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Stock Assessment and Fishery Evaluation Document 
for Groundfish Resources 

in the Bering Sea/Aleutian Islands Region 
as Projected tor 1990 

SUMMARY 

This document is compiled by the North Pacific Fishery Management 
Council's (NPFMC) Plan Team for the groundfish fisheries of the 
Bering Sea/Aleutian Islands from contributions by various authors 
from the Alaska Fisheries Science Center, National Marine Fisheries 
Service. In this document, the biological status of the stocks and 
economic condition of the fisheries are described. Acceptable 
biological catches (ABCs) for each of the species are estimated. 
The ABC values, together with socioeconomic considerations, are to 
be presented to the NPFMC for determining total allowable catches 
(TACs) and other management strategies for the 1990 fishery. 

Members of the Plan Team are: Loh-Lee Low (chairman), Hal Weeks 
(team coordinator), Jay Ginter, Dave Carlile, Greg Williams, Grant 
Thompson, Sam Wright, Rebecca Baldwin, and Jeremy Collie. 

MANAGEMENT AREAS AND SPECIES 

The Bering Sea/Aleutian Islands management area lies within the 
200-mile U.S. Exclusive Economic Zone (EEZ) of the United States 
(Fig. 1). International North Pacific Fisheries Commission (INPFC) 
statistical areas 1 and 2 make up the EBS. The Aleutian region is 
INPFC area 5. 

Four categories of finfishes and invertebrates have been designated 
for management purposes (Table 1). They are (a) prohibited species, 
(b) target species, (c) other species, and (d) non-specified 
species. This SAFE document describes the status of the stocks in 
categories (b) and (c) only. An assessment of Pacific halibut 
stocks is provided in Appendix 1. 

HISTORICAL CATCH STATISTICS 

Catch statistics since 1954 are shown for the eastern Bering Sea 
(EBS) subarea in Table 2. The initial target species was yellowfin 
sole. During the ear~y period of these fisheries, total catches 
of groundfish reached a peak of 674,000 metric tons (t) in 1961. 
Following a decline in abundance of yellowfin sole, other species 
were targeted upon, principally poliock, and total catches rose to 
2. 2 million t in 1972. Catches have since varied from 1. 2 to 
1.9 million t as catch restrictions and other management measures 
were placed on the fishery. 
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Catches in the Aleutian region have always been much smaller than 
those in the EBS and tdrget species have been different (Table J). 
Pacific ocean perch (~JP) was the initial target species and during 
the early years of exploitation overall catches of groundf ish 
reached a peak of 112,000 tin 1965. With a decline in abundance 
of POP, the fishery diversified to other species. Total catches 
in recent years have been about 100,000 t annually. 

RECENT TOTAL ALLOWABLE CATCH 

Amendment #1 to the Bering Sea/Aleutian Islands groundf ish FMP 
prov ides the framework to manage the groundf ish resources as a 
complex. The MSY of this complex was originally estimated at 1.8 
to 2.4 million t. The optimum yield (OY) was set at 85% of the MSY 
range, or 1.4 to 2.0 million t. 

Total allowable catches (TAC) established by the NPFMC since 
implementation of extended jurisdiction under the Magnuson Fishery 
Conservation and Management Act in 1977 are given in Table 4. The 
sum of TACs equals OY for the groundfish complex, which is 
currently constrained to a range of 1.4 to 2.0 million t by its 
Fishery Management Plan (FMP). Optimum yield for all species 
combined has increased steadily from 1. 4 million t in 1977 to 
2.0 million tin 1984-89. 

ACCEPTABLE BIOLOGICAL CATCH LEVELS FOR 1990 

The estimates of ABC for 1990 are based upon status of stock 
assessments made in 1989 and projections through 1990. Tables 6 
and 7 provide summaries of the estimates of MSY and ABC. 

The sum of individual species MSY's has been estimated to be in 
excess of 3.47 million t. The sum of ABC's for the groundfish 
complex has declined from 2.70 million tin 1989 to 2.45 million t 
in 1990. This decrease of 250,00 t results primarily from (1) a 
decrease of the EBS pollack ABC (by 198,00 t) due to uncertainties 
concerning the impacts of pollack harvest in the "donut hole" area 
on stocks in the U.S. EEZ; and (2) a decrease in Pacific cod ABC 
(by 161,400 t) due to u change in exploitation strategy. There has 
been improved conditions for yellowfin sole, rock sole, and other 
flatfish. 

Walleye Pollock: 

EBS 1989 ABC• 1,340,000 t 
Aleutians 1989 ABC• 117,900 t 

1990 ABC= 1,142,000 t 
1990 ABC= 149,400 t 

EBS 
Aleutians 

Projected 1990 exploitable biomass= 5,032,000 t 
Projected 1990 exploitable biomass= 649,700 t 

Pollock abundance in the EBS is higher than the average level 
observed since implementation of the MFCMA, but model projections 
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indicate that biomass is declining and will decline further in the 
near future. Depending on the model used, harvesting at an F0 1 
exploitation rate results in a 1990 EBS ABC of 1.142 to 
1. 466 million t. Because of concern over possible impacts of 
catches in the donut hole, the Plan Team recommends that the 1990 
EBS ABC be set at the lower end of the range (1,142,000 t). 

Less is known about the dynamics of the stock in the Aleutian 
Islands region, but the best information available suggests that 
abundance is declining at a moderate rate from the high point 
observed in 1983. Harvesting at a 23% catch/biomass ratio results 
in a 1990 Aleutians ABC of 149,400 t. This estimate is higher than 
the author's estimate (117,900 t) because the Plan Team estimated 
a higher biomass than the author (649,700 t versus 471,700 t). 

A domestic fishery has also developed in the Bogoslof area. Last 
year, the Plan Team recommended a separate ABC of 250,000 mt for 
this area. However, because of the large catches taken in the 
donut hole and the possibility of a significant interchange between 
pollack in the Bogoslof and donut hole areas, the Plan Team no 
longer recommends creation of a separate Bogoslof ABC. 

The donut hole area has been an important ground for foreign 
pollack fisheries since the mid-l980s. The 1987 catch of 
1.3 million mt, for e~ample, exceeded the catch taken in the U.S. 
EEZ. Information on the biology of the pollack stock(s) in this 
area continues to be limited, however. Because of concern over 
possible linkages between pollack in the donut hole and U.S. EEZ, 
the Plan Team will review its ABC recommendations before December. 

Pacific Cod: 

1989 ABC= 370,600 t 1990 ABC= 209,200 t 
Projected 1990 exploitable biomass= 1,097,600 t 

Total catches of cod reached a historic high of 197,900 tin 1988 
with the great majority of the total (192,700 t) originating from 
the eastern Bering Sea. Catch per unit effort and demersal trawl 
survey indices of abundance both indicate that biomass increased 
steadily from 1978 to 1983. Since 1983, estimated biomass has 
remained steady at about l million t. Age-frequency analysis 
indicates that the increase in biomass was fueled by exceptionally 
strong 1976 and 1977 year classes. While these dominant year 
classes have now disappeared from the fishery, high biomass levels 
are currently sustained by the moderately strong 1982 to 1985 year 
classes. A numbers-at-age model was applied to ages 3 to 8 of 
Pacific cod. Fishing mortality was assumed to be a separable 
product of year-specific fishing effort and gear-specific 
vulnerability; recruitment was modeled with the Beverton-Holt 
stock-recruitment relationship. According to this model, MSY under 
current environmental conditions is 323,300 t of which 275,500 mt 
applies to the eastern Bering Sea. Fm~~Y' a value which seeks to 
maximize the expected value of the logarithm of sustainable yield, 
was used to calculate the recommended ABC. The model was also used 
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to calculate a number of reference fishing mortality rates 
including F=M, Fma, F01 , and Fm~· Taking into consideration the 
uncertainty of the ·estimated MSY and the variability in 
recruitment, a 1990 ABC of 209,200 tis recommended for the eastern 
Bering Sea and Aleutian Islands combined. 

Yellowfin Sole: 

1989 ABC= 241,000 t 1990 ABC= 278,900 t 
Projected 1990 exploitable biomass= 1,640,000 t 

Exploitable biomass is calculated to have increased from 1988 to 
1989, but is generally stable. Abundance is above MSY biomass. 
Biomass is estimated from research surveys, and has been variable 
since 1982 because of changes in trawl gear and net calibration. 
ABC was calculated using an F0_1· exploitation rate. The ABC 
increased slightly in 1990 from 1989 because of a change to F01 
exploitation from a yield per recruit model of exploitation used 
last year. 

Greenland Turbot: 

1989 ABC= 20,300 t 1990 ABC= 7,000 t 
Projected 1990 exploitable biomass • 356,600 t 

Continuous poor recruitment has been observed throughout the 1980s 
which indicates that biomass of the adult population is expected 
to decline well into the 1990s. Forecasts for a number of 
conservative fishing strategies, including no fishing, all show 
projected declines in biomass through at least 1993. No threshold 
level has been deterr.ined for this species. We are unable to 
develop any justification for a major directed fishery on Greenland 
turbot at this time. The ABC should be set at a level 
approximating its low actual catch levels in recent years. This 
will allow any incidental catches to be retained and thus prevent 
wastage. It will also preclude development of any new effort 
directed at this resource in its currently depressed state. An ABC 
estimated from the F0_1 exploitation stra~egy was considered and 
reduced because of concerns for continually low levels of 
recruitment. 

Arrowtooth Flounder: 

1989 ABC= 163,700 t 1990 ABC• 134,500 t 
Projected 1990 exploitable biomass• 433,900 t (same as 1989) 

The resource is in excellent condition as the biomass continues to 
be high and stable. This trend has been confirmed from the 1988 
and earlier summer trawl surveys. The 1988 survey indicated that 
the exploitable bioma~s was 433,900.t. 

Given the present high level of abundance and lacking a stock
recruitment relationship for this stock, an Fmb harvest strategy 
(Fm~= 0.31) was used to set the 1990 ABC at 134,500 t. The lower 
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ABC estimate (as contrasted with 1989) is due to correction of the 
biomass derived from the 1988 survey. 

Rock Sole: 

1989 ABC= 171,000 t 1990 ABC= 222,500 t 
Projected 1990 exploitable biomass= 1,392,700 t 

Rock sole was separated from "other flatfish" in 1987 for 
management purposes. Trawl survey results indicate that the 
biomass of rock sole is high. The resource is in excellent 
condition and biomass is above the biomass that produces MSY. 
Because of uncertainties in annual point estimates, the estimated 
exploitable biomass is the average from 1986-88. The MSY 
exploitation rate is applied to calculate ABC. The increase in 
ABC from 1989 reflects actual biomass increase, higher biomass 
estimates caused by a trawl net measurement different from that 
used in 1989, and application of higher fishing mortality rate for 
1990 ( 0 .155 VS. 0 .13) . 

Other Flatfish; 

1989 ABC= 155,900 t 1990 ABC= 184,000 t 
Projected 1990 exploitable biomass = 1,187,100 t 

Exploitable biomass of other flatfish has not been calculated for 
1989, but is expected to increase above 1988 abundance because of 
a new trawl net measurement and increasing recruitment. 
Exploitable biomass is high, increasing, and above the value that 
produces MSY. Fishing mortality rates have not been calculated for 
other flatfish, so the rock sole rate is used. The rate used 
increased in 1990, as discussed under rock sole. 

Sablefish: 

EBS 
Aleutians 

1989 ABC=-
1989 ABC= 

2,800 t 
3,400 t 

1990 ABC= 2,400 t 
1990 ABC= 6,600 t 

EBS Projected 1990 exploitable biomass= 20,700 t 
Aleutians Projected 1990 exploitable biomass= 60,100 t 

Catches in 1988 were 3,200 tin the EBS and 3,400 tin Aleutians, 
well below the average harvest of 11,700 tin the 1960s. Since 
1977 catches have been restricted due to low stock abundance. 
Longline survey indices indicate fairly steady abundance in the 
Aleutians but a sharp decrease in relative abundance in the EBS in 
1987. However, abundance in the EBS may be significantly 
underestimated because of killer whale predation on the survey 
catch. Migration ma~ affect rela~ive abundance estimates. The 
best estimates of absolute biomass, derived from 1986 trawl surveys 
are 56,500 t for the EBS and 96,300 t for the Aleutians. 
Exploitable biomass in 1990, projected from the 1986 biomass 
estimates and more recent relative abundance indices, is 20,700 t 
in the EBS and 60,100 tin the Aleutians. No strong year class 
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has been detected since the above-average 1977 year class. Age 
composition data are not available for all years and age-structured 
assessment methods were not used. Initial MSY estimates from the 
delay-difference model were obtained at stock sizes lower than 
those that have been historically observed. Because recruitment 
at such low stock sizes is uncertain, the MSY estimates were 
truncated to the yields predicted at the lowest historically 
observed biomass levels (1979 to 1980). MSY was estimated to be 
in the range 3,800 to 4,200 t for the EBS and 4,600 to 9,600 t for 
the Aleutians. Acceptable biological catch was calculated by 
applyiz:ig the F0_1 mortality rate to the 1990 projected biomass. The 
resulting ABCs are 1,700 to 2,400 t for the EBS and 2,500 t to 
6,600 t for the Aleutians. The Plan Team recommends setting the 
1990 ABCs at the upper end of these ranges based on the application 
of the most appropriate model. 

Pacific Ocean Perch: 

EBS 
Aleutians 

EBS 
Aleutians 

1989 ABC= 6,000 t 
1989 ABC= 16,600 t 

1990 ABC= 6,300 t 
1990 ABC= 16,600 t 

Projected 1990 exploitable biomass= 105,400 t 
Projected 1990 exploitable biomass= 276,500 t 

Pacific ocean perch stocks continue to remain substantially lower 
than the virgin biomass levels of the early 1960s. However, the 
stock is increasing and has been determined to be at levels 
slightly below the biomass level that would produce MSY. ABC is 
calculated using the F0_1 exploitation strategy. This strategy 
resulted in a fishing mortality rate of 0.06, which is expected to 
provide for some rebuilding of the POP complex of stocks. 

Other Rockfishes: 

EBS 
Aleutians 

EBS 
Aleutians 

1989 ABC= 400 t 
1988 ABC= 1,100 t 

1990 ABC= 500 t 
1989 ABC= 1,100 t 

Projected 1990 exploitable biomass 
Projected 1990 exploitable biomass 

= 8,000 t 
= 18,500 t 

Catch of "other rockfish" have declined from the high catches of 
the late 1970s. Recent catches are primarily incidental. Few data 
are available on recruitment strengths or biological parameters, 
precluding direct estimates of MSY and ABC. Abundance appear to 
be relatively stable from trawl surveys. A fishing mortality rate 
derived fro1!1 the F0_1 exploit.ation s.trategy for POP (F0_1 = o. 06) is 
used to estimate ABC for this species group. 
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Atka Mackerel: 

1989 ABC= 21,000 t 1990 ABC= 24,000 t 
Projected 1990 exploitable biomass= unknown 

The status of Atka I!'.ackerel is difficult to assess for three 
reasons: (1) the stock tends to occur in localized concentrations, 
making survey estimates less reliable than usual; (2) surveys that 
cover the stock's range in the Aleutian region are conducted only 
once every three years; and (3) two of the last three surveys were 
unable to sample shallow waters successfully. While absolute 
abundance is difficult to estimate, it appears that relative 
abundance is low but increasing due to the recruitment of a strong 
year class spawned in 1984. Since estimates of absolute abundance 
are unavailable, ABC was set equal to the sustainable yield 
associated with F0 .. 1 , which was calculated under an assumption of 
constant low recruitment. For 1989, ABC was set at the average of 
three values generated under different assumptions regarding the 
natural mortality rate. Because of the recruitment of the strong 
1984 year class, however, ABC for 1990 was set at the upper end of 
the (19,000-24,000 t) range. 

Squid and Other Species: 

Squid 

Other Species 

19e9 ABC= 10,000 t 1990 ABC= 10,000 t 
Projected 1990 exploitable biomass= unknown 

1989 ABC= 59,000 t 1990 ABC= 59,000 t 
Projected 1990 exploitable biomass= 676,200 t 

Squid are generally taken incidentally in fisheries targeting on 
groundfish but have been the target of Japanese and Korean trawlers 
in the past. Catches of squid peaked at 9,000 tin 1978 and have 
steadily declined to only a few hundred tons in 1987-88. Survey 
abundance data are not available for squid because of their mainly 
pelagic drift over deep water. 

In recent years reported catches of squid and Other Species have 
represented 1% or less of the total catch of all groundfish. 
Biomass estimates for Other Species were derived from demersal 
trawl surveys. The survey data suggest that sculpins and skates 
constitute most of the other species biomass but it is recognized 
that the abundance of pelagic species of smelts and sharks may be 
substantially underestimated by demersal trawls. Estimated biomass 
of Other Species peaked at 713,000 tin 1988. 

Because of the paucity of data, MSY is unknown for squid and Other 
Species. It is assumed that past harvesting has been insufficient 
to reduce the biomass of these specjes below the level that would 
maximize yield. MSY is set at levels approximating the highest 
catches obtained in the past: 10,000 t for squid and 59,000 t for 
other species. Recent catches of squid and Other Species have been 
well below MSY and therefore ABC was set equal to MSY. 
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ECONOMIC HEALTH OF THE FISHERIES 

In 1989, for the first time, commercial groundfish catch by 
domestic operations will exceed harvest levels of the joint venture 
(JV) fleet in the Bering Sea and Aleutian Islands (BS/AI). As of 
August 25, 1989, domestic harvest levels were reported at 667,000 
t, while joint venture operations had harvested 247,700 t. In 
1988, domestic and joint venture harvests were 680,500 t and 
1,301,100 t, respectively. This shift toward increasing harvest 
by domestic operations is expected to continue into 1990, primarily 
due to apportionment of the TACs. 

The majority of groundfish catch in the BS/AI domestic fishery is 
by trawl gear. Trawl accounted for 670,800 t (98.6%) of the 1988 
domestic harvest and 658,200 tor 98.7% of the year-to-date 1989 
domestic harvest. 

Because of its large share of the total harvest, trawl operations 
also accounted for 91.7% of the 1988 exvessel value of 
$145.1 million and 94.8% of the estimated $139.5 million exvessel 
value of the 1989 year-to-date domestic fishery. 

overall, the economic heal th of the domestic fisheries of the 
Bering Sea and Aleutian Islands is fairly high due to relatively 
high exvessel prices, good stock conditions, and quotas that are 
sufficiently high to permit year round domestic fisheries for 
several important species. The high exvessel prices are, in part, 
explained by a favorable dollar/yen ratio and reduced catches of 
Atlantic cod. 

The return to the domestic fleet overall in 1990 could be impacted 
by fluctuations in exchange or interest rates, changes in TACs, and 
the imposition of additional costs associated with the domestic 
observer program. Returns to any one segment of the fleet will 
also be impacted by the entry of additional effort into the 
fisheries or by allocational shifts between shore-side and at-sea 
processors. 
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Table 1 -- Species categories established for management of 
Bering Sea/Aleutian Islands groundfish fishery. 

Prohibited 
species(a) 

FINFISHES 

Salmon ids 
Pacific halibut 
Pacific herring 

INVERTEBRATES 
King crab 
Snow (Tanner) crab 

Target 
species(b) 

Walleye pollock 
Pacific cod 
Yellowfin sole 
Greenland turbot 
Arrowtooth flounder 
Rock sole 
Other flatfish 
Sablefish 
Pacific ocean perch 
Other rockfish 
Atka mackerel 

Squid 

Other 
species(c,d) 

Sculpin 
Shark 
Skate 
Smelt 

Octopus 

{a) Species when caught must be returned to the sea. 
(b) Total allowable catch established for each species. 
(c) Aggregate total allowable catch established for the group as 

a whole. 
(d) A nonspecified species category is also established to cover 

all other species not listed in categories (a)-(c). 
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Table 2 -- Groundfish and squid catches (metric tons) in the eastern 
Bering Sea, 1954-1988. 

Cl 

Pacific Other Green-
Pacific ocean rock- Yellow- land 

Year Pollock cod Sablefish perch fish fin sole turbot 

1954 12,562 
1955 14,690 

1956 24,697 
1957 24,145 
1958 6,924 171 6 44,153 
1959 32,793 2,864 289 185,321 
1960 1,861 6,100 456,103 36,843 

1961 15,627 47,000 553,742 57,348 
1962 25,989 19,900 420,703 58,226 
1963 13,706 24,500 85,810 31,565 
1964 174,792 13,408 3,545 25,900 111,177 33,729 
1965 230,551 14, 719 4,838 16,800 53,810 9,747 

1966 261,678 18,200 9,505 20,200 102,353 13,042 
967 550,362 32,064 11,698 19,600 162,228 23,869 

... 968 702,181 57,902 14,374 31,500 84,189 35,232 
1969 862,789 50,351 16,009 14,500 167,134 36,029 
1970 1,256,565 70,094 11,737 9,900 133,079 19,691 

1971 1,743,763 43,054 15,106 9,800 160,399 40,464 
1972 1,874,534 42,905 12,758 5,700 47,856 64,510 
1973 1,758,919 53,386 5,957 3,700 78,240 55,280 
1974 1,588,390 62,462 4,258 14,000 42,235 69,654 
1975 1,356,736 51,551 2,766 8,600 64,690 64,819 

1976 1,177,822 50,481 2,923 14,900 56,221 60,523 
1977 978,370 33,335 2,718 2,806 311 58,373 27,708 

' 1978 979,431 42,543 1,192 2,230 2,614 138,433 37,423 
1979 913,881 33,761 1,376 1,723 2,018 99,017 34,998 
1980 958,279 45,861 2,206 959 459 87,391 48,856 

1981 973,505 51,996 2,604 1,186 331 97,301 52,921 
1982 955,964 55,040 3,184 654 273 95,712 45,805 
1983 982,363 83,212 2,695 440 220 108,385 43,443 
1984 1,.098, 783 110,944 2,329 1,760 143 159,526 21,317 
1985 1,179,759 132,736 2,348 821 81 227,107 14,698 

1986 1,188,449 130,555 3,518 838 17 208,597 7,710 
1987 1,237,597 144,539 4,178 1,392 474 181,429 6,533 
"988 1,228,000 192~726 3,193 1,542 341 223,156 6,064 
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Table 2 -- continued. 

I 
Arrow- Total 
tooth Other Atka Other all 

Year flounder flatfish mackerel Squid species Species 

., 
1954 12,562 
1955 14,690 

1956 24,697 
1957 24,145 

• 1958 147 51,401 
1959 380 222,647 
1960 a 500,907 

1961 a 673,717 
1962 a 524,818 

t 1963 a 35,643 191,224 
1964 a 30,604 736 393,891 
1965 a 11,686 2,218 344,369 

1966 a 24,864 2,239 452,081 
1967 a 32,109 4,378 836,308 

► 
,.968 a 29,647 22,058 977,083 
J.969 a 34,749 10,459 1,192,020 
1970 12,598 64,690 15,295 1,593,649 

1971 18,792 92,452 13,496 2,157,326 
1972 13,123 76,813 110,893 2,249,092 

~ 
1973 9,217 43,919 55,826 2,064,444 
1974 21,473 37,357 60,263 1,900,092 
1975 20,832 20,393 54,845 1,645,232 

1976 17,806 21,746 26,143 1,428,565 
1977 9,454 14,393 4,926 35,902 1,168,296 
1978 8,358 21,040 832 6,886 61,537 1,302,519 
1979 7,921 19,724 1,985 4,286 38,767 1,159,457 
1980 13,761 20,406 4,955 4,040 34,633 1,221,506 

1981 13,473 23,428 3,028 4,182 35,651 1,259,606 
1982 9,103 23,809 328 3,837 18,200 1,211,909 
1983 10,216 30,454 141 3,470 15,465 1,280,503 
1984 7,980 44,286 41 2,824 8,508 1,458,455 
1985 7,288 71,179 5 1,611 11,503 1,649,135 

1986 6,761 76,464 12 8~8 10,471 1,634,240 
1987 4,380 50,771 118 12 8,569 1,639,988 
1988 5,477 74,200 428 414 12,206 1,747,747 

a. Mixed in Greenland turbot category. 
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Table 3 -- Groundfish and squid catches (metric tons) in 
the Aleutian Islands region, 1962-1988. 

Pacific Other Green-
Pacific Sable- ocean rock- land 

Year Pollock cod fish perch fish turbot 

1962 200 
1963 664 20,800 7 
1964 241 1,541 90,300 504 
1965 451 1,249 109,100 300 

1966 154 1,341 85,900 63 
1967 293 1,652 55,900 394 
1968 289 1,673 44,900 213 
1969 220 1,673 38,800 228 
1970 283 1,248 66,900 285 

1971 2,078 2,936 21,800 1,750 
1972 435 3,531 33,200 12,874 
1973 977 2,902 11,800 8,666 
1974 1,379 2,477 22,400 8,788 
1975 2,838 1,747 16,600 2,970 

1976 4, 19( 1,659 14,000 2,067 
1977 7,625 3,262 1,897 8,010 3,043 2,453 
1978 6,282 3,295 821 5,286 921 4,766 
1979 9,504 5,593 782 5,486 4,517 6,411 
1980 58,156 5,788 274 4,011 420 3,697 

1981 55,516 10,462 533 3,668 328 4,400 
1982 57,978 11,526 955 1,741 2,114 6,317 
1983 59,026 9,955 673 667 1,046 4,115 
1984 81,834 22,216 999 826 65 1,803 
1985 58,730 12,690 1,448 509 62 33 

1986 46,641 10,332 3,028 341 20 2,154 
1987 28,720 13,207 3,834 1,482 148 3,066 
1988 43,000 5,165 3,415 2,238 278 1,044 
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Table 3 -- continued. 

Arrow- Atka Total 
tooth mack- Other all 

Year flounder erel Squid species species 

1962 200 
1963 a 21,471 
1964 a 66 92,652 
1965 a 768 111,868 

1966 a 131 87,589 
1967 a 8,542 66,781 
1968 a 8,948 56,023 
1969 a 3.088 44,009 
1970 274 949 10,671 80,610 

1971 581 2,973 32,118 
1972 1,323 5,907 22,447 79,717 
1973 3,705 1,712 4,244 34,006 
1974 3,195 1,377 9,724 49,340 
1975 784 13,326 8,288 46,553 

1976 1,370 13,126 7,053 43,465 
1977 2,035 20,975 1,808 16,170 67,278 
1978 1,782 23,418 2,085 12,436 61,092 
1979 6,436 21,279 2,252 12,934 75,194 
1980 4,603 15,533 2,332 13,028 107,842 

1981 3,640 16,661 1,762 7,274 104,244 
1982 2,415 19,546 1,201 5,167 108,960 
1983 3,753 11,585 510 3,675 95,005 
1984 1,472 35,998 343 1,670 147,226 
1985 87 37,856 9 2,050 113,474 

1986 142 31,978 20 1,509 96,165 
1987 159 30,068 24 1,155 81,863 
1988 406 21,656 417 437 78,056 

a. Mixed in Greenlana turbot category. 
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Table 4 -- Total allowable catches (t) for groundfish of the eastern Bering Sea and Aleutian 
Islands region 1977-1989. 

a 
Eastern Bering Sea 

1977 

950,000 
106,000 

Walleye pollack 
Yellowfin sole 
Greenland turbots 
Arrowtooth flounders b 
Other flatfish C 

Pacific cod 
Sable fish 
Pacific ocean perch 
Other rockfish 
Squid 
Other species 

a 
Aleutians 

Walleye pollack 
Sable fish 
Pacific ocean perch 
Other rockfish 
Atka mackerel 
Other species 

100,000 
58,000 
5,000 
6,500 

10,000 
59,600 

2,400 
15,000 

34,000 

1978 

950,000 
126,000 

159,000 
70,500 

3,000 
6,500 

10,800 
66,600 

1,500 
15,000 

24,800 
34,000 

1979 

950,000 
126,000 

159,000 
70,500 

3,000 
6,500 

10,000 
66,600 

1,500 
15,000 

24,800 
34,000 

1980 

1,000,000 
117,000 
90,000 

61,000 
70,700 

3,500 
3,250 
7,727 

10,000 
74,249 

100,000 
1,500 
7,500 

24,800 

1981 

1,000,000 
117,000 
90,000 

61,000 
78,700 

3,500 
3,250 
7,727 

10,000 
74,249 

100,000 
1,500 
7,500 

24,800 

1982 

1,000,000 
117,000 
90,000 

61,000 
78,700 

3,500 
3,250 
7,727 

10,000 
74,249 

100,000 
1,500 
7,500 

24,800 

d 
Optimum yield 1,346,500 1,467,700 1,466,900 1,571,226 1,579,226 1,579,226 

1983 

1,000,000 
117,000 
90,000 

61,000 
120,000 

3,500 
3,250 
7,727 

10,000 
77,314 

100,000 
1,500 
7,500 

24,800 

1,623,591 

a. Total allowable catches are for the eastern Bering Sea and Aleutian Islands areas combined 
for pollack in 1977-79 other rockfish in 1980-83, other species in 1980-85, and in all 
years for yellowfin sole, turbot, other flounders Pacific cod and squid. 

b. Combined with Greenland turbot until 1986. 
c. Excludes halibut but includes turbot until 1980. 
d. Optimum yield= sum of total allowable catches. 
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Table 4 -- continued. 

a 
Eastern Bering Sea 

Walleye pollack 
Yellowfin sole 
Greenland turbots 
Arrowtooth flounders b 
Other flatfish 0 

Pacific cod 
Sablefish 
Pacific ocean perch 
Other rockfish 
Squid 
Other species 

. a 
Aleutians 

Walleye pollack 
Sablefish 
Pacific ocean perch 
Other rockfish 
Atka mackerel 
Other species 

d 
Optimum yield 

1984 

1,200,000 
230,000 

59,610 

111,490 
210,000 

3,740 
1,780 
1,550 
8,900 

40,000 

100,000 
1,600 
2,700 
5,500 

23,130 

2,000,000 

1985 

1,200,000 
226,900 

42,000 

109,900 
220,000 

2,625 
1,000 
1,120 

10,000 
37,580 

100,000 
1,875 
3,800 
5,500 

37,700 

2,000,000 

-

1986 

1,200,000 
209,500 

33,000 
20,000 

124,200 
22~ 1 000 

2,250 
825 
825 

5,000 
27,800 

100,000 
4,200 
6,800 
5,800 

30,800 

2,000,000 

-

1987 

1,200,000 
187,000 

20,000 
9,795 

148,300 
280,000 

3,700 
2,850 

450 
500 

15,000 

88,000 
4,000 
8,175 
1,430 

30,800 

2,000,000 

-

1988 

1,300,000 
254,000 

11,200 
5,531 

131,369 
200,000 

3,400 
5,000 

400 
1,000 

10,000 

45,000 
5,000 
6,000 
1,100 

21,000 

2,000,000 

e 
1989 

1,313,000 
193,952 

6,800 
5,800 

63,906 
226,079 

2,380 
4,250 

340 
875 

15,274 

11,432 
2,890 
5,100 

935 
17,242 

2,000,000 

a. Total allowable catches are for the eastern Bering Sea and Aleutian Islands areas 
combined for pollack in 1977-79 other rockfish in 1980-83, other species in 1980-85, 
and in all years for yellowfin sole, turbot, other flounders Pacific cod and squid. 

b. Combined with Greenland turbot until 1986. 
c~ Excludes halibut but includes turbot until 1980. 
d. Optimum yield= sum of total allowable catches. 
e. Through August 1989, includes 52,597 unallocated reserve. 



Table 5 -- Bering Sea/Aleutian Islands groundfish apportionments 
and foreign allocations in metric tons, 1986-89. 

1986 

ABC 2,199,000 

TAC 2,000,000 

OAP 243,849 

JVP 1,155,863 

Reserve 10,121 

TALFF 590,167 

Japan 455,439 
ROK 112,177 
West Germany 0 
Portugal 0 
Poland 8,043 
USSR 0 
China 4,920 
Unallocated 9,545 

1987 

2,245,780 

2,000,000 

336,723 

1,484,110 

46,471 

132,696 

101,446 
29,900 

0 
0 
0 
0 

1,350 
0 

16 

1988 

2,876,100 

2,000,000 

708,520 

1,282,784 

8,696 

0 

0 
0 
0 
0 
0 
0 
0 
0 

Through 
August 1989 

2,700,700 

2,000,000 

1,345,314 

602,089 

52,597 

0 

0 
0 
0 
0 
0 
0 
0 
0 

' 



Table 6 -- Estimates of maximum sustainable yields (MSYs) 
and comparisons of acceptable biological 
catches (ABCs) for 1989 and 1990 for groundfish 
in the eastern Bering Sea (EBS) and Aleutian 
Islands (AI). 

Species/Region 

Pollock 
EBS 
AI 

Pacific cod 

Yellowfin sole 

Greenland turbot 
Arrowtooth flounder 
Rock sole 
Other flatfish 

Sablefish 
EBS 
AI 

Pacific ocean perch 
EBS 
AI 

Other rockfish 
EBS 
AI 

Atka mackerel 
Squid 
Other species 

Groundfish Complex 

MSY (t) 

2,300,000 
245,000 

323,300 

150,000 

24,700 
43,400 

112,500 
123,300 

4,200 
9,600 

7,200 
18,900 

600 
1,300 

38,800 
> 10,000 

59,000 

> 3,471,800 

17 

ABC (t) 
1989 1990 

1,340,000 
117,900 

370,600 

241,000 

20,300 
163,700 
171,000 
155,900 

2,800 
3,400 

6,000 
16,600 

400 
1,100 

21,000 
10,000 
59,000 

2,700,700 

1,142,000 
149,400 

209,200 

278,900 

7,000 
134,500 
222,500 
184,000 

2,400 
6,600 

6,300 
16,600 

500 
1,100 

24,000 
10,000 
59,000 

2,454,000 



Table 7 -- Summary of stock abundance and ABC estimates for groundfish 
in the eastern Bering Sea (EBS) and Aleutian Islands (AI) 
for 1990. 

Species/Region 

Pollock EBS 

AI 

Pacific cod 

Yellowfin sole 

Greenland turbot 

Arrowtooth 
flounder 

Rock sole 

Other flatfishes 

Sablefish EBS 
AI 

Exploitable 
Biomass 

(t) 

5,032,000 

649,700 

1,079,600 

1,640,400 

356,600 

433,900 

1,392,700 

1,187,100 

20,700 
60,100 

Pacific Ocean perch 
EBS 105,400 

276,500 AI 

Other rockfish 
EBS 
AI 

Atka mackerel 

Squid 

Other species 

Groundfish complex 

8,000 
18,500 

676,200 

Exploi
tation 

Strategy 

F melsy 

Fmax 

Fmsy 

F history 

18 

ABC 
(t) 

1,142,000 

149,400 

209,200 

278,900 

7,000 

134,500 

222,500 

184,000 

2,400 
6,600 

6,300 

16,600 

500 
1,100 

24,000 

10,000 

59,000 

2,454,000 

Abundance 
and trend 

Moderately high, 
declining 

Moderately high, 
declining 

Very high, declining 

Very high, stable 

Low, declining 

Very high, increasing 

Very high, increasing 

Very high, stable 

Low, declining 
Average, stable 

Below average, 
slow increase 

Below average, 
slow increase 

Average, unknown 
Average, unknown 

Relatively low, 
increasing 

Unknown 

High, stable 

High, stable 41 
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International North Pacific Fisheries Commission 
statistical areas 1-5. 
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Section l 

l.l 

WALLEYE POLLOCK 

by 
Vidar G. Wespestad 

INTRODUCTION 

The walleye pollock (Theragra chalcogramma) is the most abundant 
groundfish species in the eastern Bering Sea-Aleutian Islands, 
comprising well over 50% of the total groundfish catch. Pollock 
range completely around the Pacific rim, from Washington State to the 
Sea of Japan. Large stocks of pollock also occur in waters off Asia 
where catches ranged between 4 to 6 million t for 1980-85. 

Pollock is a semi-demersal species which is primarily pelagic during 
the first few years of life and then becomes increasingly demersal 
in behavior as it ages. The species is found in greatest abundance 
along the outer continental shelf between the 100-500 m depth 
contours. They have also been found to occur pelagically in deep 
waters of the Aleutian Basin. 

Stock structure of pollock has not been well delineated. 
purpose of management within the U.S. EEZ, the resource is 
by two major regions. In order of abundance, these are the 
Bering Sea (EBS) and the Aleutian regions. 

For the 
managed 
eastern 

In recent years, a new pollack fishery has developed in the 
international waters of the Bering Sea. Pollock from this area have 
been postulated to be a mixture of several stocks, including those 
of the EBS and Aleutian region. The assessment of pollock stocks in 
this document, however, does not include those in the international 
waters of the Bering Sea. 

1.2 CATCH HISTORY 

C 

From 1954 to 1963, pollock were harvested at low levels in the EBS I 
and directed fisheries began in 1964. Catches increased rapidly 
during the late 1960s and reached a peak in 1970-75 when catches 
ranged from 1.3 to 1.9 million t annually (Figure l.l). Following a 
peak catch of 1.9 million tin 1972, catches were steadily reduced 
through bilateral agreements with Japan and the USSR. 

Since implementation of the Magnuson Fishery Conservation and 
Management Act (MFCMA) in 1977, catch quotas have ranged from 950,000 
t to 1.2 million t. In 1980 United States vessels began harvesting 
pollock and by 1987 U.S. harvests in the Bering Sea have grown to 99% 
of the 1.2 million t quota. The history of the catch (in thousand 
tons) since implementation of the MFCMA has been as follows: 
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&astern ~ering Sea Aleutian Islands 
Qomestic Dome§ltj.c 

Year Foreign JVP OAP Total Foreign JVP OAP Total 

1977 978 0 0 978 8 0 0 8 
1978 979 0 0 979 6 0 0 6 
1979 914 0 0 914 10 0 0 10 
1980 948 11 0 959 58 0 0 58 

1981 931 42 0 973 56 0 0 56 
1982 903 53 0 956 56 2 0 58 
1983 835 145 1 981 56 3 0 59 
1984 862 230 6 1,098 70 7 4 81 
1985 771 370 38 1,179 51 7 1 59 

1986 337 805 47 1,189 15 30 l 46 
1987 4 1,015 218 1,237 0 28 1 30 
1988 0 739 489 1,228 0 41 2 43 
1989 a/ 0 7 465 472 0 0 2 2 

a/ thru 7 /31/89 

Catches in the Aleutian region have always been less than those in 
the EBS. The catch increased from 1980 to 1984 as a result of 
increased foreign effort and then decreased in recent years as the 
foreign fishery was phased out. Joint venture landings increased in 
1986 and 1987, but joint venture catch for those years was about half 
of the average foreign catch for 1980 through 1985. 

Two developments have occurred in the Bering Sea pollock fishery in 
recent years. The first was the initiation of pollock fisheries in 
the central Bering Sea (donut hole area) outside of the U.S. and 
Soviet EEZ's. In 1984, the catch was only 181,000 t (Figure 1.2). 
Since then the catch has grown and in 1987 the high seas catch 
exceeded the pollock catch within the U.S. Bering Sea EEZ. The 
second development is a recent development of a U.S. fishery on 
spawning pollack in the area of Bogoslof Island (Area 515). This 
fishery occurs in deep water off the EBS shelf. In 1987 the catch 
was 377,000 t, but in 1988 the catch decreased to 88,000 t. 

The catch in Area 515 in 1987 and 1988 were primarily composed of 
age 9-10 fish from the 1978 year-class, similar to that from the 
Aleutian region suggesting that harvests came from the same group of 
fish. The age composition of these catches was also similar to the 
age composition of the catch from the central Bering Sea. 
Observations in 1988 suggest that fish left the central Bering Sea 
in February prior to spawning and later returned to the central 
Bering sea in a post spawning condition. The similarities in age 
composition and the appearance of movement in and out of the U.S. 
EEZ suggested that the fisheries in the central Bering Sea, Aleutian 
Islands and Bogoslof Island (Area 515) were harvesting the same group 
of fish. 
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In the past very few pollack were harvested in off-shelf areas of 
the U.S. EEZ and the small amount taken was included in status of 
stocks analyses for the EBS area. However, in area 515 in 1987 and 
1988 were not included in the EBS analysis because the age 
composition of the catch was different from that observed on the 
EBS shelf. 

l.3 CONDITION OF STOCKS 

Three methods of assessment have been used to evaluate the status 
and condition of exploited stocks: bottom-trawl surveys, 
combination hydroacoustic/midwater-trawl surveys, and analysis of 
commercial fisheries statistics through the application of CPUE and 
age-structured assessment models. Detailed descriptions of the 
methodologies are contained in Wespestad and Traynor (1989) and in 
Bakkala et al. (1987) 

1.3.l Relative Abundance 

A common CPUE method from Japanese catch-effort statistics was 
adopted in 1979 (Low and Ikeda 1980) to track relative abundance 
of the stock. However this and other commercial CPUE data no 
longer provide an accurate measure of pollack biomass trends. The 
main reason is that commercial fisheries and their gear-vessel 
types have been changing rapidly as a result of domestic fisheries 
development under the MFCMA. 

1.3.2 Absolute Abundance 

Biomass <Trawl} surveys 

Trawl surveys have been conducted annually by the NWAFC to assess 
the abundance of crab and groundfish in the EBS. Until 1975 the 
survey only covered a portion of the pollock range. In 1975 and 
since 1979, the survey was expanded to encompass most of the range 
of pollock. Table 1.1 shows the biomass estimated from a 
standardized area from these surveys. 

Survey efforts have not been as extensive in the Aleutian region 
as in the EBS. Bottoru trawl surveys were conducted in 1980, 1983 
and 1986. These surveys estimated biomass at 397,362 tin 1980, 
822,063 tin 1983 and 527,074 tin 1986. They do not include mid
water pollock and therefore represent only a portion of the 
biomass. The biomass in this area is likely to be in excess of one 
million t if the on-bottom/off-bottom distribution is similar to 
that of the EBS. 

Biomass <Hydroacoustic/Mid-water Trawl) surveys 

In addition to bottom trawl surveys, hydroacoustic surveys have 
been conducted to estimate the midwater component of the pollack 
stock. The surveys were repeated triennially with the first 
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conducted in 1979 (Traynor and Nelson 1985) . The use of both 
techniques provides biomass estimates of both the demersal and 
pelagic components of the stock (Table 1. 1). The 1979 surveys 
estimated the total EBS stock at 10.5 million t. The on-bottom 
component was 29% (3.0 million t) of the total stock. In 1982, 39% 
of the pollack were estimated to be on bottom; in 1985, 49% was on 
bottom. Al though a hydroacoustic survey was also conducted in 
1988, the results are not yet available for inclusion in this 
analysis. 

Age-structured Models 

Several age-structured population dynamics models have been 
employed to assess pollack. The traditional cohort analysis model 
(Pope 1972) as well as the newer catch-age (CAGEAN) model by Derise 
et al. (1985) have been used. Cohort analysis and CAGEAN models 
were "tuned" using auxiliary information based on the combined 
hydroacoustic and bottom trawl surveys of EBS pollack from 1979, 
1982, and 1985. 

Initial estimates of the parameters in the CAGEAN model were 
obtained from cohort analysis. In the CAGEAN model, relative 
selectivity was set equal to 1.0 for age 4 and computed for all 
other ages. Previous analysis has shown that F peaks at age 4 and 
then decreases in older ages (Wespestad and Terry 1984). 

A critical factor in the accuracy of results from age-structured 
models is the use of ~orrect instantaneous natural mortality rate 
{M) • Wespestad and Terry ( 1984) estimated M = o. 4 5 for age 2 
pollack and Ms 0.3 for ages 3-9. 

The cohort analysis model was "tuned" using auxiliary information 
from the triennial NWAFC hydroacoustic and bottom trawl surveys. 
The tuning requires three assumptions: (1) the relative age 
composition of pollack obtained from the combined hydroacoustic
bottom trawl surveys are true estimates of the age composition of 
the population; (2) interannual changes in survey abundance are 
proportional to actual abundance in the population; and (3) the 
average target strength coefficient used to scale echo integrator 
data to estimates of absolute density is correct. 

Under the first assumption the terminal F values were adjusted 
until the proportional age composition from the model was identical 
to the proportional age composition observed in the 1985 survey. 
The 1988 F values were then adjusted so the total number of age 3+ 
pollock in the cohort analysis approximated the trend in 3+ pollock 
in the survey (Figure 1.3a). A second analysis was made in which 
the above procedures were followed, but additional tuning was done 
to adjust year class size to conform to relative year class size 
estimates from bottom trawl surveys (Figure l. 3b). These procedures 
produced the following results: 
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Year Survey 3+ N Cohort Analysis 3+ N 
Billions Billions 

Tuned to Age Tuned to 
Composition Recruit Index 

1979 10.41 10.9 10.0 
1982 21.07 23.7 22.1 
1985 22.40 22.0 22.5 

Biomass estimates from the models are presented in Table 1.2 and 
Figure 1.4 with estimates of abundance from surveys. The analyses 
showed a major increase in abundance in the late 1960s with a peak 
in the early 1970s. Abundance was low around the time the fishery 
began in 1964 but then increased 4-6 fold in the following 8-9 
years. The cohort analysis estimated peak abundance in 1971 at 
10.8 million t. Following this peak, the biomass declined to a low 
of 5.3 million tin the late 1970s. From 1979 to 1983 the biomass 
increased, but has been declining in the most recent years 
following lower levels of recruitment in the early 1980s. 

The results of cohort analysis indicate that pollock have been 
exploited relatively lightly since 1977. Catch rates on age groups 
3-9 have varied from 10 to 18% since 1977 as shown below: 

Year 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

Biomass (million t) 

Tuned to Trend 4.5 4.7 7.4 8.9 10.0 9.5 9.9 8.5 8.0 7.5 

Tuned to Age 4.1 4.1 6.5 8.1 9.1 8.5 9.5 8.4 9.0 9.3 

Catch 0.91 0.96 0.97 0.96 0.98 1.10 1.18 1.19 1.24 1.23 
(million t) 

Catch 0.20 0.20 0.13 0.11 0.10 0.12 0.12 0.14 0.16 0.16 
Ratio 

Spawners 6.3 6.4 9.8 12.9 14.7 14.2 13.7 11.7 10.7 10.0 
(billions) 

Estimated catch-at-age, numbers-at-age and fishing mortality are 
shown in Tables 1.3, l.4 and 1.5. 
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l.3.3 Current Exploitable Biomass 

Cohort analysis is considered to provide the best estimate of 
biomass for the EBS pol lock stock on account of its detailed 
analysis. The exploitable biomass (ages 3-9) trend is shown in 
Table 1.2. The most recent trawl-hydroacoustic estimate of the EBS 
pol lock stock was 9. 4 million t in 1985 while the exploitable 
biomass (ages 3-9) derived from cohort analysis was 9.5 to 
9.9 million t. Based on the tuning procedure used the biomass 
trend since 1985 has been either stable or slightly decreasing with 
the estimated 1988 exploitable stock size at 9.3 million tin the 
first case and 7.5 million tin the latter situation. 

Sufficient data is not available to perform cohort analysis for the 
Aleutian Islands stock. In last years assessment document 
(Wespestad and Traynor 1989) the current exploitable biomass for 
the Aleutian Islands region was estimated to be 471,700 t based on 
1986 trawl survey information and assumptions of population trends 
between 1986 and 1989. If the population trend in the Aleutian 
Islands region is similar to the eastern Bering Sea then stock 
biomass will likely be near the 1989 estimate of 471,700 tin 1990 
since catch statistics indicate that only 2,000 t have been 
harvested in the first half of 1989. 

Pollock taken in the Bogoslof Island fishery (Area 515) are of a 
noticeably different age composition than those taken on the 
eastern Bering Sea shelf (Wespestad and Traynor 1989) . 
Hydroacoustic surveys in 1988 and 1989 estimate the biomass in the 
Bogoslof area to be about 1 million t. 

l.4 RECRUITMENT TRENDS 

Estimates of recruitment were obtained from the annual groundfish 
surveys for age l pollack (fish smaller than 20 cm). These 
recruitment estimates were compared to age 3 pollock estimated from 
cohort analysis. The comparison indicated a linear relationship 
which was used to project age 3 numbers in 1989-1990 (Figure 1.5). 

Cohort analysis estimates of age 3 pollack entering the population 
has, since 1982, varied from a high of 15.4 billion in 1981 to 0.8 
billion in 1984, averaging 6.8 billion since 1977. The following 
table shows that, since the very strong 1978 year class, 
recruitment has been above average except for the very weak 1981 
and 1983 year classes and a below average 1984 year class. 
Projected recruitment is estimated to be average in 1988 and then 
decrease in 1989 and 1990. 
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Year class 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

Age 1 est. 8.2 1.0 0.8 3.7 0.3 4.0 2.2 0.3 0.8 
(survey data) 

Age 3 est. 14.8 9.4 9.9 2.8 8.8 1.0 7.7 4.2 3. 3 4.1 
(cohort analysis) 

Recruiting 
Year 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Underlined estimates projected: age 3 = 2.918 + 1.419 * age 1 

Based on these recruitment trends it is anticipated that pollock 
abundance will decrease as the 1978 year class declines and is 
replaced by weaker year classes. 

For the Aleutian Island area, data is insufficient to estimate 
recruitment. 

1.5 BIOLOGICAL PARAMETERS 

1.5.l Natural Mortality, Age of Recruitment, and Maximum Age 

Wespestad and Terry (1984) estimated M=0.45 for age 2 and M=0.30 
for ages 3-9. These latter values have been used since 1982 in 
cohort analysis forecasts and appear to approximate the true rate 
of natural mortality for pollock. 

Pollock are commonly taken at age 2 by the commercial fishery, but 
are considered to be too small for effective utilization. Age 3 
fish are commonly utilized by the fishery, but full recruitment is 
not until age 4. Fishing mortality patterns actually show pollock 
selectivity increasing to a maximum at ages 4-5 and then decreasing 
with age. This pattern is believed to be due to a combination of 
catchability and availability factors. 

The life span of pollock is not very long. Individuals above age 
12 have been aged, but most of the fish encountered by the fishery 
have been below age 10. 

1.s.2 Length and weight at Age 

Length, weight, and age data have been collected extensively for 
pollock by various time and area strata. Length-age and weight
length relationships for each group of pollock samples can be quite 
variable, indicating that there are growth differences by sex, 
area, and year class groups. This variability may also indicate 
growth differences or different life histories of sub-units of 
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pol lock stocks. General characteristics of length-weight-age 
relationships and other fishery parameters are given below: 

Selectivity 
Natural Mean Mean Maturity traction 

mortality length weight fraction 
Age rate (cm) <cm} (kg) Dome Asymo 

2 0.45 28.04 0.105 0.008 0.30 0.07 
3 0.3 34.68 0.251 0.289 0.69 0.89 
4 0.3 40.03 0.409 0.641 0.96 1.00 
5 0.3 43.29 0.465 0.842 1.00 1.00 
6 0.3 46.82 0.650 0.901 0.78 1.00 
7 0.3 50.20 0.798 0.947 0.61 1.00 
8 0.3 52.46 0.892 0.963 0.49 1.00 
9 0.3 53.21 0.945 0.970 0.42 1.00 

The dome-shaped selectivity fraction is computed from F values 
calculated by cohort analysis; the asymptotic selectivity is 
derived from fishery versus survey age composition (Smith 1981). 

1.6 MAXIMUM SUSTAINABLE YIELD 

1.6.1 Eastern Bering sea 

Maximum sustainable yield for eastern Bering Sea pollack is 
estimated to be 2. 3 million t based on an age-structured model 
(Walters 1969) which incorporates the Beverton and Halt yield 
equation, a population decay function, and a spawner recruit 
function. Input to the model consisted of the estimated number of 
pollack by age in 1985 (the base year), natural mortality, 
spawner-recruit parameters, and growth and fishery parameters as 
shown in the table in Section 1.s.2. 

The model results are most sensitive to the spawner-recruit 
relationship (Figure 1.6). The Ricker model was used to fit pollack 
spawner-recruit data because this relationship occurs in situations 
where cannibalism is an important population regulating mechanism, 
as is believed to be the case for the EBS pollack population 
(Wespestad and Terry 1984). A Beverton-Holt model was also fitted 
to the pollack spawner-recruit data, but the data did not fit this 
model as well as the Ricker model (R•0.51 versus R=0.81, 
respectively). Figure 1.6 shows that MSY occurs at the point of 
maximum recruitment which is 8.4 billion age 3 pollack produced 
from a spawning population of 5.2 billion fish. The corresponding 
biomass that produces this MSY (Bmsy) is 4.9 million t. 

An additional important factor in the determination of pollack MSY 
is the selectivity pattern. For the case of dome-shaped 
selectivity, MSY is achieved when F= 0.83. With asymptotic 
selectivity, MSY is achieved at F= 0.68, a lower level of effort 
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because of the higher availability of older pollock. Both 
selectivities result in rates of removal at MSY 47-48 percent of 
the exploitable biomass (ages 3-9). 

1.6.2 Aleutian Islands 

The Aleutian component of the exploitable biomass was estimated to 
be 890,000 tin 1986. Assuming that the 1986 exploitable biomass 
is the same fraction of the MSY biomass as in the EBS, biomass at 
MSY in the Aleutian region would be 520,000 t (890,000 t x 4.9 
million t/8.4 million t). 

Assuming further that the population dynamics of the Aleutian 
region stock are similar to the EBS stock, MSY for the Aleutian 
pollock stock is estimated to be 245,000 t (MSY exploitation rate 
x Bmsy = 0.47 x 520,000 t). 

1.7 ACCEPTABLE BIOLOGICAL CATCH 

1.1.1 Eastern Bering sea 

currently, the biomass of EBS pollock is above the level that will 
produce MSY; however, if predicted recruitment in the near future 
is correct, biomass is expected to decrease. How much the biomass 
decreases will depend on exploitation and future recruitment. 

Since the EBS polloc~ stock is projected to decrease in the near 
future, it may be appropriate to exploit at the F0_1 level at this 
time. One method of establishing a lower rate of harvest is to 
utilize yield-per-recruit theory and the F0_1 concept. For EBS 
polloc~, the F0_1 level of fishing derived from the yield per recruit 
model is F=0.31. 

Projecting the two cohort analysis population estimates forward in 
time and using recruitment estimates from Figure 1.5 and catches near 
1.22 million t., the estimated harvests in 1988 and 1989, the 
estimated harvest at the F0., level would be 1.1 to 1.4 million t. in 
1990 (Figure 1.7, Table 1.6). Wespestad and Traynor (1989) made 
projections using F•0.83 (F MSY) and F=0.45 the fishing level where 
recruitment equals removals. At these higher F levels exploitable 
biomass decreased and projected yields were higher. 

1.1.2 Aleutian Islands 

In the Aleutian Islands region the status and dynamics of pollack are 
not well understood. Since quantitative data are sparse, and 
abundance estimates are based on limited observations, ABC should be 
set conservatively. 

By applying the EBS F01 exploitation rate (F•0.31, E=0.25) to the 
projected 1989 exploitable biomass of 471,700 t, ABC for the Aleutian 
region stock is estimated to be 117,900 t (0.25 x 471,700 t). 
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1.7.3 Bogoslof Island. 

Although there is limited information on the distinction of Aleutian 
Basin (possibly including Bogoslof area) pollack and those of the 
eastern Bering Sea, catches in the Bogoslof fishery are currently 
counted against the TAC for the EBS which may result in 
underutilization of EBS pollock. Based upon an initial estimate of 
exploitable biomass of 1 million t near Bogoslof and a 25% 
exploitation rate, a separate 1990 ABC of 250,000 tis recommended 
for this fishery. 

1.8 POLLOCK CATCHES IN DONUT AREA 

Pollock catch in the "donut hole" area of the Bering Sea is about 1.0 
million tin 1986 and 1987. This level of catch is almost as high 
as that from the EBS. Since it is likely that some of the pollack 
taken in the donut hole area are part of the EBS and/or Aleutian 
region stocks, there is concern that ABCs estimated for these regions 
should account for that catch. However, the estimates have not been 
adjusted because: 

l. Estimates of ABC were based mainly on biomass estimates from the 
NWAFC surveys and cohort analysis. Surveys were conducted 
during the summer (June - September) months, well after 
intensive pollack fisheries had taken place in the donut hole 
area at the beginning of each year (January-April). Despite the 
intensive (l million t) catch, survey biomass on the EBS shelf 
did not change appreciably from 1984 to 1988 (Table 1. 1) . 
Therefore, at least on a short term basis, it appears that the 
donut hole catch has not had an appreciable impact on the 
abundance of the EBS stock. 

2. Input catch data for the EBS cohort analysis came exclusively 
from fisheries that have operated on the continental shelf and 
slope of the EBS. Very little catch data were from the 
"Aleutian Basin" area. Therefore, resultant biomass derived 
from the cohort model is for the EBS area only. Consequently, 
ABC's derived for the EBS and Aleutian Islands do not include 
components from the Aleutian Basin or donut hole area. 
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Table 1.1.··Bi0111ss of eastern Bering Sea walleye pol lock in 
<•il lion t) as estiNted by various assessment methods, 1964-1988. 
Survey bi0111ss esti•tes are expressed as means with 2 sd. 

Trawl Cohort Analysis Ca) CAGEAN Cb) 
Year Survey 

1964 1.82 • 1.82 
1965 1.98. 1.98 

1966 2.96 • 2.96 
1967 4.13 • 4.13 
1968 6.64 · 6.64 
1969 8.43 • 8.43 
1970 9.47 • 9.49 

1971 10.61 • 10.53 10.2 
19n 10.61 • 10.45 9.6 
1973 9.64 • 9.42 8.8 
1974 7.05 • 6.8 7.2 
1975 6.62 • 6.33 6.6 

1976 5.9 • 5.56 7.1 
1977 5.37 • 5.01 4.9 
1978 4.87 • 4.49 5.1 
197'9 0.5c + 3. 1 4.49 • 4.09 6.1 
1980 1.5d + 0.4 4.65 • 4.09 8.9 

1981 2.5• + 0.6 7.4 • 6.53 11.3 
1982 7.8c + 1.2 8.93 • 8.14 12.6 
1983 6.1d + 1.0 9.91 • 9.04 12.5 
1984 4.6d + 1.0 9.51 • 8.53 12.2 
1985 9.4c + 1.6 9.88 · 9.52 11.6 

1986 5.0d + 1.0 8.47 • 8.4 8.3 
1987 5.2d + 1.2 8.03 • 8.99 
1988 7.53 • 9.3 

ca> Cohort analysis (Pope 19n): age 3 and older t~ to 
hydroac01.-tic·trawl survey ffti•tes for 1979, 1982 and 1985. 

Cb) CAGEAN aodel (Deriso et al. 1915) t~ with hydroec:oustic• 
trawl survey •ti•t• for 1979, 1982 and 1985: Na0.3; ,..,,. 
and confidence intervals were baud on 50 bootstrap 
rapl i cat f one. 

(c) survey "tf•t" include •idwater, shelf bottca, and slope 
bottca CCIIIIPONf'tl. 

(d) survey "ti•tn are for shelf bottca c:Ollp)l"lent only. 
(e) Surwy ntf•tn include shelf and slope bottca C:CIIIPO"«lts-
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Table 1.2. EatiMted bioaa11 of 1:?2llock in tonnes in the Eastern Beri!:?i See by aae and total bicaess eesti11111ted bl cohort anallsis tuned to: 

A. Triennial hydr011Couatic·bottoa trawl survey 1198 COllpOSitlon end bottoa trawl survey age 1 index. 
iear/!i! 2 3 4 5 6 7 8 9 Total 

1977 906,737 1,461,1s2 1,415,991 669,144 353,325 487,737 443,828 537,426 6,281,540 
1978 836,521 1,166,158 1,350,366 853,415 539,330 269,848 379,230 310,923 5,706,492 
1979 1,276,999 1,130,210 1,022,270 759,353 664,854 425,684 203,242 283,221 5,765,833 
1980 2,578,m 1,754,373 929,429 587,864 483,701 445,490 311,194 140,945 7,231,768 
1981 1,558,367 3,706,165 1,751,144 610,651 480,944 334,797 311,164 202,416 8,955,652 
1982 1,627,753 2,359,982 3,966,030 1,209,595 543,625 386,079 242,374 213,304 10,553,741 
1983 474,984 2,475,992 2,m, 186 2,753,453 1,034,929 455,911 303,446 170,711 10,442,613 
1984 1,458,633 704,712 2,922,983 2,163,634 2,341,073 798,506 352,199 227,333 10,969,on 
1985 187,766 2,209,405 805,644 2,281,794 2,005,796 1,762,512 571,104 246,465 10,070,484 
1986 1,271,246 262,262 2,474,657 608,656 2,148,040 1,569,6n 1,067,401 336,237 9,738,170 
1987 685,071 1,925,583 287,557 1,879,307 506,788 1,667,070 1,107,781 651,651 8,710,809 
1988 158,163 1,041,303 2,289,434 200,239 1,612,206 350,912 1,257,967 778,053 7,688,277 

•• Triennial hydroac:ouatic·bottoa trawl survey 1198 COllpOSition and 1979, 1982 and 1985 ab.ndance trend • 

1977 844,434 1,422,995 1,339,729 620,897 322,249 429,154 396,023 475,736 5,851,217 
1978 790,599 1,071,893 1,296,820 789,183 489,367 241,585 330,719 273,404 5,283,570 

w 1979 1,130,239 1,060,213 907,633 714,254 598,339 380,244 179,837 245,148 5,215,906 
N 

1980 .2,382, 143 1,530,676 844,932 491,311 436,998 384,994 273,565 122,576 6,467,196 
1981 1,589,231 3,406,454 1,481,108 539,484 380,962 292,321 261,069 1n,884 8,123,514 
1982 1,448,829 2,407,026 3,604,234 982,157 474,927 295,143 207,201 173,987 9,593,504 
1983 436,276 2,203,270 2,829,976 2,448,730 799,405 388,883 228,143 143, 106 9,477,789 
1984 1,748,741 645,711 2,593,767 2,211,466 2,025,516 584,297 296,695 168,233 10,274,425 
1985 239,155 2,651,598 734,421 2,004,511 2,055,328 1,475,514 391,n2 202,903 9,757,151 
1986 1,858,769 340,591 3,008,450 548,668 1,860,899 1,614,n2 829,742 197,021 10,258,863 
1987 935,m 2,821,106 382,112 2,328,896 444,668 1,405,917 1,145,085 465, 129 9,928,690 
1988 1661908 1.423.437 313701465 279.878 210111m 294,414 11041 I 711 807.331 9,461.922 
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Table 1.3. Catch~ !i! and total catch of f:2llock in nuaber of fish froa the eastern Beri!?I Sea1 19n·1988. 

~ar/!ie 2 3 4 5 6 7 8 9 Total 
19n 1,073,816,172 1,195,n4,141 847,525,659 274,558,181 74,979,679 32,114,379 45,992,258 41,234,111 3,585,994,580 
1978 722,678,713 1,097,359,561 944,443,475 391,272,633 94,394,232 26,330,318 11,119,4n 19,145,347 3,313,343,826 
1979 958,318,125 1,235,419,499 682,467,001 540,965,602 211,n4,924 53,803,793 22,826,600 29,169,814 3,754,745,358 
1980 1,120,060,875 1,041,523,325 430, 156, 165 228,463,365 153,058,035 75,204,515 51,415,520 21,146,821 3,121,028,621 
1981 76,514,479 1,442,684,307 662,889,545 149,673,091 74,749,419 45,412,822 38,000,626 23,281,868 2,513,206,157 
1982 25,378,068 214,940,910 1,466,504,870 389,070,688 62,695,091 21, 1n,saa 23,989,227 14,936,765 2,218,693,207 
1983 96,175,159 187,229,665 429,962,151 912,078,907 207,847,468 12,995,n4 13,305,595 9,054,704 1,888,649,423 
1984 69,322,000 127,969,000 449,967,000 419,620,000 533,871,000 117,388,000 36,827,000 25,241,000 1,780,205,000 
1985 119,431,138 546,619,823 174,645,539 384,079,170 370,669,566 510,718, 107 137,680,719 47,897,875 2,291,741,937 
1986 60,342,000 82,471,000 512,140,000 220,760,000 417,220,000 250, 130,000 228,780,000 52,993,000 1,824,836,000 
1987 14,503,190 99,518,793 104,829,906 596,852,852 160,167,665 159,562,642 112,338, 184 267,791,694 1,515,564,927 
1988 11,112,660 53215111000 436.6351000 227,2981000 529,4071000 21115211000 104.4731500 ,1.268.700 2. ,00.4951860 

Table 1 .4. Eatl•ted ruiber of f:2llock ~ !i! and total catch froa the eastern Berl!:!j! Sea1 19n•1988 as estlaated ~ cohort analista 

A. Tu,ed to the trienlial hydroacouatlc·bottoa trawl survey age COllpOSition and bottoa trawl survey age 1 Index. 
w ~•rl!i! 2 3 4 5 6 7 8 9 Total w 

19n l,~5,591,518 5,846,023, 170 3,462,081,430 1,439,020,018 543,576,650 611,199,021 497,564,614 568,704,899 21,603,761,320 
1978 7,966,869,658 4,648,136,628 3,301,628,142 1,835,300,910 829,737,833 338,155,879 425,146,269 329,019,029 19,674,694,347 
1979 12,161,895,058 4,502,829,645 2,499,436,752 1,633,016,253 1,022,852,878 533,439,036 227,849,322 299,704,808 22,881,023,752 
1980 24,559,746,806 6,989,534,100 2,272,442,829 1,264,223,496 744,154,716 558,257,523 348,872,004 149,147,892 36,886,379,437 
1981 14,841,588,985 14,765,599,185 4,281,526,782 1,313,228,211 739,919,560 419,545,153 348,838,219 214,196,989 36,924,443,085 
1982 15,502,410,320 9,402,316,899 9,696,895,025 2,601,278,734 844,038, 563 483,808,471 271,719,516 225,718,267 39,028,185,794 
1983 4,523,661,050 9,864,508,439 6,780,406,320 5,921,404,080 1,592,198,438 571,316,982 340,186,412 180,647,049 29,n,,12s,no 
1984 13,891,739,041 2,807,616,210 7,146,657,524 4,652,976,692 3,601,650,444 1,000,633,641 394,842,304 240,564,060 33,736,679,916 
1985 1,788,244,725 8,802,409,147 1,969,789,306 4,907,083,924 3,085,839,633 2,208,661,245 640,250,845 260,809,080 23,663,087,905 
1986 12,107,102,196 1,044,867,478 6,050,505,040 1,308,937,000 3,304,6n, 176 1,967,007,974 1,196,637,345 355,806,599 27,335,540,809 
1987 6,524,489,315 7,671,645,129 703,073,418 4,041,521,395 779,674,487 2,089,060,484 1,241,906,461 689,Sn,978 23,740,948,667 
1988 1150613151602 4,148.617,030 51597,637,876 430,621,662 2,480,316,678 439,739.479 1,410,211,212 823,336,564 16,836.862,121 



Table 1.S. EatiMted fiahi!!I aortelitX (f) for 1?2llock in the Eastern Beri!!I Sea~ !I! and total bioaaas eeatiMted ~ cohort analtaia tl.lled to: 

A. Triemial h)'droec:~tic·bottoa tr.,l aurvey age COllf)Oaition and bottoa trawl survey age 1 index. 

k'.!•r/!1! 2 3 4 5 6 7 8 9 Total 
1977 0.169 0.271 0.335 0.251 0.175 0.063 0.114 0.088 0.088 
1978 0.121 0.321 0.404 0.285 0.142 0.095 0.050 0.070 0.072 
1979 0.104 0.384 0.382 0.486 0.306 0.125 0.124 0.120 0.124 
1980 0.059 0.190 0.248 0.236 0.273 0.170 0.188 0.180 0.179 
1981 0.006 0.120 0.198 0.142 0.125 0.134 0.135 0.135 0.135 
1982 0.002 0.027 0.193 0.191 0.090 0.052 0.108 0.080 0.080 
1983 0.027 0.022 0.077 0.197 0.164 0.069 0.047 0.060 0.058 
1984 0.006 0.054 0.076 0.111 0.189 0.147 0.115 0.130 0.131 
1985 0.087 0.075 0.109 0.095 0.150 0.313 0.287 0.240 0.300 
1986 0.006 0.096 0.104 0.218 0.159 0.160 0.251 0.190 0.206 
1987 0.003 0.015 0.190 0.188 0.273 0.093 0.111 0.600 0.102 
1988 0.010 0.162 0.095 0.950 0.285 0.855 0.090 0.060 0.473 

•vt 0.053 0.149 0.207 0.204 0.181 0.129 0.142 0.153 0.136 

w 
~ 
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Table 1.6. Projected spawning population, exploitable bi011111ss (t), 
catch (t) and exploitation rates at fishing mortality =0.31. 

Spawners Exploitable Exploitation 
Year Sfllfons 8iOIIIUS F catch A. 8. C. 

t\n!d to recrui'-"t trend 

88 10.238 7826456 0.19 1245880 0.16 0.16 0.26 
89 8.439 6203234 0.25 1207063 0.19 0.20 0.29 
90 6.67'5 5031647 0.31 1141841 0.23 0.24 0.30 
91 6.494 4930906 0.31 1174824 0.24 0.23 0.30 
92 7.436 5523235 0.31 1269851 0.23 0.23 0.30 
93 8.424 6042324 0.31 1453953 0.24 0.23 0.30 

t\n!d to survey 

88 12.745 9436800 0.15 1230178 0.13 0.13 0.22 
89 11.211 7932112 0.19 1232059 0.16 0.16 0.26 
90 8.342 6191557 0.31 1466064 0.24 0.24 0.30 
91 7.078 5397986 0.31 1325564 0.25 0.24 0.30 
92 7.041 5330321 0.31 1221927 0.23 0.23 0.30 
93 7.564 5567141 0.31 1337057 0.24 0.23 0.30 

A. Exploitation• catch in biaaasa / Jan 1. lfoau 
a. Exploitation• Catch in nulllbera / Jan 1. Nl.lllbera 
C. Exploitation• (F*(1·exp(•Z)))/Z 
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Section 2 

2.1 

PACIFIC COD 

by 
Grant G. Thompson 

INTRODUCTION 

Pacific cod (Gadus macrocephalus} are distributed widely over the 
eastern Bering Sea (EBS) continental shelf and slope as well as in 
the Aleutian Islands region. Since tagging studies have 
demonstrated significant inter-area migration, the resource in the 
two areas is managed as a single unit. 

2.2 CATCH HISTORY 

During the early 1960s, a fairly large Japanese longline fishery 
harvested cod for the frozen fish market. Beginning in 1964, the 
Japanese trawl fishery for pollack expanded, and cod became an 
important incidental catch in the pollack fishery and an occasional 
target species when high concentrations were detected during 
pollack operations. In 1981, a U.S. domestic trawl fishery and 
several joint venture fisheries began operations in the EBS and the 
Aleutian Islands region. These two U.S. fisheries have dominated 
catches of cod in the last four years, and were allocated the 
entire TAC starting in 1988. 

Catches (mt) since implementation of the MFCMA are shown below: 

Eastern Bering Sea Aleutian Islands Region 

Domestic Domestic 

Year Foreign JVP OAP Total Foreign JVP OAP Total 

1977 33,320 0 15 33,335 3,262 0 0 3,262 
1978 42,512 0 31 42,541 3,291 0 4 3,295 
1979 32,981 0 780 33,761 5,591 0 2 5,593 
1980 35,058 8,370 2,433 45,861 2,905 86 2,797 5,788 

1981 36,198 7,410 8,388 51,996 2,914 1,749 5,799 10,462 
1982 26,178 9,312 19,550 .55, 040 1,996 4,280 5,250 11,526 
1983 39,235 9,662 34,315 83,212 2,271 4,700 2,984 9,955 
1984 57,233 24,382 29,329 110,944 1,277 6,390 14,549 22,216 
1985 56,493 35,634 40,609 132,736 839 5,638 6,213 12,690 

1986 39,791 57,966 32,798 130,555 s 6,115 4,212 10,332 
1987 54,374 47,029 ,2,067 143,470 0 10,430 2,772 13,202 
1988 0 106,592 86,135 192,726 0 3,300 1,866 5,165 
1989. 0 33,985 73,954 107,989 0 0 992 992 

• As reported by PacFIN on August 7, 1989. 
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Total catches of Pacific cod in the eastern Bering Sea and 
Aleutians increased from 13,600 mt in 1964 to 70,400 mt in 1970, 
but then declined to ~ange between 36,600 and 63,800 mt in 1971-
79. catches in 1980-87 increased markedly from the level of the 
previous 3 years because of increases in abundance of the resource 
and catches by the new U.S. joint venture and domestic fisheries. 
Total catches of cod reached a historic high of 197,892 mt in 1988, 
with the great majority of this total (192,726 t) originating from 
the eastern Bering Sea. 

2.3 CONDITION OF STOCKS 

2.3.l Relative Abundance 

Abundance of Pacific cod in the EBS has increased substantially 
since the mid-l970s. A very strong year class spawned in 1977 was 
the major factor contributing to the initial increase. Based on 
surveys that have sampled major portions of the EBS, catch per unit 
effort (CPUE) of cod increased approximately 9 times (from 2.7 to 
24. 8 kg/ha) between 1975 and 1983. In 1988, CPUE remained hi-gh at 
a value of 20.9 kg/ha. Relative abundance data from the 1989 
survey are not yet available. 

2.3.2 Absolute Abundance 

Estimates of total biomass from NWAFC demersal trawl surveys in the 
EBS since 1978 are shown below: 

Year Mean estimate (mt) 95% confidence intervals (mt) 

1978 312,000 87,300 - 536,800 
1979 792,300 603,200 - 981,400 
1980 913,300 795,700 - 1,031,000 

1981 840;100 691,700 - 988,400 
1982 1,013,900 875,000 - 1,152,800 
1983 1, 126~·400 904,000 - 1,348,800 
1984 999,700 872,900 - 1,126,500 
1985 957,600 855,500 - 1,059,800 

1986 1,134,100 993,400 - 1,274,900 
1987 1,142,400 1,002,400 - 1,282,500 
1988 959,500 810,000 - 1,109,100 

Estimated biomass increased steadily from 1978 through 1983, and 
has remained relatively constant since 1983, with considerable 
overlap between the annual confidence intervals. The biomass 
estimate for 1988 was down slightly from the historic high recorded 
in 1987. survey data for 1989 are not yet available. 
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Biomass estimates were derived from u.s.-Japan cooperative surveys 
in the Aleutian Islands region during the summers of 1980, 1983, 
and 1986. These biomass estimates for the Aleutian region (170 
degrees east to 170 degrees west) were as shown below: 

Year 

1980 
1983 
1986 

Biomass 

78,800 t 
136,900 t 
181,700 t 

These data indicate a sizable increase in the biomass of Pacific 
cod in the Aleutian Islands region from 1980 to 1986. 

2.3.3 current Exploitable Biomass 

The latest survey biomass estimate for Pacific cod was 959,500 mt 
in the EBS in 1988 and 182,000 mt in 1986 in the Aleutian Islands 
region. These estimates include some age 1 and 2 fish that are not 
recruited into the fishery, but they also exclude some fish at ages 
which are not fully covered by the survey gear. The model used to 
assess the eastern Bering Sea portion of the stock (EBS cod model, 
Thompson 1988) projects a July, 1989 survey biomass ( age 3 and 
above) of 803,000 mt, and a total biomass (age 3 and above) of 
880,300 mt. To obtain estimates for the combined Bering Sea and 
Aleutian regions, these figures can be expanded by a factor of 
1.1735 (see Section 2.6.2), giving values of 942,300 mt and 
1,033,000 mt, respectively. 

2.4 RECRUITMENT STRENGTHS 

The comparative strengths of recruiting year classes have been 
examined by converting survey length-frequency distributions into 
numbers at age by the iterated age-length key method of Kimura and 
Chikuni (1987). The age-length key used was comprised of readings 
taken from 623 otoliths collected during the 1985 survey. Figure 
2.1 shows the comparative strengths of the 1975-1985 year classes 
at age 3. An estimate of the strength of the 1986 year class, 
which recruited this year at age 3, is not yet available. 

While the once-dominant 1977 year class has now disappeared from 
the fishery, the high biomass levels that resulted initially from 
that year class seem currently to be sustained by moderately strong 
year classes spawned in 1982-1985. It is unlikely that any one of 
these incoming year classes will have an impact equal to that of 
the 1977 year class, but taken together they indicate that the 
stock should remain relatively healthy into the near future. 
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2.5 BIOLOGICAL PARAMETERS 

2.5.1 Natural Mortality, Age of Recruitment, and Maximum Age 

In parametrizing the EBS cod model, Thompson (1988) estimated the 
instantaneous rate of natural mortality (M) at a value of 0.2907. 
While this value of M provided the best fit to the model and 
available data, it is used with some caution, being notably lower 
than other values previously calculated for the species. For the 
same stock, Low (1974) estimated that M might range from 0.30 to 
0.45, while Bakkala and Wespestad (1985) used M = 0.45, and 
Wespestad et al. (1982) set M = 0.70. Ketchen (1964) argued that 
M for Pacific cod in Hecate Strait, British Columbia, could be as 
high as 0.99. 

Because the new age-length key covers only ages 3 and above, the 
EBS cod model does not consider fish of younger ages. This is not 
a significant problem, however, in that very few fish in the 0-2 
age groups are caught in the fishery (Shimada 1985). For 
accounting purposes, then, age 3 can be taken as the age of 
recruitment. It should be stressed, however, that the model does 
n.g.t assume "knife-edge" recruitment to the fishery at this age, 
utilizing instead gear- and age-specific vulnerability schedules. 

The maximum age used in the 1988 cod model was 8 years. This value 
was determined by examining the goodness-of-fits obtained from the 
iterated age-length key analysis (see Section 2.4) under maximum 
ages of 8, 9, and 10 years. 

2.5.2 Length and Weight at Age 

The EBS cod model uses the following length-age and weight-length 
relationships: 

L(age) = 105.4*(1.-exp(-.0.2367*(age-l.057))), and 

W(L) • 0.006l*L3
·
1535 

where L = length in cm, and W • weighting. The parameters in 
the von Bertalanffy length-age equation were derived from the 
individual lengths at age used to calibrate the age-length key, 
and were estimated using non-linear least squares regression. The 
length-weight equation was obtained by examining over 3,000 
specimens taken between 1975 and 1983. 

This year, the Age and Growth Unit of the Alaska Fisheries Science 
Center aged 200 otoliths collected from fish of known weights, 
enabling direct estimation of weight at age. Ordinary least 
squares regression was used to estimate the parameters of the 
following equation (Thompson 1989), based on the mean weights at 
age obtained from the Age and Growth Unit (R2 = 0.97): 

• • w (age) • w ( age ) * [ 1 + K' * ( age-age ) ] , 
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. 
where w = weight in g, ag!= = an arbitrary reference age (set here 
at two years), and w(age) and K' are parameters, with estimated 
values of 0.1478 and 5.3173, respectively. 

2.5.3 Historical Exploitation Rates 

Traditionally, the rate of exploitation has been defined as annual 
catch (in numbers) divided by initial stock size (also in numbers). 
Implicitly, this assumes that the harvest year begins at the time 
of recruitment. In the EBS groundfish fishery, however, this 
condition is not satisfied, and so it is difficult to estimate true 
exploitation rates. Another problem with the usual formulation of 
exploitation rate is that it requires knowledge of the initial size 
of the total recruited population (not just that portion covered 
by the survey). It is especially important to realize that the 
ratio.of catch (in biomass) to survey biomass will generally be 
different from the true exploitation rate. Nevertheless, it may 
be useful to compute some sort of index describing how catch has 
related to survey estimates ~f stock size in recent years. To this 
end, the following table gives the ratio of annual catch ( in 
biomass) to survey biomass for the years 1979-1988: 

Year 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

Ratio .0426 .0502 .0619 .0543 .0739 .1110 .1386 .1151 .1256 .2009 

2.6 MAXIMUM SUSTAINABLE YIELD 

It is apparent that the EBS cod population is subject to wide 
fluctuations in abundance. Most data come from a period when the 
population was either undergoing a rapid increase in abundance or 
at a high level of aburidance. Thus, observations of the population 
over a range of stable abundances are not available. It is 
conceivable that the recruitment of the strong 1977 year class has 
shifted the stock to a new "domain of attraction" (Holling 1973), 
or that some unknown change in environmental conditions is causing 
the stock to move toward a new equilibrium state (Thompson et al. 
1986). In addition to the difficulty imposed by recent changes in 
stock abundance, the situation is complicated by the fact that 
recruits-per-spawner data do not seem to follow a very tight 
pattern. Therefore, any attempt to estimate MSY must be considered 
tentative. Nevertheless, in conducting last year's assessment, a 
preliminary estimate was computed using the EBS cod model. 

2.6.l Overview of the EBS Cod Model 

The EBS cod model is a numbers-based model that projects the 
population and fishery on a gear-, year-, age-, and month-specific 
basis. It formulates the instantaneous rate of fishing mortality 
as the product of gear- and year-specific fishing effort (an input 
parameter), gear-specific catchability coefficients, gear- and age-
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specific vulnerability schedules, and gear- and month-specific 
effort distribution schedules. The model assumes a harvest year 
running from January to December, a recruitment year running from 
March to February, a survey year running from July to June, and a 
Beverton-Holt stock-recruitment relationship. 

Although the absence of 1989 survey data has made it impossible to 
validate the model's current performance, the model's performance 
in 1988 was quite satisfactory, predicting the 1988 survey 
estimates of stock numbers and biomass to within 3% and 2%, 
respectively. A full discussion of the model's structure and 
performance is given by Thompson (1988). 

2.6.2 Model Estimation of MSY 

The model estimated MSY for the EBS portion of the stock at 275,500 
mt. Since this figure describes MSY for the EBS portion of the 
stock, it is necessary to expand the estimate to incorporate the 
Aleutian portion as well. A weighted average based on the 1980, 
1983, and 1986 surveys of the two areas indicates that multiplying 
the EBS figure by 1.1735 will result in an appropriate expansion. 
This procedure gives a combined MSY estimate of 323,300 mt. 

In making any recommendation concerning MSY, it should be 
remembered that NMFS' Guidelines for Fishery Management Plans 
define MSY relative to "prevailing ecological and environmental 
conditions." It is quite conceivable that the ecological and 
environmental conditions responsible for the current high abundance 
of this stock will not prevail indefinitely, in which case a new 
(presumably lower) estimate of MSY will be needed. 

2.7 ACCEPTABLE BIOLOGICAL CATCH 

2.1.1 Modeling constant Exploitation strategies 

The North Pacific Fishery Management Council (NPFMC) has 
demonstrated a preference for applying a constant exploitation rate 
strategy in managing the various stocks within the EBS groundfish 
complex. As suggested in Section 2. 5. 3, however, there are a 
number of difficulties inherent in relating the usual formulation 
of exploitation rate to the types of data most readily available. 
In an attempt to overcome these difficulties, the EBS cod model has 
been configured as follows: 

First, the model deals with the population simultaneously on three 
levels: the population of all fish age three and above (the 
"total" population), the population of all fish age three and above 
which are available to the survey -(the "survey" population) , and 
the population of all sexually mature fish age three and above (the 
"spawning" population). The model deals with each of these three 
aggregations in terms of both numbers and biomass. 
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Second, assuming a homogeneous fleet employing a single specified 
gear type, the model is configured to solve for the equilibrium 
catch and stock struct~re at any given effort level (it is assumed, 
for the purpose of this part of the analysis, that the fishery uses 
trawl gear only). From these results, exploitation rate is 
computed by dividing annual catch in numbers by total population 
numbers at the time of recruitment (March). Although the model is 
designed to compute a complex schedule of fishing mortality rates 
specific to gear, year, age, and month, a "pseudo-F" is computed 
by solving for the value that satisfies Baranov's catch equation: 

U = F(l-exp(-M-F))/(M+F), 

where u = a specified exploitation rate, as defined above. 

Third, the model is able to solve the equilibrium system for 
specific exploitation strategies. The NPFMC's Scientific and 
Statistical Committee has expressed particular interest in 
exploitation rates corresponding to F0_1 (Gulland and Boerema 1973), 
F rrisy' F max (i.e. , the fishing mortality rate corresponding to maximum 
yield per recruit), aiid F=M. Because of potential ambiguities in 
interpreting F0_1 and Fmax' the methodology used here in their 
calculation should be noted. For F0_1 , two rates were calculated. 
The first (F01a) was derived from the sustainable yield curve, which 
was generatea using a Beverton-Holt stock-recruitment relationship. 
The second (F01 b) was derived from the yield-per-recruit curve, 
which was generated using an assumption of density-independent 
recruitment. The same yield-per-recruit curve was used to derive 
F max. This fact is noted here because some authors have derived F max 

from a yield-per-recruit curve that incorporates density-dependent 
recruitment (e.g., Sissenwine and Shepherd 1987). 

Fourth, given the present (not the equilibrium) stock structure, 
the model solves for the effort levels that will generate a 
specified exploitation rate for a given number of years into the 
future. Although for the purposes of actual projections the model 
assumes that effort changes at the start of each harvest year 
(January), it also makes a "dry run" that calculates what catch 
would have been over the March-February recruitment year had effort 
remained constant. Ir- so doing, the model is able to calculate a 
true exploitation rate by dividing the "dry run" March-February 
catch (in numbers) by March total population numbers. It must be 
stressed that the true exploitation rate will in all likelihood be 
significantly different from the false exploitation rate often 
calculated by dividing catch (in biomass) by survey biomass. 

2.1.2 A New Alternative; Maximum Expected Log sustainable Yield 

When parameter estimates are uncert~in, the most prudent course of 
action may be to harvest at some fishing mortality rate below the 
best estimate of F ~· Bayesian decision theory provides a 
framework for identifying such a rate in a systematic fashion. In 
a Bayesian approach, the objective is not to find the fishing 
mortality rate that maximizes sustainable yield under the best 
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point estimates of the involved parameters, but rather to find the 
fishing mortality rate that maximizes the expected value of some 
function of sustainable yield given the observed degree of 
uncertainty in parameter estimates. In other words, a Bayesian 
approach would cons.der not only simple point estimates of 
parameter values, but the probabilities associated with other 
possible values, and the relative losses that would occur if these 
other values turned out to be the correct ones. 

Thompson (1989) provided an illustration of how such an approach 
could be implemented using a simple dynamic pool model. Since 
stock-recruitment parameters are notoriously difficult to estimate, 
uncertainty in this simple illustration is confined to the exponent 
of the Cushing (1971) stock-recruitment relationship. The 
sustainable yield associated with a given fishing mortality rate 
thus varies with the Cushing exponent in a probabilistic fashion, 
implying that the sustainable yield associated with a given fishing 
mortality can be assigned an expected value. Given that societal 
attitudes about the utility of increased fishery yields may be 
nonlinear, however, Thompson proposed maximizing the expected value 
of the logarithm of sustainable yield (MELSY). 

In Thompson's (1989) model, the fishing mortality rate corres
ponding to MELSY (Fmetsy) can be expressed as a simple function of 
the natural mortality rate and three other parameters. One of 
these parameters can be derived from the linear weight-at-age 
relationship described in Section 2.s.2. The final two parameters 
can be derived from the mean, residual variance, and degrees of 

·freedom obtained by estimating the Cushing exponent. Estimation 
of the Cushing exponent, in turn, can be accomplished by regressing 
the logarithm of recruits (lagged according to the age of 
recruitment) against the logarithm of spawning biomass. For the 
EBS cod stock, this regression (with five degrees of freedom) gives 
an estimate (mean) of 0.4064 and a residual variance of 0.0481. 
Using these parameter values along with the parameters from the 
linear weight-at-age relationship described in Section 2.s.2 and 
an M value of 0.29 gives Fmetsy = 0.1038. 

2.7.3 comparison of Results 

The equilibrium behavior of the model is shown in terms of catch 
(in biomass) in Figure 2.2, numbers in Figure 2.3, and biomass in 
Figure 2.4. Note that these results correspond to the EBS portion 
of the stock only. They can be multiplied by 1.1735 to include the 
Aleutian component. Selected results from Figures 2. 2-2. 4 are 
shown in tabular form below (biomasses and catch are in mt, numbers 
are in thousands): 
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Strategy: F melsy Fo.1a Fmsy F0.1b Fmax F=M 

Fishing Mort.: 0.1038 0.1625 0.1824 0.1958 0.2:?9 0.2907 
Exploit. Rate: 0.0858 0.1306 0.1453 0.1550 0.1793 0.2205 

Total Biomass: 1,228,258 964,779 879,127 823,165 687,029 474,689 
Survey Biomass: 1,163,883 904,401 820,526 765,899 633,760 430,585 
Spawn. Biomass: 783,155 558,739 489,549 445,647 344,022 204,103 

Total Numbers: 859,864 755,097 716,250 689,201 616,728 478,946 
survey Numbers: 695,231 599,869 565,264 541,424 478,613 363,459 
Spawn. Numbers: 273,422 209,334 188,298 174,533 141,151 90,574 

catch (weight): 225,922 272,536 275,547 274,274 260,850 213,293 

The model also projected alternative ABC values for 1990. In 
addition to data and parameters described by Thompson (1988), these 
projections required the model to incorporate effort data for 1988 
and an estimate of total catch for 1989. Trawl effort for 1988 was 
estimated at 5,745.8 boat-days, while longline effort was set at 
o boat-days (although 1.4% of the catch was taken by longliners, 
no observer data were available to estimate effort for these 
vessels). Total catch for 1989 was estimated by multiplying 1989 
(PacFIN) catch reported through August by the ratio of 1988 total 
catch to 1988 catch reported through August. This yielded an 
estimate of 154,000 mt for the EBS area. 

The following table gives the projected 1990 catches that 
correspond to the harvest strategies described in the previous 
table (see also Section 2.8): 

Harvest Catch Catch 
Strategy (EBS only) (EBS+AI) 

F melsy 178,265 209,194 
Fo.1a 266,451 312,680 
Fmsy 294,332 345,399 
Fo.1b 312,425 366,631 
Fmax 356,486 418,336 
F=M 426,453 500,443 

In the past, the NPFMC has expressed a preference for utilizing an 
Fmsy harvest strategy. However, as previous assessments of this 
stock have stressed (Thompson and Shimada 1988, Thompson 1988), 
there is good reason to consider a lower rate, particularly in 
light of the uncertainty surrounding various parameter estimates 
and the increase in catch (relative to historic levels) that would 
result if an ABC based on Fmsy were actually harvested. 
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While the guidelines for interpreting the MFCMA' s National Standard 
1 make it clear that MSY is to be the starting point in determining 
harvest strategies, it is worth noting that National Standard 6 is 
just as clear in its requirement that uncertainty in stock dynamics 
be taken into account. The Fmetsy harvest strategy satisfies both 
requirements. By taking into account uncertainty in the stock
recruitment relationship, it gives an objective means of satisfying 
both National Standard 1 and National Standard 6. Therefore, the 
best recommendation for 1990 ABC probably comes from the F 

1 
harvest strategy, which gives a catch of 209,194 mt for the EBS ~~d 
Aleutian areas combined. 

2.8 PROJECTIONS OF ABUNDANCE 

Model projections of total biomass and survey biomass are given in 
Figures 2.5 and 2.6, respectively, for the constant exploitation 
strategies listed in the above table. The jagged appearance of the 
curves in month 3 of each year is due to the influx of recruits 
during that month. 
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Projected Pacific Cod Total Biomass 
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Projected Pacific Cod Survey Biomass 
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Section 3 

3.1 

YELLOWFIN SOLE 

by 
Richard G. Bakkala and Thomas K. Wilderbuer 

INTRODUCTION 

The yellowfin sole (Limanda aspera) is the most abundant flatfish 
species in the eastern Bering Sea (EBS) and second in abundance 
only to pollack in the groundfish complex. The resource is found 
on the EBS shelf and is considered one stock. Abundance in the 
Aleutian Islands region is negligible. 

3.2 CATCH HISTORY 

Annual catches in the EBS since the fishery began in 1954 are given 
in Table 3.1; catches (t) since implementation of the MFCMA in 1977 
are as follows: 

Year Foreign 

1977 58,373 
1978 138,433 
1979 99,017 
1980 77,768 

1981 81,255 
1982 78,331 
1983 85,874 
1984 126,762 
1985 100,706 

1986 57,197 
1987 1,811 
1988 0 

Domestic 

.JVP 

9,623 

16,046 
17,381 
22,511 
32,764 

126,401 

151,400 
179,613 
213,323 

OAP 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
4 

9,833 

Total 

58,373 
138,433 

99,017 
87,391 

97,301 
95,712 

108,385 
159,526 
227,107 

208,597 
181,428 
223,156 

Yellowfin sole were intensively exploited by foreign fisheries in 
the early years of the fishery when catches averaged 404,000 t 
annually in the four yuar period of 1959-62. Catches then declined 
as a result of reduced stock abundance from this overfishing. They 
ranged from 53,800 to 167,100 tin 1963-71 and declined further to 
a range of 42,200-78,200 tin 1972-77. The lower production in 
this latter period was partially due to the discontinuation of the 
u.s.s.R. fishery. In the early 1980s, after the stock condition 
had improved, catches again increased reaching a recent peak of 
227,000 tin 1985. Catches have remained at relatively high levels 
in more recent years ranging from 181,400 to 223,200 t. 
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During the 1980s, there was also a major transition in the make-up 
of the fishery. Yellowfin sole were traditionally taken 
exclusively by foreign fisheries and these fisheries continued to 
dominate through 1984. However, U.S. fisheries developed rapidly 
during the 1980s and during the last half of the decade began to 
dominate and then take all of the catch as the foreign fisheries 
were phased out of the EBS. Almost all of the catch by U. s. 
vessels has been processed on foreign vessels in joint venture 
operations. 

3. 3 CONDITION OF STOCKS 

3.3.1 Relative Abundance 

Trends in relative abundance of yellowfin sole have previously been 
examined from Japanese pair trawl data and Alaska Fisheries Science 
Center, (AFSC) survey data (Bakkala and Wespestad 1987). With the 
phasing out of the foreign fishery in the late 1980s, CPUE 
estimates from the Japanese pair trawlers have not been available 
since 1986. 

To develop a new index of abundance from the fisheries, catch
effort data from the joint venture fisheries were examined. As 
mentioned earlier, joint ventures have become the dominant fishery 
for yellowfin sole. During 1980-84 the fishery operated mainly 
along the north side of the Alaska Peninsula, but in 1985 and 1986 
most of the catch was taken in central shelf waters. Because of 
this change in area, and the possibility that CPUE from early years 
of the fishery may have been greatly influenced by improvements in 
fishing techniques, data since 1985 were used to estimate CPUE from 
the jo-int venture fishery. 

Data used in the analysis were collected by U.S. observers aboard 
joint venture processing vessels. These data were from statistical 
blocks (Fig. 3.1) and hauls containing at least 20% yellowfin sole. 
The CPUE from this fishery was the same in 1985 and 1986 at 2.9 
t/hr (Fig. 3.2). However, the 1987 and 1988 values were higher at 
5.7 and 4.9 t/hr. 

Indices of abundance from AFSC surveys have shown a major increase 
in abundance of yellowfin sole during the late 1970s increasing 
from 21 kg/ha in 1975 to 40 kg/ha in 1979 (Fig. 3.2). There was 
a further apparent increase in CPUE to 51 kg/ha in 1981. These 
increases have also been documented through Japanese commercial 
pair trawl data and cohort analysis. 

Since 1981, the survey CPUES have fluctuated widely. For example, 
they increased from 51 kg/ha in 1981 to 84 kg/ha in 1983 and then 
declined sharply to 49 kg/ha in 1985. They have continued to 
fluctuate in more recent years, although with less amplitude, 
increasing from 40 kg/ha in 1986 to about 62 kg/ha in 1988. 
Fluctuations of this magnitude are unreasonable considering the 
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slow growth and long life span of yellowfin sole, characteristics 
which produce more gradual changes in abundance. 

The wide fluctuations in abundance of yellowfin sole have occurred 
after a change in standard survey trawls in 1982. This change 
involved adopting a larger version of the 400-mesh eastern trawl 
which was the standard trawl during previous surveys. The new 
standard trawl (the 83-112 trawl) was also rigged differently than 
the 400-mesh eastern trawl. Double rather than single dandylines 
were used on the new trawl and O. 61 m chain extensions were 
connected to the lower wing edge to improve bottom contact of the 
footrope. Sharp increases in abundance estimates for most species 
of flatfish between 1981 and 1982 indicated that the 83-112 trawl 
was more efficient for these species than the 400-mesh eastern 
trawl. 

Although the 83-112 trawl with the same rigging have been used 
since 1982, abundance estimates have continued to fluctuate 
unreasonably. The reason for this is unknown. The time series of 
abundance data has been reexamined in detail but no apparent cause 
of the wide fluctuations were discovered. The fluctuations 
occurred rather uniformly over much of the distribution of 
yellowfin sole, which makes it appear as if their availability or 
vulnerability to the survey trawls has changed from year to year. 

Although the wide fluctuations in survey estimates, and the 
inability to explain these fluctuations, are of great concern, even 
the low points in the fluctuations indicate that the abundance of 
yellowfin sole remains at a high level. 

In last years "status of stock" report for yellowfin sole (Bakkala 
and Wespestad 1989), there was an unresolved question about the 
area swept by the trawl fished by the survey vessel Alaska. Width 
measurements of the trawl were about 2 m less than measurements 
previously obtained on trawls fished on the Alaska and other 
vessels. Additional measurements during February 1988 in Puget 
Sound, Washington confirmed the measurements made during the 1988 
survey. Thus, the higher CPUE value ( 61. 8 kg/ha) produced from the 
smaller trawl width is considered the most appropriate estimate. 

3.J.2 Absolute Abundance 

survey Estimates 

Biomass (t} estimates from AFSC surveys in a standardized area of 
the EBS encompassing waters from 20 to 200 m and from the Alaska 
Peninsula north to a latitude of St. Matthew and Nunivak Islands 
are given below: 
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Age ~rou2s 95% Confidence 
Interval 

Year 0-6 7 plus Total of Total 

1975 169,500 803,000 972,500 812,300 - 1,132,700 
1979 211,500 1,655,000 1,866,500 1,586,000 - 2,147,100 
1980 235,900 1,606,500 1,842,400 1,553,200 - 2,131,700 
1981 343,200 2,051,500 2,394,700 2,072,900 - 2,716,500 
1982 665,700 2,609,600 3,275,300 2,733,600 - 3,817,100 
1983 222,500 3,688,100 3,910,600 3,447,800 - 4,373,300 
1984 183,500 3,136,800 3,320,300 2,929,800 - 3,710,800 
1985 155,000 2,122,400 2,277,400 2,003,000 - 2,551,900 

1986 78,700 1,787,700 1,866,400 1,587,000 - 2,149,300 
1987 98,000 2,367,800 2,465,800 2,091,100 - 2,840,600 
1988 57,000 2,797,600 2,854,600 2,393,900 - 3,315,200 

Estimates are given separately for unexploited ages (less than age 
7) and exploited ages (ages 7 and older). The data show a doubling 
of biomass between 1975 and 1979 with a further increase to 2.1 
million tin 1981 for the exploitable portion of the population. 
As described earlier, survey abundance fluctuated erratically 
between 1981 and 1985 with the biomass of the exploitable 
population increasing to 3.7 million tin 1983 and then decreasing 
sharply to 2.1 million tin 1985. There was a further, although 
much more moderate decline in 1986 to l.8 million t and then an 
increase to 2.4 million tin 1987 and a further increase in 1988. 
As mentioned earlier, these latest biomass values show that survey 
abundance estimates continue to fluctuate widely. 

Cohort Analysis 

Cohort analyses have previously been carried out for yellowfin sole 
by Wakabayashi et al. ( 1977) , and Bakkala et al. ( 1982) . The 
latter analysis has been updated through 1987 for this report 
(Table 3. 2) , following the procedures described in Bakkala and 
Wespestad ( 1984) . A natural mortality (M) rate of O .12 was 
employed since this value was found by Bakkala et al. (1981), to 
best describe observed trends of the population. Terminal F values 
were "tuned" by the trend in survey abundance and survey age 
composition in 1988. Age 7 was chosen as the starting age of 
recruitment. 

The trend in abundance shown by cohort analysis during the late 
1970s is similar to that shown by AFSC surveys, indicating a major 
increase between the middle and late 1970s (Bakkala and Wespestad 
1987). During the early 1980s, the two sources of data showed 
continuing increases in abundance of exploitable age groups (age 
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7 and older) although the magnitude of the estimates (in million 
tons) differed substantially in some years as shown below: 

Year 1979 80 81 82 83 84 85 86 87 88 

survey biomass 1.7 1.6 2.1 2.6 3.7 3.1 2.1 1.8 2.4 2.8 

Cohort analysis 1.7 1.9 2.0 2.2 2.3 2.3 2.2 2.2 2.1 2.2 

Estimated biomass from cohort analysis has been lower than survey 
estimates, particularly during 1982-84 when survey estimates showed 
unexplained fluctuations. In 1985-87 the estimates were more 
similar but diverged again in 1988. The trend in biomass shown by 
cohort analysis during the 1980s appears much more reasonable than 
that from survey data. The trend from cohort analysis indicates 
that abundance has remained stable at a peak level of 2. 1-2. 3 
million t since 1982. 

3.3.3 current Exploitable Biomass 

There was reasonably good agreement between survey and cohort 
analysis biomass estimates in 1985-87 but the estimates diverged 
again in 1988 as they did in 1982-84. Because the magnitude of 
fluctuations in the survey estimates are unreasonable, it is more 
prudent to use the estimates from cohort analysis. Based on the 
1988 biomass from cohort analysis of 2.2 million t, the projected 
exploitable biomass in 1990 is l.64 million t. 

3.4 RECRUITMENT STRENGTHS 

The primary reason for the sustained increase in abundance of 
yellowfin sole during the 1970s and early 1980s has been the 
recruitment of a series of stronger than average year classes 
spawned in 1968-77 (Figs 3.3 and 3.4) Many of these year classes 
still provide the major portion of the exploitable population. 
This long series of strong year classes also creates a heal thy 
spawning population. Of the later year classes, the 1978 year 
class is weak but the 1979 and 1980 year classes appear to be above 
average and the 1981 year class well above average (Fig. 3.3 and 
3. 4) • Thus there appears to be good recruitment currently entering 
the exploitable population. However, subsequent recruitment may 
be low based on evidence of the low biomass of prerecruits from the 
1988 trawl survey (see section 3.3.2). (Note that the unreasonable 
fluctuations in abundance of yellowfin sole from survey data, as 
discussed earlier, is also reflected in Figure 3. 4 by the much 
reduced population numbers at age in 1985-88 compared to 1982-84). 
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3.5 BIOLOGICAL PARAMETERS 

3.5.1 Natural Mortality, Age of Recruitment, and Maximum Age 

Natural mortality (M) has been estimated by a least squares 
analysis. Catch-at-age data were fitted to pair trawl effort data 
while varying the catchability coefficient (q) and M 
simultaneously. The best fit to the data (the point where the 
residual variance was minimized) produced an M value of o .12 
(Bakkala and Wespestad 1984). 

Yellowfin sole begin to recruit to the fishery at age 7 and reach 
full recruitment at age 12. Based on ratios between population 
estimates by age from cohort analysis and catches by age, 
selectivity at age is asymptotic as follows: 

Age 

Selectivity 

7 8 9 10 11 12 13 14+ 

0.14 0.29 0.43 0.69 0.98 1.00 1.00 1.00 

Based on AFSC surveys in 1979-86, yellowfin sole as old as 22 years 
have been recorded frequently and fish as old as 24 years were aged 
on two occasions during this period. 

3.5.2 Length and Weight at Age and Growth Parameters 

~ean lengths and weights at age of yellowfin sole based on eight 
years (1974-81) of data from AFSC surveys and the length(cm) -
weight(g) relationship (W = 0.0113 * L ** 2.998) are as follows: 

Length Weight 

Age cm in g lb 

3 11.6 4.6 17.50 0.04 
4 14.3 5.6 33.19 0.07 
5 17.1 6.7 56.37 0.12 
6 19.8 7.8 87.70 0.19 
7 21.5 8.5 112.26 0.25 
8 22.9 9.0 134.57 0.30 
9 24.2 9.5 158.54 0.35 

10 25.4 10.0 184.59 0.41 
11 26.5 10.4 209.67 0.46 
12 27.4 10.8 231.88 0.51 
13 28.6 11.3 263.68 0.58 
14 29.3 11.5 281. 34 0.62 
15 29.8 11.7 296.15 0.65 
16 31.7 12.5 357.45 0.79 
17 31.9 12.6 364.22 0.80 

59 



Parameters of the von Bertalanffy growth curve for yellowfin sole 
from data collected during AFSC surveys have been estimated as 
follows: 

Year of Data and Sex 

1975 1979 1982 1985 

M F M F M F M F 

Sample size 609 707 636 781 309 410 329 456 
Age range 8-15 8-15 3-14 3-15 2-16 2-17 4-18 4-18 
Linf (cm) 40.8 40.3 43.0 43.1 32.8 43.l 33.3 40.5 
k 0.11 0.11 0.08 0.10 0.16 0.11 0.19 0.14 
To 0.22 -0.09 -0.85 -0.26 -0.20 -0.26 1.11 1.19 

3.5.3 H,i,sj;o;tj.cal txQloitation Eat~s 

Based on results of cohort analysis and catch-at-age data, annual 
exploitation rates for exploitable ages 7-17 of yellowfin sole have 
ranged from 4 to 11%, and averaged 8% since 1977. 

3.6 MAXIMUM SUSTAINABLE YIELD 

Maximum sustainable yield (MSY) for yellowfin sole was previously 
estimated to range between 169,000 and 260,000 t with a midpoint 
of 214,500 t (Bakkala et al. 1981). This estimation was based on 
the yield equation of Schaefer (1957) and Alverson and Pereyra 
(1969), an M value of 0.25, and a range in virgin biomass of 1.3 
million t to 2.0 million t (estimated by Wakabayashi 1975). 
Bakkala et al. (1982) also considered estimates of MSY based on 
evidence that M may be as low as 0.12. Using this value in the MSY 
equation (MSY s 0.5 x M x virgin biomass) would produce an MSY 
range of 78,000-120,000 t. 

MSY likely falls between 78,000 and 260,000 t. Long-term (1959-81) 
exploitation of the yellowfin sole population has averaged 150,000 
t, which may represent a reasonable estimate of MSY. This figure 
is similar to the long-term sustainable yield (175,000 t) estimated 
from an ecosystem model (Low 1984). 

The MSY exploitation rate has not been rigorously calculated, but 
would range between 7-12 percent based upon an MSY of 150,000 t and 
exploitable biomass of 1.3 to 2.1 million t. 

3.7 ACCEPTABLE BIOLOGICAL CATCH 

After increasing during the 1970s and early 1980s, biomass 
estimates from cohort analysis have been stable at a peak level 
of 2. l to 2. 3 million t since 1982. The 1988 estimate was 
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2.2 million t. There was good agreement between biomass estimates 
from cohort analysis and AFSC surveys in the late 1970s and early 
1980s, but since 1982 the survey estimates have fluctuated 
unreasonably at times. The lower annual estimates from the surveys 
have agreed much better with the estimates from cohort analysis 
than the higher survey estimates. Thus, for current exploitable 
biomass, it is recommended that the estimates from cohort analysis 
be used. Since recent estimates from cohort analysis have shown 
only minor variation, the 1988 estimate of 2. 2 million t is 
believed to be the best estimate of the exploitable biomass in 
1989. 

Two methods were used to estimate ABC: 1) results from the yield 
per recruit model of Beverton and Holt (1957), and 2) t~e F0_1 
fishing rate derived from the Beverton and Holt model applied to 
the projected biomass in 1990. 

The yield per recruit model of Beverton and Holt (1957) uses the 
following input data: natural mortality (M) =- O .12 and von 
Bertalanffy growth parameters (k • 0.11, t 0 • 0.22 years, and Wint 

=- 745 grams). Age 9, at which nearly 50% of a cohort is recruited 
to the fishery, was used as the age of recruitment. The medium, 
low, and high levels of recruitment were derived from the mean 
number and 95% confidence interval around the mean of age 9 
recruits in 1977-88 from cohort analysis. Results of the analysis 
were as follows: 

Yield/Recruit 
Age 9 Recruitment 
{billions of fish} 

M F0_1 Grams* Low Avg. High 

0.12 0.30 0.17 161 1.23 1.57 1.91 

•F0_1 value 

ABC 

Low Avg. High 

197,917 253,103 308,288 

The validity of the ABC values for this model assumes that an 
equilibrium condition exists for the chosen level of recruitment. 

The second method of estimating ABC derives the 1990 exploitable 
biomass based on the selectivities by age from the cohort analysis 
model (see section 3.5.l), and assuming the population age 
structure in 1990 will be the same as the age composition from the 
1988 trawl survey. This technique estimates the exploitable 
biomass for 1990 at 1,640,366 t (compared to 1,528,000 tin 1989). 
As in past years, the projected bio~ass is considerably lower than 
the recent survey and cohort analysis estimates because the 
technique incorporates the selectivities of the fishery on age 
group~ no,t fully recruited to the fishery. Applying the F0_1 
exploitation rate (0.17) from the Beverton and Holt model to the 
1990 projected biomass provides an ABC of 278,862 t. This estimate 
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falls midway between the average and high recruitment values from 
the yield per recruit analysis. 

Survey and fishery information suggests that the yellowfin sole 
population is at a p.;;ak level of abundance and there are some 
stronger than average year classes currently recruiting to the 
exploitable population. Accordingly, it is recommended that ABC 
be established at 278,900 t based on the F0_1 exploitation rate and 
the projected biomass in 1990. This is the preferred method sin~e 
the assumption of the existence of an equilibrium recruitment 
condition may invalidate the yield per recruit model. It is 
projected that this harvest level will result in a stable 
population (or low rate of increase) through 1995 (see section 3.8, 
Fig. 3. 5) . 

3.8 BIOMASS PROJECTIONS 

Exploitable biomass through 1995 is projected using the delay 
difference equation of Derise ( 1980) . This model incorporates 
growth, natural mortality, recruitment, and two years of biomass 
and catch estimates to predict future biomass. Recruitment was 
assumed constant over the period of the projection using the 
average recruitment values of age 9 yellowfin sole from the cohort 
analysis model. Results are shown in Figure 3.5. 
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Table 3-1.--Annual catches of yellowfin sole in the eastern-sering Sea 
(east of 180° long. and north of 54°N lat.) in metric tons.a 

Year 

1954 
1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 

1965 
1966 
1967 
1968 
1969 

1970 
1971 
1972 
1973 
1974 

1975 
1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 
1984 

198S 
1986 
198-7 
1988 

Japan 

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

123,121 

360,103 
399,542 
281,103 

20,504 
48,880 

26,039 
45,423 
60,429 
40,834 
81,449 

59,851 
82,179 
34,846 
75, 724 
37,947 

59, 71S 
52,688 
58,090 
62,064 
56,824 

61,295 
63,961 
68,009 
64,824 
83,909 

59,460 
49, 318 

1, t 1 7 

u.s.s.R. 

5,000 
62,200 

96,000 
154,200 
139,600 

65,306 
62,297 

27, 771 
56,930 

101,799 
43,355 
85,685 

73,228 
78,220 
13,010 

2,516 
4,288 

4,97S 
2,908 

283 
76,300 
40,271 

6 

7,951 

8,205 

a.catches from data on file: 
Point Way NE, Seattle, WA 

bRepublic of Korea. 

R.O.K.b 

625 

69 
1,919 

16,198 
17,179 
10,277 
21,050 
34, ass 

33,041 
7,632 

694 

Other non-u.s. u.s. joint u.s. 
fisheries ventures domestic ~~tal 

3 

269 
115 

45 

47 

247 

9,623 
16,046 
17,381 
22, 511 
32,764 

126,401 
151,400 
179,613 4 
213,323 9,833 

12, 562 
U,690 
4,697 

24,14:S 
44,153 

185,322. 

456,103 
553,742 
420,703 

85,810 
111,177 

53,810 
102,353 
162,228 

84,189 
167,134 

133,079 
160,399 

47,856 
78,240 
42,235 

64,690 
56, 221 
58, 373 

138,433 
99,017 

87,391 
97,301 
95,712 

108,385 
159,526 

227,107 
208,597 
181,428 
223,156 

Northwest and Alaska Fisheries Center, 7600 Sand 
9811 5. 
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Table 3. 2. --Results from the 1988 cohort analysis ot yellowtin 
sole catch at age. 

Year z 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

18.65 
66.84 
20.65 
33 .14 
31.07 
27.73 
56.24 
13.19 
36.88 
49.34 
18.24 
18.56 

Year 2 
77 2 .944 
78 3.-404 
79 2.046 
80 2.006 
8l 2.129 
82 2.765 
83 l.641 
84 l.236 
85 0.635 
86 2.269 
87 2.084 
88 3.538 

Year z 

8 

42.55 
131.67 

49.43 
19.74 
46.19 
58.89 
39.64 
26.29 
52.15 
40.70 
49.36 
23.33 

8 

2.328 
2.594 
2.956 
1.795 
l. 748 
1.859 
2.426 
l.402 
1.084 
0.528 
1.966 
l.832 

8 

9 

35.68 
113. 77 
89.61 
41.25 
41.74 
45.08 
75.91 
34.00 

101.22 
67.60 
33.49 
58.84 

l.040 
2.025 
2.176 
2.575 
l.574 
1.507 
1.593 
2 .114 
l.219 
0,912 
0,430 
1.697 

9 

Catch at age in millions 

10 

70.55 
97.79 
82.95 
64.09 
51. 73 
42.16 
53.49 
70.53 

105.95 
lll.58 
49.33 
16.46 

11 

48.27 
104.34 
61.26 
60. 73 
67.24 
71.46 
53.53 
72.15 

127 .86 
82.48 
55.42 
25.69 

12 

15.81 
38.88 
45.06 
47.68 
70.6-4 
75.0-4 
77.05 
94.15 

108.81 
74.69 
59.59 
29. 77 

13 

4.74 
21.59 
22.90 
42.36 
58.39 
39.65 
57.89 

107.81 
108.-49 

64.27 
73.36 
15.68 

14 15 

2.89 2.17 
12.29 4.49 

7 .12 4. 08 
23.22 7.35 
40.2018.48 
20. 10 10. 37 
32.3216.49 

102. 08 56. 54 
103.9266.10 

40.1556.50 
60.9926.30 
34. 75 61.94 

Number at age in billions 

10 

0,719 
0.889 
l.687 
1,846 
2,245 
1,356 
1.294 
l.342 
1,843 
0.980 
0.745 
0.350 

11 

0.257 
0.571 
0.697 
l.-419 
1.577 
l.943 
l.163 
1,097 
1.123 
l.535 
0.764 
0.614 

12 

0.095 
0.182 
0.408 
0.560 
1.202 
l.335 
1,656 
0.981 
0.905 
0.876 
l.284 
0.626 

Bi011asa in tons 

10 11 

13 

0.423 
0.070 
0.125 
0.320 
0.452 
0.999 
1.114 
l.396 
0.782 
0.700 
0.707 
1.082 

12 

14 1s 

0.075 0.015 
0.037 0.064 
0.041 0.317 
0.089 0.030 
0.243 0.057 
0.346 0,178 
0.849 0.288 
0.993 0.773 
1.137 0.732 
0.591 0.910 
0.561 0,487 
o. 558 0.440 

13 14 

16 

0.58 
2.68 
l.54 

10.09 
5. 72 
2.69 
5.21 

23.62 
29.53 
51.78 
40.13 
26.27 

16 

0.016 
0.012 
0.052 
0.277 
0.020 
0.033 
0.148 
0.240 
0.588 
0.587 
0.754 
0.407 

1s 

77 329,768 314,296 165,479 132,987 53,886 22,233 lll,706 21,197 4,736 
78 381,269 350,169 321,941164,550 119,936 42,252 18,507 104,200 18,998 
79 229,164 399,100 346,068 312,406 146,324 94,719 32,977 11,757 93,923 
80 224,651 242,363 409,497 341,512 298,118 129,990 84,394 25,070 8,999 
81 238,470 235,951 250,215 415,394 331,149 278,883 119,339 68,460 16,949 
82 309,648 250,988 239,557 250,937 407,976 309,780 263,,~9 97,208 52,754 
83 183,789 327,506 253,362 239,356 244,299 384,137 293,990 238,591 85,214 
84 138,458 189,331 336,176 248,232 230,398 227,678 368,534 262,218 213,898 
85 71,130 146,342 193,837 340,994 235,965 209,988 206,378 319,378 216,525 
86 254,148 71,354 145,060 181,350 322,350 203,2?1 184,878 166,117 269,415 
87 233,461 265,426 68,441137,917 160,512 297,830 186,583157,524144,005 
88 396,283 247,263 269,871 64,794 129,095 145,167 285,771156,727130,167 
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17 

0.25 
0.68 
l.29 
4.20 
4.41 
0.46 
2.88 

ll. 34 
15.44 
28.81 
42.25 
28.42 

17 

0.003 
0.014 
0.008 
0.045 
0.024 
0.012 
0.027 
0.127 
0.190 
0.493 
0.471 
0.631 

16 

5,905 
4,333 

18,811 
99,098 

7,154 
11,918 
52,943 
85,610 

209,797 
209,393 
269,197 
145,200 

17 

1,138 
5,140 
2,998 

16,483 
86,155 

4,508 
9,855 

46,091 
69,323 

179,598 
171,605 
229,681 



Table 3.3.--Projected biomass of yellowfin sole from cohort 
analysis based on average levels of recruitment 
and fishing at the F0_1 level in 1989-92. 

Total 
population Exploitable 

Year biomass (t) biomass (t) catch ( t) Fa.1 

1987 2,074,400 1,627,300 182,174 0. 12 
1988 2,190,000 1,694,100 194,151 0.12 
1989 2,061,000 1,528,000 241,154 0.17 
1990 1,965,200 1,411,700 222,933 0.17 
1991 1,875,000 1,287,300 203,793 0.17 
1992 1,837,500 1,247,700 197,623 0.17 
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Figure 3.1.--statistical blocks used to calculate catch per unit effort for 
yel lowtin sole trom joint venture fisheries in 1985 and 1986. 
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Figure 3.2.--catch per unit effort of yellowtin sole in the eastern .e 
· Bering Sea as shown by U.S. joint venture fishery data 

(see text) and by Alaska Fisheries Science Center (AFSC) 
survey data. 
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Section 4 GREENLAND TURBOT 

by 
Richard G. Bakkala and Thomas K. Wilderbuer 

4.1 INTRODUCTION 

The Greenland turbot (Reinhardtius hippoglossoides) is mainly 
distributed in the eastern Bering Sea (EBS), although it ranges 
into the Aleutian Islands region as well. Juveniles spend the 
first 3 or 4 years of their lives on the continental shelf and then 
move to the continental slope. Juveniles are absent in the 
Aleutian Islands region, suggesting that the population in the 
Aleutians originates from the EBS. Thus, resources in the two 
regions are believed to come from a single stock and are managed 
as a unit stock. 

Because of similarities in life history characteristics between 
Greenland turbot and arrowtooth flounder, these two species were 
managed together until 1985. However, the condition of the two 
species has differed markedly in recent years, which has resulted 
in separate management of the two species starting in 1986. 

4.1 CATCH HISTORY 

Catches of Greenland turbot and arrowtooth flounder were not 
reported separately during the 1960s. During that period, combined 
catches of the two species ranged from 10,000 to 58,000 t annually 
and averaged 33,700 t. Beginning in the 1970s the fishery for 
Greenland turbot intensified with catches of this species reaching 
a peak from 1972 to 1976 of between 63,000 t and 78,000 t annually 
(Table 4.1). Catches declined after implementation of the MFCMA 
in 1977, but were still relatively high in 1980-83 with an annual 
range of 48,000 to 57,000 t. Since 1983, however, catches have 
declined steadily to 9,600 tin 1987 and 7,100 tin 1988. This 
decline is due mainly to catch restrictions placed on the fishery 
because of declining recruitment. 

Catches since implementation of the MFCMA are shown in the 
following table: 
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Eastern Sering Sea Alet.1tian Islands Region 

U.S. U.S. Grand 
Year Non-u.s. JVP OAP Total Non-u.s. JVP OAP Total Total 

19n 27,708 0 0 27,708 2,453 0 0 2,453 30 I 161 
1978 37,423 0 0 37,423 4,766 0 0 4,766 42,189 
1979 34,998 0 0 34,998 6,411 0 0 6,411 41,409 
1980 48,844 12 0 48,856 3,696 1 0 3,697 52,553 

1981 52,921 0 0 52,921 4,398 2 0 4,400 57,321 
1982 45,794 11 0 45,805 6,316 1 0 6,317 52,122 
1983 43,439 4 0 43,443 4, 115 0 0 4, 115 47,558 
1984 21,295 22 0 21,317 1,802 0 0 1,803 23, 120 
1985 14,689 9 0 14,698 31 2 0 33 14,731 

1986 6,795 29 886 7,710 99 72,048 2,154 9,864 
1987 1,048 24 S,447 6,519 0 35 3,032 3,066 9,585 
1988 0 82 5,982 6,064 0 61,038 1,044 7,108 

4.3 CONDITION OF STOCKS 

4.3.1 Relative Abundance 

Three sources of data have been used to examine trends in relative 
abundance of Greenland turbot: (a) AFSC and Japan Fisheries Agency 
trawl survey data from the shelf and slope, (b) Japanese reported 
catch-effort data from their landbased dragnet fishery on the 
slope, and (c) catch-effort data collected by U.S. observers aboard 
Japanese landbased and other Japanese small trawlers fishing on the 
slope. Trends in abundance from these latter two sources are very 
similar (Bakkala and Wilderbuer 1989) and only the landbased data 
are used in this report. 

Data from the landbased fishery, which only operated west of 
110· w. longitude, were analyzed by half degree latitude by one 
degree longitude statistical blocks in which Greenland turbot 
comprised 50% or more ot the overall reported catch. This method 
was believed to limit the effort to that targeting on Greenland 
turbot. 

Abundance estimates for juvenile Greenland turbot on the EBS shelf 
are provided annually by AFSC trawl surveys. The older juveniles 
and adults on the slope have been assessed every third year since 
1979 (but also in 1981) during u. s. -Japan cooperative surveys. The 
slope surveys were conducted by Japanese landbased (Hokuten) 
trawlers chartered by the Japan Fisheries Agency until 1985. In 
1988, the NOAA R/V Miller Freeman conducted the slope survey but 
the Japan Fisheries Agency provided a chartered landbased trawler 
for a period of 18 days to perform side-by-side comparative 
trawling experiments with the Miller Freeman. Data from these 
experiments were used to relate abundance estimates from the Miller 
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Freeman to those of the landbased trawlers conducting the slope 
surveys in previous years. Because of limited vessel time, the 
area and number of stations sampled by the Miller Freeman was less 
than sampled by the Japanese trawlers in most previous years. The 
Miller Freeman sampled 133 stations over a depth interval of 200-
800 m while during earlier slope surveys, the Japanese vessels 
usually sampled 200-300 stations over a depth interval of 200-1,000 
m. In order to relate abundance estimates from the 1988 survey to 
those from earlier surveys, the data from the earlier surveys were 
reanalyzed for the 200-800 m depth interval. 

Trends in abundance from the various indices are conflicting and 
difficult to interpret (Fig. 4.1). CPUE values from AFSC surveys 
on the continental shelf, which reflect the abundance of young 
juveniles (ages 1-4), show similar levels of abundance in 1975, 
1979, and 1980 and then a marked decline with CPUE falling from 
2.7 kg/ha in 1980 to an extremely low level of 0.1 kg/ha in 1986. 
There was a slight increase in 1987 and 1988 to 0.2 kg/ha, but this 
increase is negligible compared to the CPUE values in 1979 and 
1980. These and other data, such as a severe reduction in the area 
occupied by juveniles on the EBS shelf (Alton et al. 1988), clearly 
show that recruitment of juveniles in the EBS has been very low 
since the early 1980s. 

The JFA and AFSC survey data on the slope appears to reflect the 
results of the reduced recruitment on the shelf by showing a 
decline in CPUE of older juveniles and adults (age 4 and older) 
since 1981 (Fig. 4.1). However, the CPUE values from the Japanese 
commercial landbased trawlers showed a sharp increase between 1983 
and 1986 (Fig. 4 .1) which is contradictory to what would be 
expected based on the lack of any significant recruitment on the 
shelf. 

The JFA and AFSC sur• ·ey data illustrated in Figure 4. l shows a 
continuing modest decline in abundance of turbot on the slope 
between 1985 and 1988. As mentioned earlier, Japanese landbased 
trawlers had conducted the slope surveys until 1985 but a u. s. 
research vessel conducted the 1988 survey. Side-by-side 
comparative fishing experiments were carried out in 1988 to 
determine the fishing power of the U.S. research vessel and trawl 
relative to the landbased trawlers. These experiments indicated 
that the landbased trawlers were 2. 6 times more efficient for 
Greenland turbot than the U.S. research vessel based on 22 side
by-side tows. When this fishing power coefficient was applied to 
the catch rates of the U.S. vessel, the resulting CPUE for 
Greenland turbot shows a much higher value in 1988 (38.5 kg/ha) 
than in 1985 (23.3 kg/ha). This increase is again contradictory 
to what would be expected from the observed absence of recruitment 
on the shelf. If the fishing power. coefficient is not applied to 
the 1988 U.S. research vessel data, a moderate decline in abundance 
is shown between 1985 (23.3 kg/ha) and 1988 (20.2 kg/ha) which is 
the trend shown in Figure 4.1. 
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We believe these latter CPUE values more accurately reflect the 
trend in abundance of Greenland turbot. The rational for selecting 
the lower 1988 CPUE value was based on an examination of length 
frequency data from the slope surveys. These data show strong 
recruitment of fish less that 55 cm onto the slope in 1979 and 
continued recruitment of these smaller turbot in 1981 and 1982 
(Fig. 4.2). This corresponds to or follows the years when young 
juveniles were abundant on the continental shelf (Figure 4.1). In 
1985 and 1988, however, there was a virtual absence of fish less 
than 55 cm on the slope demonstrating the lack of recruitment to 
slope waters in these later years. 

4.3.2 Biomass Estimates 

As stated previously, biomass estimates from the U.S. and Japanese 
trawl surveys on the slope are known to underestimate the actual 
biomass of Greenland turbot. Thus, the estimates essentially only 
represent indices of relative abundance. They also provide some 
indication of the minimal biomass of the stock. These estimates 
are as follows: 

gaitern Bering S!! Aleutians 
Shelf and 

Year Shelf Slope slope c:Oll'b i ned 

1975 126,700 
1979 225,600 123,000 348,600 
1980 1n,200 48,700 

1981 86,800 99,600 186,400 
1982 48,600 90,600 139,200 
1983 35, 100 63,800 
1984 17,900 
1985 7,700 79,200 86,900 

1986 5,600 76,500 
1987 10,600 

* * 1988 14,800 42,700 57,500 

• The 1988 estimate is fr011 200-800 m whereas the earlier slope 
estimates are fr011 200·1,000 m. 

The trends in abundance from the biomass estimates for the shelf 
and slope regions of the EBS are the same as described in the 
previous section on relative abundance. The combined estimates 
from the shelf and slope indicates that abundance in the EBS had 
declined in 1985 to 251 of the level in 1979. Note that the 1988 
slope biomass estimate is not comparable to those in previous 
years. The interpretation of the CPUE data from these surveys, 
however, suggests an only moderate· further decline in abundance 
between 1985 and 1988. 

Biomass estimates from u.s.-Japan cooperative surveys in the 
Aleutian Islands region show an increasing trend from 48,700 tin 
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1980 to 76,560 tin 1986. The reason for this opposed trend in 
the Aleutians compared to the EBS is unknown but may be the result 
of migration of older fish from the EBS. 

By summing the biomass estimates from the EBS and Aleutians in 
adjacent years, minimal biomass estimates are 520,300 tin 1979-
1980, 293,600 t in 1982-83, and 242,600 t in 1985-86. These 
estimates indicate that the abundance of the overall stock had 
declined in 1985-86 to less than 50% of the level in 1979-1980. 

4.3.3 current Exploitable Biomass 

Trawl surveys on the continental shelf and slope may not provide 
a reliable method to estimate the absolute biomass of Greenland 
turbot. Instead, these estimates should be treated as relative 
abundance indicators. Exploitable biomass is estimated by an SRA 
model (see Sections 4.6 and 4.7) with the 1990 exploitable biomass 
projected to be 356,600 t. 

4.4 RECRUITMENT STRENGTHS 

As discussed under Sections 4.3.1 and 4.3.2, recruitment of young 
juvenile Greenland turbot has been poor since the early 1980s as 
indicated by trawl surveys on the EBS shelf. There is evidence 
from slope surveys that this poor recruitment has reduced abundance 
of the exploitable stock and will continue to reduce the 
exploitable stock into the 1990s. 

4.5 BIOLOGICAL PARAMETERS 

4.5.1 Natural Mortality, Age of Recruitment, and Maximum Age 

The natural mortality of Greenland turbot is assumed to be 0.18. 
This estimate was used because it is slightly less than that of 
other flatfish species with a slightly lower maximum age. 

Greenland turbot taken by the commercial fishery have been aged as 
old as 19 years. 

Juvenile fish start to recruit to the exploitable stock on the 
continental slope at ages 3 and 4. Most juveniles occupy slope 
waters by age 5. Selectivity by age for the fishery and age at 
full recruitment is unknown. 

4.s.2 Length at Age and Length-Weight Relationship 

Age samples for Gree.1land turbot .have been collected annually 
during NWAFC surveys and from the fishery by U.S. observers, but 
these samples have not been aged over several past years. Age data 
from earlier years show that catches on the continental shelf were 
mainly 1-3 year old fish while the fishery on the continental slope 
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takes fish ranging from 3 to 19 years. The von Bertalanffy length
age relationship for Greenland turbot is as follows: 

Li= 88.788 * (l - exp(-0.14l(i - 0.173))) 

where L = length in cm and i = age 

The length-weight relationship for Greenland turbot is: 

W = (2.2 * 10-6)L ** 3.346 where L = length in mm 
and W = weighting 

4.6 MAXIMUM SUSTAINABLE YIELD 

Progressively poorer recruitment of Greenland turbot over the last 
several years has made estimation of MSY difficult. Nevertheless, 
preliminary estimates have been computed using two methods: stock 
reduction analysis (SRA) (Kimura and Tagart 1982) and the Beverton 
and Holt (1957) model. 

, Parameters used in applying SRA to the stock were: age at 
recruitment• 5 years, instantaneous rate of natural mortality= 
0.18, rho (a coefficient in Schnute's (1985) parametrization of 
the Brody (1945) growth equation)= 1.034, and the ratio of weight 
at age 4 to weight at age 5 = 0.609. The analysis was calibrated 
to produce a 50% decline in biomass between 1970 and 1984, 
corresponding to the decline in fishery CPUE observed during that 
period. 

In addition to the above parameters, the Beverton-Holt recruitment 
coefficient (g) developed by Kimura (1987) is also required. When 
g = l. o, recruitment is constant. When g is less than 1, 
recruitment is density dependent, and when g = o, recruitment is 
proportional to biomass. For Greenland turbot, however, it is not 
possible to identify a spawner-recruit relationship for the stock; 
therefore, SRA were examined under the full range of possible g 
values. 

The results give estimates of MSY varying from o (in the limiting 
case of g = O) to 45,900 t (when g = l). A sample of the SRA 
output is shown below: 

Beverton-Holt 
recruitment 
parameter ca> 
o.oo 
0.20 
0.40 
0.65 
0.80 
1.00 

Virgin 
biomass 

(1960) 

1,374,084 
1,292,821 
1,208,384 
1,096,464 
1,023,560 

912,812 

Recruitment 
biomass 

(1960) 
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65,099 
61,249 
5.7,249 
51,947 
48,493 
43,246 

Maximum 
sustainable 

yield 

0 
6,205 

12,797 
22,533 
29,624 
45,923 



This SRA analysis should be viewed with caution, since the results 
are from a deterministic model which is attempting to simulate what 
may be a largely stochastic recruitment pattern. Furthermore, the 
model is fairly simplistic and does not take explicit account of 
temporal or geographic patterns of fishing effort, the differential 
impacts of competing gear types, and partial recruitment of 
cohorts. 

The simpler model of Beverton and Holt (1957) was also used to 
generate an estimate of MSY for this stock. A number of important 
management measures can be calculated from this model using only 
three inputs: the Brody (1945) coefficient for growth in length 
(k), the instantaneous natural mortality rate (M), and the ratio 
(c) formed by dividing length at the time of recruitment by 
asymptotic length. 

To increase the utility of measures generated by the model, the 
analysis was extended to include stochastic variability in the 
inputs. This was accomplished by assigning a coefficient of 
variation to each of the three input parameters (k, M, and c), and 
assuming that the value of each input parameter was normally 
distributed. Values of k and c were taken from the length-age 
relationship given in Section 4.5.2. Assuming knife-edge 
recruitment at age 5, c = 0.4937. In the absence of any estimates 
for the coefficients of variation associated with these parameters, 
values of 0.1 were used for each. 

Given these values, it was possible to compute the ratio of MSY to 
the product of Wmn and R, where Wm = asymptotic weight and R = 
constant recruitment biomass. For fhe turbot fishery, this ratio 
has an estimated median value of 0 .15, with a 95% confidence 
interval running from 0.11 to 0.21. An estimate of Wmax can be 
computed from the length-age equation and length-weight 
relationship given in Section 4.5.2. 

Using Wmb = 7.27 kg together with the SRA estimate of R under the 
constant recruitment scenario (43,200 t) a median MSY estimate of 
47,100 twas calculated (confidence interval• 34,500 - 66,000 t). 
This median MSY estimate compares closely with the SRA estimate of 
MSY (45,900 t} obtained under the equivalent assumption of constant 
recruitment(~ a 1.0). 

However, it is doubtful that constant recruitment is a reasonable 
assumption considering that the EBS shelf surveys have shown major 
variations in juvenile abundance. To account for this poor 
recruitment, the SRA model was re-run using the assumption that 
recruitment is reduced 80% for the years 1986-88. The results (see 
Section 4. 7) show that the best estimate of MSY for Greenland 
turbot is 24,728 t (Bm~ = 399,248 t, Fm~• 0.07). 
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4.7 ACCEPTABLE BIOLOGICAL CATCH 

Because of uncertainties regarding future recruitment and 
anticipated declining abundance of the stock, it is not proper to 
estimate ABC with the MSY exploitation rate. Therefore a more 
conservative F0_1 exploitation strategy is used. 

To compute ABC, es~imates of exploitable biomass and the 
exploitation rate were obtained from SRA. To account for the 
observed poor recruitment, the SRA biomass projections assumed an 
80% reduction in recruitment for the years 1986-89. When the 
parameters in the Beverton-Holt recruitment function was varied 
over its feasible range, ABCs were estimated to range from o (in 
the limiting case of s = 0) to 42,515 t (whens= l). A sample of 
the output obtained under different levels of sis shown below: 

Beverton-Holt Exploitation Projected 
recruitment rate at biomass 

parameter (a) FO.l (1990} ABC 

0.00 o.oo 422,155 0 
0.20 0.01 403,621 4,036 
0.40 0.03 384,951 11,549 
0.60 0.04 366,141 14,646 
0.80 0.07 347,018 24,291 
l.00 0.13 327,042 42,515 

Yield curves generated from these results were examined to 
determine the spawner-recruit relationship that produced reasonable 
results. Low values of s (0.2 to 0.4) produced yield curves which 
showed that low levels of fishing mortality drove the stock to 
extinction. These results are unreasonable in light of the 
substantial harvest levels sustained during the 1970s and early 
1980s. Constant recruitment (A= 1.0) was also discounted as a 
plausible relationship because of the variable recruitment shown 
by eastern Bering Sea trawl surveys. Thus, a range ins valves of 
o.s to 0.9 was chosen as most likely representing the actual 
spawner-recruit relationship. A reasonable approach in obtaining 
the best estimate of ABC is to integrate the individual ABC 
estimates over this range of A values. This results in an average 
ABC of 19,615 t which is generated at A= 0.7. Other SRA results 
associated with these parameter values are as follows: 

Virgin 
biomass<l96Ql 

1,072,794 

MSY 
biomass 

399,248 

Exploitation Biomass ABC 
MSY at F0.1 ____ _.c .. 1...,9 .. 9...,0""') ___ <...,l ... 9...,9._0,._._l 

24,728 0.055 356,628 19,615 
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Although even under this recruitment scenario Fmsy would equal only 
0.07 (compared to F01 =0.055) ( Fig. 4.3), the proper rate of 
exploitation cannot be easily defined. It is uncertain that the 
F0.1 exploitation rate is a reasonable exploitation rate because, 
even with no exploitation, the Greenland turbot biomass is 
projected to continue to decline through 1995 (with the 80% 
reduction in recruitment continuing to the end of the projection, 
see Fig. 4.4). It is not clear what level of harvest would be low 
enough to maintain a spawning biomass that would insure the 
continued viability of the stock. The threshold level is unknown. 

In order to reduce the risk of making an error of over-estimating 
ABC without better information on current biomass and recruitment, 
however, ABC for 1990 is estimated to be 19,615 t (based on the 
assumption that ~ = O. 7, F0.1 = O. 055, 1990 exploitable biomass = 
356,628 t) rather than upon an MSY exploitation scenario. 
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Table 4.1 -- All nation catches (t) of Greenland turbot in the eastern Ber1ng Sea and Aleutian [slands 
regions• 

~astern 8er1ng Sea Aleutian Islands Tota 1 for 
Non-U.S. U.S. J01nt U.S. Non-U.S. U.S. Joint U.S. regions 

Year fisheries0 venturesc domesticd Total fisher1es ventures domestic Total comb, ned 

1970 19.691 19.691 285 285 19.976 
1971 40,464 40,464 1.750 l. 750 42.214 
1972 64.510 64,510 12,874 12.874 77. 384 
1973 55,280 55.280 8,666 8,666 63,946 
1974 69.654 69,654 8,788 8,788 78,442 

1975 64.819 64,819 2,970 2,970 67,789 
1976 60,523 60,523 2,067 2,067 62,590 
1977 27,708 27. 708 2.453 2,453 30. 161 
1978 37.423 37,423 4,766 4.766 42. 189 
1979 34,998 34,998 6,411 6,411 41. 409 

1980 48,844 12 48,856 3,696 1 3,697 52,553 
1981 52,921 52,921 4,398 2 4,400 57,321 
1982 45.794 11 45,805 6,316 l 6,317 52.122 
1983 43,439' 4 43,443 4,115 4,115 47,558 
1984 21.295 22 21.317 1,802 l 1.803 23 .120 

1985 14.689- 9 14,698 31 2 33 14,731 
1986 6,795 29 886 7,710 99 7 2.048 2. 154 9,864 
1987 1,048 24 5,447 6,519 35 3,032 3,067 9,586 
1988 82 5,982 6,064 6 1,038 1,044 7 .108 

• Source of data: 1970-76, Wakabayashi and Bakkala 1978; 1977-79, catches submitted to United States by 
fishing nations and available Alaska Fisheries Science Center, 7600 Sand Point Way N.E .• Seattle. 
WA 98115; 1980-86; French et al. 1981, 1982; Nelson et al. 1983a, 1984; Berger et al. 1985b, 1986, 1987a, 
1988, 1989. 

0 Japan, U.S.S.R., Republic of Korea, Taiwan, Poland, and Federal Republic of Germany. 

'Joint ventures between U.S. fishing vessels and non-U.S. processing vessels. 

d Fish caught and processed by domestic operations. 
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Section 5 ARROWTOOTH FLOUNDER 

by 
Richard G. Bakkala and Thomas K. Wilderbuer 

5.1 INTRODUCTION 

The arrowtooth flounder (Atheresthes stomias) is a relatively large 
flatfish which occupies continental shelf waters almost exclusively 
until age 4, but at older ages occupies both shelf and slope 
waters. This species ranges into the Aleutian Islands region where 
their abundance is lower than in the eastern Bering Sea. The 
resource in the EBS and the Aleutians are managed as a single stock 
although the stock structure has not been studied. 

Arrowtooth flounder was managed with Greenland turbot as a species 
complex until 1985 because of similarities in their life history 
characteristics and exploitation. Greenland turbot has been the 
target species of the fisheries whereas arrowtooth flounder are 
taken as bycatch. Because the condition of the two species have 
differed markedly in recent years, management starting in 1986 has 
been by individual species. 

5.2 CATCH HISTORY 

catch records of arrowtooth flounder and Greenland turbot were 
combined during the 1960s. The fisheries for Greenland turbot 
intensified during the 1970s and the bycatch of arrowtooth flounder 
is assumed to have also increased. In 1974-76 catches of 
arrowtooth flounder reached peak levels ranging from 19,000 to 
25,000 t (Table 5.1). Catches since implementation of the MFCMA 
have been as follows: 

Eastern Bering Sea 

U.S. 

Aleutian Islands Region 

u.s. 
Year Non-u.s. JVP OAP Total Non-u.s. JYP PAP Total 

Grand 
Total 

1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 

9,454 
8,358 
7,921 

13,674 

13,468 
9,065 

10,180 
7,780 
6,840 

87 

5 
38 
36 

200 
448 

3,462 3,298 l 
2,789 1,561 30 

2,552 2,925 

9,454 
8,358 
7,921 

13,761 

13,473 
9,103 

10,216 
7,980 
7,288 

6,761 
4,380 
5,477 

86 

2,035 
1,782 
6,436 
4,603 

3,624 
2,356 
3,700 
1,404 

ll 

16 
59 
53 
68 
59 17 

78 64 
114 45 

22 384 

2,035 11,489 
1,782 10,140 
6,436 14,357 
4,603 18,364 

3,640 
2,415 
3,753 
1,472 

87 

17,113 
11,518 
13,916 

9,452 
7,375 

142 6,903 
159 4,539 
406 5,883 



' 

Catches decreased after implementation of the MFCMA from 197 4-7 6 
levels, particularly after 1983 when they fell to less than 10,000 
t. This decline resulted from catch restrictions placed on the 
fishery for Greenland turbot and phasing out of the foreign fishery 
in the U.S. EEZ. 

5.3 CONDITION OF STOCKS 

5.3.1 Relative Abundance 

Relative abundance of arrowtooth flounder has increased substantially 
in both continental shelf and slope waters. Since 1981 the CPUE from 
AFSC surveys on the shelf have increased steadily from 1.2 kg/ha to 
6.2 kg/ha in 1987 (Fig. 5.1). The 1988 value of 6.4 kg/ha was only 
slightly higher than in 1987 suggesting that abundance may be 
reaching a peak. This increase on the shelf has been followed by a 
substantial increase in CPUE on the slope from 1.5 to 21.0 t per hour 
trawled, in 1981 and 1986 respectively, as shown by data from the 
Japanese landbased fishery (Fig. 5.1). 

5.3.2 Absolute Abundance 

Biomass estimates (t) for arrowtooth flounder from U.S. and 
U. s. -Japanese cooperative surveys in the eastern Bering Sea and 
Aleutian Islands region are as follows: 

~astern eering ~e~ Aleytj,JUJ Islands 
Shelf and 

Year Shelf Slope Slope combined 

1975 28,000 
1979 35,000 36,700 71,700 
1980 47,800 40,400 

1981 49,500 34,900 84,400 
1982 67,400 24,700 92,100 
1983 149,300 45,100 
1984 182,900 
1985 159,900 74,400 234,300 

1986 232,100 -- 125,700 
1987 290,600 --
1988 306,500 30,600* 337,100 

*The 1988 slope estimate was from the depth range of 200-800 m 
while earlier slope estimates were from 200-1,000 m. 

Biomass estimates from AFSC surveys on the continental shelf have 
shown consistent increases since 1975 with the exception of 1985. 
Increases were moderate through 1982 but were much more substantial 
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in later years with the biomass increasing by more than 4-fold fron 
1982 to 1988. Increasing abundance of arrowtooth flounder was also 
shown by U.S.-Japan cooperative survey data on the continental slope 
of the EBS through 1985 and in the Aleutian Islands region. t 

The 1988 slope biomass estimate {30,600 t) was lower than that in 
1985 (74,400 t). Sampling was not as deep in 1988 (200-800 m) as in 
1985 and earlier years (200-1,000 m), but based on previous survey 
data, 67 to 100% of the arrowtooth flounder on the slope are found 
at depths less than 800 m. These data suggest that less than 20% of 
the total EBS population occupied slope waters in 1988 while during 
previous surveys, 37% to 51% of the population weight occupied slope 
waters. Nevertheless, the 1988 combined shelf and slope estimates 
show a continued increase in population abundance. 

5.3.3 current Exploitable Biomass 

Biomass of arrowtooth flounder is made up of three components--the 
EBS shelf and slope components, and the Aleutians region component. 
The exploitable portion of the EBS shelf and slope component can be 
estimated as the portion of the biomass contributed by fish at least 
28 cm in length, which was 317,000 t according to the 1988 survey. 1 

In the Aleutians region, the 1986 biomass was 125,700 t. Assuming 
that exploitable biomass is in the same ratio as the EBS survey 
biomass (O. 93), exploitable biomass for the Aleutian region is 
estimated to be 116,900 t. Based on this extrapolation, total 
exploitable biomass for the EBS and Aleutians combined in 1989 is 
433,900 t. This estimate is lower than the estimate (528,200 t) in 
last year's report because the slope biomass from the 1988 survey 
(30,600 t) was much less than the biomass (140,300 t) calculated for 
this region last year (Bakkala and Wilderbuer 1989). 

5.4 RECRUITMENT STRENGTHS 

Otoliths for aging arrowtooth flounder have been routinely collected 
during AFSC surveys in the EBS, but they have been infrequently aged 
because of higher priority for aging other species. However, an 
examination of length-frequency data shows that modes formed by age 
groups l to 3 are reasonably well separated so that fish less than 
25 cm can be used as a measure of recruitment for age 2 fish; some 
age l fish are also included, but they are poorly recruited to the 
survey trawls. Population estimates (in millions) for fish less than 
25 cm are as follows: 

Year 1979 li§.2 .!9§1 ,lS 1m l2§i lm .J.m 1987 ~ 

Population 
esti•t•• 121.4 26.3 33.9 86.1 290.2 57.9 62.4 150.3 94.3 200.6 
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Over this period, population estimates for this size group have 
averaged 112. 3 million. Stronger than average recruitment has 
occurred in 1979, 1983, 1986 and 1988. Since the estimates 
primarily represent age 2 fish, the year classes producing the 
strong recruitment are 1977, 1981, 1984, and 1986. This series of 
strong year classes accounts for the increases in abundance 
observed during the 1980s. The good recruitment from the 1986 year 
class should maintain the overall population abundance at a high 
level. 

5.5 BIOLOGICAL PARAMETERS 

5.5.1 Natural Mortality. Age of Recruitment, and Maximum Age 

The natural mortality of arrowtooth flounder is assumed to be 0.20. 
This estimate was used because it is similar to that of other 
species of flatfish with approximately the same age range as 
arrowtooth flounder and is the same estimate used by Okada et al. 
(1980). 

Ageing by both U.S. and Japanese scientists from samples collected 
in the EBS during u.s.-Japanese cooperative surveys has shown age 
15 to be the maximum age of arrowtooth flounder. 

Arrowtooth flounder begin to recruit to the continental slope at 
about age 4. Based on age data from the 1982 U. s. -Japan 
cooperative survey, r~cruitment to the slope gradually increases 
at older ages and reaches a maximum at age 9. However, greater 
than 50% of age groups 9 and older continue to occupy continental 
shelf waters. As discussed earlier, the low proportion of the 
overall biomass on the slope during the 1988 survey, relative to 
that during earlier surveys, indicates that the proportion of the 
population occupying slope waters may vary considerable from year 
to year. 

5.5.2 Growth Parameters and Length-Weight Relationship 

Parameters of the von Bertalanffy growth curve for arrowtooth 
flounder from age data collected during the 1982 u.s.-Japan 
cooperative survey were as follows: 

Sample Age 
Sex size range ~nf k to 

Male 528 2-14 45.9 0.23 -0.70 
Female 706 2-14 73.8 0.14 -0.20 
Sexes Combined 1,234 2-14 59.0 0.17 -0.50 

Based on 282 observations during a AFSC survey in 1976, the length 
(cm)-weight (gm) relationship for arrowtooth flounder is described 
by the equation W • 0.0098 • L ** 3.0061. 
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5.6 MAXIMUM SUSTAINABLE YIELD 

It is not possible to estimate MSY for the arrowtooth flounder 
stock using the preferred age structured population dynamics 
methods since ageing data have not been available for several 
years. Therefore, Alverson and Pereyra's (1969) yield equation is 
used to estimate MSY. 

An MSY value of 52,820 twas derived in last years report based on 
calculated biomass estimates of the exploitable population for the 
EBS slope and Aleutian Islands regions (Bakkala and Wilderbuer 
1989). This estimate is revised because the 1988 survey biomass 
estimate on the EBS slope was considerably lower than the 
calculated value (see section 5.3.3). Assuming that the present 
high exploitable biomass (433,900 t) is capable of producing MSY, 
the Alverson and Pereyra (1969) method suggests that MSY = 0.5 x 
M x virgin biomass. Therefore, MSY = 43,400 t ( 0.5 x 0.2 x 
433,900 t). 

5.7 ACCEPTABLE BIOLOGICAL CATCH 

ABC can be calculated as the product of exploitable biomass and 
the MSY exploitation rate. Although data is not available for use 
in a model to estimate MSY directly, the yield per recruit model 
of Beverton and Holt ( 1957) can be used to estimate Fmax which 
approximates Fmsy assuming that recruitment is constant. The 
Beverton-Hol t model requires four inputs to estimate F max: the 
Brody (1945) coeffi=ient for growth in length (k), the 
instantaneous natural mortality rate (M), the age at recruitment 
to the fishery (tr), and the asymptotic weight from non-linear 
least squares fitting of length at age and length-weight data. 

A value fork was obtained from the following non-linear least 
squares regression of length against age, based on data from the 
1982 u.s.-Japan cooperative survey: 

Li• 58.99(1 - exp(-0.169(i + 0.497))), where i = age. 

The age of recruitment was estimated at 4 years and the natural 
mortality rate was set at 0.2. 

These parameters give an Fmax estimate of 0.41 (Fig. 5.2). Using 
Fmax as an approximation of Fmsy' ABC can be estimated by: ABC= 
exploitation rate at Fmax x exploitable biomass. Thus, ABCm~ = 
134,500 t (0.31 X 433,900 t). 

The yield per recruit model also allows for the calculation of 
~he more conservative F0_1 exploitation rate wh~r~ the F0_1 value 
is calculated as 1/l0th of the slope of the origin (F=0) of the 
yield curve (Fig. 5.2). This occurs at F=0.18 and is used to 
calculate the F01 exploitation rate (0.15). Applied to the 1988 
combined biomass estimate, the 1990 F0_1 ABC • 65,100 t (433,900 t 
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x 0.15). This harvest strategy appears to be too conservative 
based on the high aburdance of the stock. 

In summary, the recommended 1990 ABC for arrowtooth flounder in 
the Bering Sea/Aleutian Islands regions is 134,500 t, based upon 
the MSY exploitation strategy. 

5.8 PROJECTED BIOMASS 

Exploitable biomass through 1995 is projected using the delay 
difference equation of Derise (1980). This model incorporates 
growth, natural mortality, recruitment, and two years of biomass 
estimates to predict future biomass. Recruitment was assumed 
constant over the period of the projection and was approximated 
from the biomass of arrowtooth flounder less than 28 cm as 
estimated from the 1988 trawl survey. Results of the projections 
uz:ider harvest strategies of Fmax' F0_1 , and F==0 are shown in 
Figure 5.3. 
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Table 5.1.··All nation catches (t) of arrowtooth flounder in the eastern Bering Sea and 
Aleutian Islands regionsa. 

Eastern Bering Sea Aleutian Islands Region 

Year 
Non·U.S. U.S. joint U.S. 
fisheriesb venturesc domesticd Total 

Non·U.S. U.S. joint U.S. 
fisheries ventures domestic Total 

1970 12,598 12,598 274 274 
1971 18,792 18,792 581 581 
19n 13,123 13, 123 1,323 1,323 
1973 9,217 9,217 3,705 3,705 
1974 21,473 21,473 3,195 3,195 

1975 20,832 20,832 784 784 
1976 17,806 17,806 1,370 1,370 
1977 9,454 9,454 2,035 2,035 
1978 8,358 8,358 1,782 1,782 
1979 7,921 7,921 6,436 6,436 

1980 13,674 87 13,761 4,603 4,603 
1981 13,468 5 13,473 3,624 16 3,640 
1982 9,065 38 9,103 2,356 59 2,415 
1983 10, 180 36 10,216 3,700 53 3,753 
1984 7,780 200 7,980 1,404 68 1,4n 

1985 6,840 448 7,288 11 59 17 87 
1986 3,462 3,298 1 6,761 78 64 142 
1987 2,789 1,561 30 4,380 114 45 159 
1988 2,552 2,925 5,477 22 384 406 

Total 
regions 
combined 

12,872 
19,373 
14,446 
12,922 
24,668 

21,616 
19,176 
11,489 
10, 140 
14,357 

18,364 
17,113 
11,518 
13,969 
9,452 

7,375 
6,903 
4,539 
5,883 

~Catches from data on file Alaska Fisheries Science Center, 7600 Sand Point Way N.E., Seattle, WA 98115. 
Japan, U.S.S.R., Rebublic of Korea, Taiwan, Poland, and Federal Republic of Germany. 

~Joint ventures between U.S. fishing vessels and foreign processing vessels. 
Fish caught and processed by U.S. domestic operations. 
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Section 6 

6.1 

ROCK SOLE 

by 
Gary E. Walters and Thomas K. Wilderbuer 

INTRODUCTION 

The rock sole (Lepidopsetta bilineata) is distributed primarily on 
the eastern Bering Sea continental shelf and in lesser amounts in 
the Aleutian Islands region. The rock sole was formerly a 
constituent of the "other flatfish" species complex managed as a 
unit in the eastern Bering Sea and the Aleutian Islands. Due to 
its increasing importance as the object of a domestic roe fishery, 
the rock sole now shall be managed separately as a single species 
for the two regions. 

6.2 CATCH HISTORY 

Rock sole catches increased from an average of 7,000 t annually 
from 1963-1969 to 30,000 t between 1970 to 1975. Catches (t} since 
implementation of the MFCMA in 1977 are as follows; only catch data 
for 1980-1988 are broken down into catches by non-u.s. fisheries, 
catches from joint venture operations and OAP catches: 

Year 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

foreign 

5,132 
3,480 
3,169 
4,478 

10,156 
6,671 
3,394 

776 
0 

JYP 

2,469 
5,541 
8,674 
9,140 

27,523 
12,079 
16,217 
11,136 
40,844 

Domestic 
OAP 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

14,209 
22,374 

Total 
2,914 
3,323 
1,468 
7,601 
9,021 

ll,844 
13,618 
18,750 
37,678 
23,483 
26,121 
63,218 

Prior to 1987, the classification of other flatfish prevented 
reliable estimates of OAP. 

6.3 CONDITION OF THE STOCK 

6.J.1 Relative Abundance 
Since the rock sole has usually been taken incidentally in target 
fisheries for other species, CPUE from commercial fisheries seldom 
reflect trends in abundance. It is therefore necessary to use 
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research vessel survey data to assess the condition of these 
stocks. 

Abundance estimates from the 1982 NWAFC survey were substantially 
higher than from the 1981 survey data for a number of bottom
tending species such as flatfishes. The increase in CPUE was 
particularly large for rock sole (6.5 to 12.3 kg/ha). 

The CPUE was also much higher in 1988 than in 1987 (26. 9 to 
40. 8 kg/ha) . This was primarily due to new information on the 
effective net width of the survey gear. 

The CPUE values for the EBS since 1975 are illustrated in 
Figure 6 .1. The trends indicate that abundance of rock sole 
remained relatively stable from 1975 to 1979 and increased 
substantially since 1981. Values of CPUE were lower in 1985, 
suggesting that abundance peaked temporarily. However, it is 
believed that the values for 1985 were due to a change in the 
sampling plan during that survey and do not reflect actual changes 
in abundance. The value for 1988 is much higher than the previous 
year. As explained above, this increase is believed due to new 
information on effective net width during the survey. During this 
decade, survey CPUE data show that the abundance of rock sole has 
increased to a very high level. 

6.3.2 Absolute Abundance 

Estimates of rock sole biomass were also estimated from the NWAFC 
surveys as follows: 

Year Area Biomass (t) Year Area Biomass (t) 

1975 EBS 175,500 1984 EBS 950,600 
1979 EBS 194,700 1985 EBS 720,300 
1980 EBS 283,800 1986 EBS 1,013,700 

Aleut. 28,500 Aleut. 26,900 

1981 EBS 302,400 1987 EBS 1,249,800 
1982 EBS 572,200 1988 EBS 1,914,700 
1983 EBS 911,200 

Aleut. 23,300 

Rock sole biomass was relatively stable through 1979, but then 
increased substantially from 195,000 t in 1979 to 951, ooo t in 
1984. In 1985 the estimate declined to 720,000 t but increased 
again in 1986 to over l million t and has continued this trend over 
the past two years to 1.9 million~ as estimated in 1988. 

The large increase in biomass between 1981 and 1982, representing 

II 

an 89% increase for rock sole, is believed due in part to the .4 
greater efficiency of the trawls used in 1982 and later years. 
Declines in biomass for rock sole between 1984 and 1985 were 
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relatively large (24%), larger than might be expected from natural 
causes and fishing mortality. The change in sampling plan in 1985 
is considered to be the major reason for this estimated decline. 
The dramatic increase in 1988 is discussed above. A preliminary 
examination of 1987 data using the new net width information 
suggests that a large part of the increase between 1987 and 1988 
is due to a real increase in stock size and not just a change in 
net width. 

6.3.3 current Exploitable Biomass 

Due to the lack of complete information on effective net width in 
past years, a reevaluation of estimates is impossible at this time. 
It is expected that the estimates of exploitable biomass would 
increase substantially. The dramatic increases in survey biomass 
estimates in recent years indicate a population expanding at a high 
rate. Due to the uncertainty in net width information, the best 
estimate of exploitable biomass was determined by combining the 
estimates for the last three years ( 1986-88) and using a mean 
value. 

Species EBS 

Rock sole 1,392,700 t 

6.4 RECRUITMENT STRENGTHS 

Increases in abundance described earlier for rock sole appear to 
be the result of recruitment of a series of relatively strong year 
classes. Rock sole a~es have now been read through samples taken 
in 1987 and show the cvntinuing strength of 1975-1980 year classes 
(Walters and Halliday 1987) as well as strong incoming year classes 
from 1981-84 {Figs. 6.2 and 6.2a). 

6.5 BIOLOGICAL PARAMETERS 

6.5.l Natural Mortality, Age of Recruitment. and Maximum Age 

Most studies assume M = 0.20 for rock sole on the basis of the 
longevity of the species. Maximum age is generally about age 16, 
although older fish have been commonly encountered. 

The age of recruitment for rock sole into the fishery is generally 
age 3, although many age 2 fish are taken by 'rawl gear. 

6.s.2 Length and weight at Age 

No new analyses have heen completed for length at age or length
weight relationships. This work is expected soon. 
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The following values for the parameters in the von Bertalanffy age
length relationship were found from the ageing data through 1984: 

Rock sole 
males 
females 

Lint ( cm) 

32.7 
45.1 

k 

0.2563 
0.1556 

0.7180 
0.4699 

The following parameters have been calculated for the length (cm)
weight (g) relationship: 

W = a * L ** b 

No significant differences were found between sexes so that these 
parameters are for both sexes combined. 

6.6 

species 
Rock sole 

a 
0.006959 

MAXIMUM SUSTAINABLE YIELD 

b 

3.16998 

Rock sole biomass estimates based on NWAFC surveys have been close 
to or exceeded 1 million t since 1983 (Figure 6.3). Application 
of a biomass-based cohort analysis (Zhang 1987) on data through 
1984 gave results suggesting that surveys underestimated biomass 
prior to the gear change in 1982. Since that time, biomass has 
generally increased and may be approaching carrying capacity. A 
biomass-based production model (Zhang 1987) was used to estimate 
carrying capacity: 

-F -ln (Bt+1/ Bt X e t) • r - r/a.nf X Bt 

where a.nt • the carrying capacity, B~ • the mean of Bi and Bt+ 1, and 
r • the intrinsic rate of population growth. Adding data from 
1985-87 to the model gives results less satisfying than the 
previous estimates using data through 1984. The estimates of r = 
0.161 and a.nt • 1,894,000 were calculated by regression analysis 
on data from the years 1975 through 1987. MSY could then be 
derived: 

MSY • r a.nf / 4Y • 76,200 t. 

The production model regression to determine r and a.n, explained 
very little of the variability in this relationship. The recent 
data added to the model shows the entry of several strong year 
classes, particularly the 1980 year class. As a result, the strong 
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incoming recruit bioma5s has shifted the reference for the previous 
years from those obtained using data through 1984. Al though 
previous estimates of MSY for rock sole have ranged from 40,000-
70,000 t, and 112,500 t from the model results through 1984, survey 
data indicates that the stock continues to increase. The best 
estimate of MSY probably lies between 76,000 t and the 112,500 t 
estimate of last year. 

The simple yield per recruit model of Beverton and Holt (1957) was 
also used to estimate MSY given an assumption of constant 
recruitment. This model requires four inputs to estimate Fmsy: the 
Brody (1945) coefficient for growth in length (K), the 
instantaneous natural mortality rate, the age at recruitment to the 
fishery (tr), and the asymptotic weight from non-linear least 
squares fitting of length at age and length-weight data. 

A value of K was obtained from the parameters given in Section 6.5, 
age at recruitment was estimated at age 4 for this analysis, and 
the natural mortality rate was set at 0.20. These parameters give 
an estimate of MSY =- 320,321 t (1,392,700 x Umsy or 0.23). These 
results, which are in poor agreement with the biomass based cohort 
analysis, represent a less desirable method which does not 
incorporate age specific catch data and are presented only as an 
alternative method to discern MSY. 

6.7 ACCEPTABLE BIOLOGICAL CATCH 

ABC can be computed as the product of exploitable biomass and the 
MSY exploitation rate. Considering that the abundance of rock sole 
is high and expected to remain so, it is appropriate to use an Fmsy 
exploitation rate to estimate ABC. 

Biomass of rock sole continues to increase and recruitment appears 
high. From the biomass-based production model of Zhang (1987), 
Fopt == r/2 = 0 .161/2 • 0. 085 =- F n,sy• This value of F msy is below the 
previous value of 0.155 determined using data through 1984. The 
production model ot Zhang uses linear regression to estimate the 
parameter r, which directly influences the estimate of MSY. In the 
1987 analysis the~ value associated with the linear regression 
was only 0.3, which casts serious doubts as to the validity of the 
estimated parameter r. This further illustrates the problems of 
modeling a population that continues to increase without apparent 
bounds. The value of Fmsy == 0.155 is probably a more realistic 
value and is used here to estimate ABC. This value is 
substantiated by Thompson (1989), who calculated Fmsy = 0.176 for 
Bering Sea rock sole from a dynamic pool model. ABC= F msy X 
exploitable biomass• 0.155 X 1,392,700 t = 216,000 t. 

A conservative alternative to using.Fmsy to calculate ABC is to use 
the F0_1 harvest strategy developed by Gulland and Boerema (1973). 
Results from the yield per recruit analysis (Fig. 7.2) indicate 
that this arbitrary harvest level occurs at F=0. 23 yielding an 
alternative ABC of 320,000 t. 
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6.7.1 summary of ABC 

The estimates of ABC discussed above are only for the EBS component 
of the stock. In order to account for the Aleutian Islands, a 
biomass-based ratio for expansion used. For rock sole less than 
3% of the total biomass was located in the Aleutian region from the 
1983 and 1986 surveys. 

In summary, ABCs (t) by area for 1989 are as follows: 

Species 

Rock sole 

6.8 

Eastern Bering 
Sea 

216,000 

Aleutian 
Islands 

6,500 

BIOMASS PROJECTIONS 

Total 
ABC 

222,500 

Exploitable biomass through 1995 is projected using the delay 
difference equation (Derise, 1980). This model incorporates 
growth, natural mortality, recruitment, and two years of biomass 
estimates to predict future biomass (Fig. 6. 5) • Exploitable 
biomass is predicted under harvest strategies of F msy' F0_1 , and F=0. 
Recruitment biomass is assumed constant during the projected years 
and was approximated from the biomass of rock sole 14-18 cm 
estimated from the 1988 trawl survey. 
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section 7 

7.1 

OTHER FLATFISH 

by 
Gary E. Walters and Thomas K. Wilderbuer 

INTRODUCTION 

The "other flatfish" species complex has been managed as a unit and 
is made up of the following small flatfishes: flathead sole 
(Hippoglossoides elassodon), Alaska plaice (Pleuronectes 
guadrituberculatus), and small amounts of miscellaneous flatfishes 
including rex sole (Glyptocephalus zachirus), Dover sole 
(Microstomus pacificus), starry flounder (Platichthys stellatus), 
longhead dab (Lirnanda proboscidea), and butter sole ( Isopsetta 
isolepis). Prior to 1988 the "other flatfish" complex also 
included rock sole (Lepidopsetta bilineata). 

The distribution of most species of this "other flatfish" category 
· is mainly on the eastern Bering Sea continental shelf. Only small 

amounts are taken in the Aleutian Islands region. 

Since estimates from the 1989 survey are not yet available, most 
of the data in this document are the same as 1988. Final catch 
data for 1988 and minor updates from the 1988 survey are included. 

7.2 CATCH HISTORY 

Catches of these species increased from around 25,000 tin the 
1960s to a peak of 52,000 t in 1971. At least part of this 
apparent increase was due to better species identification and 
reporting of catches in the 1970s. After 1971, catches declined 
to less than 20,000 t in 1975-1982 but subsequently increased 
steadily to 54,000 tin 1986. In 1987 the catches decreased to 
25,000 t primarily duP. to a decrease in catches of Alaska plaice. 

Catches (t) since implementation of the MFCMA in 1977 are shown as 
follows: 

Flathead Alaska Miscellaneous 
l~su.: §Ql§ glaice fl~tfish Total 
1977 7,909 2,589 981 11,479 
1978 6,957 10,420 340 17,717 
1979 4,351 13,672 233 18,256 
1980 5,247 6,908 650 12,805 
1981 5,218 8,653 536 14,407 
1982 4,509 6,811 645 11,965 
1983 5,240 10,766 830 16,836 
1984 4,458 18,982 2,096 25,536 
1985 5,636 24,888 2,977 33,501 
1986 5,208 46,519 l,118 52,845 
1987 3,923 18,395 1,932 24,251 
1988 6,782 61,631 5,787 74,200 
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Data for 1980-88 are further broken down into catches by non-u.s. 
fisheries, catches from joint venture operations (JVP) between U. s. 
fishing vessels and non-U. S. processing vessels, and domestic 
processors (OAP): 

QQ:me§tj,c 
Year Non-u.s. JVP OAP Total 

1980 12,578 226 N/A 12,804 

1981 14,006 400 N/A 14,406 
1982 ll,534 435 N/A ll,969 
1983 14,289 2,546 N/A 16,835 
1984 20,396 5,042 N/A 25,438 
1985 15,212 18,289 N/A 33,501 

1986 7,019 45,826 N/A 52,845 
1987 1,077 23,114 60 24,251 
1988 0 74,197 2 74,199 

Prior to 1987, the species composition of the OAP catch has been 
combined for many categories. 

The species composition of catches has been highly variable as 
indicated below: 

Percent composition 

Year Flathead sole Alaska Plaice 

1977 69 23 
1978 39 59 
1979 24 75 
1980 41 54 

1981 36 60 
1982 38 57 
1983 31 64 
1984 17 74 
1985 17 74 

1986 9 86 
1987 17 75 
1988 9 83 

Flathead sole has been of decreasing importance in recent years 
whereas Alaska plaice has remained a major component. 
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7.3 CONDITION OF STOCKS 

7.3.l Relative Abundance 

Because "other flatfisnes" are usually taken incidentally in target 
fisheries for other species, CPUE from commercial fisheries seldom 
reflect trends in abundance for these species. It is therefore 
necessary to use research vessel survey data to assess the 
condition of these stocks. 

Abundance estimates from the 1982 NWAFC survey were substantially 
higher than from the 1981 survey for a number of bottom-tending 
species such as flatfishes. The increase in CPUE was particularly 
large for Alaska plaice (11.5 to 15.l kg/ha}, whereas that for 
flathead sole was moderate (3.5 to 4.2 kg/ha} (Fig 7.1). These 
higher 1982 estimates may have been due in part to better bottom 
contact or greater herding effects of the trawls used in 1982 
compared to those used in 1981 and earlier years. The CPUE values 
have remained high in succeeding years, suggesting that the new 
rigging has increased the efficiency of the trawls for flatfish 
and plays some part in the increased levels seen in recent years. 

In 1988, better trawl mensuration equipment has revealed that the 
actual trawl width was considerably narrower than previously 
thought. This has resulted in a sharp increase in the CPUE 
estimate, particularly for Alaska plaice. Whether the trawl width 
for previous years since 1983 was also smaller is not yet 
determined. 

The CPUE values for the EBS since 1975 are illustrated in 
Figure 7.1. These trends indicate that the abundance of flathead 
sole appeared relatively stable from 1975 to 1979 and then 
increased moderately each year between 1980 and 1984. Since 1985 
the CPUE has again increased each year. The trend for Alaska 
plaice shows an increase from 1975 to 1982 and then a decrease 
beginning with the 1985 values. Values for the years 1985-1987 
remained relatively constant and the 1988 estimate shows a dramatic 
increase. 

Overall, the CPUE data show that the abundance of this other 
flatfish group has been very high in recent years. 

7.3.2 Absolute Abundance 
Estimates of biomass were estimated from the NWAFC surveys as 
follows: 
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Flathead Alaska 
Year Area Sole Plaice Others Total 

1975 EBS 100,700 103,500 22,200 226,400 
1979 EBS 104,900 277,200 50,900 433,000 
1980 EBS 117,500 354,000 56,500 528,000 

Aleut. 3,300 0 2,700 6,000 

1981 EBS 162,900 535,800 88,000 786,700 
1982 EBS 197,400 700,200 147,800 1,045,400 
1983 EBS 279,900 646,600 76,300 1,002,800 

Aleut. 1,500 0 2,700 4,200 

1984 EBS 344,800 734,400 51,600 1,130,800 
1985 EBS 329,900 553,300 33,000 916,200 
1986 EBS 369,300 550,600 47,400 967,300 

Aleut. 9,000 0 6,100 15,100 

1987 EBS 406,000 552,200 47,800 1,006,000 
1988 EBS 557,500 936,800 59,600 1,553,900 

As with the CPUE data, the better estimate of effective net width 
has caused a dramatic increase in the biomass estimates for 1988. 
Until further analyses of past data is accomplished, the trends, 
rather than absolute numbers are most revealing. 

The biomass of flathead sole has approximately doubled between 1982 
and 1987. The estimate for 1988 is nearly 560, ooo t. This 
estimate is considered to be closer to a true value. A preliminary 
reevaluation of the 1987 data using the new gear widths suggests 
that a significant part of the increase is due to a real increase 
in stock size and not just an artifact of the new calculations. 

The biomass of Alaska plaice increased dramatically from 1975 
through 1982. After a period of high abundance from 1982 to 1984, 
the trend has been stable at a somewhat lower value through 1987. 
The 1988 estimate of 937,000 t indicates a much higher abundance 
than previously thought. The preliminary reevaluation of 1987 data 
suggests that a large part of the increase is due to a real 
increase in stock size. 

The biomass of the miscellaneous species in the "other flatfish" 
complex also show a distinct increase after several years of 
relative stability. 

The large increases in biomass between 1981 and 1982, representing 
a 21% increase for flathead sole and a 31% increase for Alaska 
plaice, are believed due in part to the greater efficiency of the 
trawls used in 1982 and later years. Declines in biomass for 
Alaska plaice between 1984 and 1985 were relatively large, larger 
than might be expected from natural causes and fishing mortality. 
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The decline was 25% for Alaska plaice. This magnitude of this 
decline cannot also be accounted for by natural and fishing 
mortalities. The change in sampling plan in 1985 is considered to 
be the major reason for these estimated declines. 

7.3.3 Current Exploitable Biomass 

After the reevaluation of past years' data using the new 
information on effective net width, it is expected that the 
estimate of exploitable biomass will increase substantially. In 
order to partially reflect the predicted real increases in stock 
sizes an average of the 1984, 1986-88 estimates are used. 

The estimates of exploitable biomass calculated thus far are only 
for the EBS component of the stocks. In order to account for the 
Aleutian Islands, a biomass-based ratio for expansion of each 
species is used. For flathead sole, less than 3% of the total 
biomass is located in the Aleutian region from the 1983 and 1986 
surveys. For Alaska plaice, all of the biomass was found in the 
EBS area. The other species had a proportion of less than 4% in 
1983 and 13% in 1986. A value of 10% was used. 

Species EBS Aleutians Total 

Flathead sole 419,800 t 12,600 t 432,400 t 
Alaska plaice 697,900 t 697,900 t 
Miscellaneous species 51,600 t 5,160 t 56,760 t 

Total for all species 1,169,300 t 17,760 t 1,187,060 t 

The exploitable biomasses are assumed to be the same as the survey 
biomasses since the non-exploitable component of the survey 
biomass is small. 

7.4 RECRUITMENT STRENGTHS 

Increases in abundance described earlier for the principal species 
in the "other flatfish" complex appear to be the result of 
recruitment of a series of relatively strong year classes. 

No new ageing data are available for either flathead sole or Alaska 
plaice {Figs. 7.2, 7.3). Examination of the size-composition 
results from the 1988 survey indicate that recruitment for flathead 
sole remains high. Recruitment of Alaska plaice is difficult to 
determine without new ageing data (Fig. 7.4). 
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7.5 BIOLOGICAL PARAMETERS 

7.5.1 Natural Mortality. Age of Recruitment. and Maximum Age 

Most studies assume M = 0.20 for the two major species on the basis 
of the longevity of the species. Maximum age is generally about 
age 16, although older fish have been commonly encountered. 

The age of recruitment for flathead sole into the fishery is 
generally age 3, although many age 2 fish are taken by trawl gear. 
The age of recruitment for Alaska plaice is about age 4. 

7.5.2 Length and Weight at Age 

No new data is available on either age or weight. Therefore the 
following relationships are as previously determined. 

The following values for the parameters in the von Bertalanffy age
length relationship were found from ageing data: 

!►int ( cm) k to 

Flathead sole 
males 34.6 0.2525 0.3240 
females 42.6 0.1648 -0.6467 

Alaska plaice 
males 36.8 0.2047 0.8314 
females 72.2 0.0528 -1.8728 

The following parameters have been calculated for the length (cm)-
weight (g) relationship: W = a * L ** b 

No significant differences were found between sexes so that these 
parameters are for both sexes combined. 

Species 

Flathead sole 
Alaska plaice 

a 

0.003965 
0.008841 
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3.25912 
3.11122 



7.6 MAXIMUM SUSTAINABLE YIELD 

The estimates given below are the same as previously determined due 
to the lack of new data. 

7.6.1 Flathead Sole 

MSY was estimated using the Alverson and Pereyra ( 1969) yield 
equation. Using an average of the biomass levels since 1984 
(except 1985) as a representation of virgin biomass (419,800 t) and 
M = 0.20, MSY was estimated at 42,000 t. 

The simple model of Beverton and Holt (1957) can also be used to 
estimate MSY and Fm~ given the assumption of constant recruitment. 
Using age at entry to the fishery of 3, Fmax occurs at F=0.4 
(Fig. 7.5), UFmax = 0.3, and MSY =- 419,800 t X 0.3 = 125,940 t. 
Since the assumption of constant recruitment is probably violated 
here, Fm~ does not approximate Fmsy• Therefore the more 
conservative estimate of 42,000 t from the Alverson and Pereyra 
model is used. 

7.6.2 Alaska Plaice 

MSY was estimated using the biomass-based cohort analysis and 
production model of Zhang (1987). Using this method MSY was 
estimated at 76,000 t. 

The yield per recruit model of Beverton and Holt (1957) was also 
applied to Alaska plaice using age at entry to the fishery of four 
years. Results indicate that F max occurs at F=0. 3 9 (Fig. 7 . 6) , 
Umax = 0.29, and MSY • 697,900 t X 0.29 • 202,391 t. 

The estimate of Zhang (1987) is considered a superior method since 
the model incorporates the age structure of a fish stock to 
recommend maximum sustainable equilibrium harvest. 

7.6.3 Miscellaneous Flatfish 

Assuming that the biomass since 1984 represents virgin biomass 
(53,000 t), MSY • 0.5 X 0.20 X 53,000 = 5,300 t. 

7.6.4 summary of MSY 

In summary, the best estimates of MSY are as follows: 

Species 

Flathead sole 
Alaska plaice 
Miscellaneous 

Total 
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MSY Estimate 

42,000 t 
76,000 t 

5 r 3 00 t 
123,300 t 



7.7 ACCEPTABLE BIOLOGICAL CATCH 

Values of ABC are the same as previously estimated. ABC can be 
computed as the product of exploitable biomass and the MSY 
exploitation rate. Considering that the abundance of all the 
species in this flatfish complex are high and expected to remain 
so, it is appropriate to use Fmsy exploitation rate to estimate 
ABC's. Values for the alternative management technique of 
harvesting at the F0_1 level are also g~ven. These F0_,_ values are 
calculated from the Beverton and Holt yield per recruit model and 
are not directly comparable with the analyses derived from the 
method of Zhang. 

7.7.1 Flathead Sole 

Flathead sole in the eastern Bering Sea are currently at a biomass 
level exceeding Bmsy. The F(msy) rate has not been calculated but 
is assumed to be similar to that of rock sole since their life 
histories are fairly similar. Using the default procedure, the 
exploitation rate of rock sole at msy, ABC= 0.155 x 419,800 t = 
65,069 t. Using the F0_1 harvesting strategy calculated from the 
yield per recruit model (Fig. 7.7), ABC = 0.2 X 419,800 t = 
84,000 t. 

7.7.2 Alaska Plaice 

This stock is at present stable and high in abundance. From the 
current exploitable biomass of 697,900 t, ABC can be calculated by 
assuming Fmsy to be the same as that of rock sole. Therefore, ABC 
= .155 x 697,900 t = 108,175 t. Alternatively, the F0_1 harvest 
level is ABC= 697,900 t X 0.18 = 125,600 t. 

7.7.3 Miscellaneous Flatfish 

For lack of other information, an ABC of 8,200 t (15.5% of the 
current exploitable biomass of 53,100 t) is recommended. 

7.7.4 summary of ABC 

The estimates of ABC discussed above are only for the EBS component 
of the stocks. In order to account for the Aleutian Islands, a 
biomass-based ratio for expansion of each species is used. For 
flathead sole, less than 3% of the total biomass was located in the 
Aleutian region from the 1983 and 1986 surveys. For Alaska plaice, 
all of the biomass was found in the EBS area. The other species 
had a proportion of less than 4% in 1983 and 13% in 1986. A value 
of 10% was used. 

In summary, ABCs (t) by area for 1988 are as follows: 
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Eastern Bering Aleutian Total 
Species Sea Islands ABC 

Flathead sole 65,100 1,600 66,700 
Alaska plaice 108,200 0 108,200 
Other species 8,200 800 9,000 

Total 181,500 2,400 183,900 

7.8 BIOMASS PROJECTIONS 

Exploitable biomass through 1995 is projected using the delay 
difference equation (Derise, 1980). This model incorporates 
growth, natural mortality, recruitment, and two years of biomass 
estimates to predict future biomass (Figs. 7.7 and 7.8). 
Exploitable biomass is predicted under harvest strategies of Fmsy' 
F 1 , and F=O. Recruitment is assumed constant over the period of 
t~e projections and was approximated from the 1988 trawl survey. 
For flathead sole recruitment was estimated from the biomass of the 
length range of fish 16-20 cm. For Alaska plaice, the biomass of 
fish less than 30 cm is considered recruitment biomass. 
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Section 8 SABLEFISH 

by 
Sandra A. McDevitt 

8.1 INTRODUCTION 

The distribution of sablefish (Anoplopoma fimbria) in North 
American waters ranges from off northern Mexico through the Gulf 
of Alaska and along the Aleutian Island chain and edge of the 
continental slope in the eastern Bering Sea. Their range continues 
off the Siberian and Kamchatkan coasts of the U.S.S.R. to the 
northeast coast of Japan. The sablefish resource is managed by 
discrete regions to distribute exploitation throughout its wide 
geographical range. There are two management areas in the Bering 
Sea: the eastern Bering Sea (EBS) and the Aleutian Islands region. 

8.2 CATCH HISTORY 

Catches in the EBS have remained relatively stable since 1977, 
while catches in the Aleutian Islands have decreased through 1980 
and have been increasing since 1981 as indicated below: 

~gstern §ering §ea Aleutian Island§ 
QQm~stic Qom~st;i.c 

Year Foreign JVP OAP Total Foreign JVP OAP Total 

1977 2,716 2 2,718 1,897 1,897 
1978 1,192 1,192 821 821 
1979 1,376 1,376 782 782 

1980 2,169 35 2 2,206 267 4 3 274 
1981 2,578 24 2 2,604 377 156 533 
1982 3,030 5 176 3,211 809 118 927 
1983 2,603 44 90 2,737 574 70 644 
1984 1,198 76 1,053 2,327 724 272 2 998 

1985 242 47 2,059 2,348 70 63 1,315 1,448 
1986 109 347 3,062 3,518 83 2,945 3,028 
1987 33 68 4,077 4,178 55 3,779 3,834 
1988 9 3,185 3,193 6 3,409 3,415 
1989* ? 465 ? 2,349 

* PacFIN 8/7/89 

Current catches in the EBS are well below historical levels of the 
1960s when Japan harvested an average of 11,700 mt of sablefish in 
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• 
the EBS. The lower catch levels since 1977 are attributed to low 
stock abundance and catch restrictions placed on foreign fishing. 
Before 1984, foreign vessels harvested most of the sablefish caught 
in the EBS and the Aleutian Islands region. The domestic fishery 
began to expand in 1984, and in 1988, harvested 100% of the 
sablefish taken in the EBS and the Aleutian Islands region. 

8.3 CONDITION OF STOCKS 

8.3.1 Relative Abundance 

Japan and the United States have conducted annual cooperative 
longline surveys in the Gulf of Alaska since 1978. This survey 
has included the Aleutian Islands region since 1980 and the EBS 
since 1982. The longline survey data are stratified by 100 m depth 
intervals. Catch per unit of effort (CPUE) in units of fish per 
skate of gear are multiplied by the respective areas of each depth 
stratum to obtain an index of relative population number (RPN). 
The RPNs by length group are calculated and then weighted by the 
mean body weight of fish in that length group to produce indices 
of relative population weight (RPW} • These surveys provided 
relative population indices for 1982-88 in the EBS and 1980-88 in 
the Aleutian Islands region which are shown below. The 1989 survey 
is currently being conducted. 

Shelf Slope 
(J.QJ.-,OO m) (,Ol.-J.,000 m} Total 

Region Year RPN RPW RPN RPW RPN RPW 

Eastern 1982 3 3 14 15 17 18 
Bering Sea 1983 5 5 8 9 13 14 

1984 2 1 18 19 20 20 
1985 1 1 28 29 29 30 
1986 2 2 24 28 26 30 
1987 <l <l 9 11 9 11 
1988 <l <l 10 12 10 12 

Aleutians 1980 2 1 13 14 15 15 
1981 <l <l 13 14 13 14 
1982 <l <l 15 16 15 16 
1983 0 0 16 19 16 19 
1984 <l <l 19 23 19 23 
1985 <l <l 23 30 23 30 
1986 0 0 19 26 19 26 
1987 0 0 19 26 19 26 
1988 0 0 15 19 15 19 
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Relative indices from the slope region of the EBS indicated a 
decline in abundance from 1982 to 1983, and then an increase 
through 1985. The indices declined slightly in 1986, then dropped 
by 61% in 1987. The EBS was the only area which experienced such 
a sharp drop in the relative indices in 1987. The indices from the 
1988 survey rose slightly but are still well below the 1986 level. 

Killer whale depredation of the survey's sablefish catches has been 
a problem in the EBS since the beginning of the survey (Sasaki, 
1987). The problem occurs east of 170° Win the eastern Bering 
Sea. Sasaki ( 1984) considered the population to be greatly 
underestimated in 1983, due to the large loss of the survey' s 
sablefish catch to killer whales. He did not consider the decline 
in the 1983 indices to represent a corresponding decline in actual 
abundance. The 1986 and 1987 EBS indices are thought to be 
significantly underestimated due to the impacts of killer whales 
(pers. comm. Takashi Sasaki, Far Seas Fisheries Research 
Laboratory). However, sablefish catches from the 1987 survey were 
significantly lower at all stations in the EBS compared to catches 
from the 1986 survey, regardless of the impact of killer whales. 
The 1988 survey was also greatly impacted by killer whales, making 
it difficult to track abundance trends in the eastern Bering Sea. 

Abundance indices from the Aleutian Islands increased from 1981 to 
1985, and then decreased in 1986. The 1987 values for the 
Aleutians showed no change from 1986 to 1987. The 1988 RPW slope 
index decreased 26% in 1988. 

Increases in abundance for both regions during the mid-1980s 
reflect the recruitment of the strong 1977 year class. The cause 
of the sharp decline in the relative indices in 1987 in the EBS 
and in 1988 in the Aleutian Islands is not thought to be entirely 
due to mortality. Emigration of sablefish out of the area may also 
play a significant role. 

8.3.2 Absolute Abundance 

There are two series of U.S.-Japan cooperative trawl surveys that 
provide biomass estimates for the EBS and the Aleutian Islands 
region. Trawl surveys on the EBS slope were conducted in 1979, 
1981, 1982, 1985, and 1988, and provided estimates of the 
exploitable biomass. Prior to 1988, Japanese landbased trawlers 
conducted the surveys. But in 1988, a U.S. vessel with a different 
trawl was utilized which only surveyed depths from 200 to 800 m. 
Earlier surveys sampled 200 to 1000 m. Therefore, the biomass 
estimates from 1988 are not directly comparable with previous 
estimates. Trawl surveys of the EBS shelf are conducted annually, 
but sablefish have never occurred on the shelf in large numbers 
except for juveniles of the 1977 ¥ear class which showed up in 
large numbers in 1978. Trawl surveys are conducted triennially in 
the Aleutian Islands and biomass estimates from these surveys are 
available for 1980, 1983, and 1986. The Aleutian surveys also 
cover the southern part of INPFC Area 1 of the EBS which is not 
included in the EBS slope surveys. The biomass estimates from the 
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southern part of Area 1 are added to the estimates from the EBS 
slope surveys to provide total biomass for statistical Areas 1 and 
2 combined. 

The trawl survey biomass estimates for the EBS portions of Areas 1 
and 2 increased from 1979 to 1982, but decreased to 34,700 mt in 
1985 (Table 8.1). The 1988 mean biomass estimate of 30,500 mt is 
not comparable to estimates from previous years. An extrapolation 
of the 1988 biomass estimate to account for the 800-1000 m depth 
strata provided an estimate of 38,330 mt. The trawl survey 
estimates in the Aleutian portion of Areal have shown consistent 
increases since 1980, reaching 23,000 mt in 1986 (Table 8. l) . 
Assuming the biomass in the EBS portions of Areas land 2 decreased 
3. 45%, based on the decline shown by the longline survey RPW 
between 1985 and 1986, the biomass in the EBS was estimated to be 
33,500 mt in 1986. Summing the two 1986 estimates (56,500 mt) 
provided the best biomass estimate for sablef ish in the EBS 
management area. The 1986 estimate represents a 6.5% increase over 
the combined estimates from the 1982 and 1983 trawl surveys in 
these areas. The 1988 estimate was not utilized due to the 
problems with comparability with previous estimates. 

The Aleutian Islands biomass estimate from the 1986 trawl survey 
was 96,300 mt, representing a 41% increase from 1983, and a 374% 
increase from 1980. These increases in the EBS and Aleutian 
Islands region are attributed to recruitment of the strong 1977 
year class. 

The overall increasing trend in biomass as indicated from the trawl 
surveys parallel the increases in the relative indices from the 
longline surveys on the slope (Table 8.1). However, increases in 
the relative indices in the Aleutians are not as large as the 
increases in absolute biomass. 

The relative changes in abundance represented by the RPW values 
for the slope can be used to scale trawl survey biomass estimates 
to provide biomass estimates for other years. Using the RPWs and 
the mean estimate of biomass from the 1986 trawl surveys (56,500 
mt for the EBS and 96,300 mt for the Aleutians), estimates of 
exploitable biomass were obtained as follows: 

Biomass in year (i) = (RPW(i)/RPW(86)] X 1986 trawl survey 
biomass estimate 

Estimates ot exploitable biomass obtained in this manner are shown 
below with corresponding catches and catch to biomass ratios: 
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Eastern Bering Sea Aleutian Islands 
Catch/ Catch/ 

Year Biomass Catch Biomass Biomass Catch Biomass 

1980 2,206 51,800 274 0.005 
1981 2,604 51,800 533 0.01 
1982 30,300 3,211 0.11 59,300 927 0.02 
1983 34,300 2,737 0.08 70,400 644 0.01 
1984 38,300 2,327 0.06 85,200 999 0.01 
1985 58,500 2,348 0.04 111,100 1,448 0.01 
1986 56,500 3,518 0.06 96,300 3,028 0.03 
1987 22,200 4,178 0.19 96,300 3,834 0.04 
1988 24,200 3,193 0.13 70,400 3,415 0.0$ 

The 1983 slope RPW may be considerably underestimated, therefore 
the average of the 1982 and 1984 RPWs was used to estimate the 1983 
RPW. 

8.3.3 Current Exploitable Biomass 

The best estimates of exploitable biomass from the 1986 trawl 
surveys are 56,500 mt for the EBS and 96,300 mt for the Aleutian 
region. Based on these surveys and the relative changes in 
abundance indicated by the 1988 longline survey, biomass in 1988 
was estimated to be 24,200 mt for the EBS, and 70,400 mt for the 
Aleutian Islands region. Projected 1990 exploitable biomass, 
derived in Section 8.6, is 20,700 mt in the EBS, and 60,100 mt in 
the Aleutian Islands. 

8.4 RECRUITMENT TRENDS 

Sablefish have rarely been observed on the continental shelf since 
the EBS shelf surveys were initiated in 1971, but age 1 juveniles 
appeared in abundance in 1978. Subsequent surveys indicated that 
the 1977 year class persisted in EBS shelf waters through 1980 t 
(Fig. 8.1). In 1981, the abundance on the shelf sharply declined 
when the 4-year-old fish moved into the deeper continental slope 
waters (Fig. 8.1). 

The trawl slope surveys of the EBS also showed significant 
increases in abundance due to the 1977 year class. Population 
estimates by length groups {Fig. 8.2) showed that the population 
numbers quadrupled between 1979 (5.3 million fish) and 1982 (22.7 
million fish). 

There have not been any indications of large numbers of juveniles 
appearing on the shelf since the 1977 year class appeared in 1978. 
The biomass of sablefish on the shelf dropped from 16,600 mt in 
1986 to 2,900 mt in 1987. In 1988, sablefish biomass on the shelf 
was estimated at 300 mt. 
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The cooperative longline surveys have not shown any indication of 
large numbers of sablefish on the shelf, however, these surveys 
only sample a small portion of the 100-200 m depth stratum. 

8.5 BIOLOGICAL PARAMETERS 

8.5.l Natural Mortality, Age of Recruitment, and Maximum Age 

Low et al. (1976) estimated sablefish natural mortality by the 
Alverson-Carney (1975) procedure to be 0.22. More recent ageing 
information has shown that sablef ish may be older and slower 
growing than had previous been believed. A re-evaluation of 
sablefish mortality in the Gulf of Alaska by Funk and Bracken 
(1984) provided an average estimate of 0.112. Based on this value, 
a natural mortality rate of 0.1 is adopted for sablefish in the EBS 
and Aleutians. 

The recruitment of the strong 1977 year class initially to shelf 
waters in the EBS and subsequently to continental slope waters 
occupied by the adult population, was described by Umeda et al. 
(1983). Recruitment to the EBS slope was observed to occur at age 
four. 

Due to the lack of age data, the maximum age of sablefish cannot 
be determined. 

8.5.2 Length and Weight at Age 

Samples collected in 1985 in the EBS and 1983 in the Aleutians 
provide the most recent age composition data. The 1985 age data 
are from otolith collections made by U.S. observers aboard Japanese 
longline vessels. The 1983 age data are from otoliths collected 
during the NMFS Aleutian trawl survey. Estimated parameters for 
the von Bertalanffy length-age equation from the two areas and a 
weight-length relationship (EBS area only) are given below: 

Eastern Bering Sea 

Aleutians 

Length-age Equation: 

Linf 
K 
to 
a 
b 
N 

Lint 
K 
to 
N 

Weight-length Equation: 
N = sample size 

Males 

64.30 
0.405 
-1.09 

3.712 X 10-3 
3.262 

250 

65.45 
0.354 
-1.05 

139 

Females 

70.70 
0.275 
-1.84 

3.225 X 10-3 
3.294 

240 

77.60 
0.206 
-2.14 

105 

Length (cm) = Linf(l-exp(-K(age - t 0 ))) 
Weight (gm) = a (length (cm)) 
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8.6 MAXIMUM SUSTAINABLE YIELD 

8.6.1 Stock Reductio~ Analysis 

Stock reduction analysis applied to catch data from 1979-88 was 
modified to explicitly track estimates of exploitable biomass and 
provide an estimate of recruitment (See Fujioka 1989). The 
analysis assumes all sources of population change can be accounted 
for by fishing and natural mortality, growth, and recruitment. 
However, the model occasionally computes negative recruitment when 
population decreases are greater than can be accounted for by 
natural mortality and reported catch. This occurred in the 
previous assessment (McDevitt 1988) for the EBS and Aleutian 
Islands regions. Large negative recruitment values resulted when 
reproducing the large declines observed in 1987 in the EBS and in 
1986 and 1988 in the Aleutians. Negative recruitment values were 
also estimated in a similar analysis for the Gulf of Alaska (GOA) 
in 1980 and 1983 (Fujioka 1989). Declines of such magnitude may 
result from either unreported mortality, emigration, or errors in 
relative abundance measurements. Summaries of tag recovery data 
suggest that emigration may not be insignificant whereby tags 
released in one region are recovered in other regions. Of total 
tag recoveries, 25%, 67%, and 26% occurred outside the area of 
release, in the case of the EBS, Aleutian Islands, and GOA regions, 
respectively. 

To alleviate some of the departures from the closed population 
assumption that occur in separate analyses, the Gulf of Alaska, 
Bering Sea, and Aleutian Islands regions are combined into one 
analysis. 

The analysis assumes a natural mortality rate of M = 0.10, Schnute 
(1985) growth parameters rho= 0.882 and omega= 0.755, and the age 
at recruitment of K = 5. The analysis was done using two different 
biomass scales; (1) the biomass trends for each region are 
estimated independently using point estimates for 1986 surveys in 
the EBS and Aleutian Islands, and a 1984 survey in the GOA, and 
summed to a total for the three regions; (2) biomass in year i in 
area j is set equal to: 

(RPW(i,j)/RPW(84,GOA) * 196,000 mt 

(where 196,000 mt is the lower confidence level for the 1984 GOA 
trawl survey estimate), and the estimates for the three areas are 
summed. 

Annual recruitment values R(i), are estimated by forcing biomass 
in the model, B(i), to equal annual estimates of exploitable 
biomass. The R(i)s obtained in this manner (and assumed by the 
model to be the actual recruitment) average 46,526 mt when biomass 
was estimated from the individual trawl surveys (biomass scale 1), 
and 37,569 mt when biomass was scaled to the lower confidence limit 
of the 1984 trawl survey (biomass scale 2). 
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Equilibrium yields can be computed using the Schnute (1985) delay
difference equation. However, the results indicate that MSY occurs 
at 15% of virgin biomass. The population has actually never been 
estimated to be that low. The lowest biomass is estimated to have 
been approximately 21-25% of virgin biomass during the years 1977-
80. The assumption of constant average recruitment may not hold 
when the biomass goes below these levels. Therefore, the model is 
truncated below the biomass levels estimated for 1977-80, (years 
which have produced successful year classes) and the maximum 
sustainable yield is considered to occur at these levels. 

The maximum sustainable yield for the combined regions is 
apportioned according to estimated biomass from 1979 to 1988, to 
obtain MSY estimates for the individual regions. The EBS MSY 
estimate is 4,200 mt and 3,800 mt for·biomass scales (1) and (2), 
respectively. The MSY estimate for the Aleutian Islands region is 
9,600 mt and 4,600 mt for biomass scales (1) and (2), respectively. 

Results of stock reduction analysis from 1979-88 for sablefish in 
the EBS, Aleutian Islands, and the Gulf of Alaska scaled to: (1) 
the independent point estimates of biomass and ( 2) the lower 
confidence level of exploitable biomass as obtained from the 1984 
trawl survey are shown below: 

Virgin 
Scale R(avg) Biomass p MSY Bmsy Fmsy Umsy 

( 1) 46,526 965,000 .40 47,100 202,100 .28 .233 
Gulf of Alaska (33,200) 
Bering Sea (4,200) 
Aleutian Is. (9,600) 

(2) 37,569 779,20( .32 38,500 127,600 .38 .302 
Gulf of Alaska (29,600) 
Bering Sea (3,800) 
Aleutian Is. (4,600) 

R(avg) - average recruitment estimated for 1979-88 
p 
MSY 
Bmsy 
Fmsy 
Umsy 
EY(F0 . 1 ) 

- B90/virgin biomass, 
- maximum sustainable yield 
- biomass at MSY 
- instantaneous fishing mortality rate at MSY 
- exploitation rate at MSY 
- equilibrium yield at F0 _1 (•.13) 

EY(F0 _1 ) 

41,400 

33,500 

An alternative to managing the population for MSY is to exploit 
the population at a level where the marginal increase in yield is 
1/lOth the marginal increase in a newly exploited population (F0 1 
policy). For an age of recruitment of 5 years and recruitmene 
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independent of biomass, this occurs when F = 0.13 (U = 0.116) and 
biomass, B(F0 1 ), is 37% of virgin biomass. For models estimated 
from the 1179-1988 observations F0 1 management is more 
conservative than the truncated MSY level. Figures 8.3-8.4 
summarize results from the 1979-1987 analysis. 

8.7 ACCEPTABLE BIOLOGICAL CATCH 

The analysis indicates that current biomass is above Bmsy and that 
the stocks are being harvested at or below the long term average 
EY for the current biomass level. Using the default definition of 
acceptable biological catch (ABC) as provided in the FMP, an ABC 
can be computed using the estimates of population parameters 
described in section 8.6. Because the current biomass is well 
above Bmsy, this definition results in ABCs which are too high to 
provide practical management guidance for sablefish. 

A range of ABCs recommended for 1990 is obtained by applying the 
F0 1 exploitation rate to the biomass projected to the beginning 
of.l990 using the combined Gulf of Alaska, Bering Sea, and the 
Aleutian Islands model assuming zero recruitment. The ABC is 
apportioned to the individual regions in proportion to the most 
current distribution of biomass obtained from the longline survey. 
The lower range for the EBS of 1,700 mt is obtained using biomass 
scaled to the lower confidence estimate of the 1984 trawl survey, 
and an upper range of 2,400 mt is obtained when biomass is scaled 
to the sum of individual biomass estimates for each region. 
Similarly, a lower range for the Aleutian Islands is 2,500 mt, and 
an upper range is 6,600 mt. 

8.8 

EBS: 1,700-2,400 mt 
Aleutian Is: 2,500-6,600 mt 

BIOMASS PROJECTIONS 

Figure 8.5 illustrates the preceding assessment, showing the 
estimated population trend over time as estimated by the 1979-88 
longline survey, and as projected by the SRA model beyond 1988 for 
two harvest scenarios. The population trends are shown for the two 
biomass scales (the point estimate and the lower confidence bound 
of the biomass), and the projected levels are estimated assuming 
average constant recruitment for the point estimate scale, and zero 
recruitment for the more pessimistic scale. Zero recruitment is 
assumed as there have been no indications of a strong year class 
recruiting before 1993. The harvest scenarios are (1) a constant 
fishing rate policy at the F 1 level (F 1 exploitation rate X 
biomass), and (2) a constant <tiarvest levei·of 29,000 mt which is 
equal to the F0 1 exploitation rate X 1990 biomass for the lower 
confidence biomass scale. 

These results indicate that for a pessimistic scenario of biomass 
and recruitment, both the constant harvest level of 29,000 mt and 
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the F harvest rate policy allow the population to remain above 
the lg11-l980 biomass level until 1993 . 
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Table 8.1--Estl .. ted bloa1ss and relative population weight Indices of sableflsh on the continental slope frOIII Japan-U.S. cooperative trawl and 
longllne surveys. 

Area 1979 1980 1981 1982 1983 1984 1985 1986 

![1•1 IY[~l:il lbl!21!!111 iD 111) 

Eastern Bering Sea (Area 1 I 2) 12,600 39,400 42,900 34,700 
(951 Confidence Intervals) (0-56,900) (23,800-55,100) (35,800-50,100) (28,400-41.100) 

Eastern Bering Sea (Area 1, 
N. Aleutians) 8,500 9,900 23,000 

(951 Confidence Intervals) (0-17. 500) (400-19,300) (0-60,800) 

Aleutian regloo (Area 5) 20,300 68,500 96,300 
(951 Coofldence Intervals) (8,100-32,400) (0-143,200) (31.100-160,400) 

L2!191IDI IY[~I~ ([1)111~1 ooou)1ll2!! •lgbllb 

Eastern Bering Sea (Area 1 I 2) 15 9 19 29 28 

Aleutian regloo (Area 5) 14 14 16 19 23 30 26 

1988 

30,500• 
(18,000-42,900) 

•the 1988 trawl survey utilized• different vessel and trawl than previous years, and ooly sa.pled depths froa 200-800 ■. Earlier surveys sampled 200-1000 •· 
An extrapolation of the 1988 bloa1ss estl .. te to account for the 800-1000 • depth strata provided an estl .. te of 38,330 ■t. 

blhe values shown are percentages of the 1979 Gulf of Alaska index which Is considered the baseline year . 
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Figure 8.1--Size and age composition of sablefish from the 
continental shelf area surveyed by U.S. vessels, 
1978-82. Age determinations for 1978 may be 
inaccurate due to differences in aging structures; 
scales were used in 1978, and otoliths were used 
in subsequent years (Umeda et al. 1983). 
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Figure 8.2--Population estimates of _sablefish by centimeter size 
interval on the.continental slope o~ the eastern 
Bering Sea as shown by data from cooperative U.S.
Japan trawl surveys in 1979, 1981, and 1982. Total 
estimated biomass and population numbers for the 
slope areas surveyed are also given. 
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Figure a.J.--Equilibrium yield and biomass as a function 
of fishing mortality rate (F),as estimated 
from stock reduction analysis scaled to the 
point estimates from the individual trawl 
surveys and the lower confidence limit of 
the 1984 survey, for the EBS, the Aleutian 
Islands and Gull of Alaska combined. 
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estimated from stock reduction analysis scaled 
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surveys and the lower confidence limit of the 
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Figure a.s.--Estimated population trend over time as estimated 
by the 1979-88 longline survey, and as projected 
by the SRA model beyond 1988 for 2 harvest levels 
(scaled to the point estimates from the 
individual surveys and the lower confidence 1 imi t 
of the 1984 survey) for the EBS, Aleutian Islands 
and Gulf of Alaska combined. The projected 
levels are estimated assuming average constant 
recruitment for th- point estimate and zero 
recruitment for the low biomass estimate. 



Section 9 

9.1 

PACIFIC OCEAN PERCH 

by 
Daniel H. Ito 

INTRODUCTION 

Pacific ocean perch ( Sebastes alutus, POP) inhabit the outer 
continental shelf and upper slope regions of the North Pacific 
Ocean and Bering Sea. Two main stocks have been identified in the 
Bering Sea--an eastern Bering Sea (EBS) slope and an Aleutian 
Islands stock. POP, and four other associated species of rockfish 
(~.polyspinus, ~- aleutianus, ~- borealis, and~- zacentrus), are 
managed as a complex in two the distinct areas; the Aleutian 
Islands stock is the larger of the two. 

9.2 CATCH HISTORY 

POP supported a major Japanese and Soviet trawl fishery throughout 
the 1960s. Historic peak catches were 47,000 tin the EBS (taken 
in 1961); and 109,100 tin the Aleutian region (taken in 1965). 
catches have since declined substantially. The history of ~
alutus catches (t) since implementation of the MFCMA is as 
follows: 

Eastern Bering Sea Aleutian Islands 

Domestic Qomestic 
Year Foreign JVP OAP Total Foreign JVP OAP Total 

1977 2,654 2,654 8,080 8,080 
1978 2,221 2,221 5,286 5,286 
1979 1,723 1,723 5,487 5,487 
1980 1,050 47 1,097 4,700 Tr 4,700 

1981 1,221 1 1,222 3,618 4 3,622 
1982 212 3 9 224 1,012 2 1,014 
1983 116 97 8 221 272 8 280 
1984 156 134 1,279 1,569 356 273 2 631 
1985 35 32 717 784 Tr 215 93 308 

1986 16 117 625 758 Tr 160 179 339 
1987 5 50 1,278 1,333 0 500 713 1,213 
1988 0 47 1,495 1,542 0 1,512 726 2,238 
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9.3 CONDITION OF STOCKS 

Catch per unit effort (CPUE) data from Japanese trawl fisheries 
indicate that stock abundance has declined to very low levels in 
both the EBS and Aleutian region (Ito 1986). By 1977, CPUE values 
had dropped by more than 90%-95% from those of the early 1960s. 
Japanese CPUE data in recent years, however, no longer provide a 
reliable index of stock abundance because most of the fishing 
effort has been directed to species other than POP. 

9.3.2 Absolute Abundance 

Biomass Surveys 

Biomass estimates of~- alutus were derived from cooperative U.S.
Japan trawl surveys. From 1979 to 1985, these estimates were based 
almost entirely on data collected by Japanese vessels sampling the 
continental slope (the area of greatest POP abundance). In 1988, 
however, the U.S. vessel Miller Freeman sampled the continental 
slope for the first time. This complicates the comparison of the 
1988 estimate with those from earlier years. To solve this 
problem, the Japanese provided a landbased trawler in 1988 to 
conduct side-by-side trawling operations with the Miller Freeman 
so that it would be possible to relate the Miller Freeman data to 
that of the landbased vessels which sampled the slope in the past. 

Results of the side-by-side trawling indicated that fishing power 
corrections were not required. Although there were large 
differences in catch rates between the landbased trawler and the 
Miller Freeman, the Geisser and Eddy statistical technique did not 
show these differences to be significantly different. In deriving 
final biomass estimates for the slope in 1988, the data from the 
Miller Freeman and the landbased vessel were combined. 

The 1988 biomass estimate is not directly comparable with estimates 
from the previous years because the area of the slope sampled by 
the Miller Freeman was less than that sampled by the Japanese 
vessels in 1979-85. . The Miller Freeman sampled from 200-800 m 
whereas the Japanese vessels sampled from 200-1,000 min previous 
years. 

To better evaluate the trend in abundance of~- alutus as shown by 
the 1988 trawl data, the biomass for earlier years were 
recalculated using only data from the 200-800 m depth interval. 
The resulting point estimates and associated 95% confidence 
intervals are depicted in Figure 9.1. The estimates for the 200-
800 m depth interval show a moderate increase in biomass between 
1985 and 1988. However, there is extensive overlap in the 95% 
confidence intervals, so much so, that the 1985 and 1988 estimates 
do not appear to be significantly different. 
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A biomass estimate for the 200-1,000 m depth interval in 1988 was 
also calculated. This was derived by using the average of the 
ratios between the biomass estimates from the 200-800 m and 200-
1,000 m depth intervals in 1982 and 1985 which was 0.7910. 
Applying this average to the 1988 biomass in the 200-800 m depth 
interval (28,882/0.7810) produced an estimate for the 200-1,000 m 
depth interval of 36,961 t. Biomass estimates (t) of~- alutus for 
the 200-1,000 m depth interval were derived from cooperative U.S.
Japan trawl surveys as follows: 

Eastern Bering Sea {EBS) 

EBS Shelf Aleutians portion Aleutian 
& Slope of EBS Area I Region 

1979 4,459 
1980 6,003 109,022 

1981 9,821 
1982 5,505 
1983 97,478 144,080 
1984 
1985 32,393 

1986 49,562 220,614 
1987 
1988 36,981 

The biomass estimate for the EBS has two components--the EBS shelf
slope component and the Aleutian component of Bering Sea 
Statistical Area 1. 

The EBS shelf-slope component increased from 1979-1982 to 1985-
1988. This sixfold increase from 1982 to 1985 appears unusual and 
raises the question whether the biomass of POP can be adequately 
estimated from trawl surveys. Trawl gear may miss and hit 
scattered schools of POP randomly, thereby resulting in highly 
variable estimates. Another reason for the observed increase in 
1985-88 may result from an attempt in 1985-88 to trawl rougher 
bottom (where POP may be more concentrated) than in previous years. 
The Aleutian component of the EBS area also showed wide biomass 
variations. 

The biomass of POP in the Aleutian Islands region (long. 170"E. to 
170"W.) increased moderately from 1980 to 1983 and then increased 
substantially in 1986. Although th~re appears to be an increasing 
trend in biomass, overlapping confidence intervals between the 
point estimates indicate that this trend may not be statistically 
significant. 
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In practice, POP is managed as a complex of five species. The 
1979-1988 EBS slope surveys estimate the mean biomass of the 
complex (excluding~- alutus) at about 4,200 t. For the Aleutian 
Islands portion of the EBS region, the 1980-86 surveys provide a 
mean biomass estimate of 32,400 t. Therefore, the best estimate 
of current biomass for the complex (excluding~- alutus) in the 
entire EBS region is about 36,600 t (4,200 + 32,400 t). The 1980-
86 Aleutian Islands surveys estimate the mean biomass for the 
complex (excluding ~- alutus) in the total Aleutian area at 
118,600 t. 

Cohort and Virtual Population Analyses 

Cohort and virtual population analyses indicate that the EBS POP 
stock underwent a sharp decline in abundance after the onset and 
during the period of foreign fishing (Ito 1982). Biomass may have 
declined 60%-99% during the 16 year period from 1963 to 1979 for 
the EBS stock. Decline of the Aleutian stock was 77%-98% from 1964 
to 1979. 

Age composition data employed in the cohort and virtual population 
analyses were based on surface readings of scales and otoliths 
(Chikuni 1975). Longevity of POP based on surface reading 
techniques is estimated at about 30 yr. However, Chilton and 
Beamish (1982) estimated the maximum age of POP at 90 years based 
on break-and-burn otolith readings. Therefore the use of surface
ageing data in the cohort and VPA models may be radically different 
from those derived from break-and-burn otolith readings. The 
resultant biomass trends, however, should remain the same with 
either input data. 

9.3.3 current Exploitable Biomass 

The best estimates of current exploitable biomass are derived from 
recent trawl surveys. In the EBS, the shelf-slope biomass is 
estimated as the mean of 1979-1988 survey estimates and the 
Aleutian portion as the mean of 1980-1986 survey estimates. 
Resulting exploitable biomass for the EBS, as the sum of these two 
estimates, is 68,800 t. Admittedly, this estimate of current 
biomass is conservative. However, due to the large amount of 
uncertainty in trawl survey biomass estimates, particularly as they 
relate to the assessment of rockfish stocks, such an approach seems 
reasonable. In the Aleutian Islands, exploitable biomass is 
estimated as the mean from surveys in 1980, 1983, and 1986 at 
157,900 t. As discussed in Section 9.3.2, estimates of exploitable 
biomass for the other four species in the complex are 36,600 tin 
the EBS and 118,600 tin the Aleutian Islands. 

9.4 RECRUITMENT STRENGTHS 

For the EBS stock, survey data show that POP ranged in length from 
10 to 56 cm and averaged 32-36 cm. The 1981 and 1982 surveys 
indicate the potential recruitment of a relatively strong year 
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class and recent length data from the 1985 and 1988 surveys 
supports this observation (Figs. 9.2 and 9.3). Ito (1986) 
determined that the strong year class was from 1975. 

For the Aleutian stock, surveys indicated that one or more strong 
year classes have entered the population (Fig. 9.4). The mean size 
dropped from 31.2 cm in 1980 to 29.5 cm in 1983 and then increased 
to 32.8 cm in 1986. A shift in the dominant length frequency mode 
was also evident--from 27-28 cm in 1983 to 32 cm in 1986. Otoliths 
collected during the 1983 survey were read using the more recent 
break-and-burn ageing technique. Resulting ages, which ranged from 
1 to 98 years, were used to develop an age-length key to estimate 
the percent of total population by age (Fig. 9.5). Mean age in the 
population was estimated at 13.7 years. Of particular significance 
is the presence of a strong 1976 year class. This year class at 
age 7 comprised greater than 26% of the total population. The 1975 
and 1977 year classes appear relatively strong as well. The 
combination of 1975, 1976, and 1977 year classes made up over 56% 
of the total population in the Aleutian Islands region in 1983. 

9.5 BIOLOGICAL PARAMETERS 

9.5.1 Natural Mortality, Age of Recruitment, and Maximum Age 

Natural mortality of M = 0.05 is adopted from Archibald et al. 
(1981) as this value was most consistent with the older ages 
derived from break-and-burn otolith readings. 

Pacific ocean perch is a long lived species with slow growth and 
low natural mortality. The age of recruitment has varied with time 
and is related to a variety of factors such as growth, fishing 
mortality, year-class strength, and year to year variations in 
availability. Generally, the age at recruitment is age 9. 

Maximum age is still debatable. Age readings are radically 
different between surface readings of scales or otoliths and those 
of broken and burnt otoliths. Longevity of POP based on surface 
reading techniques is estimated at about 30 years. However, the 
break-and-burn method provided a maximum age of 90 years (Chilton 
and Beamish (1982). 

9.5.2 Length and Weight at Age 

The following age-length and length-weight relationships are from 
data collected during 1963-76 by Chikuni (1975): 

L(age) = 45.84 x (1 - exp (-0.1055 x (age+ 1.3085))), and 

W(L) = 0.01766 XL** 2.913 

where L = length in cm, W = weight in gm. 
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9.6 MAXIMUM SUSTAINABLE YIELD 

Stock Reduction Analysis 

Stock reduction analysis (Kimura 1985) was employed to examine 
trends in biomass and long-term production. Input requirements for 
the SRA model used included: catch data (in biomass), natural 
mortality (M), the delay-difference growth coefficients (RHO, 
OMEGA), the age at recruitment (k), the Beverton-Holt recruitment 
coefficient (A) (Kimura 1988), and an estimate of current biomass. 
The input parameters were as follows: 

1. Catch data were from 1960 to 1988 for EBS stock and from 1962 
to 1988 for the Aleutian stock. It was assumed that the 
stock was at or close to its virgin biomass level when the 
catch statistics started. 

2. A natural mortality rate of M=0.05 was employed. The delay
difference growth coefficients (RHO=0. 93613 and OMEGA=0. 82024) 
were estimated based on weight-at-age data from Chikuni 
(1975). The age at recruitment was assumed to be k=9 yr. 

3. Two recruitment scenarios were used in the SRA approach. The 
first scenario employed constant recruitment (i.e., a 
Beverton-Holt coefficient of A = l.0). When A = 1.0, 
recruitment is constant. The second recruitment scenario was 
based on a causal stock-recruitment relationship (A= 0.889). 
Under this scenario, recruitment was structured so that 90% 
of virgin recruitment occurred when the stock was reduced to 
50% of its virgin biomass level. 

4. EBS biomass for~- alutus was set at 68,800 t and Aleutian 
biomass at 157,900 t (refer to section 9.3.2). These 
estimates were used to "tune" the SRA runs to obtain 
acceptable SRA solutions. 

The SRA results indicate that virgin biomass of the EBS stock 
ranged from 243,800 - 266,000 t and that this stock is now at about 
26%-28% of virgin levels (Fig. 9.6). The stock underwent a sharp 
decline in abundance throughout the 1960s and the early 1970s. 
Since 1977, however, the stock has apparently increased. 

For the Aleutian stock, the SRA results indicate that virgin 
biomass ranged from 556,300 t to 600,400 t. This stock is now at 
about 26%-28% of virgin levels (Fig. 9.6). The stock trend 
parallels that of the_EBS stock. 

Estimates of maximum sustainable yield (MSY) for~- alutus by the 
SRA technique assuming a Beverton-Hol t stock recruitment 
relationship are as follows: 



Recruitment 
Coefficient Bl 

Eastern Bering Sea 

A=l.000 243,800 
A=l.000 

p 

0.28 

Constrained (F0.l): 

A=0.889 266,600 0.26 

Aleutian Islands 

MSY Bmsy 

5,761 39,921 

EY=S,096 EB=89,682 

4,341 76,409 

A=l.000 556,300 0.28 13,147 91,099 
A=l.000 
. Constrained (F0.l): EY=ll,623 EB=204,652 

A=0.889 600,400 0.26 9,858 173,494 

Notations: Bl - Virgin Biomass 
P - Bcurrent/Bl 
Bmsy - Biomass which produces MSY 

Fmsy 

0.16 

F=0.06 

0.06 

0.16 

F=0.06 

0.06 

Fmsy - Instantaneous Fishing Mortality Rate at MSY 
EY - Equilibrium Yield 
EB - Equilibrium Biomass 
F - Instantaneous Fishing Mortality Rate 

Depending upon the Bev@.rton-Holt recruitment scenario employed, MSY 
ranged from 4,300-5,800 t for the EBS stock and 9,900-13,100 t for 
the Aleutian stock (Fig. 9.7). The biomass producing MSY ranged 
from 39,900-76,400 t for the EBS stock and 91,100-173,500 t for the 
Aleutian stock (Fig. 9.8). 

The high estimates of MSY were based on the assumption of constant 
recruitment (i.e., A=l.0). This reflects an extremely optimistic 
viewpoint. That is, recruitment to the fishable biomass will be 
the same each year regardless of the population size. As such, the 
estimate of MSY based on a constant recruitment scenario may be too 
high. A more conservative approach for estimating long-term 
production under this type of recruitment is to determine the 
equilibrium yield under an F0 •1 policy. 

With this approach, F0 1 = 0.06 for both the EBS and Aleutian 
stocks. This translates into a long-term EY of 5,100 t and an 
equilibrium yield biomass of 89,700 t for the EBS stock. For the 
Aleutian stock long-term EY is 11,600 t, which corresponds to an 
EY biomass of 204,700 t. 
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Another approach taken to calculate MSY was based upon the causal 
stock-recruitment relationship when parameter A= 0.889. Fmsy under 
this recruitment scenario also equals 0.06. 

The best point estimate of MSY for each stock was taken as the 
midpoint of the range of the maximum yield from the Beverton-Holt 
recruitment scenario (A• 0.889) and the equilibrium yield from the 
constant recruitment scenario under an F0 ~ policy. To summarize, 
the best estimate of MSY for the EBS ~. alutus stock was 4,700 t 
(range• 4,300-5,100 t). For the Aleutian~- alutus stock, the 
best MSY estimate was 10,800 t (range• 9,900-11,600 t). 

In practice, POP is managed as a complex of five species. Because 
SRA could not be applied to the four minor species, a direct 
estimate of MSY for the complex could not be obtained. A first 
approximation, however, was obtained by assuming that the 
production of the complex (excluding~- alutus) was similar to that 
of~- alutus. The ratio of the current point estimate of MSY to 
the current estimate of biomass for~- alutus was approximately 
0.068 for both the EBS and Aleutian stocks. These ratios were 
applied to the current estimate of biomass for the complex 
(excluding~- alutus) in each region (see below) to arrive at an 
estimate of MSY. The- complex (excluding~- alutus) MSY values were 
roughly 2,500 t and 8, 100 t for the EBS and Aleutian stocks, 
respectively. 

The best estimate of MSY for the entire POP complex (all five 
species combined) amounts to 7,200 t (4,700 t + 2,500 t) for the 
EBS stock and 18,900 t (10,800 t + 8,100 t) for the Aleutian 
Islands stock. 

9.7 ACCEPTABLE BIOLOGICAL CATCH 

ABC is estimated with the exploitation rate under the constant 
recruitment FB 1 policy. Both the F0 Land Fms (A=0.889) rates 
were about o. ~- This rate was employea as the ~xploitation rate 
to provide the best estimates of ABC. Thus, ABC for POP(§.:.. alutus 
only)in the EBS and Aleutian regions amounted to 4,100 t (0.06 x 
68,800 t) and 9,500 t (0.06 x 157,900 t), respectively. 

Since POP is managed as a complex of five species, the ABC for the 
other four species in the complex was estimated by multiplying the 
same exploitation rate by the current survey biomass. For the EBS 
region the estimate of ABC for the complex (excluding~- alutus) 
was estimated at 2,200 t (0.06 x 36,600 t); and for the Aleutian 
Islands region this estimate amounted to 7,100 t (0.06 x 
118,600 t). 

Therefore, ABC for the POP complex (all five species combined) 
totaled 6,300 t (4,100 t + 2,200 t) for the entire EBS and 16,600 
t (9,500 + 7,100 t) for the Aleutians region. A summary of the 
"best" estimates of current biomass, MSY, and ABC (all in thousand 
tons) for both stocks are summarized as follows: 

1 , . ., 



Estimated 
Region biomass MSY ABC 

Eastern Bering Sea 

Pacific ocean perch complex: 105.4 7.2 6.3 

(Pacific ocean perch§.. alutus) (68.8) (4.7) ( 4 . l) 
(Other species in complex:) (36.6) ( 2. 5) ( 2. 2) 

Aleutian Islands 

Pacific ocean perch complex: 276.5 18.9 16.6 

(Pacific ocean perch§.. alutus) (157.9) (10.8) ( 9. 5) 
(Other species in complex:) (118.6) ( 8. l) (7. l) 

9.8 BIOMASS PROJECTIONS 

The SRA delay-difference equation was used to project biomass five 
years into the future under a variety of fishing mortality rates. 
The same natural mortality and growth parameters that were used in 
the previous SRA runs were employed for the projections. The 
initial biomass estimates for the projection process were the same 
as those used in last year's assessment of the resource, i.e. , 
64,100 t for the EBS and 157,900 t for the Aleutian Islands region. 
These estimates were assumed to be the fishable biomass at the 
beginning of 1988. The fishing mortality rates used included: 
Fm , F0 1 , F=M, and F(EQ), the fishing mortality that kept biomass 
re!~tively stable during the five year projection. The results of 
the projections are shown below and are graphically depicted for , 
the constant recruitment scenario in Figure 9.9. 

, ,. 0 



• ----------------------EASTERN BERING SEA----------------------

Constant Recruitment: 
~ F(M~Y)=0.J,6 E(0.l}=0.06 f=M=0.05 F(EQ)=0.10 
1988 64,000 64,000 64,000 64,000 
1989 60,800 66,600 67,300 64,200 
1990 57,800 69,000 70,300 64,300 
1991 55,200 71,100 73,000 64,200 
1992 52,900 73,100 75,500 64,100 
1993 50,900 74,800 77,800 63,900 

Beverton-Holt Recruitment: 
~ F(MSY)=0.06 F=M=0.05 F (:f;;Q) =0. 06 
1988 64,100 64,100 64,100 
1989 64,000 64,600 64,000 
1990 64,000 65,200 64,000 
1991 64,100 65,800 64,100 
1992 64,200 66,500 64,200 
1993 64,500 67,200 64,500 

----------------------ALEUTIAN ISLANDS-----------------------

Constant Recruitment: 
~ F(MSY)=0.16 
1988 158,000 
1989 148,800 
1990 140,500 
1991 133,100 
1992 126,700 
1993 121,100 

F(0.l)=0.06 
158,000 
163,300 
167,900 
172,100 
175,700 
179,000 

Beverton-Holt Recruitment: 
Year 
1988 
1989 
1990 
1991 
1992 
1993 

FCMSY}=0.06 
157,900 
157,300 
156,700 
156,300 
156,000 
156,000 

F=M=o.os 
157,900 
158,800 
159,700 
160,500 
161,500 
162,700 

1 t. Q 

F=M=o.os 
158,000 
164,800 
171,000 
176,600 
181,700 
186,400 

FCEOl=0.06 
157,900 
157,300 
156,700 
156,300 
156,000 
156,000 

F(EO}=0.09 
158,000 
158,800 
159,100 
159,100 
159,000 
158,700 
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Figure 9.1.--Biomass estimates and 951 confidence intervals for 
Sabastes alutus along the continental slope of the 
eastern Bering Sea as shown by u.s.-Japan 
cooperative bottom trawl surveys (200-800 m depth 
interval). Biomass estimates do not include the 
Aleutian Islands component of the eastern Bering 
Sea. 
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Figure 9.2.--Size composition ot Pacific ocean perch in the 
eastern Bering Sea as shown by data collected during 
the cooperative u.s.-Japan demersal trawl surveys in 
1979, 1981, 1982, and 1985. 
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Figure 9.3.--size composition ot Pacific ocean perch in the 
eastern Bering Sea as shown by data collected during 
the 1988 cooperative u.s.-Japan demersal trawl 
surveys (200-800 m depth interval). 
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Figure 9.4.--size composition of Pacific ocean perch in the 
Aleutian Islands as shown by data collected during 
the cooperative u.s.-J~pan demersal trawl surveys in 
1980, 1983, and 1986. 
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PACIFIC OCEAN PERCH 
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Figure 9.5.--Age composition of the Pacific ocean perch 
population in the Aleutian Islands as shown by data 
collected during the cooperative U.S.-Japan demersal 
trawl survey in 1983. 
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Figure 9.6.--Estimated population biomass of Pacific ocean perch 
from the eastern Bering Sea and Aleutian Islands 
regions, based on stock reduction analysis (SRA) 
with two recruitment scenarios. 
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Figure 9.7.--Estimates of equilibrium yield for Pacific ocean 
perch in the eastern Bering Sea and Aleutian Islands 
regions based on results from stock reduction 
analysis (SRA) with two recruitment scenarios. 
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Figure 9.9.--Projected biomass for Pacific ocean perch in the 
eastern Bering Sea and Aleutian Islands regions 
based on results from stock reduction analysis (SRA) 
under the constant recruitment scenario and various 
instantaneous fishing mortality rates (F). 
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Section 10 

10.1 

OTHER ROCKFISH 

by 
Daniel H. Ito 

INTRODUCTION 

Other rockfish, which includes all species of Sebastes and 
Sebastolobus spp. other than the Pacific ocean perch complex, have 
traditionally been managed as a unit and have been grouped together 
in reported commercial catch statistics. Since 1977, however, 
species of rockf ish have been identified in catches by u. s. 
observers, which have provided a means of estimating annual 
harvests of individual species. U.S. observers have identified 15 
confirmed species of rockfish in catches from the EBS and Aleutian 
Islands region. An additional 14 species have been tentatively 
identified. 

For management purposes, the other rockfish resource is assumed to 
consist of two separate stocks and are therefore assessed and 
managed as two major groups -- the eastern Bering Sea (EBS) group 
and the Aleutian Islands group. 

10.2 CATCH HISTORY 

Since implementation of the MFCMA, the history of catches (t) are 
as follows: 

Eastern Bering Sea Aleutian Islands 

Qom~stig Qomestic 
Year Foreign JVP OAP Total Foreign JVP OAP Total 

1977 311 311 3,043 3,043 
1978 2,614 2,614 921 921 
1979 2,108 2,108 4,517 4,517 
1980 456 3 459 420 420 

1981 331 25 356 328 328 
1982 262 11 3 276 2,114 2,114 
1983 212 8 220 1,041 4 1,045 
1984 121 8 47 176 42 14 56 
1985 33 3 56 92 2 14 83 99 

1986 4 12 86 102 Tr 15 154 169 
1987 3 4 467 474 0 6 141 147 
1988 0 8 333 341 0 68 210 278 
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The peak catch of other rockfish in the EBS was 2,600 tin 1978. 
In the Aleutian region, peak catch was 4,500 tin 1979. Catches 
in more recent years have been minor and were mainly incidental in 
nature; in fact, the lowest recorded catches of other rockfish 
occurred in 1984 and 1985 in the Aleutian and EBS regions, 
respectively. 

10.3 CONDITION OF STOCKS 

10.3.1 Relative Abundance 

Commercial catch and effort data are of little use in examining 
trends in abundance for other rockfish. Standardizing and 
partitioning total groundfish effort into effort directed solely 
toward catching other rockfish is extremely difficult. This group 
is now, for the most part, relegated to an incidental fishery. 

10.3.2 Absolute Abundance 

The 1979-88 cooperative U.S.-Japan trawl surveys provide biomass 
estimates for the EBS and Aleutians region. The surveys in the EBS 
were conducted both on the continental shelf and slope, but almost 
all catches of other rockf ish were taken by Japanese research 
trawlers fishing on the slope at depths greater than 200 m. For 
this reason, only data collected by Japanese research vessels were 
employed to calculate other rockf ish abundance estimates. The 
estimates are as follows: 

Eastern Bering Sea (EBS) Aleutian 

EBS shelf/slope Aleutians portion Region 
of EBS Area 1 

1979 3,251 
1980 1,095 19,078 

1981 4,975 
1982 4,381 
1983 1,696 15,995 
1984 
1985 5,127 

1986 5,187 20,336 
1987 
1988 8,759 
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The biomass for the EBS group of other rockfish is derived in 2 
components--the EBS shelf-slope component and the Aleutian 
component of Bering Sea area 1. The 1979-88 mean of the first 
component is 5,299 t and the 1980-86 mean of the second component 
is 2,659 t. Therefore, the overall current biomass for the EBS 
region is 7,958 t. 

For the group in the Aleutian Islands region, the biomass estimates 
indicated a decrease from 19,100 tin 1980 to 16,000 tin 1983. 
Based on the 1986 survey, the biomass increased to 20,300 t. These 
estimates, however, were characterized by relatively wide 
variances, and the 95% confidence intervals overlapped extensively, 
indicating that the point estimates may not be significantly 
different. Nevertheless, the mean of these trawl estimates (18,500 
t) indicated a much larger stock size than that found in the EBS. 

10.3.3 Current Exploitable Biomass 

Based upon available information, current exploitable biomass of 
other rockfish is estimated at about 8,000 t for the EBS and 18,500 
for the Aleutian Islands. 

10.4 RECRUITMENT STRENGTHS 

Since this group of rockfishes is made up of many species for which 
detailed length frequency and age composition information is 
lacking, recruitment strengths of the resource is not known. 

10.5 BIOLOGICAL PARAMETERS 

Information on biological parameters is lacking for this group of 
rockfishes. 

10.6 MAXIMUM SUSTAINABLE YIELD 

Information is not available to provide a direct estimate of 
maximum sustainable yield (MSY) for the other rockfish group in 
the EBS and Aleutian Islands regions. However, if one assumes that 
exploitation and productivity patterns of other rockfish is similar 
to that of the POP complex, a first approximation of MSY can be 
made. The same conversion ratio (0.07) that was used to estimate 
MSY for the four other species in the POP complex (refer to the MSY 
section in the POP section) was applied to the current biomass 
estimates of other rockfish. This ~rocedure yielded estimates of 
MSY of about 600 t for the EBS group and 1,300 t for the Aleutian 
Islands group. 
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10.7 ACCEPTABLE BIOLOGICAL CATCH 

Acceptable biological catches (ABC) for other rockfish were 
estimated in a manner similar to that used to estimate ABC for the 
POP complex. It was assumed that the exploitation rate used to 
estimate ABC for the POP complex is applicable to the other 
rockfish group (F0.l = Fmsy = 0.06). Multiplying this exploitation 
rate (0.06) by the current estimates of exploitable biomass, gives 
ABC values of 500 t for the EBS group and 1,100 t for the Aleutian 
Islands group. 

A summary of the estimates of current exploitable biomass, MSY, and 
ABC for the other rockfish groups in the EBS and Aleutian Islands 
region are summarized as follows: 

Region 

Eastern Bering Sea 

Aleutian Islands Region 

, 10. 8 

Exploitable biomass 
(t) 

8,000 

18,500 

BIOMASS PROJECTIONS 

MSY 
(t) 

600 

1,300 

ABC 
(t) 

500 

1,100 

Information is insufficient to perform biomass projections at this 
time. 
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Section 11 

11. 1 

ATKA MACKEREL 

by 
Sandra A. McDevitt 

INTRODUCTION 

Atka mackerel, Pleurogrammus monopterygius, are distributed from 
the east coast of the Kamchatka peninsula, throughout the 
Komandorskiye and Aleutian Islands, north to the Pribilof Islands 
in the eastern Bering Sea, and eastward through the Gulf of Alaska 
to southeast Alaska. The center of abundance of£.:.. monopterygius 
is in the Aleutian Islands, particularly from Buldir Island to 
Seguam Pass (Figure 11.1). 

Atka mackerel of the Gulf of Alaska and the Aleutian Islands are 
considered to belong to separate stocks, based on a morphological 
and meristic study by Levada (1979). 

11.2 CATCH HISTORY 

Annual landings of Atka mackerel in the eastern Bering Sea (EBS) 
and Aleutians region increased during the 1970s reaching an initial 
peak of 24,250 mt in 1978 as shown below: 

Eastern Bering Sea Aleutians Region 

Year Foreign Qomestic Total Foreign Qomestic Total 
JVP OAP JVP OAP 

1977 ? 0 0 ? 0 0 
1978 831 0 0 831 23,418 0 0 23,418 
1979 1,985 0 0 1,985 21,279 0 0 21,279 
1980 4,690 265 0 4,955 15,533 0 0 15,533 

1981 3,027 0 0 3,027 15,028 1,633 0 16,661 
1982 282 46 0 328 7,117 12,429 0 19,546 
1983 140 1 0 141 1,074 10,511 0 11,585 

1984 41 16 0 57 71 35,927 0 35,998 
1985 1 3 0 4 0 37,856 0 37,856 

1986 6 6 0 12 0 31,978 0 31,978 
1987 tr 12 0 12 0 30,049 0 30,049 
1988 0 43 385 428 0 19,577 2,080 21,656 
1989* 0 1 1,702 0 

., 3,212 . 
*PacFIN 8/7/89 
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From 1979 to 1982 catches gradually declined, then dropped sharply 
to 11,726 mt in 1983. The decline from 1980 to 1983 was due to 
changes in interests by fishing nations rather than changes in 
stock abundance. From 1984 to 1987 catches have been at record 
high levels, averaging 34,000 mt annually. Although significant 
landings came from the EBS area during 1978-1981, the vast majority 
of the catches since then have been from the Aleutian Islands 
region. 

Historically, Atka mackerel have been pursued by foreign and U.S. 
joint venture fisheries. From 1970 to 1979 landings were made 
almost exclusively by the u.s.s.R. Japan and the Republic of Korea 
(R.O.K.) also made significant landings from 1978 to 1982. U.S. 
joint venture fisheries which began in 1980 have dominated the 
catches since 1982. 

In the early 1970s most Atka mackerel catches occurred in the 
western Aleutian Islands, west of 180". During 1978 and 1979 the 
fishing effort moved progressively eastward, with significant 
landings in the central and eastern portions of the Aleutian 
Islands region. From 1980-1985 the majority of the landings 
(74%-99%) occurred east of 180", primarily between 171°W. and 
l74"W. In 1984 and 1985 the majority of landings came from a 
single o.5" lat. by 1· long. block bounded by 52°30'N., 53"N., 
112·w., and l73"W. (73% in 1984, 52% in 1985). Since 1985, 
landings have come from both the central and eastern regions of the 
Aleutian Islands described above. 

11.3 CONDITION OF STOCKS 

Relative Abundance 

Atka mackerel occur in large localized concentrations making them 
an especially difficult species to assess. Their shoaling behavior 
makes the species difficult to survey with trawls, and since they 
are poor acoustic targets, they are also difficult to survey with 
hydroacoustic gear. This behavior makes catch per unit effort 
(CPUE) data from the commercial fleet difficult to interpret. 
Thus, commercial CPUE data are not useful for assessing relative 
trends in abundance. 

Absolute Abundance 

Despite the shortcomings of surveys noted above, the U.S.-Japan 
cooperative trawl surveys conducted in 1980, 1983, and 1986, 
provide the only direct estimates of population biomass from 
throughout the Aleutian Islands region. They also provided a good 
sampling of size at age data from which growth parameters and a 
weight-length relationship were derived. Major concentrations of 
Atka mackerel located by the surveys are shown in Figure 11.1. A 
detailed description of the surveys is given by Kimura and Ronholt 
(1988). 
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Biomass estimates of Atka mackerel have increased from 197,529 mt 
in 1980 to 306,780 mt in 1983, and 544,754 mt in 1986 (Table 11.1). 
However, the high value for 1986 should not be directly compared 
with previous estimates. During the 1980 survey no successful 
sampling occurred in shallow waters around Kiska and Amchitka 
Islands, and during the 1983 survey very few stations were 
successfully trawled. However, during the 1986 survey, several 
stations were successfully trawled in waters less than 100 m, and 
most produced extremely large catches of Atka mackerel. For 1986, 
the biomass ~stimate from this one depth interval alone totaled 
~18,000 mt in the southwest Aleutians (Table 11.1), or 77% of the 
total biomass of Atka mackerel in the Aleutian Islands. This was 
a 403,000 mt increase over the 1983 biomass estimate for the same 
stratum-depth interval. 

Therefore, when comparing between years, the biomass estimate for 
1986 should perhaps be reduced to reflect the difference in survey 
coverage. If 403,000 mt is removed from the 1986 survey estimate, 
the total biomass increased from 1980 to 1983 from 198,000 mt to 
307,000 mt, and then dropped to 142,000 mt in 1986, a 54% decrease 
from 1983. The same trend is indicated in three of the four 
subregions: the Southwest, Southeast, and Northwest. In the 
Northeast, which has produced most of the Atka mackerel landings 
since 1983, the biomass estimate decreased in both 1983 and 1986. 

survey data indicated a general shift of fish toward shallower 
water since 1980. Because sampling in shallow waters was not 
successful in the early surveys, it is difficult to know if the 
population was previously inhabiting shallow waters. However, it 
is evident that the number of deeper stations producing significant 
catches has decreased since 1983, indicating either a movement of 
a portion of the population to shallower water, or a high mortality 
on those fish in deeper water. 

Interpretation of the survey length frequencies of Atka mackerel 
is made difficult by the geographic stratification of the stock by 
size. During the 1980 survey, fish in the northwest and southwest 
Aleutian Islands averaged 32.3 and 35.3 cm respectively, and fish 
in the northeast and southeast Aleutians averaged 30.9 and 32.0 cm, 
respectively (Figure 11.2). Thus in 1980, the largest fish were 
found in the west and most of the recruitment occurred in the east. 
The 1983 survey showed a very different situation--the largest fish 
were found in the east while most of the recruitment appeared in 
the west. In the southeast, the length frequencies show a narrow 
band of large fish averaging 38.7 cm. These large fish were also 
present in the northeast, but a mode of smaller fish in the 32-cm 
range was also evident. In the southwest, a large number of 
younger fish less than 30-cm in size was apparent, with fewer of 
the over 36-cm fish that were abundant in the east. And finally, 
fish under 30-cm were available in the northwest, but fish in the 
34-cm range were most abundant. During the 1986 survey, the 1983 
pattern was again evident with recruitment appearing in the west 
(mean sizes of 32.2 and 30.8 cm) and the larger fish appearing in 
the east (mean sizes of 37.6 and 41.l cm). 
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Age distributions from the u.s.-Japan trawl surveys (Figure 11.3) 
show the dominant 1975 year class in 1980, and the dominant 1977 
year class in 1983. Three-year-olds from the 1983 year class were 
dominant in the 1986 survey, but this is probably a reflection of 
full recruitment or a lack of older fish rather than a strong year 
class. One problem should be noted concerning the age 
determination of Atka mackerel. In the Aleutian Islands region, 
Atka mackerel is a summer-fall spawning fish that apparently does 
not lay down an otolith annulus in the first year. Adding one year 
to ages determined from otoliths by the Alaska Fisheries Science 
Center (AFSC) Ageing Unit makes our age data more consistent with 
age readings from tail ossicles by Gorbunova (1962). All age data 
presented in this report have been corrected in this way. 

Analysis of Growth 

Atka mackerel exhibit large annual and geographic variability in 
length at age. Because survey data provide the most uniform 
sampling of the Aleutian Islands region, data from these surveys 
were used to evaluate variability in growth (Kimura and Ronholt 
1988). Length-at-age data from the 1980, 1983, and 1986 u.s.-Japan 
surveys, and the u.s.-u.s.s.R. surveys in 1982 and 1985 were 
analyzed by six areas;· It appeared that length at age was smallest 
in the west and largest in the east. 

Analysis of variance (ANOVA) was used to evaluate these differences 
statistically. The analyses indicated that length at age did not 
differ significantly by sex, so the sex factor was ignored in 
further analyses. Results showed that the AREA and AGE effects 
were both significant, but the YEAR effect was not quite 
significant. The AREA effect appeared much stronger than the AGE 
effect and all interactions were significant. 

Further analysis to determine whether the area differences could 
be expected to remain over the years, demonstrated that the 
differences in growth between areas is probably a real phenomenon 
rather than just a chance sampling of years. 

11.4 BIOLOGICAL PARAMETERS 

Natural Mortality. Age of Recruitment. and Maximum Age 

Kimura and Ronholt (1988) used the regression model of Hoenig 
(1983) to estimate the total instantaneous mortality rate z, as an 
upper bound for the natural mortality rate M. Assuming a maximum 
age of tmax • 11 years, Hoenig's regression equation estimated z 
to be 0.38. Since M • Z-F, a natural mortality rate below 0.38, 
depending on F, is consistent with this estimate. Natural 
mortality rates of M • 0.2, M • 0.3, and M = 0.4 were used in the 
analyses, which are consistent with the observed maximum age. 
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The age of recruitment to the fishery for Atka mackerel has been 
determined to occur at age 3 based on commercial fishery data 
(Kimura and Ronholt 1988). 

Length and Weight at Age 

Kimura and Ronholt (1988) estimated parameters of the von 
Bertalanffy length-age equation and a weight-length relationship 
using survey data from all years and areas. Sexes were combined 
in the analysis as sex was not determined to be an important 
differentiating variable for Atka mackerel growth. The observed 
mean length and weight at age data for six areas in the Aleutians 
are given in Table 11.2. 

The estimated von Bertalanffy growth parameters determined for all 
areas is: 

Linf = 41.4 cm, 
K = 0.311 and 
t 0 = -1.23 yr. 

Length-age equation: Length (cm) = Linf{l-exp[-K(age-t0)J} 

The weight-length relationship was determined to be: 

weight (kg) = 4.9761E-06 * length (cm) ** 3.2403. 

These curves are shown in Figure 11.4 along with the observed mean 
values. 

Another set of growth parameters used to estimate sustainable yield 
are the delay difference growth parameters RHO and OMEGA (Schnute 
1985; Kimura 1985). Assuming an age at recruitment of k = 3 years, 
and using the weight-at-age data averaged over all years and areas 
(Table 11.2), least squares estimates of these parameters are RHO= 
0.983 and OMEGA= 0.731. 

11.5 AGE-STRUCTURED MODELING 

catch oata 
From 1977 to 1988, commercial catches have been sampled for length 
and age data by the U.S. Foreign Fisheries Observer Program. The 
1980-81 observer samples were small, so these data were 
supplemented with length samples taken by R.O.K. fisheries 
personnel from their commercial landings. These data (Figure 11.5) 
show an increase in the size of fish in the commercial fishery. 
In 1977 most of the fish were unde~ 30 cm, but by 1979 nearly all 
were over 30 cm. Mean size increased from 33. o cm in 1980 to 
37.4 cm in 1987, then dropped to 34.0 cm in 1988. An 
interpretation of the length frequencies of Atka mackerel is made 
difficult by the geographic stratification of the stock by size, 
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but it appears that there was a large number of young fish which 
showed up 1986 and fully recruited by 1988. 

Estimates of catch in numbers at age were estimated using the 
length frequencies described above and age-length keys. The 
formulas used are described by Kimura (1987). As with the length 
frequencies, the age data for 1980 and 1981 presented problems. 
The commercial catches in 1980 and 1981 were not sampled for age 
structures. Therefore, the 1980 survey age-length key was used to 
estimate 1980 commercial catch age distributions and these data 
were further used to estimate the 1981 commercial catch age 
distribution using a mixture model (Kimura and Chikuni 1987). 

The most salient features of the estimated catch in numbers at age 
(Table 11.3) are the strong 1975 and 1977 year classes, and the 
appearance of the strong 1984 year class. The 1975 year class 
appeared strong as 3-and 4-year-olds in 1978 and 1979. It is 
unclear why this year class did not continue to show up strongly 
after age 4. The 1977 year class has appeared strong since they 
entered the fishery as 3-year-olds in 1980. The 1988 fishery was 
basically supported by the 1984 year class which showed up strongly 
as 4-year-olds. The length frequency data from the 1988 fishery, 
described above, showed a large drop in the mean length as the 1984 
year class appeared in large numbers (Fig. 11.5). The 1983 year 
class which survey age data suggested may be strong, did not appear 
in large numbers in the 1988 catches. 

Methods 

In the previous analysis, Kimura and Ronholt (1988) used virtual 
population analysis (VPA) and its least squares counterpart 
(Doubleday 1976; Derise et al. 1985) to assess Atka mackerel. 
These results are again presented as there were no new survey data 
with which to tune the model and update the results. All modeling 
results refer only to the Aleutian Islands region, since input data 
exist only for that region. 

Input into the model included a range of natural mortality rates 
of M = 0.2, M = 0.3, and M = 0.4; catch-at-age data from Table 
11.3; and weight-at-age estimates averaged over all years and areas 
(Table 11.2). As with all modeling of catch-at-age data, the model 
needed to be constrained with ancillary information (see Derise 
et al. 1985). Although the survey data have severe limitations, 
they provided the only data available to constrain the model. 
Survey biomass estimates from the Aleutian Islands region 
(Table 11.1) were used to tune the catch-at-age models. 

Virtual population analysis was carried out using Gulland's classic 
method (Pope 1972). Only ages 3 ~o 7 years were used because 
catches were available for these ages in all years (Table 11.3). 
Ages 6 and 7 were assumed to be equally fished, so that the 
instantaneous fishing mortality rate in years previous to the final 
catch year could be "linked" to provide initial F values for 
earlier cohorts. Furthermore, initial F values for all ages in the 
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final year were assumed to be equal (i.e., knife-edged recruitment 
at age 3 was assumed) . Preliminary fits and an examination of 
Table ll.3 indicated that the assumption of knife-edged recruitment 
at age 3 was reasonable. In the analyses, VPA was used to provide 
initial estimates to the least squares model. 

Kimura and Ronholt (1988) noted that the survey biomass estimates 
and the catch-at-age data were contradictory. The catch-at-age 
data are dominated by the strong 1977 year class, which suggests 
that the biomass should first grow and then decay. on the 
contrary, the survey biomass estimates showed an increase in 
biomass over time. They reconciled this in the least squares 
modeling by weighting the fits by the coefficients of variation of 
the estimates. These included the coefficients of variation of 
both the catches at age and biomass estimates (Table 11.1). In the 
least squares modeling, it was again assumed that Atka mackerel 
were fully recruited to the fishery at age 3. 

Results 

The most useful role catch-at-age analysis plays in the assessment 
is in inference concerning the 1986 biomass. Catch-at-age data 
clearly showed the dominance of the 1977 year class. This 
suggests that biomass should increase and then decline in accord 
with the growth and decay of this year class. However, the biomass 
estimates from the 1980 and 1983 surveys were similar, and the 
estimate from the 1986 survey much higher, placing some doubt as 
to the accuracy of the 1986 estimate. 

Since the weighted least squares catch-at-age analysis takes into 
account the variability of these estimates, the model makes a 
somewhat objective statement concerning this matter. Using the 
coefficients of variation estimated from the survey data, 
catch-at-age analysis indicated an extremely low current biomass 
ranging from 52,000 to 106,000 mt and averaging 78,000 mt (Table 
11.4, column "E"). In other words, the coefficient of variation 
of the 1986 survey estimate was so large (0.629), the analysis 
largely discounted the survey estimate. 

To determine if the results were due mainly to the relative 
weighting of the survey biomasses, the model was rerun using a 
coefficient of variation of 0.25 for all survey biomasses. The 
resulting estimate of current biomass was 152,000 mt (averaged over 
the natural mortality rates used), which is still much less than 
the 545,000 mt survey biomass estimate for 1986. 

Because the coefficient of variation for the catch-at-age data is 
based only on the sampling error of the biological data, it is 
likely that this variation was underestimated. Therefore the 
coefficient of variation of the survey biomass estimates were 
purposely underestimated in order to weight the results toward the 
survey biomass estimates as much as would seem reasonable. The 
model was rerun using a coefficient of variation of 0.10 for all 
survey biomass estimates. This resulted in a 1986 survey biomass 
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estimate of 198,000 mt, again averaged over the natural mortality 
rates used. Clearly when the variability estimates of the data 
were taken into consideration, the catch-at-age analysis did not 
support a 1986 biomass of 545,000 mt, and suggested a much lower 
biomass. 

11.6 MAXIMUM SUSTAINABLE YIELD 

Kimura and Ronholt (1988) estimated maximum sustainable yield for 
Atka mackerel using the Beverton and Holt yield-per-recruit model. 
The model assumed constant recruitment, which was estimated from 
the average of 3-year-olds from the catch-at-age analysis results, 
assuming the estimated coefficients of variation for survey 
biomasses (Column E, Table 11.4). The estimated average 
recruitment was calculated excluding the extraordinarily strong 
1977 year class as it had already passed through the fishery. The 
model also assumed that MSY occurs at the point when F = F01 • 
Gulland and Boerema (1973) argue that fishing beyond the level of 
F0.1 is not economically practical. 

Estimates of MSY ranged from 34,000 to 45,000 mt depending on the 
natural mortality rate (Table 11.5). Averaging over the natural 
mortality rates provided the best estimate of long-term MSY for the 
Aleutian Islands region of 38,800 t. 

11.7 ACCEPTABLE BIOLOGICAL CATCH 

There is a great deal of uncertainty concerning the present size 
of the exploitable biomass. The most recent Aleutian survey was 
conducted in 1986, and there is a great deal of variability 
associated with the trawl surveys for this species. Because no new 
survey information was available at this time, the age-structured 
modeling was not reanalyzed. 

Due to the uncertainties regarding stock biomass, current ABC is 
difficult to ascertain. The 1987 fishery had difficulty reaching 
the 1987 quota of 30,739 mt, while the 1988 fishery exceeded its 
JVP quota of 17,770 mt. In 1987, the harvest was taken primarily 
from the Petrale Spur and Seguam Pass areas, but in 1988 the 
harvest occurred in the Petrale Spur and Amchitka-Kiska Islands 
area (Figure 11.1). Thus the fishery has finally moved away from 
the Seguam Pass area and is fishing the large concentrations found 
in the Amchitka-Kiska area by the 1986 survey. There are also 
indications of a strong 1984 year class (Table 11.3, Fig. 11.5) 
which supported the 1988 fishery. 

The recommended ABC for 1989 was. calculated as follows. The 
catch-at-age analysis indicated that recruitment had been 
relatively weak in 1982-86 (Table 11.4, coefficient of variation 
"E"). Thus it was deemed appropriate to estimate ABC based on 
these most recent levels of recruitment. This suggested a range 
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of sustainable yields from 19,000 to 24,000 mt (Table 11.5, 
estimates in parentheses). 

Due to the appearanc~ of the strong 1984 year class which has 
recruited to the fishery, the upper end of this range of 
sustainable yields of 24,000 mt, is the recommended ABC for 1990. 
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Table 11.l Estimated biomass in metric tons by subregion, depth 
interval, and survey year, with the corresponding 
coefficients of variation. 

Biomass Coefficient of 
Depth (mt) variation 

AREA (m) 1980 1983 1986 1980 1983 1986 

Aleutian 1-100 48,306 140,552 450,869 1.00 0.26 0.76 
101-200 144,431 162,399 93,501 0.46 0.25 0.30 
201-300 4,296 3,656 331 0.59 0.42 0.57 
301-500 483 172 16 0.77 1.00 0.87 
501-900 13 1 37 0.75 1.00 1.00 

Total 197,529 306,780 544,754 0.42 0.22 0.63 

Southwest 1-100 95 15,321 418,271 0.00 0.61 0.82 
Aleutian 101-200 75,857 120,991 51,312 0.58 0.41 0.39 

201-300 619 2,304 122 0.61 0.57 0.83 
301-500 105 172 14 0.77 1.00 0.98 
501-900 9 l 0 0.96 1.00 0.00 

Total 76,685 138,789 469,719 0.57 0.36 0.73 

Southeast 1-100 0 65,814 33 0.00 0.00 0.42 
Aleutian 101-200 21,153 854 89 0.87 0.92 0.90 

201-300 115 202 3 0.14 0.86 0.88 
301-500 16 0 0 0.00 o.oo 0.00 
501-900 0 0 0 0.00 0.00 0.00 

Total 21,284 66,870 125 0.86 0.01 0.64 

Northwest 1-100 0 41,235 32,564 o.oo 0.72 0.65 
Aleutian 101-200 382 5,571 211 0.71 0.69 0.54 

201-300 2,524 34 0 0.96 0.69 0.00 
301-500 0 0 0 0.00 o.oo 0.00 
501-900 4 0 0 1.12 o.oo 0.00 

Total 2,910 46,840 32,775 0.84 0.64 0.65 

Northeast 1-100 48,211 18,182 l 1.00 1.00 1.00 
Aleutian 101-200 47,039 34,983 44,889 0.98 0.71 0.46 

201-300 1,038 1,116 206 0.65 0.69 0.78 
301-500 362 0 2 1.00 o.oo 0.71 
501-900 0 0 37 o.oo o.oo 1.00 

Total 96,650 54,281 42,135 0.69 0.57 0.46 
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-'3.ble 11.2 Length and weight-at-age for Atka mackerel sampled in six areas 

I 
( Figure 1. 1) of the Aleutian Islands region. 

Area Age No. Length No. Weight Area Age No. Length No. Weight 
(yr) (len) (cm) (wt) (kg) (yr) (len) (cm) (wt) (kg) 

1 2 5 25.8 3 .257 4 2 8 26.5 8 .246 
1 3 83 29.2 71 .287 4 3 35 31. 8 31 .429 
1 4 112 30.3 48 .311 4 4 41 33.6 21 .472 
1 5 104 32.1 43 .374 4 5 77 35.3 11 .541 
1 6 76 34.1 20 . 415 4 6 20 36.5 7 .604 
1 7 29 33.9 17 .391 4 7 4 37.8 4 .617 
1 8 27 34.8 4 .428 4 8 3 38.0 3 .698 
1 9 5 36.2 2 .512 4 9 1 35.0 1 .418 
1 10 7 35.1 0 .000 4 10 l 37.0 l .567 

5 2 28 24.3 28 .156 
2 3 28 31.9 0 .000 5 3 82 29.4 57 .282 
2 4 77 33.8 8 .496 5 4 55 33.5 33 .457 
2 5 152 35.3 20 .604 5 5 51 35.4 36 .568 
2 6 80 35.5 13 .565 5 6 70 36.6 32 .582 
2 7 42 36.6 28 .621 5 7 34 36.5 18 .613 
2 8 28 36.5 16 .580 5 8 13 37.6 6 .630 
2 9 6 37.7 1 .650 5 9 8 38.0 6 .637 
2 11 1 40.2 0 .000 5 10 4 41. 5 l 1.010 

3 2 20 27.4 20 .257 
3 3 69 30.6 68 .349 6 3 20 33.l 2 .540 
3 4 108 34.8 21 .453 6 4 51 36.4 14 .819 
3 5 155 36.3 13 .556 6 5 83 38.8 9 .926 
3 6 62 37.2 5 .690 6 6 116 39.5 23 .967 
3 7 38 38.4 18 .669 6 7 44 40.4 15 .968 
3 8 20 38.3 9 .632 6 8 86 41.4 36 .946 
3 9 5 39.6 2 .690 6 9 47 42.6 31 .991 
3 10 1 43.0 1 .940 6 10 14 42.4 11 .983 

6 11 4 43.5 3 1. 017 

All 2 61 25.7 59 .208 
Areas 3 317 30.3 229 .326 

4 444 33.4 145 .447 
5 622 35.5 132 .531 
6 424 36.8 100 .642 
7 191 37.5 100 .641 
8 177 38.9 74 .765 
9 72 41.0 43 .884 

10 27 40.2 14 .952 

► 
11 5 42.8 3 1.017 

1ta are from survey samples taken from 1980 to 1986. (Area 1 = Stalemate 
oank, 2 = Buldir and Tahoma Reefs, 3 = Kiska Island, 4 = Amchitka Island, 5 
= Petrale Spur, 6 = Seguam Pass) 

► 
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(yrs) 
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4 
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6 
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9 

10 

11 

12 

7+ 

Table 11.3. Estiamted catch·in·ruabers·at·age (in ■ill ions) for Atka mackerel 
in the Aleutian Islands region. 

YEAR 

TT 78 79 80 81 82 83 84 85 86 

6.827 2.712 0.011 0.094 0.627 0.369 

31.522 60.155 4.477 12.681 5.393 0.188 1.900 0.977 15.971 11.454 

20.056 15.573 26.778 5.920 17.106 2.629 1.433 7.295 8.787 6.457 

15. 113 9.221 13.000 7.220 0.002 25.828 2.535 7.070 9.428 4.423 

1.223 3.750 2.197 1.665 1.612 3.861 10.596 10.793 6.010 5.335 

0.393 0.592 1.109 0.591 8.104 0.676 1.587 21.775 5.453 4.531 

0.197 0.343 0.240 2.212 11.685 5.841 

0.106 0.131 0.957 1.263 9.912 

0.269 1.036 

0.846 

0.590 1.041 1.109 0.962 8.104 0.676 1.587 24.944 18.670 22.166 

87 

0.563 

10.441 

7.602 

4.582 

1.891 

2.373 

2.192 

1.708 

6.777 

0.530 

0.220 

13.800 

Estiates for 1980 and 1981 used 1980 survey age data and length frec:JJenCY analysis. Therefore, these 
esti•tes ""f be biased. 
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0.400 

9.966 

22.487 

6.148 

1.797 

1.535 

0.627 

0.959 

0.202 

0.437 

0.040 

3.800 
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Table 11.4 Results from least squares catch-at-age analysis using 

catch-at-age data in Table 11.3, weight-at-age 
I averaged for all areas and years (Table 11.2), natural 

mortality rate estimates of M=0.2, 0.3, and 0.4, and 
fishable biomass estimates from surveys (Table 11.1). 
The least squares analyses were weighted by the 
coefficient of variation of the catch and survey 
biomass. The estimated coefficient of variation of 
survey biomass is denoted "E". Other scenarios 
assumed survey biomass coefficients of variation of 
0.25, and 0.10. Estimates of population biomass are 
in thousands of metric tons, estimates of recruitment 
are in millions of 3-yr-old fish. 

M=0.20 

E 0.25 0.10 
Year biom. recr. biom. recr. biom. recr. 

1977 106 135 123 158 111 142 
1978 163 262 200 321 174 279 
1979 133 19 172 25 144 22 
1980 335 744 466 1,038 393 890 
1981 386 212 555 309 472 284 
1982 390 90 565 137 494 152 
1983 352 83 524 128 467 133 
1984 320 60 484 97 448 125 
1985 149 87 242 145 262 184 
1986 106 82 192 151 237 203 

M=0.30 

E 0.25 0.10 
Year biom. recr. biom. recr. biom. recr. 

1977 151 193 185 236 154 198 
1978 232 371 298 477 240 385 
1979 185 27 249 37 193 30 
1980 450 999 644 1,439 514 1,173 
1981 480 264 708 397 573 357 
1982 439 102 654 162 550 184 
1983 361 86 553 136 477 143 
1984 297 56 463 95 420 132 
1985 124 72 210 128 233 172 
1986 75 58 148 117 195 171 
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Table ll.4 -- Continued. 

M=0.40 

E 0.25 0.10 
Year biom. recr. biom. recr. biom. recr. 

1977 228 292 295 378 226 289 
1978 343 549 461 739 340 547 
1979 263 38 368 54 262 41 
1980 609 1,354 899 2,013 673 1,552 
1981 599 330 908 514 696 450 
1982 497 116 762 192 614 222 
1983 372 89 586 147 489 154 ◄ 
1984 277 53 446 94 396 139 
1985 103 61 185 113 209 162 
1986 52 41 115 92 161 144 
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Table 11. 5 Estimates of maximum sustainable yield for Atka 
mackerel in the Aleutian Islands region using the 
Beverton and Holt yield-per-recruit model with 
average recruitment of 3-year-olds from Table 11.4, 
excluding the 1977 year class. Maximum sustainable 
yield is assumed to occur at F=F~ 1 • 

Natural Mortality Fo.1 MSY 

0.20 0.271 33,972 
(23,840) 

0.30 0.413 37,264 
(20,400) 

0.40 0.569 45,066 
(18,648) 

Average 38,767 
(20,963) 

* Estimates in parentheses are based on 1982-86 recruitments (Table 
11. 4) and are used in the calculation of Acceptable Biological 
Catch. 
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Figure 11.1 Map of the Aleutian Islands region showing 
major concentrations of Atka mackerel found 
in surveys. 
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Figure 11.J Age distributions from the Aleutian Islands region 
from u.s.-Japan trawl surveys in 1980, 1983, and 1986. 
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Figure 11.4 Plots of the von Bertalanffy growth curve and 
length-weight relationship for Atka mackerel 
in the Aleutian Islands region. Curves were 
fit using survey data from all areas and years. 
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Figure 11.5 Length frequency distributions sampled from commercial 
catches of Atka mackerel in the Aleutian Islands 
region. Observer samples were augmented by samples 
taken by the Republic of Korea in 1980 and 1981. 
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Section 12 

12.1 SQUID 

SQUID and OTHER SPECIES 

by 
Richard G. Bakkala 

12.1.1 INTRODUCTION 

Assessment data is not available for squid from AFSC surveys 
because of their mainly pelagic distribution over deep water. 
Information on the distribution, abundance, and biology of squid 
stocks in the eastern Bering Sea (EBS) and Aleutian Islands region 
is generally lacking. Berryteuthis magister predominates. in 
commercial catches in the EBS and Onychoteuthis borealijaponicus 
is the principal species encountered in the Aleutian Islands 
region. 

12.1.2 CATCH HISTORY 

Squid are generally taken incidentally in target fisheries for 
groundfish but have been the target of Japanese and Republic of 
Korea trawl fisheries at times in the past. Reported catches since 
1977 have been as follows: 

Eastern Bering Sea Aleutian Islands 

Qomestig Qomestic GRAND 
Year Foreign JYP OAP Total Foreign JVP OAP Total TOTAL 

1977 4,926 4,926 1,808 1,808 6,734 
1978 6,886 6,886 2,085 2,085 8,971 
1979 4,286 4,286 2,252 2,252 6,538 
1980 4,040 4,040 2,332 2,332 6,372 

1981 4,178 4 4,182 1,763 1,763 5,945 
1982 3,833 5 3,838 1,201 1,201 5,039 
1983 3,461 9 -- 3,470 509 l 510 3,980 
1984 2,797 27 2,824 336 7 343 3,167 
1985 1,583 28 1,611 5 4 9 1,620 
1986 829 19 848 l 19 20 868 
1987 96 12 <l 108 23 <l 23 131 
1988 0 168 246 414 0 3 3 417 

After reaching 9,000 tin 1978, total squid catches have steadily 
declined to only a few hundred tons in 1987-88. Thus, squid stocks 
have only been lightlY. exploited in recent years. 
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12. 1. 3 MAXIMUM SUSTAINABLE YIELD 

Maximum sustainable yield (MSY) is unknown but is believed to be 
at least equal to the highest catch of record. A minimum estimate 
of MSY has therefore been established at 10,000 t. 

12. 1.4 ACCEPTABLE BIOLOGICAL CATCH 

Catches of 10,000 tare believed to be sustainable. 
recent catches indicate that there is currently 
targeting on squid. 

12.2 OTHER SPECIES 

12.2.1 INTRODUCTION 

The level of 
only minor 

The "other species" category has been established to account for 
species which are currently of slight economic value and not 
generally targeted upon, but have potential economic value or are 
important components of the ecosystem. The species groups making 
up this category are sculpins, skates, smelts, sharks, and 
octopuses. Because there are insufficient data to manage each 
species separately, they are considered collectively. 

During cooperative u.s.-Japan surveys in 1979 and 1980, 34 species 
of sculpins were identified in the EBS and 22 species in the 
Aleutian Islands region (Bakkala et al. 1985; Ronholt et al. 1985). 
During these same surveys, 15 species of skates were identified but 
inadequate taxonomic keys for this family may have resulted in more 
species being identified than actually exist. Species that have 
been consistently identified during surveys are the Alaska skate, 
(Bathyraja parmifera), big skate(~ binoculata), longnose skate 
(B. rhina), starry skate (B. stellulta), and Aleutian skate (B. 
aleutica). Sharks are rarely taken during demersal trawl surveys 
in the Bering Sea, however, spiny dogfish (Sgualus acanthias) is 
the species usually caught, and the Pacific sleeper shark 
(Somniosus pacificus) has been taken on occasion. Two species of 
octopus have been recorded, with Octopus dofleini the principal 
species and Ophisthoteuthis california appearing only 
internti ttently. The three species of smelt found in the Bering Sea 
are capelin (Mallotus villosus), rainbow smelt (Osmerus mordax), 
and eulachon <Thaleichthys pacificus}. 

12.2.2 CATCH HISTORY 

Reported catches of "other species" increased during the 1960s and 
early 1970s and reached a peak of 133,000 tin 1972 (Table 12-1) 
which was the year when total catches of all species of groundfish 
reached a maximum of 2.3 million t. The "other species" catch in 
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1972 represented 6% of the total groundfish catch. In 1973-76 
catches declined to a range of 33,000-70,000 t annually. Since 
implementation of the MFCMA in 1977, catches have been as follows: 

Eastern Bering sea Aleutian Islands 

Domestic Qomestic GRAND 
Year Foreign JVP OAP Total Foreign JVP OAP Total TOTAL 

1977 35,902 35,902 16,170 16,170 52,072 
1978 61,537 61,537 12,436 12,436 73,973 
1979 38,767 38,767 12,934 12,934 51,701 
1980 33,955 678 34,633 13,028 13,028 47,661 

1981 32,363 3,188 100 35,651 7,028 246 7,274 42,925 
1982 17,480 720 18,200 4,781 386 5,167 23,367 
1983 11,062 1,139 3,264 15,465 3,193 439 43 3,675 19,140 
1984 7,349 1,159 8,508 184 1,486 1,670 10,178 
1985 6,243 4,365 895 11,503 40 1,978 32 2,050 13,553 

1986 4,043 6,115 313 10,471 1 1,442 66 1,509 11,980 
1987 2,673 4,977 919 8,569 1,144 11 1,155 9,724 
1988 11,559 647 12,206 281 156 437 12,643 

catches of these species following 1976 remained relatively high 
through 1981 but thereafter declined to a range of 10,000-14,000 t 
in 1984-88. In these latest years reported catches of the "other 
species" have only represented 1% or less of the total catch of all 
groundfish. 

12.2.3 CONDITION OF STOCKS 

Data from AFSC surveys provide abundance estimates (t) for the 
"other species" category and information on the relative importance 
of various species comprising this category as shown below: 
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Species Group 

Year Sculpins Skates Smelts Sharks Octopuses Total 

Eastern Bering sea 

1975 109,800 31,800 19,200 0 5,800 166,600 
1979 296,100 74,400 10,400 400 40,300 421,600 
1980 294,400 123,100 13,000 0 20,400 450,900 

1981 201,400 127,400 5,700 0 10,800 345,300 
1982 336,100 173,200 10,700 0 13,100 533,100 
1983 289,700 166,000 5,800 400 10,400 472,300 
1984 242,900 190,500 10,500 0 2,600 446,500 
1985 174,700 154,000 2,700 50 2,800 334,250 

1986 302,100 258,000 12,500 0 500 573,100 
1987 194,800 350,800 2,900 200 8,000 556,700 
1988 239,800 452,100 5,600 5,900 10,500 713,900 

Aleutian Islands 

1980 39,400 13,700 0 800 2,800 56,700 
1983 20,500 12,100 0 0 200 32,800 

1986 39,200 19,100 2,400 0 900 61,600 

Biomass estimates for the EBS are from a standard survey area of 
the continental shelf. The 1979, 1981, 1982, 1985 and 1988 data 
include estimates from continental slope waters (200-1,000 m), but 
other years' data do not. Slope estimates were usually 5% or less 
of the shelf estimates. 

Biomass estimates from AFSC surveys illustrate that sculpins have 
generally been the major component of this group, but skates have 
become increasingly important. In 1987 and 1988, the biomass of 
skates exceeded that of sculpins. 

Abundance estimates for the "other species" complex have shown some 
general trends but have been irregular at times. Estimates for the 
complex as a whole increased from 1975 to 1982 (with the exception 
of 1981) reaching an initial peak of 533, lOO t in 1982. The 
estimates then declined to 334,250 tin 1985, but increased sharply 
to 573,100 tin 1986. The 1987 estimate of 556,700 twas similar 
to that in 1986, but the 1988 estimate was higher at 713,900 t. 

The major periodic fluctuations in survey abundance may be the 
result of changes in availability of certain species in the survey 
area. Sculpins have been the principal cause of the large 
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fluctuations. The species mainly responsible for the variability 
in biomass estimates for sculpins has been the butterfly sculpin 
(Hemilepidotus papilio). This species has a relatively large 
biomass and is a cold water species distributed on the northern 
fringes of the survey area. Changes in the north-south 
distribution of this species, which moves farther south in cold 
water years, can substantially alter annual biomass estimates for 
the sculpin complex. For example, the estimate for butterfly 
sculpin was 54,000 tin 1985, 159,000 tin 1986, 9,300 tin 1987, 
and 50,000 t in 1988 which accounts for most of the change in 
biomass of the sculpin complex between 1985 and 1988. 

There was a major increase (556,700 to 713,900 t) in biomass of 
"other species" between 1987 and 1988. As explained in the section 
on yellowfin sole (Section 3)-, the trawl width of one of the 1988 
survey vessels was about 2 m smaller than the width used for this 
vessel in previous years. This adjustment accounted for part of 
this increase. The largest increase was observed for the skates 
(350,800 t in 1987 and 452,100 t in 1988) which can also be 
partially attributed to the adjustment in the trawl width. 
However, there was probably some real increase in abundance of 
skates. 

It should be pointed out that smelts and possibly sharks may be 
poorly sampled by demersal trawls because species in these groups 
primarily inhabit pelagic waters. Abundance of these groups are, 
therefore, assumed to be substantially underestimated. 

Survey estimates indicate that the biomass of "other species" may 
be from 7-13% as large in the Aleutian Islands region as they are 
in the eastern Bering Sea. 

12.2.4 MAXIMUM SUSTAINABLE YIELD 

In view of the apparent major increase in abundance of the "other 
species" category in the EBS surveys, the high abundance in 1982 
may have been somewhere between a level that produces MSY and the 
level of the virgin population size. Using: 1) the assumption 
that combined biomass estimates from the 1982 EBS and 1980 
Aleutians surveys approximated virgin biomass, and 2) a natural 
mortality coefficient of 0.2, the Alverson and Pereyra (1969) MSY 
equation would indicate that MSY = 59,000 t (MSY = the 0.5 x 0.2 
x 590,000 t). The validity of assumptions used to derive this 
estimate are obviously questionable and the estimate should be 
considered a rough approximation. The exploitation of these 
species over the period 1970-86 has averaged 45,000 t per year 
which might be representative of MSY if catches of these species 
have been accurately reported. Nevertheless, this average catch 
provides some assurance that the MSY value of 59, ooo t is not 
unreasonable. 
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12.2.5 ACCEPTABLE BIOLOGICAL CATCH 

Since the estimated biomass can vary substantially from survey to 
survey due to different distributional features of the component 
species from year-to-year, it is probably more reliable to estimate 
current biomass by averaging estimates of the last 3 surveys. The 
best estimate of current biomass from the 1986-88 EBS and 1986 
Aleutian Islands surveys is therefore 676,200 t. The MSY estimate 
of 59,000 t represents an exploitation rate of about 9% of current 
biomass. There appears to be no bases for reducing ABC below the 
MSY level. Thus, ABC is estimated to be 59,000 t. Recent reported 
catches of the "other species" group (10,000-14,000 t) have been 
well below this ABC estimate. 

12.2.6 REFERENCES 
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Table 12-1.--All-nation catches in metric tons of "other species" in the eastern Bering Sea and Aleutian Islands 

regions.a 

Year 

1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1971 
1974 
1975 

1976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 

Eastern Bering Sea 

Non-u.s. u.s. Joint 
fisheriesb venturesC 

736 
2,218 

2,239 
4,378 

22,058 
1 o, 459 
15,295 

ll, 496 
110,891 

55,826 
60,263 
54,845 

26,143 
35,902 
61,537 
38,767 
ll,955 

32,363 
17,480 
11,062 

7,349 
6,243 

4,043 
2,673 

678 

3,188 
720 

1, 1 39 
1, 159 
4,365 

6, 11 S 
4,977 

11,559 

u.s. 
domesticd 

100 

3,264 

895 

313 
919 
647 

Total 

736 
2,218 

2,239 
4,378 

22,058 
10,459 
15,295 

ll,496 
110,891 

55,826 
60, 26l 
54,845 

26,143 
15,902 
61,539 
38, 767 

. 34,6ll 

35,651 
18,200 
15,465 
8,508 

11,SOl 

10,471 
8,569 

12,206 

Non-u.s. 
fisheries 

66 
768 

1 31 
8,542 
8,948 
3,088 

10,671 

2,973 
22,447 

4,244 
9,724 
8,288 

7,053 
16,170 
12,436 
12,934 
13,028 

7,028 
4,781 
J,193 

184 
40 

Aleutian Islands region 

u.s. Joint 
ventures 

246 
386 
439 

1,486 
I, 978 

1,442 
1, 144 

281 

u.s. 
domestic 

43 

32 

66 
11 

156 

'rotal 

66 
768 

1 31 
8,542 
8,948 
3,080 

10,671 

2,973 
22,447 

4,244 
9,724 
8,288 

7,053 
16,170 
12,436 
12,934 
13,028 

7,274 
5,167 
3,675 
1,670 
2,050 

I, 509 
1,155 

417 

Reqions 
combined 

802 
2,986 

2,370 
12,920 
31,006 
13,547 
25,966 

36,469 
133,340 
60,070 
69,987 
63, 133 

33, 196 
52,072 
73,~73 
SI , 70 I 
47,661 

42,925 
23,367 
19,140 
1 o, 178 
13,553 

11,980 
9,724 

12,643 

acatches from data on file Northwest and Alaska Fisheries Center, 7600 Sand Point Way NE, Seattle, WA 98115, 
bJapan, u.s.s.R., Republic of Korea, Taiwan, Federal Republic of Gen1any, Poland and Peoples Republic of China, 
cu.s. Fishing vessels delivering catches to non-u.s. processing vessels, 
du.s. Fishing vessels processing their own catch or delivering catches to u.s. processors, 

• 




	3416a.PDF.pdf
	3416b

