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Stock Assessment of Walleye Pollock 
in the Bering Sea in 1990 

Kei-ichi Mito 
National Research Institute of Far Seas Fisheries 

ABSTRACT 

Although a large amount of pollack is caught throughout the Bering 
Sea, stock assessment had been based on only a part of the area and it was 
necessary to conduct a stock assessment throughout the Bering Sea. In the 
document (Doc. No. 3436), which was submitted at last year"s Annual Meeting, 
stock assessment was conducted on the assumption that pollack in the Bering 
Sea consisted of three stocks. That is to say, the continental shelf stock in 
the eastern area and the continental shelf stock in the western region spawn, 
develop, grow and migrate on the continental shelf and continental slope of 
the eastern and western Bering Sea, respectively. It was assumed that pollack 
stocks of the Aleutian Basin spawn in the Aleutian Basin, young fish move to 
the surrounding continental shelf, develop and grow there, and return to the 
Basin when they reach age 5 or 6. However, U.S. scientists pointed out that 
the assumptions should be established based on sufficient information and that 
there were some problems in the method of estimating the recruits of the Basin 
stock. However, in the international waters of the Bering Sea, a large scale 
of fishery is conducted, and it is necessary to do the stock assessment for 
this target stock, and I calculated the allowable catch for 1991 by changing 
the method of estimating the recruitment. 

Body weight by age, life span, age at maturity, natural mortality 
coefficient (M) and age at recruitment, etc. were estimated from the results 
of the multi-vessel trawl surveys conducted by Japan and Japan-u.s. 
cooperative groundfish trawl surveys, etc., in order to obtain the equilibrium 
yield (EY) ~f each stock. To obtain the value of M of pollack of 4 years old 
and older for the continental shelf stock in the eastern area, an estimate of 
Z (0.45) was obtained from the decrease in numbers of individual pollack of 6 
years old and older obtained by the Japan-u.s. cooperative survey, and the 
value of F was obtained by two methods, that is, (Case I) the relationship 
between the estimated biomass obtained by the Japanese multi-vessel trawl 
surveys and the catch and (Case II) the relationship between the estimated 
biomass obtained by the Japan-U.S. cooperative surveys and the catch, and then 
subtracting the value of F from z. The M values obtained were 0.38 and 0.29. 
The value of M of age 3 fish was set as 0.88 and 0.79 in consideration of 
cannibalism. The age at recruitment was fixed as 3 or 4 years old according 
to age composition by year of catch. For the Basin stock, the value of M was 
0.38 and 0.29 for age 3 and older fish and for the age at recruitment, it was 
assumed that all individuals moved to the Basin within two years between the 
ages 4 and 6. For the continental shelf stock in the western area, it was 
assumed that these parameters are the same as those for the continental shelf 
stock in the eastern area. 
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Recruitment was obtained as a relative value by stock. That is, the 
recruitment of the Basin stock and the western continental shelf stock were 
obtained on the assumption that the eastern continental shelf stock was 1. 
Age 4 fish on the continental shelf of the eastern Bering Sea are composed of 
the continental shelf stock and the Basin stock. For calculating the 
recruitment for the Basin stock, the rate of the Basin stock to that of the 
eastern continental stock was obtained by subtracting. The population 
numbers (back-calculated from age 6 fish) of the continental shelf stocks from 
the population numbers of age 4 fish on the continental shelf of the eastern 
Bering Sea. Then the rate of the Basin stock throughout the Bering sea to the 
eastern continental shelf stock was obtained by adding with the Basin stocks 
in the other areas. The rate was 2.96 when the population number of age 4 
fish inhabiting the eastern Bering Sea continental shelf was obtained from the 
Japanese multi-vessel trawl surveys (Case I) and was 2.29 when it was obtained 
from the Japan-u.s. cooperative surveys (Case II). Recruitment of the western 
continental shelf stock was assumed to be 1/4 of the eastern continental shelf 
stock. 

Furthermore, in order to obtain the absolute value of the 
recruitment, the F values and population number by year-class for the eastern 
continental shelf stock was estimated by cohort analysis. The revised U.S. 
data were used for the number of pollock caught. For the value of fishing 
mortality coefficient FT at terminal age T, FT was calculated from the 
population number of age 10 fish obtained from the Japan-u.s. cooperative 
survey. 

Virgin biomass and MSY were calculated using the mean value of 
population number of age 3 fish obtained from cohort analysis. Virgin biomass 
of the continental shelf stock in the eastern area was 12.08 million t 
(recruited at age 3) and 10.40 million t (recruited at age 4) in Case I, and 
12.28 million t (recruited at age 3) and 11.12 million t (recruited at age 4) 
in Case II. Virgin biomasses of the Basin stocks were 16.53 million tin Case 
I and 14.10 million tin Case II. MSY was assumed to be attained when the 
biomass of spawners was half of the virgin biomass. The value of Fat this 
time was fixed to be Fopt· Maximum sustainable yields of the continental 
shelf stocks in the eastern area were 1.14 million t (recruited at age 3) and 
1.19 million t (recruited at age 4) in Case I and 0.93 million t (recruited at 
age 3) and 0.99 million t (recruited at age 4) in Case II. Although the 
maximum sustainable yields of the Basin stocks were 2.90 million tin Case I 
and 1.88 million tin Case II, as they are caught on the continental shelf at 
the age of 3 to 4 years old, taking this into consideration, MSYs were 2.66 to 
2.75 million tin Case I and 1.65 to 1.75 million tin Case II. However, 
since the pollock year-class strength varies greatly by year, these values 
are not more than an approximate value. 

On the assumption that the equilibrium yield (EY) is obtained at the 
time of F t' EY in 1991 was estimated by extrapolation. I obtained the 
numbers of population at age in 1987 from the population number of age 3 fish 
and the value of Z obtained by cohort analysis and then obtained the 
population number in 1991 using the value of F corresponding to the catches 
from 1987 to 1990. By using the value of Fopt for the numbers of population 
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AREA 

in 1991, equilibrium yields of the eastern continental shelf stock were 1.67 
to 1.72 million tin Case I and 1.26 to 1.32 million tin Case II, and EYs of 
the Basin stocks were 3.48 to 3.56 million tin Case I and 2.14 to 2.22 
million tin Case II. 

In addition, judging from the conditions of recruitment in recent 
years, age at recruitment from 1988 to 1991 was considered to be 4 years old. 
Assuming that the population which had the constant value of F by year among 
ages, the value of EY was calculated, and fixed as the allowable catch (AC). 
The values of AC in 1991 were 1.74 million tin Case I and 1.34 million tin 
Case II for the eastern continental shelf stock and 3.41 million tin Case I 
and 2.13 million tin Case II for the Basin stocks. The value of AC for the 
western continental shelf stock was 0.44 million tin Case I and 0.34 million 
tin Case II. The values of AC by area are as follows (10,000 t): 

STOCK 
WESTERN 

CONTINENTAL 
EASTERN 

CONTINENTAL 
SHELF STOCK 

CASE I CASE II 
BASIN STOCK SHELF STOCK TOTAL 

Eastern Continental Shelf/ 
Continental Slope 174 134 

Basin and Aleutian Islands 0 0 

Western Continental Shelf/ 
Continental Slope 0 0 

TOTAL 174 134 

The total AC in 1991 (3.81 to 5.59 
actual catch (3.14 to 4.05 million 

CASE I CASE II CASE I CASE II CASE I 

73 38 0 0 247 

250 168 0 0 250 

18 9 44 34 62 

341 213 44 34 559 

million t) was somewhat greater than the 
t) in 1986-88. The recent catch in the 

international waters of the Bering Sea is not considered to affect the Basin 
stock of pollock. 
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1. Introduction 

Pollock (Theragra chalcogramma) are widely distributed not only on 
the continental shelf but also throughout the Bering Sea including the Basin, 
and the biomass is tremendous (Laevastu and Larkins 1981, Lynde 1984, Maeda 
1971, Smith 1981, Sobolebskiy ec al. 1989). Many pollock are caught in the 
200 miles zone of the u.s. and of the u.s.s.R. and in international waters. 
In addition, although the resource management of pollock in the U.S. and 
u.s.s.R. 200 miles zone are conducted by the u.s. and u.s.s.R. independently, 
the structure of resource management in the international waters is not 
completed yet. 

Information on stocks of pollock in the Bering Sea is presently not 
sufficient. In the document on stock assessment which was submitted at last 
year's Annual Meeting, the stock assessment of pollock was conducted on the 
assumption that there were 3 stocks based on the findings which were obtained 
in the past (Mito 1989a). 

It is known that the spawning grounds of pollock in the Bering Sea 
are divided roughly into three areas (Hinckley 1987, Stepanenko 1989). These 
are the continental shelf of the western Bering Sea, Aleutian Basin, and the 
continental shelf of the eastern Bering Sea. In addition, the spawning season 
occurs in April and May on the continental shelf of the western Bering Sea, 
February and March in the Aleutian Basin, and April to August in the eastern 
Bering Sea (Hinckley 1987, Stepanenko 1989, Teshima ec al. 1988). The growth 
of pollock differs between the Aleutian Basin and the continental shelf of the 
eastern Bering Sea, pollock in the Aleutian Basin grow slower than pollock on 
the continental shelf of the eastern Bering Sea (Okada and Yamaguchi 1985, 
Traynor and Nelson 1985). It is known that the abundance of pollock of age 1 
to 3 fish is very low in the Aleutian Basin. 

From the above information, it was assumed that three stocks (the 
eastern continental shelf stock, western continental shelf stock, and Basin 
stock) exist in the Bering Sea. The eastern continental shelf and western 
continental shelf stocks were assumed to spawn, develop, grow and migrate on 
the continental shelf and continental slope in the eastern and western areas, 
respectively. Furthermore, the Basin stock was assumed to spawn in the 
Aleutian Basin and the juveniles develop and grow to the age of 3 on the 
continental shelf and continental slope of both the eastern and western areas, 
and Aleutian Islands region, and move to the Aleutian Basin when they are 4 
and 6 years old, but some pollock remain in the Aleutian Islands region. 

Generally, pollock are considered to be demersal fish, however, the 
ecological characteristics of this species in the Bering Sea are somewhat 
pelagic in character and the major food is zooplankton, such as euphausiids 
and copepods. On the continental shelf and upper continental slope in the 
eastern Bering Sea, large sized pollock eat their own young, and this 
cannibalism is extensive. Also, there is evidence that changes of biomass of 
pollock depend largely on the strength of the year-classes (Bailey ec al. 
1986). Factors which determine the strength of the year-class are still 
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YEAR JAPAN KOREA POLAND CHINA USSR TOTAL 

1980 2,401 12,059 14,460 
1981 221 0 221 
1982 1,298 2,934 4,232 
1983 4,096 66,558 70,654 
1984 100,899 80,317 181,216 
1985 136,475 82,444 115,874 334,793 
1986 697,967 155,718 163,249 3,218 41,000 1,061,152 
1987 803,549 241,870 230,318 4,127 158,000 1,437,864 
1988 749,981 268,600 298,714 17,400 135,000 1,469,695 
1989 654,907 301,550 288,570 

Since 1980, the catches increased dramatically and reached 1.44 million and 
1.47 million tin 1987 and 1988. 

Within the u.s.s.R. 200 miles zone, only the u.s.s.R. catches 
pollock. Catches from 1980 to 1989 were 880,000 t, 810,000 t, 930,000 t, 
980,000 t, 760,000 t, 660,000 t, 880,000 t, and 950,000 t, 1.44 million t and 
1.15 million t, respectively (Bulatov 1990). In addition, the catch during 
1986 and 1989 included pollock which were caught in international waters. 

Therefore, the catch for the entire Bering Sea was 3.14 million tin 
1986, 3.50 million tin 1987, and 4.05 million tin 1988. 

3. Stock abundance 

Table 2 shows the yearly changes of CPUE for the Japanese trawlers 
which fished for pollock as a target species on the continental shelf and 
continental slope of the eastern Bering Sea. CPUE decreased from 1973, and 
showed no marked fluctuations from 1975 to 1981. However, CPUE has increased 
dramatically since 1982 and the CPUE in 1986 was about two times that in 1975 
to 1981, and was the highest value in the history of the fishery. However, 
because this CPUE value was based on the fisheries which were conducted under 
various regulations, it was not considered that this CPUE value directly 
reflected abundance of the stocks (Sasaki 1987). 

The following table shows CPUE (catch/towing hour) for the Japanese 
midwater trawlers which conducted fishing for pollock as a target species in 
the international waters of the Aleutian Basin. However, the CPUE indicated 
here is nominal and is not standardized, therefore, we can not use it as an 
objective index. Because these pollock have a pelagic character, and the 
migratory route and school forming conditions vary by year, we can not use 
CPUE as a precise index of stock abundance, but we can see the general trend 
during and after 1986 when full scale operations were started (Yoshimura and 
Sasaki 1990). 
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unknown. However, there is no doubt that cannibalism is an important cause 
of mortality of young pollack (Dwyer et al. 1987, Livingston et al. 1986, Mite 
1988a, 1989b). In analyzing the stock, it was necessary to consider the 
yearly changes in the strength of the year-classes and mortality due to 
cannibalism. 

The stock analyses of pollack were conducted based on these 
assumptions, and when I calculated the allowable catch for the entire Bering 
Sea in 1990 and submitted a document of stock assessment at last year's Annual 
Meeting, the U.S. scientists pointed out that the assumption should be 
established on sufficient information, and that there were some problems in 
the method of estimating the recruits of the Basin stock, etc. However, a 
large-scale fishery has been conducted in the international waters of the 
Bering Sea, and it is important to have an assessment for this stock. In this 
document, I changed the method of estimating the recruits of the Basin stock, 
and calculated the allowable catch for 1991. 

Management of pollack stocks by the U.S. within the U.S. 200 miles 
zone is conducted so that optimum yield (OY) of pollack is set at the upper 
limit of the catch. OY of pollack in the eastern Bering Sea and Aleutian 
Islands region was set at 1.2 million t and 100,000 t from 1984 to 1986, 1.2 
million t and 88,000 tin 1987 (Bakkala 1987), 1.3 million t and 45,000 tin 
1988, 1.34 million t and 13,000 tin 1989, and 1.28 million t and 100,000 in 
1990, respectively. 

2. History of the Fishery 

Table 1 shows the yearly change in the catch of pollack in the 
eastern Bering Sea and Aleutian Islands region. A full-scale fishery for 
pollack was initiated in 1964, the catch increased dramatically year by year, 
and reached a peak of 1.84 million tin 1972. After that, because the average 
size of the fish declined remarkably, a catch limitation was introduced 
through bilateral treaties between Japan and the u.s., and between the U.S. 
and the u.s.s.R. (Takahashi 1978). As a result, the catch decreased and was 
1.25 million tin 1976. Since 1977, this area has been incorporated into the 
u.s. 200 miles zone and the allowable catch or optimum catch was established 
and the catches in the eastern Bering Sea were 0.88 to 1.00 million t from 
1977 to 1983 and 1.18 to 1.24 million t from 1985 to 1988. In the Aleutian 
Islands region, the statistics have been taken from 1977, the catch ranged 
from 6,000 t to 9,000 t during 1977 to 1979, and 56,000 to 61,000 t during 
1980 to 1983. Although the largest catch (78,000 t) was reached in 1984, it 
decreased to 46,000 tin 1986, and it further decreased to 29,000 tin 1987, 
and increased to 43,000 tin 1988. 

Catches by country in the international waters of the Aleutian Basin 
are as follows (t). 
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YEAR NORTH PACIFIC TRAWL LANDBASED DRAGNET TOTAL 

1980 0.4 t/hour 0.3 t/hour 0.4 t/hour 
1981 0.3 0.3 
1982 0.5 0.5 
1983 2.1 0.5 1.0 
1984 3.0 5.0 4.0 
1985 5.4 4.3 4.8 
1986 12.3 6.3 8.6 
1987 11.7 5.6 8.4 
1988 9.2 4.6 6.8 
1989 7.2 4.1 6.0 

CPUE values increased, as the catch increased dramatically, and CPUE in 1987 
was almost the same value as that in 1986. CPUE values decreased slightly in 
1988 to 1989. In 1986 and in 1987 when the intensive fishery was initiated in 
the international waters, the CPUE values of the North Pacific Trawlers 
exceeded the CPUE values of bottom trawls fishing on the continental shelf and 
continental slope in the eastern Bering Sea, and it was estimated that density 
of pollock in the international waters was fairly high. 

4. Biomass 

From 1976 to 1984, the multi-vessel trawl surveys for pollock were 
conducted twice a year, May to June (spring) and August to September (autumn) 
on the continental shelf of the eastern Bering Sea by the Japanese catcher 
boats attached to the surimi motherships. The biomass of pollock estimated 
from the fall multi-vessel trawl surveys (Table 3) ranged from 7.8 million t 
to 13.1 million t from 1976 to 1983 (Yamaguchi and Okada 1984). However, the 
biomass in 1984 was estimated to be 6.6 million t, the lowest on record 
(Tashima and Okada 1985). Those surveys were almost never conducted in depths 
of 80 m and shallower, and covered only a part of the school of fishes 
distributed in the mid-water, so it may not be said that the estimated biomass 
was representative of the entire eastern Bering Sea (Sasaki 1987). 

The Japan-u.s. cooperative groundfish stock surveys were conducted on 
the continental shelf and the upper continental slope of the eastern Bering 
sea in 1979, 1982, 1985, and 1988. The biomass of pollock estimated from 
these surveys is shown in Table 3 (Bakkala et al. 1985a, b, Walters et al. 
1988, Low 1990). In addition to this, Table 3 also shows the estimated 
biomass by the U.S. on-bottom trawl surveys conducted on the continental shelf 
(Bakkala et al. 1986, Wespestad and Traynor 1988) . The biomass of pollock by 
four Japan-u.s. cooperative surveys ranged from 8.94 million t to 11 . 60 
million t. It indicated that the volume of pollock distributed in the mid
water was greater than that of pollock distributed near the bottom in 1979 and 
1982, but they were reversed in 1985 and 1988. In the Bering Sea side of the 
Aleutian Islands from 165° to 170°W which included the eastern Bering Sea for 
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the purpose of management of stocks, the Japan-u.s. cooperative groundfish 
stock trawl surveys were conducted in 1980, 1983 and 1986 (Bakkala et al. 
1986, Long et al. in press, Ronholt et al. 1986, Wakabayashi et al. 1988). 
From them, the biomass of pollack was estimated to be 57,000 tin 1980, 
283,000 tin 1983, and 102,000 tin 1986. As pollack distributed in the mid
water were not included in these estimates, the values are underestimated. 
The proportion of pollack obtained by the on-bottom trawl surveys of four 
Japan-u.s. cooperative surveys in the eastern Bering Sea averaged 481. When 
the average biomass of the three surveys in the concerned area was divided by 
this value, it was about 310,000 t. This value was 3.01 of the average 
biomass obtained by four cooperative surveys in the eastern Bering Sea. 

In the Aleutian Islands region, the biomass of pollack by the Japan
U.S. cooperative trawl survey was 315,000 tin 1980, 544,000 tin 1983, and 
517,000 tin 1986. In the same way as the southern area of the eastern Bering 
Sea when the average biomass in three surveys is divided by 0.48, the biomass 
of pollack 960,000 t. 

Since 1983, Japan has conducted an hydro-acoustic survey in the 
Aleutian Basin, and estimated the biomass of pollack. In the winter of 1983, 
the estimated value of 1.14 million twas obtained in only the southeastern 
Aleutian Basin (260,000 km2) (Okada 1986). In the summer of 1985, in the 
offshore area of the Pribilof Islands (140,000 km2), the biomass of pollack 
was estimated to be 5.24 million t (Onoda et al. 1986). In the summer of 
1987, in the areas of 781 of the international waters (170,000 km2) the 
biomass of pollack was estimated to be 9.1 million t (Fisheries Agency of 
Japan 1988). However, the reliability of the estimated biomass obtained from 
the acoustic survey of stocks during the summer of 1987 was discussed at the 
working group meeting of INPFC, and it was determined that the results should 
not be used without any correction, because there are some problems about the 
threshold level in the analytical process. Furthermore there were differences 
in the system, survey method, and analytical treatment, etc. in the surveys 
conducted prior to that time, and the reliability of the estimated value was 
not verified satisfactorily. In the summer of 1988 and the winter of 1988/89, 
the Japan-u.s. cooperative surveys were conducted using the hydro-acoustic 
survey system developed by the National Research Institute of Fisheries 
Engineering in the Aleutian Basin, except in u.s.s.R. waters. Although the 
estimated biomass obtained from the survey during the summer of 1988 was 
650,000 t, according to recent operation pa~terns and the surveys by the 
u.s.s.R., it is considered that the main school of pollack was distributed on 
the western side of the Basin, i.e. U.S.S.R. waters, and unless we survey the 
areas including the u.s.s.R. waters, we can not estimate the entire biomass of 
pollack in the Basin (Takao et al. in press). The preliminary mean estimated 
biomass obtained from the survey conducted during the winter in 1988 to 1989 
was 1.75 million t, and this value was summed from grids of 1° longitude and 
30' latitude where the surveys were conducted satisfactorily (total area: 
about 330,000 km2) (Sawada et al. 1990). Since the area that this value 
represented was about 451 of the survey area, this value was a substantial 
underestimate. The Japan-u.s. cooperative survey using the same system as 
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conducted in the Aleutian Basin and eastern Bering Sea continental shelf, 
except the U.S.S.R. waters during the summer of 1989. 

Although the biomass of pollack spawners was estimated from the 
egg/larvae surveys of pollack which had been conducted by the u.s.s.R. from 
1984 to 1987, the average value was 8.5 million tin the U.S. waters and 2.1 
million tin the u.s.s.R. waters (Bulatov 1989). The u.s.s.R. conducted the 
stock surveys with midwater trawl nets in 1986 and 1987, and the biomass of 
pollack was estimated to be 5.53 million tin 1986 and 6.97 million tin 1987 
(Sobolebskiy et al. 1989). 

5. Body length and age composition 

Fig. 1 shows the length composition of pollack caught by the Japanese 
trawlers on the continental shelf and continental slope in the eastern Bering 
Sea. Fig. 2 shows the age composition of pollack caught by the concerned 
countries in the same area. As the Japanese catches accounted for 57 to 67% 
of the total at that time, it was considered that the length composition 
reflected the actual age composition. Scales were used for age determination. 
In 1976 to 1981, the fish ages 2 to 4 (mainly age 3) which ranged in size from 
26 cm to 40 cm in length were dominant. Since 1982, the ages 3 to 5 fish 
(mainly age 4) which ranged from 34 cm to 46 cm in length were dominant. The 
size of pollack targeted for fishing became larger. 

Figs. 3 and 4 show the length composition and age composition of 
pollack stocks estimated by the multi-vessel trawl surveys which were 
conducted by the Japanese catcher boats attached to the motherships on the 
continental shelf in the eastern Bering Sea, respectively. In 1976 and 1977, 
among the fish 2 to 3 years old which ranged from 24 cm to 38 cm in length 
were dominant, in 1978 age 3 fish, which ranged from 30 cm to 40 cm in length, 
and in 1979-80, ages 1 to 3 fish which ranged from 16 cm to 36 cm were 
dominant. Age 3 fish which ranged from 28 cm to 38 cm in length in 1981, and 
for ages 3 to 5 fish which ranged from 30 cm to 44 cm in length from 1982 to 
1984 were dominant. 

Wespestad and Traynor (1988) and Wespestad (1989) estimated the age 
composition of pollack caught on the continental shelf and upper continental 
slope in the eastern Bering Sea using the otoliths (Fig. 5). Fish 2 to 4 
years old with age 3 fish as the central figure were dominant from 1976 to 
1981, age 4 fish in 1982 and ages 4 to 7 fish were dominant since 1983. 
Although the age composition was almost the same as that which was estimated 
by the Japanese scientists, the proportion of older fish was higher in 1983 
and 1984. This is considered to be caused by the difference in the age 
characteristics used for age determination. That is to say, otoliths may be 
better for determining the age of older fish than scales. 

In the length composition of pollack stock estimated by the Japan
U.S. cooperative groundfish stock survey conducted in the Aleutian Islands 
region in 1980, modes were observed at 33 cm and 40 cm in length, and there 
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were many individuals ranging from 31 cm to 51 cm in length. In the age 
composition, age 3 fish were dominant (Ronholt et al. 1986). In the length 
composition of pollock estimated by the Japan-u.s. cooperative survey in 1983, 
modes were observed at 46-47 cm, and there were many individuals ranging from 
43 cm to 51 cm in length (Wakabayashi et al. 1988). In the length composition 
of pollock estimated by the Japan-u.s, cooperative survey in 1986, the modes 
were observed at 30 cm, 38 cm, and 50 cm in length (Long et al. in press). 

From the survey which was conducted in the Aleutian Basin in the 
summers from 1977 to 1979, the estimated length composition of pollock ranged 
mainly from 42 cm to 52 cm, and the modes were observed at 46 cm to 48 cm, and 
differences by survey year were quite small (Okada 1986). In the survey in 
the summer of 1987, modes were also observed at 46 cm to 48 cm, and the body 
length also ranged mainly from 42 cm to 52 cm (Fisheries Agency of Japan 
1988). In the Japan-u.s. cooperative survey conducted in the summer of 1988, 
the modes were observed at 47 cm to 48 cm in length for males and at 49 cm to 
51 cm in length for females, and the body length ranged mainly from 43 cm to 
56 cm. As compared with the results of surveys obtained in the past, the mode 
was about 2 cm larger (Yoshimura 1989). In addition, in the surveys conducted 
in the winter of 1983, modes were observed at 44 cm to 46 cm, and the body 
length ranged mainly from 40 cm to 50 cm, and it was somewhat smaller than 
that of pollock obtained in the summer (Yamaguchi 1984). In the length 
composition of pollock caught by the Japanese landbased dragnet trawlers in 
the winter of 1987, modes were observed at 45 cm to 47 cm in length, the body 
length ranged mainly from 43 cm to 51 cm, and mode was about 1 cm larger that 
of pollock caught in the winter of 1983 (Sasaki and Yoshimura 1987). In the 
Japan-u.s. cooperative survey which was conducted in the winter from 1988 to 
1989, a mode was observed at 48 cm for male, 50 cm for female, and the body 
length mainly ranged from 43 cm to 55 cm, the mode was about 3 cm larger that 
obtained in the winter of 1987 and was almost the same as that obtained in the 
summer of 1988 (Tashima and Sasaki 1990). However, the differences of the 
mode of body length among these results were very small, and it is considered 
that size of pollock in the Aleutian Basin changed little by season and age. 

For the body length of pollock caught by the commercial vessels in 
the international waters of the Bering Sea, the mean length of the catch 
caught by the Japanese trawlers in 1987 was 48.61 cm, and 49.06 cm in 1988, 
and the mean length in 1988 was slightly larger than that in 1987 (Yoshimura 
and Sasaki 1990). The mean length of males and females in the catch of the 
Korean trawlers increased from 43.5 cm in 1984 to 47.3 cm in 1988 and from 
44.4 cm in 1984 to 48.0 cm in 1988, respectively (Gong and Hur 1990). The 
mean length of catch for males and females obtained by the Polish trawlers was 
47.77 and 49.28 cm from January to April, 1989 and 48.76 and 49.97 cm from 
September to November, respectively (Kowalewska-Pahlke 1990). 

In the age composition of pollock, according to the results of age 
determination which was conducted by the Japanese scientists in the surveys 
conducted in the summer of 1979, ages 5 to 7 fish were dominant (Okada and 
Yamaguchi 1985). In the results obtained by the surveys conducted in the 
winter of 1983, ages 5 to 7 fish were dominant, and the individuals of 3 years 
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old and younger did not appear (Yamaguchi 1984). In the age composition 
obtained from the age determination which was conducted by the U.S. scientists 
in the surveys in the summer of 1979, the results differed from the results by 
Japan, and ages 9 and 10 fish were dominant (Traynor and Nelson 1985). 
According to the age composition of pollack obtained from the surveys during 
the winters of 1988 and 1989, age 10 and 11 fish were dominant, respectively 
and 1978 year class accounted for the large proportion of the populations 
(Traynor 1990). 

According to the results on age determination by the u.s. for the 
catches in the Aleutian Basin, ages 9 to 10 fish in 1983, ages 6 to 8 fish in 
1984, ages 7 to 10 fish in 1985, ages 7 to 9 fish in 1986, ages 8 to 9 fish in 
1987, and age 10 fish in 1988 were dominant, respectively. Since 1984, the 
1978 year-class was the most abundant in the catch (Dawson 1989). In the 
catch obtained from the Polish trawlers, age 12 fish were dominant in 1989, in 
particular, the proportions of ages 11 and 12 fish were high from January to 
April, and the proportions of ages 6 and 8 fish also increased from September 
to November (Kowalewska-Pahlke). 

6. Characteristics of the stocks 

(1) Growth and life span 

For the studies on growth of pollack on the continental shelf and 
upper continental slope in the eastern Bering Sea, there are studies by 
Yamaguchi and Takahashi (1972), and Smith (1981) etc. The reports on the U.S. 
groundfish surveys in 1975, 1976 and 1986 and the reports of the Japan-u.s. 
cooperative groundfish stock surveys in 1979, 1981, 1982 and 1985 also showed 
growth curves (Bakkala ec al. 1985 a, b, Halliday and Sassano 1988, Kaimmer ec 
al. 1976, Sample ec al. 1985, Smith and Bakkala 1982, Walters ec al. 1988). 
The body length by age was calculated by these growth curves by sex, and the 
mean value was obtained. When this mean value was applied to the growth curve 
of von Bertalanffy using a program developed by Motonaga and Ishioka (1988), 
(Application of growth curve of von Bertalanffy (finite difference method), 
Collective volume of programs on stock analysis using personal computer, 
Edition by the Mathematical Ecology and Statistics Division, Tokai Regional 
Fisheries Research Laboratory) the growth curves were as follows: 

Male: Lt = 70.4 (l-e·0.189 Ct+ 0.211)) 
Female: Lt = 77 .1 (l-e·0.166 Ct + 0.295)) 

In the Aleutian Islands region, the following growth curves were 
obtained as the results of the Japan-u.s. cooperative groundfish stock survey 
in 1980 (Ronholt ec al. 1986). 

Male: Lt = 53.17 (l-e·0.3155 t) 

Female: Lt = 56.32 (l-e·0.3234 t) 
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In the Aleutian Basin, the growth curves were obtained based on age 
determination by Japan and the U.S. during the surveys conducted in the summer 
of 1979 (Okada and Yamaguchi 1985, Traynor and Nelson 1985). As both the 
growth curves were not applied to the growth curve of von Bertalanffy, they 
were applied here using the program of Motonaga and Ishioka (1988) in the same 
manner as that conducted for pollock on the continental shelf. As the 
adaptation which applied to the u.s data was not so good, it was shown by the 
equation obtained from the Japanese data. 

Male: Lt • 52.3 (l-e-0.330 Ct+ 0.110>) 
Female: Lt = 54.8 (l-e-0.302Ct + 0.131>) 

The growth of pollock obtained from these equations was similar to the growth 
of pollock in the Aleutian Islands region. 

Conversion to body weight was calculated using the relationship 
between length and weight equation by Smith (1981): 

W = O.OO75L2·977 

Body length and body weight by age and by stock of pollock obtained 
by the above growth equation are as follows (unit: body length, cm; body 
weight, g): 

EASTERN CONTINENTAL SHELF STOCKS BASIN STOCKS 
MALE FEMALE MALE FEMALE 

AGE LENGTH WEIGHT LENGTH WEIGHT LENGTH WEIGHT LENGTH WEIGHT 

3 32.O 227 32.5 237 33.5 260 33.5 260 
4 38.6 398 39.3 418 38.8 402 39.0 406 
5 44.1 590 45.l 629 42.6 531 43.2 542 
6 48.6 789 5O.O 855 45.3 638 46.2 657 
7 52.4 984 54.l 1,084 47.2 724 48.4 752 
8 55.5 1,168 57.6 1,308 48.7 790 5O.l 826 
9 58.O 1,336 60.6 1,519 49.7 840 51.3 883 

10 60.2 1,486 63.l 1,716 50.4 877 52.2 927 
11 61.9 1,619 65.3 1,895 50.9 905 52.9 959 
12 63.4 1,735 67.1 2,056 51.3 925 53.4 984 
13 64.6 1,835 68.6 2,199 51.6 939 53.8 1,002 
14 65.6 1,921 69.9 2,326 51.8 950 54.O 1,015 
15 66.4 1,994 71.0 2,436 51.9 958 54.3 1,025 
16 67.1 2,055 72.O 2,533 52.O 963 54.4 1,032 
17 67.6 2,107 72.8 2,617 52.1 967 54.5 1,038 
18 52.1 970 54.6 1,041 

These values were considered to be the body length and body weight of pollock 
of eastern continental shelf stocks at August 1 which was almost the mean 
value of middle day of the periods when the seven surveys were conducted. It 

3531--14 



was considered to be the body length and body weight of pollock at July 1 for 
the Basin stocks. 

From the results of age determination using the otoliths obtained by 
the U.S. surveys and Japan-u.s. cooperative surveys which were conducted on 
the continental shelf and continental slope in the eastern Bering Sea, the 
oldest fish was 17 years old, and that was assumed to be the life span of 
pollock. It was 18 years old in the Aleutian Basin. Furthermore, the highest 
age of pollock which were caught by the Polish trawlers in the international 
waters was 23 years old as determined using otoliths by Polish scientists 
(Kowalenska-Pahlke 1990). In addition, the highest age in the age 
determination using the cross section of otolith of pollock by Canadian 
scientists in the international waters was 28 years old (McFarlane and Beamish 
1989). 

For age at maturity, I used the relationship between body length and 
maturity rate of pollock on the continental shelf and continental slope in the 
eastern Bering Sea (Smith 1981), and for female pollock about 30\ matured at 
age 3, about 70\ matured at age 4, about 90\ matured at age 5 and individuals 
at age 6 were 100\ mature. For simplicity, it is assumed that age 3 fish are 
all immature and individuals at age 4 are 100\ mature. It was assumed that 
individuals at age 5 are 100\ mature for the Basin stocks. 

The sex ratio for males and females is assumed to be 1:1, and the 
mean body weight of male and female pollock is used for body weight. 

(2) Natural mortality coefficient 

The natural mortality coefficient (M) of pollock on the continental 
shelf and upper continental slope in the eastern Bering Sea is described in 
detail by Sasaki (1985). As a result, it is considered that 0.4 or 0.5 is a 
reasonable value. Also, Wespestad and Traynor (1987), assuming a natural 
mortality coefficient for pollock stocks of 0.3, made a stock assessment with 
various analytical methods. 

Mito (1988b) estimated the value of Musing the population number by 
age obtained by the Japan-u.s. cooperative groundfish stock surveys, and 
obtained the value of 0.45 for pollock of age 4 and older fish on the 
continental shelf and upper continental slope in the eastern Bering Sea. 
However, it is assumed that fish ages 4 to 5 are from both the eastern 
continental shelf stocks and the Basin stocks. Therefore, when I estimated 
the total mortality coefficient Z of the eastern continental shelf pollock 
stock using the estimated population number of ages 6 to 10 fish, I obtained 
the mean value of 0.45. This value was obtained from the 1972 year-class to 
the 1976 year-class. 

In order to obtain the value of M from the value of z, I estimated 
the fishing mortality coefficient (F). At first, the estimate was obtained 
using the results from the Japanese multi-vessel trawl survey in the fall 
which designated as Case I. The average number of pollock of ages 6 to 8 fish 
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from the 1972 year-class to the 1976 year-class was 734 million fish. When it 
was converted to the number as of January 1, it was 990 million fish. The 
mean catch (in number) of ages 6 and 8 fish between 1972 and 1976 year-classes 
obtained from the results of age determination mode by Japan was 56 million 
fish. Therefore, the exploitation rate was 0.057. The value of F was 
obtained from the following equation: 

F = o.057 __ o_ • ..,,4,.....5=
<1-e-0.4s> 

1; o. 07 

Therefore, the value of M was M=0.45 - 0.07=0.38. It is considered that the 
value of Mis applied to pollack of age 4 and older fish. 

The next method was the one using the estimated results from the 
Japan-u.s. cooperative surveys and was designated as Case II. Applying the 
value of 0.45 for the estimated population number, the mean catch (in number) 
of ages 6 to 9 fish of the 1972 to 1976 year-classes was 1.244 billion fish. 
When it was converted to the number as of January let, the number was 1.617 
billion fish. For the number of fish caught, the revised value was used from 
the results of age determination conducted the U.S. The mean catch (in 
number) of ages 6 to 9 fish of the 1972 to 1976 year-classes was 206 million 
fish. Therefore, the exploitation rate was 0.127, the value of F was 0.16, 
and the value of M was 0.29. 

The value of M for age 3 fish is anticipated to be quite higher than 
that for age 4 and older because the predation mortality by cannibalism for 
age 3 is high. I use here 0.88 (Case I) and 0.79 (Case II) for the value of M 
by adding 0.5 which is the mortality coefficient for cannibalism as estimated 
by Mito ( 1989b). 

Also, the value of M for the Basin stock was assumed to be the same 
as the value for the eastern continental shelf stock. However, because age 3 
fish (assumed to live on the northern continental shelf of the eastern Bering 
Sea) are not cannibalized, the value of M was fixed as 0.38 (Case I) and 0.29 
(Case II). 

(3) Age at recruitment and amount of recruitment 

With respect to the age at which pollack recruit to the population on 
the continental shelf and upper continental slope in the eastern Bering Sea, 
it was described as 3 years old (Sasaki 1987, Wespestad and Traynor 1987, 
Yamagushi and Okada 1984). In this report, the age at recruitment by year 
class was determined by comparing the numbers of ages of 3 and 4 fish which 
were caught in each year-class. That is to say, I set age 4 fish as the age 
at recruitment up to the 1969 year-class, and age 3 fish as the age at 
recruitment from the 1970 year class to the 1977 year-class, and age 4 fish as 
the age at recruitment from the 1978 year class to the 1984 year-class. And 
then, for the 1985 year-class and after, I set age 3 or 4 fish as the age at 
recruitment, and conducted stock analyses both ways. For the Basin stocks, I 
assumed that all individuals in the Basin stock move to the Basin and recruit 
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to the target resource for fishing within 2 years between the ages 4 and 6. 
However, it is assumed that pollock that remain on the continental shelf are 
also caught at ages 3 to 5. 

For recruitment of pollock, Sasaki (1985) estimated the population 
numbers of age 3 fish on the basis of the numbers of individuals of age 4 fish 
obtained from the Japanese fall multi-vessel trawl surveys by the catcher 
boats attached to the trawl motherships for the case of natural mortality 
coefficient of 0.4, 0.5 and 0.6. In the case of the M value of 0.4, the 
population numbers of age 3 fish ranged from 7.0 billion to 20.0 billion fish, 
and at the time of the M value of 0.6, the population numbers of age 3 fish 
ranged from 8.4 billion to 24.1 billion fish. Wespestad and Traynor (1987) 
estimated that the population numbers of age 3 fish between the 1978 year
class and 1982 year-class ranged from 1.8 billion to 15.1 billion fish. 

In this report, the recruitment of each stock was obtained as a ratio 
of the recruitment of the eastern continental shelf stock, and first of all, 
the recruitment of the eastern continental shelf pollock stock was estimated 
from the population number by age obtained by the Japan-u.s. cooperative 
groundfish stock surveys in 1979, 1982 and 1985. The eight year-classes used 
were from the 1972 year-class to 1979 year-class. On the assumption that the 
Z value is 0.45, the estimated numbers of individuals of age 6 fish are shown 
in the following table (unit: million fish): 

YEAR CLASS 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

6 YEARS OLD 7 YEARS OLD 8 YEARS OLD 9 YEARS OLD 10 YEARS OLD 

514 ... 328 

ffilBfil 
498 ... 317 

wan:i iili::.-:x.-:::.::::i:.=:: 
684 ... 436 

411 ... 262 
417 ... ~&&fi! -:--..:-:-:=:«::«::::$ 

390 ... 248 
,,,_\5jlt> $;/);.//ii~~ 

999 ... 637 

3,792 ... 
... it- ·: .• ,: . WmfA1 :?.a"' ,¼ 

... 

... 
209 

202 

... fill[l!fil 

... 167 

... 158 

... 

... 133 ... 

... 

... 107 ... 

... 

The highlighted values were the values obtained from the surveys. In the case 
when there were two estimated values in the same year- class, I used the larger 
value, the mean value from the 1972 year-class to the 1979 year-class was 1.34 
billion fish. When I converted this value to the value at January 1, it is 
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1.75 billion fish. From this, the number of individuals of ages 5 and 4 fish 
were 2.74 billion fish and 4.30 billion fish, respectively. 

Subsequently, I estimated the recruitment of the Basin stock. I used 
the number of individuals by age estimated by the Japanese multi-vessel trawl 
surveys in the fall for Case I. The estimated population number by age and by 
year-class are as follows (unit: million fish): 

YEAR-CLASS 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

AGE 3 

10,547 
14,036 
14,301 
10,905 
22,108 
21,739 

5,993 
8,869 

AGE 4 

6,207 
4,677 
4,075 
3,790 
5,386 
6,626 

11,681 
11,203 

5,339 

AGE 5 

1,082 
1,932 
1,461 

892 
2,314 

665 
2,027 
6,008 
2,582 

AGE 6 AGE 7 AGE 8 

580 350 85 
650 212 222 
655 268 124 
331 331 70 
829 135 26 
286 64 41 
251 193 73 
521 429 

1,505 

The mean population number of age 4 fish of the 1972 year-class to 1979 year
class was 6.71 billion fish. The movement of the Basin stock from the 
continental shelf to the Basin occurs within two years between the ages 4 and 
6, and it is assumed that the total number of the Basin stock which stays on 
the continental shelf and the continental shelf stock decreases exponentially 
during the periods of age 4 to 6. When I determined the value of Z from the 
numbers of individuals of age 4 as of September 1 and the numbers of 
individuals of age 6 as of January 1, it was 1.01. The population number of 
age 4 as of January 1 was calculated to be 13.14 billion fish by using this 
value of z. The remaining 8.84 billion fish obtained by subtracting 4.30 
billion fish from 13.14 billion fish is considered to be the Basin stock on 
the continental shelf of the eastern Bering Sea. 

As in Case II, the population number by age estimated by the Japan
U.S. joint surveys was used. The year-classes which were comparable to the 
numbers of individuals of ages 4 or 5 and the numbers of individuals of age 6 
are as follows (unit: million fish): 

Year-class Age 4 Age 5 Age 6 
as of Aug. 1 as of Aug. 1 as of Jan. 1 

1974 1,313 888 
1975 1,598 541 
1975 3,591 1,296 
1977 11,967 4,931 

3531--18 



AREA 

A weighted mean of the period for the values of z of four year-classes is 
0.92. Using this value of Zand the population number of age 6 fish, the 
number of fish of age 4 fish at January 1st was calculated to be 11.05 billion 
fish. Therefore, the number of fish of the Basin stock are 6.75 billion fish. 

Besides this, age 4 fish of the Basin stock were distributed on the 
western Bering Sea continental shelf and upper continental slope, and the 
Aleutian Islands region. It is assumed that the Basin stocks were distributed 
in the western Bering Sea at the same rate with that in the eastern Bering 
Sea, and all pollock in the Aleutian Islands region are of the Basin stock. 
Assuming that the ration of biomass of spawners in each area is the eastern, 
western, and Aleutian Islands as 8:2:1, the number of fish of age 4 fish of 
each stock can be estimated as follows (unit: 100 million fish): 

STOCK 
EASTERN WESTERN 

CONTINENTAL CONTINENTAL 
SHELF STOCK BASIN STOCK SHELF STOCK TOTAL 

CASE I CASE II CASE I CASE II CASE I CASE II CASE I CASE II 

Eastern Continental Shelf 43 43 88 68 0 0 131 

Western Continental Shelf 0 0 22 17 11 11 32 

Aleutian Islands 0 0 16 14 0 0 16 

Total 43 43 127 98 11 11 181 

That is to say, the number of age 4 fish of the Basin stock was 12.7 billion 
fish and 9.8 billion fish, respectively. Although these are the values 
obtained from the 1972 year-class to the 1979 year-class, these year-classes 
were recruited at 3 years old. Therefore, in order to determine the 
recruitment, it is necessary to omit the catch at the age of 3 years old. And 
then, on the assumption that the value of z for age 3 fish is 0.95 for the 
eastern continental shelf stock, and 0.45 for the Basin stock, the numbers of 
individuals of age 3 fish as of January 1 are 11.1 billion fish for the 
eastern continental shelf stock, 19.9 billion fish (Case I) and 15.4 billion 
fish (Case II) for the Basin stock. Thus, the recruitment of age 4 fish of 
the eastern continental shelf stock is 4.6 billion fish (Case I) and 5.0 
billion fish (Case II), respectively. In addition, the number of age 4 fish 
of the Basin stock is 13.6 billion fish (Case I) and 11.5 billion fish (Case 
II), respectively. These are indicated as a ratio of the number of recruits 
of the eastern continental shelf stock as follows: 
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CASE I CASE II 
STOCK RECRUITS AGE 3 RECRUITS AGE 4 RECRUITS AGE 3 RECRUITS AGE 4 

Eastern continental 
shelf stock 

Basin stock 
Western continental 

shelf stock 

7. Cohort analysis 

1.00 
1.79 

0.25 

1.00 
2.96 

0.25 

1.00 
1.38 

0.25 

1.00 
2.39 

0.25 

Cohort analyses are conducted by the U.S. scientists for pollock on 
the continental shelf and upper continental elope in the eastern Bering Sea 
(Weepeetad and Traynor 1988, Weepeetad 1989). However, since it is considered 
that several stocks are included in ages 3 to 5 fish, it is necessary to 
analyze each stock separately. In this report, I conducted cohort analysis on 
that particular eastern continental shelf stock. 

I used the data of Wespeetad and Traynor (1988) and Weepestad (1989) 
as the number caught by year and by age. When I obtained the catch weight by 
multiplying the number caught by body weight by age, this catch was different 
from the value reported as the catch statistics. Therefore, the number of 
fish caught by year were corrected to be in accord with the reported catch. 
Furthermore, as the Basin pollock stock was included in ages 3 to 5 fish, it 
was omitted. That is to say, for age 3 fish, I multiplied by 0.445 for Case I 
0.512 for case II, for age 4 fish, I multiplied by 0.327 for case I and 0.389 
for Case II, and for age 5 fish, I multiplied by 0.389 for Case I and 0.560 
for Case II (Table 4). 

As the M value, 0.88 (Case I) and 0.79 (Case II) were used for age 3 
fish, and 0.38 (Case I) and 0.29 (Case II) were used for age 4 and older fish. 
The calculations were conducted using two programs: Iehioka'e program (1988) 
(Calculation of cohort analysis which used the sequential substitution method) 
and Shimamoto and Iehioka'e program (1988) (Cohort calculation of a single 
year-class (back calculation method), Collective volume of programs on stock 
analysis using personal computer, Edition by the Mathematical Ecology and 
Statistics Division, Tokai Regional Fisheries Research Laboratory). 

At first, the population number of the oldest age (age 10 fish) was 
obtained from the number of individuals of ages 4 to 12 fish (converted to the 
value on January let) which was estimated by the Japan-u.s. cooperative 
groundfieh stock surveys and Z = 0.45. By this, in the 1967 year-class to 
1978 year-class, the population number of age 10 fish on January let were 
obtained, and in the 1979 year-class to 1981 year-class, the population 
numbers of ages 9 to 7 fish were obtained (Unit: million fish): 
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YEAR 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

1976 
1977 
1978 
1979 
1980 

1981 

CLASS 
AGE 

4 5 6 7 8 9 10 

Yf~~:,::❖ 

I w·· ...... f &mi'..! ______ ___, #.~Bl:.¥ ._. 124 
~::!.::.:-.:-;::::::::-.:::::-.::*: 

---- 215 
-------- 815 

701 
497 (Case I) 
564 (Case II) 

111 (Case I) 
132 (Case II) 

11 12 

The highlighted values were converted to the values as of January 1 which were 
obtained from the survey. The F value and population numbers by age of the 
1967 year-class to 1981 year-class were calculated by inputting these 
population numbers to Ishioka's software (1988). For other year-classes, the 
value of F by age and population numbers were calculated using the software of 
Shimamoto and Ishioka (1988) on the assumption that the value of F of age 8 
fish of the previous year-class was used as Fr for year-classes from 1961 to 
1966, and the mean value of F of ages 6 and 5 fish of the 1967 year-class to 
the 1981 year-class was used as Fr for the 1982 year-class and the 1983 year
class. 

Table 4 showed the value of F by age and the population numbers by 
age of each year-class for both cases. The average number of individuals of 
age 3 fish from the 1964 year-class to 1983 year-class was 12.09 billion for 
Case I and 7.93 billion fish for Case II. Recent recruitment has tended to 
increase, and the mean population numbers of the 1974 year-class to the 1983 
year-class were 14.04 billion fish for Case I and 9.05 billion fish for Case 
II. 

8. Estimation of virgin biomass 

For the numbers of recruits at age 3 from the eastern continental 
shelf stocks, the mean value of the 1972 year-class to 1979 year-class was 
11.1 billion fish. However, as the 1978 year-class which was dominant and was 
included in these year-classes, it is assumed that the number of recruits were 
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more than the ~verage number of recruits. Also, in contrast with this, it was 
considered that the estimated value obtained by this survey was an 
underestimate. Therefore, the virgin biomass was estimated using the 
population numbers of age 3 fish of the 1964 year-class to the 1983 year-class 
obtained from the cohort analysis as the average numbers of pollack recruits. 
The value of M was set to be 0.88 (Case I) and 0.79 (Case II) for age 3 fish 
and 0.38 (Case I) and 0.29 (Case II) for age 4 and older fish. It is possible 
to calculate the virgin biomass on August 1 by converting the numbers of 
individuals on January 1 to the numbers of individuals on August 1 and by 
multiplying body weight by age. The virgin biomass for Case I was 12.08 
million t for recruits at age 3 and 10.40 million t for recruits at age 4. 
Also, in Case II, they were 12.28 million t and 11.12 million t, respectively. 

For the Basin stock, it is assumed that the number of individuals of 
age 3 fish on January 1 is 1.792 times for Case I and 1.386 times for Case II 
higher than that of the eastern continental shelf stock. The virgin biomass 
is obtained by converting the numbers of individuals to the value on July 1 
and by multiplying body weight by age. That is to say, it was 16.58 million t 
for Case I and 14.10 million t for Case II. 

In addition, the virgin biomass is 1.161 times greater for Case I and 
1.141 times greater for Case II by using the mean population numbers of 1974 
year-class to 1983 year-class as a recruitment. It is considered to be 
difficult to estimate the virgin biomass, because of a large yearly 
fluctuation of the strength of year-class for pollack. That is to say, the 
average recruitment is unlikely to be obtained. The virgin biomass described 
here is an approximate standard. 

9. Reproduction 

eggs and 
biomass. 
year and 
analysis. 

It is important to clarify the relationship between the number of 
the number of recruits in order to forecast the fluctuation of 

I considered here the reproduction from the population number by 
by age of the eastern continental shelf stocks obtained by the cohort 

As it is considered that the number of eggs are almost proportional 
to the biomass of spawners, the biomasses of ages 4 to 9 fish on August 1 are 
set as an index of the number of eggs. For the number of recruits, the 
biomass of age 3 fish was used (Fig. 6). And then, the program of Kato (1988) 
was applied to the reproduction curve of Ricker-type (Application of Ricker
type reproduction curve by Gauss-Newton method. Collective volume of programs 
on stock analysis using personal computer. Edition by the Mathematical 
Ecology and Statistics Division, Takai Regional Fisheries Research 
Laboratory). Equations for the curve were as follows: 

Case I R = 1. 708 Ee-0.003457E 
Case II R = 1. 493 Ee-0.004436E 
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The curve did not fit well, because the points varied widely. 

The curve does demonstrate that the number of recruits increase as 
the spawners decrease. 

10. Estimation of MSY 

It is considered that we can achieve MSY by adjusting the fishing 
intensity to maintain the biomass of spawners at the level of maximum 
recruits. However, as mentioned before, an obvious relationship was not 
recognized in the reproduction of pollack. 

On the assumption that maximum recruits is obtained when the biomass 
of spawners reached more than half of the virgin biomass, I could set the 
value of Fat that time at half of the virgin biomass for the optimum fishing 
mortality coefficient (Fopt>· That is to say, when the value of F reached 
Fopt' the MSY would be achieved. 

Fopt and MSY for the eastern continental shelf stock was as follows: 

CASE I CASE II F. MSY Fopt MSY 
MILLION t MILLION t 

At the time recruited at 
the age of 3 years old 0.157 1.14 0.133 0.93 

At the time recruited at 
the age of 4 years old 0.214 1.19 0.170 0.99 

The exploitation rate for the biomass on August 1 at these cases was 0.169 for 
Case I for recruitment at age 3 and 0.228 for recruitment at age 4 years, and 
0.140 for Case II for recruitment at age 3 and 0.178 for recruitment at age 4. 

Furthermore, in the case of the Basin stock, because the Basin stock 
is assumed to recruit to the resource between the ages of 4 and 6, a part of 
adults are not exposed to the fishery, therefore the value of F twas 
significantly high (0.387) for Case I and 0.289 for case II, andMSY was 2.90 
million tin Case I and 1.88 million tin Case II, and exploitation rate for 
the biomass on July 1 was 0.395 for Case I and 0.293 for Case II. However, 
since ages 3 to 5 fish of the Basin stock were exposed to the fishery on the 
continental shelf, the actual age of recruitment was 3 years old or 4 years 
old. The value of Fopt at these ages was 0.139 for Case I and 0.130 for Case 
II when recruited at age 3 and 0.181 for Case I and 0.165 for Case II when 
recruited at age 4. MSY was 2.66 million t for Case I when recruited at age 3 
and 2.75 million t when recruited at age 4, and for Case II it was 1.65 
million t when recruited at age 3, and 1.75 million t when recruited at age 4. 
The exploitation rate for the biomass on July 1 was 0.151 for Case I and 0.132 
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for Case II when recruited at age 3 and 0.198 for Case I and 0.168 for Case II 
when recruited at age 4. 

In the same way as the virgin biomass, MSY is also an approximate 
standard. 

11. Estimation of equilibrium yield 

Assuming that the biomass is maintained when the fishing intensity is 
provided by the value of Fopt' I estimated the equilibrium yield (EY) of the 
eastern continental shelf stock and Basin stock in 1991. 

For the eastern continental shelf stock, I used the population 
numbers at ages 3 to 10 fish of 1987 which was obtained from cohort analysis. 
The population number at age 11 and older fish were obtained from the 
population number at age 10 fish prior to 1986 and the Z value of 0.45. The 
population number up to 1991 were estimated by extrapolation. The number of 
recruits of age 3 fish was obtained by the same method as the Wespestad and 
Traynor's method (1987). That is to say, at first, I obtained the 
relationship between the estimated number of age 1 fish obtained from the U.S. 
stock surveys and the number of age 3 fish obtained from cohort analysis, and 
estimated the number of recruits from the 1984 year-class to the 1987 year
class. The number of individuals from the 1978 year-class to 1983 year-class 
were as follows (Unit: billion fish): 

AGE 1 FISH AGE 3 FISH ESTIMATED IN REPORT 
YEAR-CLASS BY U.S. SURVEY CASE I CASE II 

1978 8.2 38.06 23. 72 
1979 23.96 14.13 
1980 1.0 14.22 9.88 
1981 0.8 4.65 3.47 
1982 3.7 24.18 15.30 
1983 0.3 4.94 3.16 

This relationship was shown in Fig. 7. On the,assumption that the 
relationship was linear, the data for both ages was converted to logs and the 
following equations were obtained: 

Case I 
Case II 

y = 9. 51x0•6643 
y = 6 _44x0.6376 

Where, Xis the population number of age 1 fish (billion fish) by the U.S. 
surveys and y is the number of recruits of age 3 fish (billion fish) estimated 
in this report. A coefficient of correlation was 0.925 to 0.933 and I can say 
that there was a positive correlation with the level of significance of 5\. 
The number of recruits from the 1984 year-class to 1987 year-class obtained 
from these equations were as follows (Units billion fish): 
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AGE 1 FISH NO. OF RECRUITS AT THE AGE OF 
3 YEARS OLD 

YEAR-CLASS BY U.S. SURVEY CASE I CASE II 

1984 4.0 24.04 15.59 
1985 2.2 16.16 10.65 
1986 0.3 4.30 2.99 
1987 1.0 9.57 6.44 

The catch in the eastern Bering sea continental shelf/continental slope in 
1987 was 1.24 million t. Because the number of fish caught of age 3 years 
were fairly few, I regarded as pollack recruited at the age of 4 years old. 
The value of F which provided the catch of 1.24 million twas 0.087 for Case I 
and 0.111 for Case II. The biomass of the eastern continental shelf stock on 
August 1 was 9.18 million t for Case I and 8.14 million t for Case II. Of the 
catch of 1.24 million t, the eastern continental shelf stock was 0.84 million 
t for case I (67% of the total) and 0.94 million t for Case II (76% of the 
total). I obtained the population number of the eastern continental shelf 
stock on January 1st, 1988 using the values of F and M, and they were as 
follows (unit: million fish): 

AGE CASE I CASE II 

3 16,160 10,650 
4 9,971 7,075 
5 1,271 944 
6 4,171 3,305 
7 489 489 
8 894 898 
9 1,066 964 

10 945 933 
11 135 144 
12 53 62 
13 26 34 
14 30 41 
15 15 23 
16 10 17 
17 8 14 

The catch in 1988 was established as 1.23 million t. In Case I, the value of 
F was 0.052 when recruited at age 3 and the value of F was 0.067 when 
recruited at age 4 corresponded to the catch. In case II, the value of F was 
0.073 when recruited at age 3 and 0.091 when recruited at age 4. The biomass 
on August let was 12.63 million t when recruited at age 3 and 10.36 million t 
when recruited at age 4 in Case I, and 10.65 million t and 9.06 million tin 
Case II, respectively. Similarly, I obtained the population numbers on 
January let, 1989, established the catch as 1.34 million t, and the 
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corresponding value of F was 0.067 when recruited at age 3 and 0.071 when 
recruited at age 4 in Case I, and was 0.089 and 0.094 in Case II, 
respectively. The biomass on August 1st was 11.19 million t, 10.57 million t, 
9.82 million t, and 9.35 million t, respectively. Furthermore, by calculating 
the population numbers on January 1, 1990 and establishing the catch as 1.28 
million tin the eastern Bering Sea continental shelf/continental slope, the 
corresponding value of F was 0.081 for Case I when recruited at age 3 and 
0.100 when recruited at age 4, and was 0.102 and 0.120 for Case II, 
respectively. The biomass on August 1 of the eastern continental shelf stock 
was 10.35 million t, 8.99 million t, 9.27 million t, and 8.29 million t, 
respectively. An then I could calculate the population numbers by age on 
January 1, 1991. In addition, since the recruitment of age 3 fish of the 1988 
year-class was unknown, the mean recruitments of 16.41 billion fish (Case I) 
and 10.53 billion fish (Case II) of the 1978 year-class to the 1987 year-class 
were fixed as the assumed value. I calculated the number of individuals by 
age and biomass on August 1 using Fopt of 0.157 and 0.133 when recruited at 
age 3 fish and Fopt of 0.214 and 0.170 when recruited at age 4 fish for Case I 
and Case II, and I obtained the results in the following Table (unit: million 
fish and thousand t): 

CASE I CASE II 
RECRUITED AT RECRUITED AT RECRUITED AT RECRUITED AT 

AGE AGE 3 FISH AGE 4 FISH AGE 3 FISH AGE 4 FISH 
NO. OF NO. OF NO. OF NO. OF 
INDIV. BIOMASS INDIV. BIOMASS INDIV. BIOMASS INDIV. BIOMASS 

3 8,962 2,081 6,146 1,427 
4 2,676 1,091 2,807 1,145 2,062 841 2,235 911 
5 769 469 780 476 655 399 689 420 
6 1,876 1,542 1,868 1,535 1,624 1,335 1,671 1,373 
7 1,909 1,974 1,778 1,838 1,779 1,839 1,671 1,728 
8 243 301 227 280 237 294 223 276 
9 799 1,140 744 1,061 831 1,186 780 1,114 

10 94 150 87 140 123 197 115 185 
11 171 301 159 280 226 397 212 373 
12 204 387 190 360 242 459 228 432 
13 181 365 169 340 235 473 220 444 
14 26 55 24 51 36 77 34 72 
15 10 23 10 21 16 35 15 32 
16 5 12 5 11 9 19 8 18 
17 6 13 5 12 10 24 10 23 

In Case I, the biomass was 9.90 million t and EY was 1.67 million t when 
recruited at age 3 and the biomass was 7 . 55 million t and EY was 1.72 million 
t when recruited at age 4. In Case II, the biomass was 9 . 00 million t and EY 
was 1.26 million t when recruited at age 3 and the biomass was 7.40 million t 
and EY was 1.32 million t when recruited at age 4. 
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For the Basin stock, EY was estimated on the assumption that the 
number of recruits by year-class is proportioned to that of the eastern 
continental shelf stock. The numbers of recruits at age 3 was 1.792 times 
greater in Case I and 1.388 times greater in Case II than that of the eastern 
continental shelf stock. The population number by age on January 1st, 1987 
was calculated by multiplying the number of recruits of each year-class by the 
survival rate obtained from the value of Z included the fishing mortality on 
the continental shelf at ages 3 to 5. Although a fair amount of pollock were 
caught in the international waters from 1983 to 1986, the number lost due to 
fishing mortality was not included here. The catch of pollack in the 
international waters in 1987 was 1.42 million t, and was 30,000 tin the 
Aleutian Islands region, and the total catch of the Basin stock was 1.45 
million t. Because the Basin stocks were caught on the continental shelf at 
ages 4 to 5, the catches of whole stock were 1.85 million t to 1.98 million t. 
The corresponding value of F was 0.075 in Case I and 0.100 in Case II. Also, 
the biomass of all Basin stock on July 1st was 25.22 million tin Case I and 
17.94 million tin Case II. The population number by age on January 1st, 1988 
were obtained from these values of F and M. The catch of pollack in the 
international waters and the Aleutian Islands region in 1988 was 1.51 million 
t. Although few differences were observed in the value of F between 
recruitment at age 3 and age 4 on the continental shelf, this was a negligible 
amount. It was 0.087 in Case I and 0.115 in Case II. The biomasses (age 3 
and older fish and age 4 and older fish) were 33.79 million t and 27.64 
million tin Case I and 22.19 million t and 18.94 million tin Case II. The 
catch of pollack in the international waters and the Aleutian Islands region 
in 1989 was assumed to be 1.50 million t. The corresponding value of F was 
0.090 in Case I and 0.121 to 0.122 in case II, and the biomasses (age 3 and 
older fish and age 4 and older fish) on July 1 were 28.37 million t and 26.94 
million tin Case I and 19.12 million t and 18.37 million tin Case II. 
Similarly, the catches in the international waters and Aleutian Islands region 
in 1990 were also assumed to be 1.50 million t, and the corresponding value of 
F was 0.086 for Case I and 0.119 for Case II and the biomasses (age 3 and 
older and age 4 and older) on July 1 were 24.91 million t and 21.58 million t 
for Case I and 16.91 million t and 15.19 million t for Case II. The 
population number by age on January 1st, 1991 was obtained and then EY was 
obtained by applying Fopt of 0.139 when recruited at age 3 in Case I and Fopt 
of 0.181 when recruited at age 4 in Case I (and was 0.130 when recruited at 
age 3 in Case II and was 0.165 when recruited at age 4) to the population 
numbers by age on January 1st, 1991. The numbers of individuals and biomasses 
of the Basin stock on July 1st were in the following table (unit: million 
fish and 1,000 t): 
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AGE 
RECRUITED AT 

AGE 3 FISH 
NO. OF 
INDIV. 

3 22,482 
4 8,269 
5 2,387 
6 5,835 
7 5,854 
8 725 
9 2,351 

10 291 
11 630 
12 741 
13 767 
14 152 
15 51 
16 26 
17 28 
18 18 

BIOMASS 

5,849 
3,359 
1,293 
3,836 
4,400 

599 
2,077 

270 
604 
729 
768 
154 

52 
27 
29 
19 

CASE I 
RECRUITED AT 

AGE 4 FISH 
NO. OF 
INDIV. 

8,714 
2,443 
5,938 
5,635 

705 
2,302 

285 
617 
726 
751 
149 

50 
25 
27 
18 

BIOMASS 

3,540 
1,323 
3,904 
4,236 

582 
2,033 

264 
592 
714 
752 
151 

51 
26 
28 
18 

CASE II 
RECRUITED AT 

AGE 3 FISH 
NO. OF 
INDIV. 

11,812 
4,882 
1,553 
3,817 
4,080 

525 
1,808 

286 
632 
690 
797 
177 

63 
36 
43 
31 

BIOMASS 

3,073 
1,983 

841 
2,509 
3,067 

433 
1,597 

265 
606 
679 
799 
179 

64 
37 
44 
32 

RECRUITED AT 
AGE 4 FISH 

NO. OF 
INDIV. 

5,307 
1,637 
3,979 
3,926 

511 
1,775 

281 
620 

.678 
783 
174 

62 
35 
42 
30 

BIOMASS 

2,156 
887 

2,618 
2,951 

422 
1,568 

260 
595 
666 
784 
176 

63 
37 
43 
31 

In Case I, the biomass when recruited at age 3 was 24.06 million t and EY was 
3.56 million t, and the biomass when recruited at age 4 was 18.22 million t 
and EY was 3.48 million t. In Case II, the biomass when recruited at age 3 
was 16.21 million t and EY was 2.14 million t and the biomass when recruited 
at age 4 was 13.26 million t and EY was 2.22 ·million t. 

12. Allowable catch 

I considered the equilibrium yield on the eastern continental shelf 
stock and the Basin stock in 1991 in the previous section. In this section, I 
consider the propriety of equilibrium yield and propose the allowable catch 
(AC) by area. 

In this report, I estimated EY on the assumption that there are three 
stocks of pollock in the Bering Sea. Sasaki (1988) compiled the information 
of studies on pollock stocks in the Bering Sea. According to this, on the 
continental shelf in the eastern Bering Sea, there are two theories, a single 
stock theory (Takahashi and Yamaguchi 1972) and a two stock theory which 
assumes two stocks exit: the northwestern stock and southeastern stock on a 
border of the Pribilof Islands (Maeda 1971, 1972), and in the two stock 
theory, it is estimated that the spawning grounds of the northwestern stock 
are on the continental slope and open sea areas (Maeda and Hirakawa 1977). 
Lynde et al. (1986) assumed two "units" existed which differ in the process of 
reproduction in the eastern Bering Sea and Aleutian Basin, and considered that 
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eggs and larvae of stocks which use the Aleutian Basin as the major spawning 
ground are transported to the continental shelf in the eastern Bering Sea and 
stay in waters north of the Pribilof Islands until the ages of 3 to 4, and 
move to the Basin as they grow older. Yamaguchi (1984) considered that most 
of immature young fish and well grown fish among older fish out of pollock 
which inhabited the Basin in the winter season return to the continental shelf 
during the summer season and most older fish still remain in the Basin. 
Hinckley (1987) considered that there are at least three independent spawning 
stocks: Aleutian Basin stock, northwestern continental slope stock, and a 
stock inhabiting the southeastern continental shelf and slope area and the 
northwestern continental shelf. Sasaki and Yoshimura (1988) assume that 
pollock which inhabit the Basin during the winter are the stock which grew in 
different areas of the continental shelf, moved to the Basin, and mingled with 
one another. Based on the results of tagging (Yoshida 1979), Sasaki (1988) 
indicates that there are some relationships among the stock on the continental 
shelf in the Asian side, the stock of the Basin, and the stock in the eastern 
Bering Sea. According to the above information, Sasaki (1988) described that 
because none of the theories were based on decisive evidence and were still a 
matter of conjecture, it is necessary to clarify collectively the structure of 
pollock population throughout the Bering Sea in order to determine the origin 
of pollock in the Basin. 

Similarly, because there is no obvious evidences on the separation of 
pollock stocks in the Bering Sea, Dawson (1989) set up several working 
hypotheses on the relationship between pollock in the Aleutian Basin and 
pollock in the other areas. In the consideration of stock in this report, the 
separation was based on the unit of reproduction and based on the condition 
that there is almost no exchange of genes among the other stocks. Because 
there is no evidence that the individuals originating in each spawning ground 
return to the same spawning ground as spawner, it has not been confirmed that 
pollock in each area are distributed independently as a single stock from 
other stocks. However, obvious differences are observed in the spawning 
grounds, spawning season, and growth of pollock in the Aleutian Basin and 
pollock on the eastern continental shelf. Therefore, it is necessary at least 
to separate pollock in the Basin and pollock on the eastern continental shelf 
when the assessment is being conducted. 

In this report, on the assumption that there are three separate 
stocks, the eastern continental shelf stock, the western continental shelf 
stock, and the Basin stock, EY of the eastern continental shelf stock and the 
Basin stock was estimated from the population numbers, body weight by age, and 
the values of Mand Fopt· Among these parameters, it is assumed that the 
population number has the widest fluctuation in the estimated value. The 
population number by year and by age were obtained from the number of recruits 
at age 3 fish by year-class and the value of z. The number of recruits of the 
eastern continental shelf stock was estimated by cohort analysis. In this 
cohort analysis, F and the population number by year and by age was calculated 
using two values of M. For the number of individuals at the oldest age (here 
10 years old), I used the estimated value obtained from the Japan-u.s. 
cooperative surveys in both Case I and Case II. It is considered that the 

3531--29 



estimated value by the Japan-u.s. cooperative surveys is an underestimate 
(Mito 1988b). Therefore, the population numbers obtained from cohort analysis 
were also considered to be an underestimate. The number of individuals of the 
Basin stock was obtained by subtracting the number of individuals of age 4 
fish of the eastern continental shelf stock (calculated from the number of 
individuals of ages 6 fish and the value of Z 0.45) from the number of 
individuals of age 4 fish which inhabit the eastern continental shelf. In 
Case I, for the number of individuals of age 4 fish on the continental shelf, 
the estimated value by the Japanese fall multi-vessel trawl surveys was used, 
and for the number of individuals of age 6 fish, the estimated value by the 
Japan-u.s. cooperative surveys was used. For the number of individuals of age 
4 fish, the estimated value by the Japanese multi-vessel trawl surveys was 
greater than that by the estimated value by the Japan-u.s. cooperative 
surveys, and the number of individuals of age 6 fish was vice versa. The area 
surveyed by the Japanese multi-vessel trawl surveys was smaller than that 
surveyed by the Japan-u.s. cooperative surveys, and pollock in the midwater 
were not caught. Therefore, it is considered that the estimated biomass 
obtained from the Japanese multi-vessel trawl surveys is considerably 
underestimated. In Case II, for the number of individuals of ages 4 and 5 
fish, the values of 1974, 1975, 1977 and 1978 year-classes obtained from the 
Japan-u.s. cooperative surveys were used. The value which is possible to 
compare to age 6 fish was only these four year-classes and it was not 
sufficient to obtain the value of Z including removal of the Basin stock. 
Although the mean value of Z was obtained by weighting the period, but the 
value of Zin the case of simple mean was 1.194 and the recruitment of Basin 
stock is 2.18 times of a weighted mean. 

As mentioned above, the estimated biomass of the Basin stock here is 
not accurate enough. However, an acoustic survey to estimate biomass of 
pollock throughout the Basin including U.S.S.R. 200 miles zone has not been 
conducted. The preliminary estimated value obtained from the surveys in the 
international waters and U.S. 200 miles zone was extremely small value as 
compared with the estimated values in the Basin obtained here (the biomasses 
of ages 5 and 6 and older of the Basin stock), that is, 13.00 to 17.30 million 
tin 1988, 12.20 to 16.50 million tin 1989, and 12.50 to 17.20 million tin 
1990. The estimated value obtained by the surveys was not directly comparable 
with the estimated value obtained here, because of small area covered. From 
now on, it is necessary to expand the survey area and to improve the accuracy 
of the method of estimate used in this paper. 

The value of F estimated in the cohort analysis varied greatly by 
age, even in the same year. In this report, the value of F by age of pollock 
in the Bering Sea is assumed to be constant in the same year. It is 
considered that the dispersion of the value of F estimated in the cohort 
analysis includes the errors occurred when the numbers of fish caught by age 
were estimated. Thus, I set up here the populations, of which the values of F 
by age are the same by year, and estimate the allowable catch. 

At first, for the eastern continental shelf stock, the value of Case 
I was used as the number of individuals of age 3 fish by year-class. In the 
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catch in the eastern Bering Sea, the Basin stock of ages 3 to 5 fish is 
included. It is assumed that this amount is proportioned to the amount of the 
same year-class of continental shelf stocks. That is to say, in ages 3 fish, 
it was 1.248 times of the continental shelf stock, 2.058 times of age 4 fish 
and 1.029 times of age 5 fish. Using these rates and adding the catch of the 
Basin stock, the corresponding catch to F was calculated, and was ascertained 
if it was in accord with the actual catch, and the value of F by year was 
determined. Furthermore, the value of F was set to be the third decimal 
place, and the value which provided the catch nearest to the actual catch was 
applied. I set up the age of 3 years old as the age at recruitment in the 
year which the value of F of age 3 fish obtained by the cohort analysis was 
more than 0.035, and the age of 4 years old in the year which the value of F 
of age 3 fish obtained by the cohort analysis was less than 0.035. Table 5 
shows the population numbers by year and by age obtained. Also, the value of 
F, the corresponding catch and biomass on August 1 are as follows: 

CATCH OF CATCH 
AGE OF CONTINENTAL INCLUDING 

YEAR RECRUITMENT F SHELF STOCK BASIN STOCK BIOMASS 
(YEARS OLD) (10,000 t) (10,000 t) (10,000 t) 

1964 4 0.033 11 17 326 
1965 4 0.046 15 23 317 
1966 4 0.057 18 26 297 
1967 4 0.089 31 55 326 
1968 4 0.085 36 70 404 
1969 4 0.062 40 86 615 
1970 4 0.091 67 126 698 
1971 4 0.144 106 175 699 
1972 3 0.130 108 184 781 
1973 3 0.158 111 175 660 
1974 3 0.181 107 159 552 
1975 3 0.149 82 129 509 
1976 3 0.140 72 126 477 
1977 3 0.097 49 88 473 
1978 3 0.113 53 94 443 
1979 3 0.117 54 91 429 
1980 3 0.101 54 97 495 
1981 4 0.126 53 98 396 
1982 4 0.046 40 96 828 
1983 4 0.043 48 100 1,070 
1984 4 0.057 67 109 1,125 
1985 4 0.087 90 118 989 
1986 4 0.063 72 119 1,099 
1987 4 0.085 85 124 954 
1988 4 0.066 73 122 1,062 
1989 4 0.070 79 133 1,076 
1990 4 0.099 95 128 912 
1991 4 0.214 174 239 764 
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For the year of 1991, the catch when F=0.214 which provides EY is shown. That 
is to say, this is EY in 1991, 1.74 million t for the eastern continental 
shelf stock and 2.39 million t as EY for pollock on the continental shelf and 
upper continental slope in the eastern Bering Sea was obtained. It was 20,000 
t greater than EY in Case I obtained in the above section. When the 
population numbers of age 3 fish in Case II were used as the number of 
recruitment, EY of the eastern Bering Sea continental shelf stock was 1.34 
million t, and of the eastern Bering sea continental shelf/ continental slope 
was 1.66 million t, and both of them were 20,000 t to 30,000 t greater than EY 
in Case II obtained in the previous section. 

Secondary, for the Basin stock, the population numbers by year and by 
age were obtained using the same method (Table 5). In this calculation the 
catch in the international waters and Aleutian Islands region in 1989 and 1990 
was assumed to be 1.50 million t. The following are the values of F and the 
corresponding catch and biomass in Case I: 

CATCH IN CATCH INCL. BIOMASS AT 
INTERNATIONAL ON CONTINENTAL BIOMASS AGE 4 YEARS 

YEAR F WATERS SHELF IN BASIN AND OLDER 
(10,000 t) (10,000 t) (10,000 t) (10,000 t) 

1980 0.007 6 79 760 1,045 
1981 0.008 6 70 708 1,209 
1982 0.007 6 84 764 2,470 
1983 0.007 12 81 1,385 3,024 
1984 0.011 25 80 2,040 3,033 
1985 0.017 39 74 2,146 2,575 
1986 0.060 112 178 1,842 2,884 
1987 0.082 149 226 1,750 2,353 
1988 0.094 151 221 1,600 2,640 
1989 0.097 149 226 1,556 2,603 
1990 0.089 149 192 1,655 2,093 
1991 0.181 250 341 1,358 1,778 

In 1991, the catch at F=0.181, e.g. EY is 2.50 million t. EY including the 
catch on the continental shelf is 3.41 million t. Both are 70,000 t fewer 
than EY in Case I obtained in the previous section. When the population 
numbers of age 3 fish in Case II were regarded as the number of recruits, EY 
in 1991 was 1.68 million tin the Aleutian Basin, and was 2.13 million t 
including the portion caught on the continental shelf and both of them were 
90,000 t fewer than EY in Case II obtained in the previous section. 

Fig. 8 shows the yearly fluctuations of pollock biomass of age 3 and 
older fish on the continental shelf and upper continental slope in the eastern 
Bering Sea estimated here . In addition to this, Fig . 8 also shows the yearly 
fluctuations of biomass of ages 3 to 9 fish estimated by the cohort analysis 
of Wespestad (1989) and the biomass estimated by the U. S . , Japan and the 
Japan-u.s. cooperative surveys. Peak of the biomasses was in 1969 and 1982, 
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and they resulted from 
dominant year-classes. 
the recruitment of the 

the 1965 year-class and 1978 year-class which were 
It can be said that the biomass level is high since 

1978 year-class. 

When the eastern continental shelf stock was applied to the 
reproduction curve of Ricker again, the following equation was obtained: 

Case I R = 0. 789Ee-0.001683E 

Case II R = o. 591Ee-0-001844E 

Although dispersion of points vary widely, the maximum biomass of recruits is 
obtained when the biomass of spawners of age 4 and older fish is 5.94 million 
tin Case I and 5.42 million tin Case II. It is predicted that age 3 fish of 
1.72 million tin Case I and 1.18 million tin Case II are recruited. When it 
is converted to the population numbers of age 3 fish on January 1st, it is 
12.4 billion fish in Case I and 8.1 billion fish in Case II. They are 3% more 
in Case I and 2% more in Case II, as compared with the mean numbers of 
recruits of the 1964 year-class to the 1983 year-class obtained by cohort 
analysis. The biomass of spawners are equivalent to 57% in Case I and 49% in 
Case II of the virgin biomass. According to these curves, the biomass of 
spawners ranged from 4.69-7.41 million in Case I and 4.51-6.45 million tin 
Case II and produce more recruits than the average number of recruits between 
1963 and 1983 year-classes calculated by cohort analysis, and a large 
recruitment can be expected from a considerable wide range of the biomass of 
spawners. That is considered that the stability of pollock stock is high. 

As mentioned above, I have estimated the virgin biomass, MSY, and EY, 
etc. of the eastern continental shelf stock and Basin stock. In addition to 
this, although I also estimated the western continental shelf stock, I assumed 
that growth, life span, M, and age at recruitment of the western continental 
shelf stock is the same as those of the eastern continental shelf stock. And 
then, on the assumption that the number of recruits of the western stock is a 
quarter of that of the eastern stock and fluctuation of the year-classes is 
also the same, the estimated virgin biomass is 2.60 million tin Case I and 
2.78 million tin Case II when recruited at age 4. MSY is 300,000 tin Case I 
and 250,000 in Case II when recruited at age 4, and EY in 1991 is 440,000 tin 
Case I and 340,000 tin Case II. 

It is possible to assume that the allowable catch by stock in 1991 is 
equal to EY when recruited at age 4. The allowable catch by area in 1991 is 
as follows (unit: 10,000 t): 
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AREA STOCK 
EASTERN WESTERN 

CONTINENTAL ALEUTIAN CONTINENTAL 
SHELF STOCK BASIN STOCK SHELF STOCK TOTAL 

CASE I CASE II CASE I CASE II CASE I CASE II CASE I CASE 
(10,000 t) (10,000 t) (10,000 t) (10,000 t) 

Eastern continental shelf/ 
continental slope 174 134 73 36 0 0 247 170 

Basin and 
Aleutian Islands region 0 0 250 168 0 0 250 168 

Western continental shelf/ 
continental slope 0 0 18 9 44 34 62 43 

Total 174 134 341 213 44 34 559 381 

The total allowable catch (3.81 million t to 5.59 million t) in 1991 was 
somewhat larger than 3.14 million t to 4.05 million t of the actual catches in 
1986 to 1988. 

Low (1990) estimated the appropriate catch of pollack in the entire 
Bering Sea in 1990 to be 2.63 million t. The biomass of pollack in the entire 
Bering Sea which forms the basis of this estimate was assumed to be 13.00 
million tin 1988, and estimated the biomass in 1990 on the assumption that 
the biomass decreased by 10% per year, and obtained the appropriate yield on 
the assumption that the exploitation rate is 25%. Then he discussed that the 
recent catch extensively exceeded the appropriate yield and it was an 
overfishing, and that it was necessary to regulate the fishery, and he stated 
that the catch in the international waters needed to be restricted from Oto 
the minimum level, because the appropriate management has already been 
implemented in the 200 miles zone of the U.S. and the u.s.s.R. 

The estimated biomass (age 4 and older) of pollack in the entire 
Bering Sea in this paper was 29.4 million to 39.7 million tin 1988, and 25.0 
million to 32.3 million tin 1990, and showed a decreasing trend, but it was 
considered that this resulted from the fluctuation in strength of year-class, 
and it did not result from effect of fishing. Based on this estimated biomass 
and the range of allowable catch in 1991, it is considered that the recent 
catch for pollack in the international waters does not affect the pollack 
stock. Because the pollack fishery in the international waters catch pelagic 
pollack during their migratory route, the possibility of affecting the pollack 
stock is minor. That is to say, because the fishing ground is limited to the 
international waters of the Bering Sea, the fishery is conducted only during 
the period when pollack migrate in this limited area. Consequently, because 
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In the future, in order to conserve and effectively utilize pollock 
stock in the entire Bering Sea, it is necessary to establish an organization 
which implements management of resources by all concerned countries 
participate. 

References, Tables 1 to 5 and Figs. 1 to 8 are in 
English in the Japanese document. 
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