduced prior to the peak period of the fishery. In 

1959, fish of 20-30 cm had become the major size group in the catches. The 

size of fish was reduced even · further following the l~rge catches taken 
-

during 1960-62 (Figures 5 and 6). 

Length frequency data for October-November, 1969-73, show that the 

size of fish ~s remained relatively small (Figure 7). 'l'he 19'(3 data, 

obtained from a single mothership, suggest that the Japanese fishery was 

exploiting fish mainly of the 18 to 30 cm size group and that about 36i of 

the catch was made up of fish less than 22 cm. According to Fadeev (1970) 

these sizes represent fish of age 5 and younger. Because females first 

spawn at age 5, Fadeev suggested that rational harvesting o~ the yellowfin 

resource would have as one requirement a minimum size limit of 22 cm. 

General changes in the size composition of yellowfin sole since 1957 

are more clearly evident from mean lengths (Figure 8). These were derived 

by combining samples for all months and comparable gear types. The 1973 

samples, however, could not be separated by gear type. 
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The change in size of yellowfin sole was greatest between 1951 and 1962 

when mean length was reduced by about 6 cm. From 1962 to 1912 the mean size 

of fish was relatively stable. The winter 1913 samples indicate another 

reduction in mean size but it is not known if these samples are representative 

of catches for the fishery as a whole. 

Growth parameters 

We have examined the effect of the large catches of yellowfin sole in 

eastern Bering Sea in the early 1960's on growth parameters, using length-at

age data collected prior to, during, and after the period of peak catches. 

Our study is along the lines of that reported by Nikolski (1951) regarding 

the effect of fishing on the growth of male yellowfin sole off Kamchatka 

(Peter the Great Bay) during their first 5 years of life. Nikolski concluded 

that after intensification of fishing between 1928 and 1933, stock density 

had decreased and that this decrease in turn triggered an acceleration of 

growth (based on data representing periods after 1933 and before 1928). The 

rate of growth completion (k) nearly doubled (from .0814 to .1509) from the 

earlier to later years while estimated asymptotic length (Loo) decreased 

(from 12.84 to 51.46 length units). 

A substantial body of data pertaining to the growth of yellowfin sole 

in eastern Bering Sea covering the period 1959-13 has been collected by 

various scientists. These have been subjected to curve fitting to see 

whether trends in parameter values similar to those reported by Nikolski 

could be found. Published data used include those of Fadeev (1910) for 

1959 and 1960-61; Maeda (1969) for 1963; and Hatanaka (1968) for 1965-66. 

We have also used data collected during a survey by a U.S. research vessel 

in 1911 and by U.S. obserVers on Japanese motherships in 1913. 
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u.s. scientists measured fish length to the nearest centimeter and aged 

the fish from otoliths. The data of Hatanaka for 1965-66 represent total 

lengths derived from otolith annulus measurements; Maeda's data represent 

fish lengths taken to the lowest whole centimeter with a half cm added with 

aging from otoliths • Although the method of aging used by Fadeev (1970) is 

not indicated, it appears that his lengths-at-age represent back-calculated 

lengths. 

Table 2 summarizes the Bertalanffy parameters computed for the various 

samples. Data are given for sexes where these were identified. Estimates 

of the parameters were obtained by the method of Fabens (1965). The number 

of iterations was limited to 20. 

The data for separate as well as combined sexes show that estimates of 

asymptotic length have decreased and those of growth completion rate have 

increased since the inception of the t: ~astern Bering Sea trawl fishery.. Two 

definiti vp ~~i0rl~ n~ growth are apparent. ~ne 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 consider the apparent increase in k since 1963 a reflection of 

weaker yearclass strength among the yearclasses generated in the early 1960's 

and thereafter. The most recent estimates of k (1971 and 1973) are accompanied 

by a continuation of the low levels of mean length and catch per unit effort 

that have characterized this fishery since 1963. The aggregate of these 

relations strongly suggests that a reduced level of abundance exists at 

this time. 
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Table 2 .--Growth paraneters in different :rears of sa.r.pling eastern Bering Sea 

ye110wfill sole. 

Age 
Range 

L. to SoureeY Sex Year l·tonth.q Used k -
1. Hales 1963 4-11 45.31 -.07 -2.38 1 

1965-66 - 4-13 36.48 -.14 +0.13 2 
1971 Jul:r-AUl; 4-17 39.72 -.15 + .81 3 
1973 Oct -Hov 4-16 32.21 -.17 - .41 4 

2. FeIrA1es 1963 4-1~ 59.61 -.06 -1.56 1 
1965-66 4-13 42.16 -.11 - .08 2 

1971 July-Aug 4-19 41.45 -.14 + .34 3 
1973 Oct -Hov 4-18 32.24 -.18 - .44 4 

3. Sex comb. 1959 June 3-11 50.38 -.10 + .32 5 
1959 July 4-16 58.96 -.07 -1.91 5 
1959 Sep 4-13 77.09 -.04 -3.50 5 

1960-61 Apr -Ha.y 6-1~ 54.41, -.08 -1.59 5 
1963 4-1 85.91 -.03 -2.92 1 

1965-66 4-13 39.10 -.13 + .02 2 
1971 July-Aug 4-19 41.86 -.13 - .28 3 
'O7~ 
"'~I~ O~t -Hov 1-113 33.67 -.16 - .28 4 

Y Sources \~ere: 1 - Maeda (1969) 
2 - Hatanaka (1968) 
3 - national lfurine Fisheries Service 

Bering Sea survey 
4 - U.s. Observer Proeram 
5 - Fadeev (1970) 

y After change of published mean length at a.ge 11 (~ ) from 32.1 to 32.5. 
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SUMMARY 

The available £isheries statistics, size composition data, and growth 

parameters indicate that the yellowfin resource was much reduced by the 

intense £is~ery in the early 1960's and that the stock has remained at this 

low level up to the present time. 
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