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SUMMARY 

by 
The Plan Team for the Groundfish Fisheries 

of the Bering Sea and Aleutian Islands 

INTRODUCTION 

The Guidelines for Fishery Management Plans (602 Guidelines) 
published by the National Marine Fisheries Service (NMFS) require· 
that a stock assessment and fishery evaluation (SAFE) report be 
prepared and reviewed annually for each fishery management plan 
(FMP). The SAFE reports are intended to sununarize the best 
available scientific information concerning the past, present, 
and possible future condition of the stocks and fisheries under 
federal management. 

The SAFE reports for the groundfish fisheries managed by the 
North Pacific Fishery Management-Council (Council) are compiled 
by the respective Plan Teams from chapters contributed by 
scientists at NMFS' Alaska Fisheries Science Center (AFSC) and 
the Alaska Department of Fish and Game. These SAFE reports 
include separate stock assessment and fishery evaluation 
sections. The stock assessment section includes recommended 
acceptable biological catch (ABC) levels for each stock and stock 
complex managed under the FMP. The ABC recommendations, together 
with social and economic factors, are considered by the Council 
in determining total allowable catches (TACs) and other 
management strategies for the fisheries. 

The FMPs for the groundfish fisheries managed by the Council 
require that drafts of the SAFE reports be produced each year in 
time for the September and December meetings of the Council. 
Unfortunately, critical stock assessment data often do not become 
available until after the September draft has been completed. 
Such was the case this year, when results of the 1992 AFSC trawl 
survey in the eastern Bering Sea (EBS) remained unavailable at 
the time the present SAFE report was being compiled. Thus, most 
chapters of this report are largely unchanged from last year's 
final SAFE report. To aid the reader, each chapter of this 
report has been prefaced by a brief description of any 
substantive changes that have been made to that chapter relative 
to last year's final report. The reader should also be aware 
that many results, including 1993 ABC recommendations, could 
change significantly in the final draft of this year's SAFE 
report. 

Members of the Plan Team who compiled this SAFE report were 
Loh-Lee Low (chairman}, Brent Paine (team coordinator), David 
Ackley, Rebecca Baldwin, Jeremy Collie, Richard Merrick, Grant 
Thompson, Galen Tromble, Gregg Williams, and Sam Wright. 
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BACKGROUND INFORMATION 

Management Areas and Species 

The Bering Sea/Aleutian Islands (BS/AI) management area lies 
within the 200-mile U.S. Exclusive Economic Zone (EEZ) of the 
United States (Figure 1). International North Pacific Fisheries 
Commission (INPFC) statistical areas 1 and 2 make up the EBS. 
The Aleutian Islands (AI) 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 report describes the 
status of the stocks in categories (b) and (c) only. 

Historical Catch Statistics 

Catch statistics since 1954 are shown for the EBS subarea in 
Table 2. The initial target species was yellowfin sole. During 
the early 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 
(principally pollock) were targeted upon, and total catches rose 
to 2.2 million tin 1972. Catches have since varied from one to 
two million t as catch restrictions and other management measures 
were placed on the fishery. 

Catches in the Aleutian region have always been much smaller 
than those in the EBS. Target species have also been different 
(Table 3): In the Aleutians, Pacific ocean perch (POP) was the 
initial target species. During the early years of exploitation, 
overall catches of Aleutian groundfish reached a peak of 112,000 
tin 1965. As POP abundance declined, the fishery diversified to 
other species. Total catches from the Aleutians in recent years 
have been about 100,000 t annually. 

Recent Total Allowable Catches 

Amendment 1 to the BS/AI Groundfish FMP provides the 
framework to manage the groundfish resources as a complex. 
Maximum sustainable yield (MSY) for this complex was originally 
estimated at 1.8 to 2.4 million t. The optimum yield (OY) range 
was set at 85% of the MSY range, or 1.4 to 2.0 million t. 

Total allowable catches established by the Council since 
implementation of extended jurisdiction under the Magnuson 
Fishery Conservation and Management Act in 1977 are given in 
Table 4, and are broken down by fishery sector in Table 5. The 
sum of the TACs equals OY for the groundfish complex, which is 
currently constrained by the 2.0 million t cap. Optimum yield 
for all species combined increased steadily from 1.4 million tin 
1977 to 2.0 million tin 1984-92. 

,.. t 

t 

4 
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Plan Team Policy on Acceptable Biological Catch 

The Plan Team continues to use the following policy 
regarding ABC, which was initially adopted at a meeting of the 
Plan Team and its Gulf of Alaska counterpart in September, 1990: 

1) The Teams endorse the definition of ABC contained in the 602 
Guidelines, which states, "ABC is a preliminary description 
of the acceptable harvest (or range of harvests) for a given 
stock or stock complex. Its derivation focuses on the 
status and dynamics of the stock, environmental conditions, 
other ecological factors, and prevailing technological 
characteristics of the fishery." 

2) ABC values are chosen after consulting with individual 
scientists responsible for conducting assessments on the 
various stocks. The Teams would like to make clear that 
these guidelines are in no way intended to constrain the 
assessment scientists in their efforts to apply new and 
innovative techniques; rather, the Teams encourage 
creativity in stock assessment research. In particular, the 
Teams would like to encourage assessment scientists to 
explore new methods of incorporating uncertainty, 
recruitment variability, and multispecies considerations 
into their assessments. 

3) The ABC values recommended by the Plan Teams must not exceed 
the catch levels obtained by applying the overfishing 
definition selected by the Council in Amendment 21/16. 
Whether or not ABC is set at the limit of overfishing or at 
some lower value will depend on factors such as recruitment 
trends, multispecies interactions, and the degree of 
uncertainty in data or parameter estimates. The overfishing 
definition adopted by the Council defines a maximum fishing 
mortality rate that declines at low stock sizes. Because 
data availability varies between stocks, the definition 
contains some flexibility, as shown below: 

a) Data available: stock-recruitment, fecundity, maturity, 
growth, and mortality parameters. The maximum allowable 
fishing mortality rate will be set at FMsY for all biomass 
levels in excess of ~sY• For lower biomass levels, the 
maximum allowable fishing mortality rate will vary linearly 
with biomass, starting from a value of zero at the origin 
and increasing to a value of FMsY at ~sY. 

b) Data available: fecundity, maturity, growth, and 
mortality parameters. The maximum allowable fishing 
mortality rate will be set at the value that results in the 
biomass-per-recruit ratio (measured in terms of spawning 
biomass) falling to 30% of its pristine level. 

c) Data available: growth and mortality parameters. The 
maximum fishing mortality rate will be set at the value that 
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results in the biomass-per-recruit ratio (measured in terms 
of exploitable biomass) falling to 30% of its pristine 
level. 

d) Data available: natural mortality rate. The maximum 
allowable fishing mortality rate will be set equal to the 
natural mortality rate. 

In cases where a biomass estimate is unavailable, 
overfishing is defined as exceeding the average catch since 
implementation of the MFCMA. 

OVERVIEW OF •STOCK ASSESSMENT" SECTION 

Plan Team recommendations for 1993 ABCs are summa ·zed :i;h 
Tables 6-8. The sum of recommended ABCs for 1993 is ab t 3.1 
million t, almost identical to the total recommended for 992 and 
slightly above the current total MSY estimate of 2.8 million t. 
Overall, the status of the stocks continues to appear relatively 
favorable. Stock status is summarized on a species-by-species 
basis below. All fishing mortality rates are expressed in knife
edge equivalent form (i.e., the rate that would give the 
appropriate catch if all fish above the age of first recruitment 
were fully selected) unless otherwise specified. Projected ABC 
and biomass levels are reported to three significant digits. 

Walleye Pollock 

EBS 1992 ABC = 1,490,000 t 1993 ABC = 1,690,000 t 
Aleutians 1992 ABC = 52,000 t 1993 ABC = 67,000 t 
Bogoslof 1992 ABC = 107,000 t 1993 ABC = 142,000 t 

EBS Projected 1993 exploitable biomass = 7,960,000 t 
Aleutians Projected 1993 exploitable biomass = 277,000 t 
Bogoslof Projected 1993 exploitable biomass = 590,000 t 

Pollock abundance in the EBS was estimated with cohort 
analysis, using data up to and including the 1991 catches at age, 
1979-1991 triennial trawl-hydroacoustic surveys, and 1978-1991 
annual bottom trawl surveys. The 1991 bottom-midwater survey 
estimate of biomass declined to 6.5 million t. Three other 
catch-age methods were used for comparison with the cohort 
analysis results: cohort analysis fit with least-squares 
(Solver}, CAGEAN, and the Stock Synthesis program. The biomass 
estimates from the four methods describe the same temporal 
pattern of increase to a maximum in the mid 1980s, and decline to 
1991 (Fig. 1.4). The cohort analysis and stock synthesis biomass 
estimates are in close agreement from 1987 to 1991. Given that 
the various methods tend to yield similar results, and given that 
cohort analysis has been the primary assessment tool for this 

I l 
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stock for the past several years, the estimates from cohort 
analysis were again used as the primary basis for the ABCs 
reconrrnended in this SAFE report. 

Exploitable biomass in 1993 was projected from the 1991 
estimate of 6.54 million t, removing the estimated 1992 catch of 
1.1 million t. Recruitment of the 1989 cohort at age 4, and the 
1990 cohort at age 3 in 1993 was estimated from the regression of 
age three numbers on age 1 abundance in the survey two years 
previously (Fig. 1.5). Based on this relationship, the 1989 year 
class is expected to be about average and the 1990 year class 
above average (Table 1.9). Large numbers of small pollock, 
presumably age 3, have been reported in the 1992 fishery. 
Results of the 1992 bottom trawl survey should quantify the 
strength of the 1989 cohort. Because the strength of the 1990 
year class cannot be confirmed until the 1993 survey, the Plan 
Team adopted the conservative assumption that recruitment in 1993 
would approximate the recruitment of age 3 pollock in 1992 (Table 
1.10). The 1993 biomass is thus the lower of the two 
projections. 

The 1993 exploitable biomass is projected to be above ~sv (6 
million t, section 1.6.1). The ABC for EBS pollock was computed 
with an exploitation rate corresponding to F0 _1=0.31 which is 
slightly less than the FMsv estimate of 0.335 obtained by Quinn 
and Collie (1990). Application of this fishing mortality rate 
gives a 1993 ABC of 1,690,000 t. This ABC is larger than in 1992 
because of an anticipated increase in recruitment, following 
several years of below average recruitment. Exploitation at the 
F0 . 1 rate when abundance is greater than~~ is in accord with the 
Council's overfishing definition. 

The Aleutian Islands pollock stock was surveyed by bottom 
trawl in 1991, and an on-bottom exploitable biomass of 180,000 t 
was estimated (section 1.3.3). The Plan Team projected 1993 
Aleutian exploitable biomass as follows: 1) Assuming that the 
1991 on-bottom c~mponent in the Aleutians constitutes the same 
proportion of total exploitable biomass as the on-bottom 
component in the EBS (79%, section 1.3), the total exploitable 
biomass in the Aleutians for 1991 is 228,000 t (180,000/0.79). 
2) Assuming that the 1991-1993 time trend of exploitable biomass 
in the Aleutians parallels the corresponding trend in the EBS as 
indicated by cohort analysis (6.54 in 1991 compared with 7.96 in 
1993, Table 1.10), exploitable biomass in the Aleutians should 
increase to 277,000 tin 1993. Application of a catch-to-biomass 
ratio of 0.24 yields a 1993 ABC of 67,000 t for the Aleutian 
stock. 

Pollock taken near Bogoslof Island have a consistently 
different age composition and slower growth than pollock in the 
EBS. Winter hydroacoustic surveys estimated the biomass of 
Bogoslof pollock to be 0.6 million tin 1991 and 0.8 million tin 
1992 (section 1.3.3). There is evidence of the 1982 year class 
recruiting to this area in recent years. The 1993 estimate of 
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biomass (0.59 million t) was derived by discounting the 1992 
value by the natural mortality rate (M=0.3). Applying a catch
to-biomass ratio of 0.24 results in a 1993 ABC of 142,000 for the 
Bogoslof fishery. The Plan Team recognizes that this pollock 
stock is most likely part of the Aleutian basin stock which is 
also harvested outside the U.S. EEZ. Directed pollock fishing 
was prohibited in the Bogoslof area in 1992 but small amounts of 
pollock have been harvested in international waters (Table 1.3). 
The 1993 biomass estimate therefore assumes that removals from 
fishing will be balanced by recruitment. In setting a TAC for 
Bogoslof pollock, the expected harvest (if any) in international 
waters must be considered. 

The large catches removed from the international zone of the 
Aleutian Basin from 1986-1990 have fallen off, in the absence of 
continued recruitment to that stock (Table 1.3). The Aleutian 
Basin pollock may be connected, through spawning and recruitment 
processes, to pollock on the surrounding shelves. Lack of 
observed spawning in the Aleutian Basin and the age structure of 
basin pollock indicate migration of shelf pollock to the basin. 
It remains unclear to what extent spawning of basin pollock in 
the Bogoslof area has contributed to recruitment of pollock on 
the EBS shelf. The current spawning contribution of Bogoslof 
pollock to the EBS stock must be small in view of the reduced 
Bogoslof biomass. 

Overfishing levels for walleye pollock were computed as 
follows: 1) For the EBS portion of the stock, the catch level 
corresponding to an FMsY harvest strategy was approximated by 
multiplying the 1993 projected biomass of 7,960,000 t by the 
MSY/~sy ratio of 0.3 (corresponding to an FMsY estimate of 0.38), 
giving a catch of 2,390,000 t. The Plan Team notes that 
projected 1993 biomass is higher than the ~sY estimate of 
6,000,000 t. 2) The same procedure was followed for the Aleutian 
Islands portion of the stock, giving a catch of 83,100 t (the 
Plan Team assumed that the ratios of 1993 biomass to ~sY were 
similar in the EBS and AI regions). 3) The Plan Team felt that 
the EBS estimate of FMsY was not valid for the Bogoslof portion of 
the stock. When a valid FM~ estimate is unavailable, the 
Council's overfishing definition defaults to ~o% (the rate at 
which the ratio of spawning biomass per recruit is reduced to 30% 
of its pristine level). Multiplying the projected 1993 biomass 
of 590, 000 t by the F30% estimate of 0. 25 (Vidar Wespestad, 
personal communication) gives a catch of 148,000 t. 

Pacific Cod 

1992 ABC= 182,000 t 1993 ABC= 178,000 t 
Projected 1993 exploitable biomass= 825,000 t 

t 

4 
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Pacific cod in the EBS and Aleutian Islands are managed as a 
unit, although nearly all of the assessment research focuses on 
the EBS portion of the stock. Annual trawl surveys indicate that 
the biomass of Pacific cod in the EBS remained high and stable 
throughout the 1980s. However, the 1990 survey showed a 26% drop 
in biomass relative to 1989, and the 1991 survey showed a 25% 
drop in biomass relative to 1990. The chapter author expresses 
concern over this decline and the poor recruitment observed 
during the past three years, noting that the stock's dynamics may 
be entering a new phase defined by different environmental 
conditions or ecological relationships. However, the 1990 and 
1991 surveys also showed evidence that the 1989 and 1990 year 
classes, which will recruit at age 3 in 1992 and 1993, might be 
stronger than average. 

The stock assessment model used to calculate ABC for Pacific 
cod was returned for last year's assessment, incorporating survey 
and catch data from 1991 and an expanded supply of age data. 
This resulted in new estimates for all parameters estimated by 
the model, and led the chapter author to conclude that reliable 
values for MSY, FMsY• and ~SY were no longer available. Because 
the model is tuned to the survey results, it also showed a 
decline in biomass between 1990 and 1991. However, the decline 
indicated by the model was smaller than that indicated by the 
survey {8% vs. 25%, respectively). 

The EBS cod model calculates ABC by applying the target 
exploitation rate {in this case the rate associated with the F0 . 1 
value of 0.145) to projected biomass through a complex schedule 
of age- and time-dependent fishing mortality rates. This 
procedure produces a 1993 ABC of 155,000 t for the EBS portion of 
the stock, which can be scaled upward by a factor of 1.151 to 
give a 1993 ABC of 178,000 t for the EBS and Aleutian Islands 
combined. 

Because reliable estimates of FMsY and ~sY are no longer 
available, overfishing for this stock would occur at the fishing 
mortality rate that reduces the biomass-per-recruit ratio to 30% 
of its pristine value. This fishing mortality rate is 0.149, 
which corresponds to a 1993 catch of 183,000 t for the EBS and 
Aleutians combined. 

The stock synthesis approach (Methot 1990) was also employed 
for the current assessment (chapter 2 appendix). The stock 
synthesis approach was shown to yield results similar to those 
obtained under the existing model. Given that the stock 
synthesis approach is capable of yielding the same results, 
provides greater flexibility, and is widely used in other stock 
assessments, the Plan Team concurs with the chapter author in his 
conclusion that stock synthesis should replace the existing model 
in future assessments of this stock. 

Yellowfin sole 

1992 ABC= 372,000 t 1993 ABC= 
Projected 1993 exploitable biomass= 

372,000 t 
2,660,000 t 
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In the absence of results from the 1992 Bering Sea trawl 
survey used in stock synthesis modeling and tuning the VPA 
analysis, estimates of projected biomass and ABC for this 
preliminary assessment are the same as those shown in last year's 
SAFE report. The models will be rerun using the 1992 survey 
information for the November meetings. 

Exploitable biomass, as calculated from both cohort analysis 
and stock synthesis, continues to be stable. Biomass is also 
estimated from research surveys, but has been variable since 1982 
partially because of changes in trawl gear and net calibration. 
The results from stock synthesis were preferred over those from 
cohort analysis because stock synthesis makes more complete use 
of the available data, facilitates sensitivity testing, and 
estimates the age-specific selectivities of the survey and 
fishery trawl gear. Exploitable biomass for 1992 was projected 
from 1990 exploitable biomass by accounting for mortality and 
growth and adding the projected biomass of the 1985 year class 
recruiting as 7 year-olds in 1992. The F0 . 1 fishing mortality 
rate of 0.14 (estimated from the Beverton-Holt yield-per-recruit 
model) multiplied by the projected 1992 exploitable biomass 
resulted in the recommended ABC of 372,000 t. The majority view 
within the Plan Team is that current estimates of~~ are too 
preliminary to use in a prescriptive fashion. Given this and the 
fact that the F0 . 1 value is less than the fishing mortality rate 
that would reduce the biomass-per-recruit ration to 30% of its 
pristine level (F=0.17), the recommended ABC does not exceed the 
overfishing level defined by the Council. The 1993 catch 
corresponding to an F of 0.17 would be 452,000 t. 

Greenland Turbot p, 
(a•\ ,.., l;.. \'(; 

1992 ABC= 7,000 t 1993 ABC= 7,000 t 
Projected 1993 exploitable biomass= 292,000 t 

Stock reduction analysis was recalculated using 1992 catch 
data available as of August 2, and projections of exploitable 
biomass under three harvest regimes were estimated through 1998. 
Continuous poor recruitment has been observed since the early 
1980s indicating that biomass of the adult population is likely 
to decline throughout the 1990s. Forecasts for a number of 
conservative fishing strategies, including no fishing at all, 
indicate projected declines in biomass through 1998 if the 
present recruitment trend continues. Although no threshold level 
has been determined for this species, the Plan Team sees no 
justification for an increased directed fishery on Greenland 
turbot at this time. 

The recommended ABC for 1992 is 7,000 t, which is close to 
the low catch levels observed for turbot in recent years. This 
ABC should allow nominal catches to be retained while preventing 
development of any new effort directed at this resource during 
the current period of decline. An ABC estimated from the F0 _1 

t 
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harvest strategy (14,600 t) was considered and rejected because 
of concern over continued recruitment failure. Projected 
exploitable biomass for 1992 (292,000 t) is less than~~ 
(439,000 t). Consequently, an upper limit on ABC is imposed by 
the Council's overfishing definition at F = [(292,000/439,000) x 
FMsYl = 0.67 x 0.07 = 0.05. The fishing mortality rate 
corresponding to the recorranended 1993 ABC (approximately 0.02) is 
substantially lower than this limit. The 1993 catch level 
corresponding to an F of 0.05 would be approximately 14,600 t. 

Arrowtooth flounder 

1992 ABC= 82,300 t 1993 ABC= 68,000 t 
= 378,000 t Projected 1993 exploitable biomass 

Since the 1992 Bering Sea trawl survey biomass estimates 
were unavailable at the time of the September Plan Team meetings, 
the projected 1993 biomass level from last years' assessment was 
used as an interim estimate. 

The resource continues to be in excellent condition as a 
result of minimal exploitation and steady increases in biomass 
throughout the 1980s. Biomass, as estimated by trawl surveys, 
declined moderately from 1990 to 1991 but remains at a high 
level. Observer data from 1990 and 1991 indicate that about 80% 
of the arrowtooth flounder caught were discarded. In the absence 
of a stock-recruitment relationship for this species, an F0 . 1 
harvest strategy (F0 _1 = 0.18) was used to recorranend a 1993 ABC of 
68,000 t. The decrease in ABC from 1992 to 1993 results from a 
projected decline in exploitable biomass. Since ~sY and FMsY 
estimates are unavailable for this stock, an upper limit on ABC 
is imposed by the fishing mortality rate (F30,) that would reduce 
the biomass-per-recruit ratio to 30% of its pristine level. 
Harvesting at the estimated F30, value of O. 25 would correspond to 
a 1993 catch of 94,500 t. 

Rock Sole 

1992 ABC= 261,100 t 1993 ABC= 
Projected 1993 exploitable biomass= 

311,000 t 
1,710,000 t 

Since the 1992 Bering Sea trawl survey biomass estimates 
were unavailable at the time of the September Plan Team meetings, 
the projected 1993 biomass level from last years' assessment was 
used as an interim estimate. 

Trawl survey results indicate that the biomass of rock sole 
is high and stable. Observer data from 1990 and 1991 indicate 
that about one half of the rock sole caught were discarded. The 
MSY exploitation rate (FMsY=0.176) is used to calculate ABC. 
Because the 1993 projected exploitable biomass is well in excess 
of ~sY (estimated at 904,000 t), the FMsY fishing exploitation 
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strategy is consistent with the Council's overfishing definition. 
To account for the small Aleutian Islands component of the rock 
sole stock, the exploitable biomass for the EBS component was 
expanded by a factor of 1.03 based on the ratio of the biomass in 
the two areas in previous surveys. 

Other Flatfish Complex 

1992 ABC= 200,000 t 1993 ABC= 226,000 t 
= 1,420,000 t Projected 1993 exploitable biomass 

Since the 1992 Bering Sea trawl survey biomass estimates 
were unavailable at the time of the September Plan Team meetings, 
the projected 1993 biomass level from last years' assessment was 
used as an interim estimate. 

Since reliable estimates of FM~ and~~ are not available 
for this complex, the Plan Team believes that an F0 _1 harvest 
policy should be applied. The F0 _1 rate for rock sole (0.159) was 
used as a proxy to obtain the 1993 ABC for other flatfish. Even 
though the other flatfish stocks are currently very abundant, the 
Plan Team felt it was inappropriate to apply a proxy FM~ rate 
without knowing whether the stocks are above~~- The maximum 
fishing mortality rate allowable under the Council's overfishing 
definition is 0.23 (based on parameters given for Alaska plaice), 
which reduces the biomass-per-recruit ratio to 30% of its 
pristine level. A fishing mortality rate of 0.23 would 
correspond to a 1993 catch of 327,000 t. 

Sablefish 

EBS 1992 ABC = 1,400 t 1993 ABC = 1,400 t 
Aleutians 1992 ABC = 3,000 t 1993 ABC = 3,000 t 

EBS Projected 1993 exploitable biomass = 11,700 t 
Aleutians Projected 1993 exploitable biomass = 25,700 t 

The 1991 catch of 1,221 tin the EBS was approximately 54% 
of the 1990 catch of 2,255 t, and the 1992 catch to date 
(8/25/92) has been 236 t. These values are well below the 
average 11,700 t harvested from the EBS in the 1960s. The 1991 
catch in the Aleutians of 2,105 twas similar to the 1990 catch 
of 2,206 t. As of 8/25/92, the Aleutians catch has been 1,105 t. 
The 1992 longline survey results will be provided in the final 
SAFE report. The 1991 longline survey indicated an all-time low 
abundance in the EBS and the Aleutians. These decreases were not 
attributed entirely to mortality; migration may have also 
affected relative abundance indices. The likelihood of such 
migration resulted in a decision to combine the 1991 assessments 
for the Gulf of Alaska, Aleutians and Bering Sea stocks. 
Absolute biomass was calculated for 1992 by calibrating the 
relative abundance trends to trawl survey biomass estimates from 

t 



11 

1991. A single calibration factor was adopted for the EBS, 
Aleutians, and Gulf of Alaska. In the absence of 1992 survey 
results, preliminary 1993 ABCs were set equal to the 1992 values, 
which were based on an F0 _1 ( =0 .13) harvest strategy. 

As reported in last year's SAFE report, the Plan Team 
believes that FM~ and~~ are inestimable with the current model. 
Therefore, the Council's overfishing definition defaults to the 
fishing mortality rate (F30,) that reduces the biomass-per-recruit 
ratio to 30% of its pristine value. The estimated F30, value of 
0.18 would correspond to a 1993 catch of 1,840 tin the EBS and 
4,040 tin the Aleutian Islands region. 

Pacific Ocean Perch Complex 

EBS 

True POP 1992 ABC = 3,540 t 1993 ABC = 2,100 t 
Others 1992 ABC = 1,400 t 1993 ABC = 1,400 t 

True POP Projected 1993 exploitable biomass - 47,000 t 
Others Projected 1993 exploitable biomass = 29,700 t 

Aleutian Islands 

True POP 1992 ABC = 11,700 t 1993 ABC = 14,800 t 
NO and SC 1992 ABC = 5,670 t 1993 ABC = 5,670 t 
RE and SR 1992 ABC = 1,220 t 1993 ABC = 1,220 t 

True POP Projected 1993 exploitable biomass = 260,000 t 
NO and SC Projected 1993 exploitable biomass = 94,500 t 
RE and SR Projected 1993 exploitable biomass = 45,000 t 

The POP complex consists of true POP (Sebastes alutus) and 
four other red Sebastes species (northern rockfish [NO], rougheye 
rockfish [RE], sharpchin rockfish [SC], and shortraker rockfish 
[SR]). Prior to 1991, the complex was managed as a unit in each 
of the two management areas. In 1991, however, the Council began 
managing S. alutus separately from the other species in both 
areas, and also split out rougheye and shortraker in the 
Aleutians. This was done to avoid excessive catches of the less 
abundant members of the complex, particularly shortraker and 
rougheye. For 1992, the Plan Team recommended an even finer
grained approach to management of this complex. The Council 
ultimately retained the 1991 approach for the 1992 harvest year, 
however, and at this point the Plan Team is not prepared to 
advocate an alternative approach for 1993. Nevertheless, the 
Plan Team remains concerned about the possibility of 
overharvesting less abundant species in this complex, and may 
recommend further division of the complex in November. One 
alternative might be to set a BS/AI-wide overfishing limit for 
each species, but set ABC and TAC at the subcomplex level (i.e., 
true POP, northern/sharpchin, and shortraker/rougheye). For true 
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POP, it might also be appropriate to subdivide the ABC and TAC by 
area (EBS and AI) and by quadrant within the AI area, as the 
chapter authors suggest. 

The stock assessment for this complex is based mainly on S. 
alutus, which has the most data and is the most abundant species 
in the complex. As promised in last year's SAFE report, the 
stock synthesis approach was used as the primary analytic tool 
for the current assessment. As with the stock reduction analysis 
used in previous assessments, stock synthesis results indicate 
that the S. alutus stocks in both areas underwent declines in 
abundance during the 1960s and early 1970s, and remained low in 
abundance through the early 1980s. For several years, the 
Council set TAC well below (normally at 50% of) ABC to promote 
rebuilding of the stocks. Through a combination of these 
management actions and improved recruitment, the stocks have been 
recovering slowly, although the most recent survey from the EBS 
region indicates some downturn in that portion of the stock. 

For S. alutus, ABC had previously been set on the basis of 
an FMsY harvest strategy. Results of the current assessment, 
however, have led the chapter authors and the Plan Team to 
conclude that previous FMsY and B.isY estimates are no longer 
reliable. Therefore, the recommended 1993 ABC is based on a 
harvest strategy that reduces the equilibrium level of spawning 
biomass per recruit to 35% of the pristine level (F35,). This 
strategy results in a fishing mortality rate on fully-selected 
ages of 0.097 for the EBS portion of the stock and 0.085 for the 
AI portion. When applied to the projected 1993 biomass levels of 
47,000 tin the EBS and 260,000 tin the AI region, the resulting 
1993 ABCs for S. alutus are 2,100 t and 14,800 t, respectively. 
The 1993 overfishing limit for S. alutus is based on the harvest 
strategy that reduces the equilibrium level of spawning biomass 
per recruit to 30% of the pristine level (~0,), resulting in 
fishing mortality rates of 0.114 in the EBS and 0.098 in the AI 
region, and catches of 2,480 t and 17,200 t, respectively. 

For the other subcomplexes ("others 0 in the EBS and 
northern/sharpchin and shortraker/rougheye in the AI), ABC was 
calculated as the product of the natural mortality rate (0.06 for 
northern and sharpchin, 0.025 for rougheye, and 0.03 for 
shortraker) and exploitable biomass. Since estimates of other 
biological parameters are unavailable, harvesting at the F=M 
strategy also corresponds to the Council's overfishing limit. 

Other Rockfish Complex 

EBS 1992 ABC = 400 t 1993 ABC = 400 t 
Aleutians 1992 ABC = 925 t 1993 ABC = 925 t 

EBS Projected 1993 exploitable biomass = 8,000 t 
Aleutians Projected 1993 exploitable biomass = 18,500 t 

t 
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The "other rockfish" complex includes both of the thornyhead 
(Sebastolobus) species and all Sebastes species not included in 
the Pacific ocean perch complex. U.S. observers have identified 
15 confirmed species within this complex, and another 14 species 
have been tentatively identified. The complex is managed as two 
separate stocks, one in the EBS and one in the Aleutian Islands. 

Little is known about the species in this complex. 
Commercial catch and effort data are of little use in examining 
abundance trends for these species since most of the catch is 
probably incidental. The species in this complex are primarily 
located on the EBS slope and in the Aleutian Islands region. 
Although both of these areas were surveyed in 1991, biomass 
estimates for the species in this complex were not available in 
time to be used in this SAFE report. Therefore, the 1988 slope 
and 1986 Aleutian biomass estimates are used for the purpose of 
computing 1993 ABC. 

The natural mortality rate for species in this complex has 
been estimated at 0.05, which was used as the target fishing 
mortality rate in calculating ABC. Lacking estimates of other 
biological parameters, the resulting ABC values also correspond 
to the limit specified by the Council's overfishing definition. 

Atka Mackerel 

1992 ABC = 43,000 t 1993 ABC = 351,000 t 

SW BS/AI 210,200 t 
SE BS/AI 72,700 t 
NW BS/AI 44,600 t 
NE BS/AI 23,500 t 

Projected 1993 exploitable biomass = 1,170,000 t 

In last year's assessment, the stock synthesis approach was 
applied to Atka mackerel for the first time. The model was 
calibrated using the available catch-at-age data, the relative 
abundance trend from trawl survey samples taken at depths greater 
than 100 m, and the absolute survey biomass estimates from 1986 
and 1991. This year, the stock synthesis model was recalibrated 
using the data available last year along with the age 
compositions from the 1991 fishery and trawl survey. The 
principal structural difference in the model was a division of 
the fishery into two time periods (1972-1983 and 1984-present), 
with separate selectivity curves estimated for each. This change 
improved the model's fit to the data. Another change was in this 
year's reporting of model results: whereas last year's results 
were reported on the basis of an exploitable stock defined as 
ages 3-7, ages 3-14 were used this year. Both last year's and 
this year's assessments indicate that biomass is much higher than 
was believed prior to 1991. 
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Because the stock-recruitment data generated by stock 
synthesis do not indicate the presence of a definable stock
recruitment relationship, a harvest strategy based on the natural 
mortality rate was used to determine ABC. Multiplying the 
natural mortality rate of 0.3 by the projected 1993 biomass of 
1,170,000 t gives an overall 1993 ABC of 351,000 t. This 
corresponds to a fishing mortality rate of 0.235. The 
overfishing limit for this stock is based on the harvest strategy 
that reduces the equilibrium level of spawning biomass per 
recruit to 30% of the pristine level <~n), resulting in a 
fishing mortality rate of 0.506 and a catch of 771,000 t. 

Last year, the SSC set ABC equal to 1/6 of the author's 
recommended level, with the understanding that the 1/6 proportion 
would be increased to 1/3 for 1993. The Plan Team is unconvinced 
that reducing its recommended ABC by 2/3 is mandated by the best 
available scientific information. However, since the resulting 
catch level would obviously be more conservative than the 
recommended ABC, the Plan Team has no objection to making such an 
adjustment at the TAC stage. 

Because of the possibility of local depletion, the Plan Team 
recommends splitting the BS/AI area into four quadrants (with the 
east-west division occurring at 1so• longitude and the north
south division occurring at the Aleutian islands) for the purpose 
of apportioning the Atka mackerel ABC and TAC. The 1991 Aleutian 
trawl survey estimated that 59.9% of the Atka mackerel biomass 
occurs in the southwest (SW) quadrant, with 20.7%, 12.7%, and 
6.7% occurring in the southeast (SE), northwest (NW), and 
northeast (NE) quadrants, respectively. Applying these 
proportions to the overall 1993 ABC gives catches of 210,200 t, 
72,700 t, 44,600 t, and 23,500 t for the SW, SE, NW, and NE 
quadrants, respectively. Applying the same proportions to the 
overall 1993 TAC (assuming a 2/3 reduction from the overall ABC) 
gives catches of 70,100 t, 24,200 t, 14,900 t, and 7,900 t for 
the SW, SE, NW, and NE quadrants, respectively. 

Squid and Other Species Complex 

Squid 1992 ABC= 3,600 t 1993 ABC= 3,400 t 
Projected 1993 exploitable biomass not available 

Other 
Species 

1992 ABC= 27,200 t 1993 ABC= 
Projected 1993 exploitable biomass= 

26,600 t 
793,800 t 

In recent years, 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 such as smelts 
and sharks may be substantially underestimated by demersal 
trawls. Recent increases in the exploitable biomass of this 
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category is largely attributable to the substantially increased 
biomass of skates. Projected biomass for 1993 was computed by 
averaging the biomass estimates from the 1988-91 EBS surveys and 
adding the 1986 Aleutians survey biomass. Survey abundance 
estimates for squid are unavailable because squid are mainly 
pelagic over deep water. 

Because of the scarcity of data regarding these species, the 
Council's overfishing definition caps the ABC at the average 
catch levels observed since 1977, which are 3,400 t for squid and 
26,600 t for other species. The decreases in recommended ABCs 
from 1992 to 1993 are due to the addition of another year of 
catch data. 

OVERVIEW OF "FISHERY EVALUATION" SECTION 

Landings data presented in the "Fishery Evaluation" section 
of the SAFE report are based on PacFIN data extracted on August 
17, 1992 and on fishticket data from the Alaska Department of 
Fish and Wildlife, which were last updated on August 26, 1991. 
This data may differ from catch data presented elsewhere in the 
SAFE, due to lags in processing fishtickets and the presence of 
discards. Caution should be used in judging reductions in 
harvest during 1992 because of the incomplete data. Following 
increases in the total domestic landings of BS/AI groundfish in 
both 1989 and 1990, domestic harvest fell by roughly 55,000 mt in 
1991. Importantly, 1991 marked the first year since passage of 
the Magnuson Act in which no foreign harvesting or processing 
occurred in the BS/AI. Domestic landings of flatfish showed the 
largest increase in tonnage, rising from 42,000 mt in 1990 to 
132,000 mt in 1991. The 1991 domestic BS/AI landings of Pacific 
cod also increased, but only by 13,000 mt. Harvest of pollock in 
1991 was about 140,000 mt lower than the previous year. Landings 
of rockfish, after increasing from 7,300 mt in 1989 to 25,200 mt 
in 1990, returned to 7,100 mt in 1991. Landings of rockfish to
date for 1992, however, are already near 16,000 mt. 
Additionally, current year-to-date landings for Atka mackerel 
have more than doubled last year's previous high of 22,800 mt. 

Area-wide increases in landings were observed for the 
longline gear group. From 8,700 mt in 1988, longline landings 
rose to a high of 75,300 mt during 1991. And 1992 year-to-date 
landings are already 12,000 mt higher than that. This dramatic 
rise in longline harvest is largely due to increased Pacific cod 
landings, which represent 86% .of the 1992 .longline total. In 
1991, BS/AI domestic trawl landings fell for the first time in 
over 10 years, by roughly 80,000 mt from the 1990 high. A 
reduction of about 140,000 mt in trawl pollock landings in 1991, 
along with smaller losses in Pacific cod, sablefish, and 
rockfish, was partially offset by increases in flatfish 
production of about 90,000 mt. Landings to shoreside processors 
increased by about 24,000 mt, to an all-time high of 308,600 mt. 
At-sea processors handled about 75,000 mt less during 1991. Most 
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of the large changes in the landings of pollock and flatfish 
reflect changes in activity of at-sea processors. 

The ex-vessel value of domestic landings (excluding the 
value added by at-sea processing) increased by over $30 million 
in 1991, despite the reduction in total landings. For the second 
year in a row, the value of longline landings increased by more 
than 50%. The 1991 increase was $18 million, resulting in a 
record high of $52.3 million. Once again, most of this increase 
occurred within the Pacific cod fishery. The value of domestic 
trawl landings also increased slightly, though the amount and 
percentage of the increase were the smallest since 1986. This 
flattening in the growth of the value of domestic landings 
reflects the completion of the Americanization of the BS/AI 
groundfish fisheries. The value of the domestic pollock declined 
for the first time in a decade, although the value of the 1992 
fishery, despite even smaller year-to-date landings, has already 
eclipsed the previous high mark from 1990. Increases in the 
value of flatfish and Pacific cod landings offset the 1991 loss 
in pollock revenue. 

The 1992 (year-to-date) trawl price for pollock in the BSAI 
was over 40% higher than during 1991, reaching $0.13/lb. 
However, prices for flatfish and sablefish dropped sharply during 
1992. The prices of other trawl-caught species remained roughly 
the same. The year-to-date longline price for rockfish rose to 
$0.33/lb, while the price of Pacific cod fell from $0.28/lb to 
$0.23/lb. Sablefish price also dropped by about 6% for 
longliners. The massive shift of pollock harvest from JV to 
domestic landings in recent years has contributed substantially 
to an increase in the value of Alaskan and Northwest exports of 
groundfish from $358 million in 1988 to $1,074 million in 1991. 
During this period, the percentage of total fisheries exports, by 
value, accounted for by groundfish products rose from 21% to 49%. 

In summary, it is clear that changes in the regulatory 
environment, in addition to fluctuations in stock sizes and 
market conditions, will continue to influence the economic health 
of the groundfish fishery and to drive changes in the composition 
of the participants. 

If current trends continue, the anticipated fishery in 1993 
and beyond will include a larger share of the harvest being taken 
by fixed-gear groups and more processing by shoreside operations. 

The implementation of various management proposals currently 
being considered, especially those which further divide species 
among user groups or restrict fishing options, could impact the 
aggregate net value realized from this fishery. 

C 
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OVERVIEW OF APPENDICES 

Marine Mammal Considerations 

Three marine mammal species are of particular concern in the 
EBS and Aleutian Islands - northern sea lion (Eumetopias jubatus), 
northern fur seals (Callorhinus ursinus), and harbor seal (Phoca 
vitulina). The intensity of declines in northern sea lion numbers 
as determined from surveys conducted through 1990 were sufficient 
to lead to a final listing on 26 November 1990 of the species as 
threatened throughout its range under the Endangered Species Act 
(ESA). Northern fur seals have also declined in abundance in the 
last 20 years, and as a result were listed as depleted under the 
Marine Mammal Protection Act (MMPA) in 1988. Harbor seals, 
al though not listed under either the ESA or MMPA, have also 
undergone considerable numerical declines in most of Alaska. 
Marine mammal considerations are detailed in Appendix A. 

Pacific Halibut SAFE Report 

A separate SAFE report on the Pacific halibut (Hippoglossus 
stenolepis) stock and fishery has been prepared by the staff of the 
International Pacific Halibut Commission, and is included with the 
present SAFE report as Appendix B. 

Pacific halibut exploitable biomass was estimated at 262.6 
million pounds in 1991, a decline of 10% percent from the 1990 
estimate. A continued decline over the next several years is 
expected. Constant exploitation yield (CEY) for the directed 
,setline fishery was estimated to be 63.66 million pounds and was 
determined using a constant exploitation fraction of O. 35 and 
subtracting out other removals. 

Catches of halibut by the 1991 directed fishery totalled 51.1 
million pounds (net weight) in the northeast Pacific Ocean and 5.9 
million pounds in the Bering Sea-Aleutian Islands region. Catch 
per unit effort (CPUE) was highest in the Chirikof/Shumagin area, 
468 lbs/skate. Coastwide, CPUE decreased from 1990 by 20 lbs/skate. 
Sampling of the commercial catch showed the average length to be 
107.4 cm, an average age of 11.9 years, and an average weight was 
18.2 kg (round weight). 

Incidental mortality decreased in 1991, to 16.9 million 
pounds. Over half of the incidental mortality occurs in the Bering 
Sea. 

Halibut Discard Mortality Rates 

The Plan Team heard a report on the preliminary results from 
an analysis of the halibut discard condition data collected by 
observers from the 1991 fishery (Appendix C). In general, 
halibut discard condition improved in 1991 in trawl and pot 
fisheries, and decreased in longline fisheries. Examination of 
the data for each gear type revealed wide variability between 
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individual target fisheries, probably reflecting the different 
fishing practices involved. 

Additional analysis of target fishery differences will be 
conducted and reported to the Teams at the November meetings. 
Other factors to be examined include length distributions, haul 
duration/soak time, and variability among vessels with each 
fishery, which should provide further information on fishery 
differences. 

Bycatch of Fully U.S.-Utilized Groundfish Species 

Amendment 12 to the BS/AI Groundfish FMP authorizes the 
Council to establish allowable levels of incidental catch of 
groundf ish sp.ecies that are fully utilized by domestic fishermen. 
Previous regulations required joint venture operations to discard 
such species, but without any limit to the amount of discard. 

In 1990, joint venture fisheries targeted only on yellowfin 
sole and "other flatfish." Bycatch allowances of pollock, 
Pacific cod, arrowtooth flounder,· and rock sole were made by the 
Council. There were no joint venture fisheries in 1991 or 1992. 
If the Council wishes to allow joint venture fisheries in 1993, 
data useful for calculating potential bycatch allowances are 
presented in Appendix D. 

Seasonal Allocation of the Pollock TAC 

Amendment 14 to the BS/AI Groundfish FMP provides for the 
allocation of the pollock TAC between a roe season (Jan. 1 -
April 15) and a non-roe season (June 1 - Dec. 31). The Plan 
Team's report on this topic is attached as Appendix E. 

Seasonal Allocation of Crab and Halibut PSC Apportionments 

Amendment 16 to the BS/AI Groundfish FMP provides for the 
allocation of crab and halibut bycatch apportionments on a 
seasonal basis. The Plan Team's report on this topic is attached 
as Appendix F. 

Definitions of Common Acronyms 

Although a conscientious attempt has been made to see that 
each acronym used in this SAFE report is defined at the point of 
its first occurrence, a collection of such_definitions has also 
been included as Appendix G. 
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Table 1-- Species categories established for management of the 
Bering Sea/Aleutian Islands groundfish fishery. 

Prohibited 
Speciesa 

FINFISHES 

Salmon 
Pacific halibut 
Pacific herring 

INVERTEBRATES 

King crab 
Snow (Tanner} crab 

Target 
Speciesb 

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

Squid 

Other 
Speciesc 

Sculpins 
Sharks 
Skates 
Smelt 

Octopus 

a. Species which must be returned to the sea when caught. 
b. Species for which an individual TAC is established. 
c. Species for which an aggregate TAC is established. 

A nonspecified species category is also established to cover all 
species not listed above. 

t 



21 

Table 2-- Groundfish and squid catches (metric tons) in the eastern 
Bering Sea, 1954-1990. 

Pacific Other Green-
Pacific Sable- Ocean Rock- Yellow- land 

Year Pollock Cod fish 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 I 838 . 16,800 53,810 9,747 

1966 261,678 18,200 9,505 20,200 102,353 13,042 
1967 550,362 32,064 11,698 19,600 162,228 23,869 
1968 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 2,654 311 58,373 27,708 
1978 979,431 42,543 1,192 2,221 2,614 138,433 37,423 
1979 913,881 33,761 1,376 1,723 2,108 99,017 34,998 
1980 958,279 45,861 2,206 1,097 459 87,391 48,856 

1981 973,505 51,996 2,604 1,222 356 97,301 52,921 
1982 955,964 55,040 3,184 224 276 95,712 45,805 
1983 982,363 83,212 2,695 221 220 108,385 43,443 
1984 1,098,783 110,944 2,329 1,569 176 159,526 21,317 
1985 1,179,759 132,736 2,348 784 92 227,107 14,698 

1986 1,188,449 130,555 3,518 560 102 208,597 7,710 
1987 1,237,597 144,539 4,178 930 474 181,429 6,533 
1988 1,228,000 192,726 3,193 1,047 341 223,156 6,064 
1989 1,230,000 164,800 1,252 2,017 192 153,165 4,061 
1990 1,353,000 162,927 2,329 5,639 384 80,584 7,267 
1991 1,268,360 165,444 1,128 4,744 396 94,755 3,704 
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Table 2-- Continued. 

Arrow- Other Atka Total 

tooth Flat- Rock- Mack- Other (All 
Year Flounder fish sole0 erel 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 
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 
1968 a 29,647 22,058 977,083 
1969 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 t 
1972 13,123 76,813 10,893 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 1,428,56[" 
1977 9,454 14,393 4,926 35,902 1,168,14,._ 
1978 8,358 21,040 831 6,886 61,537 1,302,509 
1979 7,921 19,724 1,985 4,286 38,767 1,159,547 
1980 13,761 20,406 4,955 4,040 34,633 1,221,644 

1981 13,473 23,428 3,027 4,182 35,651 1,259,666 
1982 9,103 23,809 328 3,838 18,200 1,211,483 
1983 10,216 30,454 141 3,470 15,465 1,280,284 C 
1984 7,980 44,286 57 2,824 8,508 1,458,313 
1985 7,288 71,179 4 1,611 11,503 1,649,108 

1986 6,761 -5,328 12 848 10,471 1,633,911 
1987 4,380 50,372 12 108 8,569 1,639,117 
1988 5,477 137,418 428 414 12,206 1,810,470 
1989 3,024 63,452 3,126 300 4,993 1,630,382 
1990 2,773 22,568 480 460 5,698 1,644,109 
1991 12,748 30,401 46,681 2,265 544 16,285 1,647,428 

a/ Included in Greenland turbot catch statistics. 
b/ Rocksole prior to 1991 is included in other flatfish catch statistics. 
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Table 3-- Groundfish and squid catches (metric tons) in the Aleutian ,. Islands region, 1962-1990. 

Pacific Other Green-
Pacific Sable- Ocean Rock- land 

Year Pollock Cod fish Perchb 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 4,190 1,659 14,000 2,067 
1977 7,625 3,262 1,897 8,080 3,043 2,453 
1978 6,282 3,295 821 5,286 921 4,766 
1979 9,504 5,593 782 5,487 4,517 6,411 
1980 58,156 5,788 274 4,700 420 3,697 

• 1981 55,516 10,462 533 3,622 328 4,400 
1982 57,978 11,526 955 1,014 2,114 6,317 
1983 59,026 9,955 673 280 1,045 4,115 
1984 81,834 22,216 999 631 56 1,803 
1985 58,730 12,690 1,448 308 99 33 

1986 46,641 10,332 3,028 286 169 2,154 
1987 28,720 13,207 3,834 1,004 147 3,066 
1988 43,000 5,165 3,415 1,979 278 1,044 
1989 156,000 4,118 3,248 2,706 481 4,761 
1990 73,000 8,081 2,116 14,650 864 2,353 
1991 78,104 6,714 2,071 2,545 549 .3,174 
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Table 3-- Continued. 

Other- Arrow- Atka Total 
Yellow- Rock- flat- tooth Mack- Other (All 

Year finsole sole fish 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 67,348 
1978 1,782 23,418 2,085 12,436 61,092 
1979 6,436 21,279 2,252 12,934 75,195 
1980 4,603 15,533 2,332 13,028 108,531 

1981 3,640 16,661 1,763 7,274 104,199 
1982 2,415 19,546 1,201 5,167 108,233 
1983 3,753 11,585 510 3,675 94,617 
1984 1,472 35,998 343 1,670 147,022 
1985 87 37,856 9 2,050 113,310 

1986 142 31,978 20 1,509 96,259 
1987 159 30,049 23 1,155 81,364 
1988 406 21,656 3 437 77,383 
1989 198 14,868 6 108 186,494 
1990 1,459 21,725 11 627 124,886 
1991 1,380 22,258 88 938 118,115 30 91 173 

a/ Included in Greenland turbot catch statistics. 
b/ Includes POP shortraker, rougheye, norther and sharpchin rocksole. 
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Table 4-- Apportionments of total allowable catches (t) for groundfish of the 
eastern Bering Sea and Aleutian Islands region, 1977-1991. 

1977 1978 1979 1980 1981 

Eastern Bering Sea• 

Walleye pollock 950,000 950,000 950,000 1,000,000 1,000,000 
Yellowfin sole 106,000 126,000 126,000 117,000 117,000 
Greenland turbot 90,000 90,000 
Arrowtooth flounderb 
Other flatfishc 100,000 159,000 159,000 61,000 61,000 
Pacific cod 58,000 70,500 70,500 70,700 78,700 
Sable fish 5,000 3,000 3,000 3,500 3,500 
Pacific ocean perch 6,500 6,500 6,500 3,250 3,250 
Other rockfish 7,727 7,727 
Squid 10,000 10,800 10,000 10,000 10,000 
Other species 59,600 66,600 66,600 74,249 74,249 

Aleutiansa 

Walleye pollock 100,000 100,000 
Sable fish 2,400 1,500 1,500 1,500 1,500 
Pacific ocean perch 15,000 15,000 15,000 7,500 7,500 
Other rockfish 
Atka mackerel 24,800 24,800 24,800 24,800 
Other species 34,000 34,000 34,000 

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

a. Total allowable catches are for the eastern Bering Sea and Aleutian 
Islands areas combined for pollock 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. 
c. 
d. 

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

1982 1983 1984 1985 1986 

Eastern Bering Sea• 

Walleye pollock 1,000,000 1,000,000 1,200,000 1,200,000 1,200,000 
Yellowfin sole 117,000 117,000 230,000 226,900 209,500 
Greenland turbot 90,000 90,000 59,610 42,000 33,000 
Arrowtooth flounderb 20,000 
Other flatfishc 61,000 61,000 111,490 109,900 124,200 
Pacific cod 78,700 120,000 210,000 220,000 229,000 
Sablefish 3,500 3,500 3,740 2,625 2,250 
Pacific ocean perch 3,250 3,250 1,780 1,000 825 
Other rockfish 7,727 7,727 1,550 1,120 825 
Squid 10,000 10,000 8,900 10,000 5,000 
Other species 74,249 77,314 40,000 37,580 27,800 

Aleutians a 

Walleye pollock 100,000 100,000 100,000 100,000 100,000 
Sable fish 1,500 1,500 1,600 1,875 4,200 
Pacific ocean perch 7,500 7,500 2,700 3,800 6,800 
Other rockfish 5,500 5,500 5,800 
Atka mackerel 24,800 24,800 23,130 37,700 30,800 
Other species 

Optimum yieldd 1,579,226 1,623,591 2,000,000 2,000,000 2,000,0'00 

a. Total allowable catches are for the eastern Bering Sea and Aleutian 
Islands areas combined for pollock 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. 
c. 
d. 

Combined with Greenland turbot until 1986. 
Excludes halibut but includes turbot until 1980. 
Optimum yield= sum of total allowable catches. 

• 
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Table 4-- Continued. 

1987 1988 1989 1990 1991 

Eastern Bering Sea• 

Walleye pollack 1,200,000 1,300,000 1,340,000 1,319,039 1,300,000 
Yellowfin sole 187,000 254,000 193,952 176,502 114,750 
Greenland turbot 20,000 11,200 8,000 7,000 5,950 
Arrowtooth flounderb 9,795 5,531 7,800 10,533 17,000 
Other flatfishc 148,300 131,369 63,906 51,128 54,974 
Rock Sole 77,148 67,359 76,500 
Pacific cod 280,000 200,000 226,079 199,975 194,650 
Sable fish 3,700 3,400 2,800 2,294 2,634 
Pacific ocean perch 2,850 5,000 4,250 6,300 

True POP 4,570 
Other POP complex 1,420 

Other rockfish 450 400 340 500 400 
Squid 500 1,000 925 925 1,200 
Other species 15,000 10,000 15,774 28,584 18,000 

Aleutians .. 

Walleye pollack 88,000 45,000 26,950 85,000 85,000 
Sable fish 4,000 5,000 3,400 3,826 3,200 
Pacific ocean perch 8,175 6,000 5,100 16,600 

True POP 9,159 
Other POP complex 3,982 

Other rockfish 1,430 1,100 935 935 786 
Atka mackerel 30,800 21,000 20,285 23,500 24,000 
Other species 

Optimum yieldd 2,000,000 2,000,000 2,000,000 2,000,000 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, and includes 

rock sole until 1989. 
d/ Optimum yield= sum of total allowable catches plus unallocated 

reserves. 
e/ Through September 9, 1992. 

1992· 

1,241,000 
199,750 

5,970 
8,500 

67,150 
34,000 

176,700 
1,190 

3,009 
1,190 

340 
1,700 

17,000 

47,730 
2,551 

9,945 
5,857 

786 
43,000 

2,000,000 



28 

Table 5-- Bering Sea/Aleutian Islands groundfish apportionments and foreign 
allocations in metric tons, 1987-1991. 

1987 1988 1989 1990 1991 1992• 

ABC 2,245,780 2,876,100 2,700,700 2,938,500 2,932,485 2,773,355 

TAC 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 1,999,855 

OAP 336,723 708,520 1,341,387 1,742,008 1,918,175 1,868,197 

JVP 1,484,110 1,282,784 656,257 257,992 0 0 

Reserve 46,471 8,696 2,356 0 81,825 131,658 

TALFF 132,696 0 0 0 0 0 

Japan 101,446 0 0 0 0 0 
ROK 29,900 0 0 0 0 0 
China 1,350 0 0 0 0 0 

a/ Through September 10. • 
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Table 6-- Summary of stock abundance, overfishing 
constraints, and fishing mortality rates for the 
eastern Bering Sea (EBS), Aleutian Islands (AI), 
and Bogoslof district (518) in 1993. Biomass and 
catch are in metric tons. 

Species Area Biomassa CoFb FoFc 

Walleye pollock EBS 7,960,000e 2,390,000 0.38 
AI 277,000 83,100 0.38 
518 590,000 148,000 0.25 

Pacific cod 825,000 183,000 0.15 
Yellowfin sole 2,660,000 452,000 0.17 
Greenland turbot 292,000f 14,600 0.05 
Arrowtooth flounder 378,000 94,500 0.25 
Rock sole 1,710,0009 311,000 0.18 
Other flatfishes 1,420;000 327,000 0.23 
Sablefish EBS 11,700 1,840 0.18 

AI 25,700 4,040 0.18 
POP complex 

True POP EBS 47,000 2,480 0 .11 h 
Othersi EBS 29,700 1,400 0. 05j 
True POP AI 260,000 17,200 0. lOh 
Sharp/Northernk AI 94,500 5,670 0.06 
Short/Rougheye1 AI 45,000 1,220 0.03 

Other rockfish EBS 8,000 8,000 q.05 
AI 18,500 18,500 0.05 

Atka mackerel 1,170,000 771,000 0.51 
Squid n/am 3,400 n/am 
Other species 793,800 26,600 n/am 

a. Projected exploitable biomass for January, 1993. 
b. Maximum 1993 catch level allowable under overfishing 

definition. 

FABc 
d 

0.31 
0.31 
0.31 
0.14 
0.14 
0.02 
0.18 
0.18 
0.16 
0.13 
0.13 

0. lOh 
0. 05j 
0. 09h 
0.06 
0.03 
0.05 
0.05 
0.24 
n/am 
n/am 

c. Maximum fishing mortality rate allowable under overfishing 
definition. 

d. Fishing mortality rate corresponding to acceptable 
biological catch. 

e. ~sY for walleye pol lock is 6,000,000 t. 
f. ~sY for Greenland turbot is 439,000 t. 
g. ~n for the EBS portion of .the rock sole stock is 904,000 t. 
h. Fishing mortality rate on fully selected ages only. 
1. Sharpchin, northern, shortraker, and rougheye rockfish. 
j. Weighted average of species-specific rates. 
k. Sharpchin and northern rockfish 
1. Shortraker and rougheye rockfish. 
m. Not available. 
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Table 7-- Estimates of maximum sustainable yield (MSY) and 
acceptable biological catch (ABC) for 1992 and 1993 for 
groundfish in the eastern Bering Sea (EBS), Aleutian 
Islands (AI), and Bogoslof district (518). Where 
current MSY estimates encompass a range of values, the 
midpoint has been listed. Figures are in metric tons. 
Column totals are reported to three significant digits. 

Species 

Walleye pollock 

Pacific cod 
Yellowfin sole 
Greenland turbot 
Arrowtooth flounder 
Rock sole 
Other flatfish 
Sablefish 

POP complex 
True POP 
Othersb 
True POP 
Sharp/Northernc 
Short /Rougheyea 

Other rockfish 

Atka mackerele 
Squid 
Other species 

Groundfish complex 

a. Not available. 

Area 

EBS 
AI 
518 

EBS 
AI 

EBS 
EBS 
AI 
AI 
AI 
EBS 
AI 

MSY 

1,875,000 
145,000 

n/aa 
n/aa 

268,000 
23,400 

·59,000 
164,000 
144,000 

5,400 
6,800 

n/aa 
n/aa 
n/aa 
n/aa 
n/aa 
n/aa 
n/aa 
n/aa 

10,000 
62,900 

2,760,000 

ABC(1992) 

1,490,000 
51,600 
25,000 

182,000 
372,000 

7,000 
82,300 

260,800 
199,600 

1,400 
3,000 

3,540 
1,400 

11,700 
5,670 
1,220 

400 
925 

43,000 
3,600 

27,200 

2,770,000 

ABC(l993) 

1,690,000 
67,000 

142,000 
178,000 
372,000 

7,000 
68,000 

311,000 
226,000 

1,400 
3,000 

2,100 
1,400 

14,800 
5,670 
1,220 

400 
925 

351,000 
3,400 

26,600 

3,470,000 

b. Sharpchin, northern, shortraker, and rougheye rockfish. 
c. Sharpchin and northern rockfish. 
d. Shortraker and rougheye rockfish. 
e. The Plan Team recommends dividing the Atka mackerel ABC among 

four quadrants, as described in the text. 

4 
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-~ble 8-- Surmnary of stock biomass, harvest strategy, 1993 acceptable 
~ biological catch (ABC), and stock condition for groundfish in the 

eastern Bering Sea (EBS), Aleutian Islands (AI), and Bogoslof 
district (518). Biomass and ABC are in metric tons. 

Species Area Biomassa Rateb ABC 

Walleye pollock EBS 
AI 
518 

Pacific cod 
► Yellowfin sole 

Greenland turbot 
Arrowtooth flounder 
Rock sole 
Other flatfish 
Sablefish EBS 

► AI 
POP complex 

True POP 
Otherse 
True POP 
Sharp/Northernt 

~ Short/Rougheye9 

Other rockfish 

Atka mackerel 
Squid 
Other species 

EBS 
EBS 
AI 
AI 
AI 
EBS 
AI 

7,960,000 
277,000 
590,000 
825,000 

2,660,000 
292,000 
378,000 

1,710,000 
1,420,000 

11,700 
25,700 

47,000 
29,700 

260,000 
94,500 
45,000 

8,000 
18,500 

1,170,000 
n/ai 

793,800 

F3si 
F=M 
F3s1 
F=M 
F=M 
F=M 
F=M 
F=M1 
Fhisj 

Fhisj 

1,690,000 
67,000 

142,000 
178,000 
372,000 

7,000 
68,000 

311,000 
226,000 

1,400 
3,000 

2,100 
1,400 

14,800 
5,670 
1,220 

400 
925 

351,000 
3,400 

26,600 

Relative abundance, trend 

Moderately high, declining 
Average (?), declining 
Average (?), declining 
Moderately high, declining 
High, stable 
Low, declining 
Very high, increasing 
Very high, increasing 
Very high, stable 
Low, declining 
Average, declining 

Average, slow increase 
Not available 
Average, slow increase 
Not available 
Not available 
Average, stable 
Average, stable 
Average, declining 
Not available 
High, increasing 

Groundfish complex 3,470,000 High, stable 

a. Projected exploitable biomass for January, 1993. 
• b. Harvest strategy used to compute ABC. 

c. Harvest strategy for Greenland turbot is ad hoc. 
d. Rock sole F0 . 1 rate was used as a proxy for this complex. 
e. Sharpchin, northern, shortraker, and rougheye rockfish. 
f. Sharpchin and northern rockfish. 
g. Shortraker and rougheye rockfish. 

i h. Ratio of catch to start-of-year biomass equals M ( 0. 3) ; .corresponding F 
is actually somewhat lower (about 0.24). 

i. Not available. 
J. Fishing mortality rate corresponding to the historic average catch. 
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WALLEYE POLLOCK 

by 
Vidar G. Wespestad 

and 
Pierre Dawson 

INTRODUCTION 

The assessment of Bering Sea pollock is divided into three parts: 
eastern Bering Sea, Aleutian Islands, and Bogoslof Island-Aleutian 
Basin. These segments are believed to represent three distinct 
management stocks. All three stocks are exhibiting declines which 
are primarily due to the passage of an extremely strong 1978 year
class from each stock. The assessment for the eastern Bering Sea 
is based on catch-age analysis of fishery data with survey data 
included as auxiliary information. The Aleutian Island and 
Bogoslof Island-Aleutian Basin assessments rely on survey results, 
although a preliminary catch-age analysis of the Bogoslof Island
Aleutian Basin population has been completed and included in the 
document. Results from 1991 and 1992 surveys have been included in 
assessments for 1993, but these results should be viewed as 
provisional, since final analysis of the 1992 survey has not been 
completed at the time this report was prepared. 

1.2 CATCH HISTORY 

From 1954 to 1963, pollock were harvested at low levels in the 
EBS 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 1.1). 
Following a peak catch of 1. 9 million t in 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 1.3 million t. In 1980 United States vessels began 
harvesting pollock and by 1987 they were able to take 99% of the 
quota. Since 1988 the harvest has been taken exclusively by U.S. 
vessels. The history of the catch (in thousand t) since 
implementation of the MFCMA is presented in Table 1.1. 

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 through 1988, but JV catch for those years was 
about half of the average foreign catch for 1980 through 1985. In 
1989 the catch declined to 16 thousand t., but increased to 73 
thousand tin 1990, and reports for 1991 indicate a catch of 78.6 
thousand t. 
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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. The second is the development of a U.S. fishery on 
spawning pollock in the area of Bogoslof Island (Area 518 in 1992 
and area 515 from 1987 through 1991). 

Foreign vessels begin fishing in the mid-1980's in the 
international zone of the Bering Sea (commonly referred to as the 
'donut hole'). The donut hole is entirely contained in the deep 
water of the Aleutian Basin and represents a change from the 
customary areas of pollock fisheries, namely the continental 
shelves and slopes. Japanese ·scientists began reporting the 
presence of large quantities of pollock in the Aleutian Basin in 
the mid-to-late 1970's, but large scale fisheries did not occur 
until the mid-1980 's. In 1984, the donut hole catch was only 
181,000 t (Figure 1.2, Table 1.3). The catch grew rapidly and by 
1987 the high seas catch exceeded the pollock catch within the U.S. 
Bering Sea EEZ. The extra-EEZ catch peaked in 1989 at 1.45 million 
t and has declined sharply since then. By 1991 the donut hole catch 
was 80% less than the peak catch, and preliminary data for 1992 
indicate very low catches. The average decline in catch per unit 
effort (CPUE) from 1989 to 1991 is about the same at 67% (Table 
1. 4) . 

The Bogoslof fishery occurs in deep water off the EBS shelf. In 
1987 the catch was 377,000 t, but decreased to 88,000 tin 1988 
and decreased further, to 36,073 t, in 1989 (Figure 1.2). 
Estimates for 1990 indicate that catch in the Bogoslof area 
increased to 152 thousand t and to 265 thousand tin 1991. The 
catch in Area 518 is primarily composed of fish from the 1978 year
class, similar to the catch from the rest of the Aleutian Basin, 
suggesting that harvests came from the same group of fish. 
Directed pollock fishing was prohibited in the Bogoslof area in 
1992 and only a small amount of pollock was taken as by-catch in 
other fisheries. 

In the past, very few pollock 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, catches in area 518 
since 1987 have not been included in the EBS analysis because the 
age composition and growth characteristics of pollock in area 518 
are different from that observed in catches from the EBS shelf. 

Observation of the 1990 and 1991 harvest suggest that pollock 
discard is of significant magnitude (8% in 1990 and 11% in 1991) 
that it must be taken into account in estimation of population size 
and forecasts of yield. During the first half of 1992 pollock. 
discards are similar to the first half of 1991, with discarded 
pollock comprising 11.6% of the total pollock catch. 

It was assumed that the pollock discarded are small fish that 
are less than the minimum size that can be accommodated by a 
filleting machine, i.e. 30.5 cm on a Baader 182. However, observer 
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length frequency observations indicated that discarded pollock 
include both large and small pollock. Therefore, it is assumed 
that discarded pollock came from the same size distribution as 
retained pollock, and the discarded tonnage is added to reported 
landed catch to obtain the estimated total catch. Observer samples 
from at-sea operations accurately reflect the size distribution of 
removals, since retained and discarded pollock are sampled, but 
catch samples from shore-based plants do not include discarded 
pollock. In the absence of discard length frequency data from this 
segment of the fishery it is assumed that the total catch size 
distribution is similar to the observed at-sea catch. 

Pollock catch in the eastern Bering Sea and Aleutian Islands by 
area from observer estimates of retained and discarded catch, 1990-
1991. 

Area 

1990 

Aleutians 
Southeast (51) 
Northwest (52) 
Total 

1991 

Bogoslof 
Southeast (51) 
Northwest (52) 
Aleutians 
Total 

In the eastern 

1991 
1992 

1.3 

Biomass {Trawll 

Retained 

69,682 
582,660 
764,369 

1,416,711 

245,467 
614,889 
458,610 
73,608 

1,318,966 

Catch 
Observer Data 

Discard 

9,343 
57,851 
50,313 

117,507 

19,293 
97,317 
46,485 

5,041 
163,095 

Total 

79,025 
640,511 
814,682 

1,534,218 

264,760 
712,206 
505,095 
78,649 

1,482,061 

Discard 
Percentage 

7.66% 

11.01% 

Bering Sea:Area 51 and 52, January-June: 

716,628 111,483 828,110 13.46% 
461,460 60,390 521,849 11.57% 

CONDITION OF STOCKS 

Surve:i;:S 

Trawl surveys have been conducted annually by the AFSC 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 pol lock ( Figure 1. 3) . Table 1. 2 show the biomass 
estimated from a standardized area from these surveys. The time 
series shows a general increase in the abundance of pollock since 
the early 1980s. Since 1984 the biomass estimates have been 
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relatively high and showed an increasing trend through 1990. In 
1991 the biomass in the bottom trawl portion of the combined survey 
decreased to 5.1 million t, down from the 1990 estimate of 7.7 
million t (Table 1.2). The overlap in 95% confidence intervals 
indicate the estimates have not been significantly different over 
the period 1986-91. 

Survey effort has not been as extensive in the Aleutian region 
as in the EBS. Bottom trawl surveys were conducted in 1980, 1983, 
1986, and 1991. These surveys estimated biomass at 397,362 tin 
1980, 822,063 tin 1983, 527,074 tin 1986, and the preliminary 
estimate in 1991 is 179,653 t. These biomass estimates do not 
include mid-water pollock and therefore represent only a portion of 
the biomass. The biomass in this area is likely greater if the on
bottom/off-bottom distribution is similar to that of the EBS. 

Biomass (Combination Hydroacoustic-Bottom Trawl) Surveys 

In addition to bottom trawl surveys, hydroacoustic surveys 
have been conducted to estimate the midwater component of the 
pollock stock. The surveys were repeated triennially with the 
first 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 1.2). 

The eastern Bering Sea bottom trawl survey data have generally 
shown an increasing trend during the 1980s. However, this is 
believed due in part to the aging of the pol lock population. 
Results from combined bottom trawl and hydroacoustic surveys have 
shown that older pollock are more vulnerable to bottom trawls than 
younger pollock: 

Biomass estimates in tons 
-------------------------------------
Bottom trawl Midwater Percent biomass 

Year surveys surveys Total near bottom 

1979 3,204,300 7,457,500 10,661,800 30.0 
1982 4,039,600 4,900,500 8,940,100 45.2 
1985 5,522,200 4,798,500 10,320,700 53.5 
1988 7,511,200 4,675,400 12,186,600 61.6 
1991 5,109,000 1,360,000 6,469,000 79.0 

In 1979 when a large proportion of the population consisted of 
age groups 1 to 3, most of the pollock were located in midwater. 
However, as the population aged during the 1980s, an increasing 
proportion was available to the bottom trawls. This is believed to 
explain the higher biomass estimates from the bottom trawl surveys 
since 1983 compared with earlier years. In 1990 the bottom trawl 
estimate for pollock was 7.7 million t, while in 1991 the estimate 
decreased to 5.1 million t. However, the proportion of pollock in 
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the bottom trawl survey increased to 79% of the total biomass. 

Age-Structured Models 

Two age-structured population dynamics models have been 
employed to assess pollock. The traditional cohort analysis model 
(Pope 1972) as well as the newer catch-age (CAGEAN) model by Deriso 
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 pollock from 1979, 
1982, 1985, 1988 and 1991. 

In the CAGEAN model, relative selectivity was set equal to 1.0 
for ages 4 and 5 and computed for all other ages. Previous analysis 
has shown that F peaks at these ages 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 correct instantaneous natural 
mortality rate (M). Wespestad and Terry (1984) estimated M = 0.45 
for age 2 pollack and M = 0.3 for ages 3-9. 

The cohort analysis model was "tuned" using auxiliary 
information from the triennial AFSC hydroacoustic and bottom trawl 
surveys. The tuning requires three assumptions: 1) the relative 
age composition of pollock 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 changes in the 
population, and 3) the index of age 1 pollock in the bottom trawl 
survey is a true measure of year-class strength, even though they 
are not fully recruited to the survey gear. 

Under the first assumption the terminal F values were adjusted 
until the proportional 1991 age composition from the model was 
identical to the proportional age composition observed in the 1991 
survey. The 1991 F values were then adjusted so the total number of 
age 3+ pollock in the cohort analysis approximated the trend in age 
3+ pollack in the 1979-91 triennial trawl-hydroacoustic surveys. 
Terminal F values were then adjusted so year-class size conformed 
to the 1978-1989 bottom trawl survey relative age 1 abundance 
index. Terminal F for age 16 was set equal to the average F of 
ages 13-15 in years prior to 1991. 

The cohort analysis was also fit using the solver function of 
Excel to obtain a variance minimization solution. An objective 
function consisting of three summed variance terms: the difference 
of the 1991 estimated population age composition minus the 1991 
survey age composition; the age 3 abundance estimate minus the age 
1 recruitment index estimate of age 3 abundance; and the age 3 
estimated biomass minus the age 3 survey biomass in 1979, 82, 85, 
88, and 91. The best fit of the model to the auxiliary information 
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was obtained when the survey abundance trend term was given a 
weight of 10. A terminal F value and the parameters of a 3 
parameter selectivity function were estimated by the solver 
function. 

These procedures produced the following results in terms of mid
year population size: 

Year 

1979 
1982 
1985 
1988 
1991 

Number of age 3+ 
Survey 

Billions 

10.4 
23.2 
22.4 
22.8 
7.4 

Number of age 3+ 
Cohort Analysis 

Billions 

10.1 
21.4 
23.6 
17.9 
7.9 

Number of age 3+ 
Least Squares Fit 

Billions 

13.7 
22.2 
19.2 
14.9 

9.4 

The CAGEAN model tuned to · the hydroacoustic bottom trawl 
surveys and Japanese fishery CPUE data produce results similar to 
cohort analysis. T. J. Quinn, U. Alaska Fairbanks performed the 
CAGEAN analysis using the methods described in Quinn and Collie 
(1990). To obtain an independent estimate Quinn was supplied with 
the input data used in cohort analysis, but was not given any of 
the results. The biomass estimated by CAGEAN is shown in Table 1.2 
along with other abundance trends. 

A third model, Synthesis, was utilized to estimate abundance. 
This model is described in Methot (19??). The Synthesis model 
utilized the same input and auxiliary data as the other models. 

The results of cohort analysis indicate that pollock have been 
exploited relatively lightly. Catch rates on ages 3 and older have 
varied from 7 to 15% since 1982 as shown below: 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Biomass 11. 0 11.3 10.8 12.8 11.6 13.0 12.8 10.5 8.38 6.54 
(million t) 

Catch· 0.96 0.98 1.10 1.14 1.14 0.86 1.23 1.23 1.20 1.04 
(million t) 

Catch 0.09 0.09 0.10 0.09 0.10 0.07 0.10 0.11 0.14 0.15 
Ratio 

Biomass estimates from the models are presented in Tables 1.2 
and Figure 1.4. From 1979 to the mid-1980's biomass increased as a 
very strong 1978 and relatively strong 1982 and 1984 year-classes 
recruited to the fishable population. In more recent years the 
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fishable stock has been declining as these above average year-classes 
decrease in abundance with age and have been replaced by weaker year
classes. 

Estimated catch-at-age, numbers-at-age and fishing mortality 
from cohort analysis are shown in Tables 1.6, 1.7 and 1.8. 

1.3.3 Current Exploitable Biomass 

Current exploitable biomass estimates can be derived from catch
age models and survey abundance estimates. Exploitable biomass 
estimates from catch-age models (ages 3 and older) suggest that the 
abundance of eastern Bering Sea pollock remained fairly stable level 
from 1982-88, with estimates ranging from 10 to 13 million t. The 
estimates indicate that biomass has been declining since 1989 to 
about 6.5 to 7 million tin 1991 (Table 1.2). Results from the most 
recent trawl-hydroacoustic survey (1991) estimate the biomass for all 
ages as 6.47 million t. 

Sufficient data are not available to perforrn·catch-age models 
for the Aleutian Islands stock. The best estimate of current 
exploitable biomass is the 1991 Aleutian Island bottom trawl survey 
which estimates biomass at 179,653 t. Survey biomass in this region 
peaked in 1983 and has shown a declining trend in the 1986 and 1991 
survey. 

Pollock taken in the Bogoslof Island fishery (Area 518) are of 
a noticeably different age composition than those taken on the 
eastern Bering Sea shelf (Wespestad and Traynor 1989) . Winter 
hydroacoustic surveys in 1988 and 1989 estimated biomass in the 
Bogoslof area to be about 2 million t. A 1991 survey estimated that 
the stock had declined to 0.6 million t., and a 1992 survey estimated 
abundance to be similar to 1991 at 0.8 million t. Age data from the 
1990 fishery show that the majority of fish harvested were from the 
1978 year-class and the rest from the 1982 year-class, two strong 
year-classes. 

1.4 RECRUITMENT TRENDS 

Estimates of recruitment were obtained from the annual 
groundfish surveys for age 1 pollock (fish smaller than 20 cm). These 
recruitment estimates were compared with age 3 pollock estimated from 
catch-age models. The comparison indicated a linear relationship 
which was used to project age 3 numbers in 1992-1993 (Table 1.9). 

The catch-age models estimate of the median number of age 3 
pollock entering the population between 1964 and 1990 is 5.6 billion. 
Recruitment has varied from a high of 17.9 billion in 1981 to 1.1 
billion in 1990, and has averaged 6.3 billion since 1964. Table 1.9 
shows that, since 1983 recruitment has been below average in 6 of 8 
years. The only strong year-classes have been the extremely strong 
1978 year-class (17.9 billion) and the strong 1982 and 1984 year
classes. Projected recruitment is estimated to be near average in 
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1992 and increase to above average in 1993. The 1991 survey 
estimated the 1989 year-class to number about 7 billion at age 2 
which also suggests that it is in the average abundance range. 1992 
survey data are not available to assess 1993 and 1994 recruitment. 

Based on these recruitment trends it is anticipated that 
exploitable pollock abundance will stabilize, and then possibly 
increase if the 1989 and 1990 year-class enter the fishery at 
projected levels. 

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

1.5 BIOLOGICAL PARAMETERS 

1.5.1 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 and older. These latter values have been used since 1982 
in catch-age models forecasts and·appear to approximate the true rate 
of natural mortality for pollock. t 

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. 

The oldest recorded pollock is a 31 year old specimen taken in 
1990, however the average life span of pollock is not very long with 
the majority of fish harvested being less than 10 years old. 

1.5.2 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 relation~~ips for each strata of pollock samples can be quite 
variable, indicating that there are growth differences by sex, area, 
and year-class. This variability may also indicate growth 
differences or different life histories of sub-units of pollock. 
General characteristics of length-weight-age relationships and other 
fishery parameters are given below: 



Age Natural 
mortality 

rate 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

0.45 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

Area 
29.8 
36.1 
41.1 
45.1 
48.2 
50.7 
52.6 
54.2 
55.4 
56.4 
57.1 
57.7 
58.2 
58.6 

Mean 
length 

(cm) 

51 Area 
25.9 
31. 9 
36.7 
40.6 
43.7 
46.2 
48.3 
49.9 
51.2 
52.3 
53.1 
53.8 
54.4 
54.8 
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52 EBS 
28.2 
34.5 
39.5 
43.4 
46.6 
49.1 
51.1 
52.7 
54.0 
55.0 
55.8 
56.5 
57.0 
57.4 

Mean 
weight 

(kg) 

EBS 
0.170 
0.303 
0.447 
0.589 
0.722 
0.840 
0.942 
1.029 
1.102 
1.163 
1.212 
1.253 
1.286 
1.312 

Selectivity Harvest 
fraction fraction 

0.07 
0.23 
0.44 
0.62 

·o. 77 
0.87 
0.92 
0.95 
0.97 
0.98 
0.99 
1.00 
1.00 
1.00 

Catch/N 

0.01 
0.04 
0.08 
0.10 
0.12 
0.13 
0.11 
0.13 
0.11 
0.18 
0.13 
0.17 
0.13 
0.26 

Of note is that growth in length in Area 52 (northeast shelf) is 
less than in Area 51 (southeast shelf). This difference also occurs 
in weight and as a consequence biomass elaboration and yield is 
proportionately lower in Area 52. Eastern Bering Sea pollock achieve 
maximum yield per recruit at about age 4 in both areas. 

Observers and fishermen have report a high proportion of small 
,pollock in the 1992 harvest. This is likely due to the high 
proportion of pollock of the 1989 year-class which are predominantly 
in midwater. Since 1979 pollock younger than age 4 have accounted 
for 30% of the total catch numbers. While this may seem large it 
does not represent a significant removal, since the harvest of these 
ages account for only 5 percent of total number of pollock in these 
ages. Therefore, although the catch of small pollock appears to have 
incresed in 1992, it does not warrant any special concern at this 
time. 

1.6 MAXIMUM SUSTAINABLE YIELD 

1.6.1 Eastern Bering Sea 

Maximum sustainable yield . for .. east.ern .Bering Sea pol lock has 
been estimated for pollack using several different models. These 
include: an age-structured model (Walters 1969) which incorporates 
the Beverton and Holt ( 1957) yield equation, a population decay 
function, and a spawner recruit function; a surplus production model; 
and a delay-difference model. Detailed information on the models and 
the data utilized are contained in Wespestad (1990) and Wespestad and 
Terry (1984) for the Walters model and in Quinn and Collie (1990) for 
the other two models. 
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The results of the models are presented in the following table: 

Walters Delay-Difference Surplus Production 

MSY 1.875 1.818 1.731 
BiomassMSY 6.000 6.060 6.326 
FMSY 0.380 0.335 
MSY/BMSY 0.300 0.300 0.274 

The results of the models are quite similar in all of the MSY 
parameters. MSY is about 1. 8 million and is achieved at an 
exploitation rate of 30% of biomass. In the absence of fishing Quinn 
and Collie (1990) estimated that the eastern Bering Sea pollock stock 
would stabilize at 11.9 million t and the Walters model estimated an 
unfished population of 13.4 million t. 

The results of the Walters model are most sensitive to the 
spawner-recruit relationship (Figure 1.6). The spawner-recruit 
relationship indicates the maximum number of recruits is 7.39 billion 
(Figure 1. 6). Maximum recruitment occurs at an adult spawning 
population of 7.09 billion. 

1.6.2 Aleutian Islands 

MSY for the Aleutian Islands is not as well defined as for the 
eastern Bering Sea. Exploitable biomass as measured by surveys 
(1980, 1983, 1986, 1991) has averaged 482 thousand t. Assuming that 
average survey biomass is a measure of MSY biomass, and 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 
144, 6 0 0 t ( EBS MSY exploitation rate x average biomass = 0. 3 0 x 
482,000t). 

1.7 ACCEPTABLE BIOLOGICAL CATCH 

1.7.1 Eastern Bering Sea 

Currently, the biomass of EBS pollock is above the 6.0 million 
t level that will produce the MSY of 1.8 million t. 

However, the 1982 and 1984 year-classes comprise most of the 
biomass, and future recruitment, except. for .. the 1990 year-class 
(based on the age 1 index in the bottom trawl survey), recruitment 
appears to be lower. Since the future trend of the EBS pollock stock 
is not clear at this time, it may be appropriate to exploit at the 
F0 . 1 level at this time. For EBS pollock, the F0 • 1 level of fishing 
derived from the yield per recruit model is F=0.31. 

Projecting the catch-age models population estimates forward from 
1991 and using recruitment estimates from Table 1.9 and an estimated 
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catch between 1.0 to 1.1 million t for 1992, the estimated harvest at 
the F0 _1 level is projected to be 1. 99 million t in 1993 (Figure 1. 7, 
Table 1.10) . Beyond 1993 the exploitable biomass and yields are 
dependent on the level of the 1990 year-class. If it is average to 
above average the F0 _1 yield will increase to 2. 0 million t in 1994. 
However, if the 1990 year-class is below average, ABC at the F0 . 1 

level is projected to increase in 1993 to 1.7 million t (Table 1.10). 

Harvesting at Fmsy results in a higher yield than that obtained at 
F0 _1 , but biomass is also reduced a greater amount. The overfishing 
harvest level ( 1993 projected biomass * Fmsy) for 1993 is estimated to 
be 2.388 million t. 

All projections are subject to future estimates of recruitment. 
The 1992 survey data may provide information to improve forecasts 
through 1993 when it becomes available. 

1~7.2 Aleutian Islands 

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

If stock behavior in the Aleutians is similar that in the 
eastern Bering Sea an additional biomass on the order of 21-55% may 
occur in midwater. Assuming that distribution in the water column 
and population dynamics are similar to the eastern Bering Sea then 
the 1991 survey biomass estimate of 179,653 tis increased 21% to 
227,409 t. Further assuming the Aleutian Island pollock biomass has 
followed the same trend as the eastern Bering Sea shelf biomass since 
1991, then a projected 1993 Aleutian Island biomass is 95% (6.24 
million t/7.96 million t) of the 1991 biomass or 277,000 t. By 
applying the EBS F0 _1 exploitation rate (F=0.31, E=0.24) to this 
projected 1993 biomass estimate, ABC for the Aleutian region stock is 
estimated to be 67,000 t (0.24 x 205,510 t). This ABC is above the 
1977-1991 Aleutian Islands average catch of 45,000 t and close to the 
1993 overfishing harvest level estimated to be 68,223 t. 

1.7.3 Bogoslof Island - Aleutian Basin 

The abundance of pollock in the Bogoslof area has decreased 
rapidly in recent years. Based upon the 1992 estimate of exploitable 
biomass of O. 8 million t near Bogoslof Island and M = 0. 3 the 
estimated 1993 biomass is on the order of 0.59 million t. However, 
with fishery removals in the donut hole and in the absence of 
recruitment the actual population may be much lower than this in 
1993. Using the 0.59 million t estimate and the eastern Bering Sea 
F0 _1 exploitation rate of 24% then the 1993 ABC is estimated to be 
141,600 t for the Bogoslof Island pollock fishery. However, since 
there are strong indications that these pollock are also harvested 
outside the U.S. EEZ, and harvest levels in 1992 and 1993 outside the 
U.S. EEZ are uncertain, exploitation may reduce the actual biomass 
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below the projected level and the recommended ABC may be harvested 
outside the EEZ. 

The information available for pollock in the Aleutian Basin and 
the Bogoslof Island area indicates that these fish belong to the same 
•stock•, which as 4+ old adults, are distinct from eastern Bering Sea 
pollock. Data on the age structure of Bogoslof-Basin pollock show 
that nearly all of the pollock in the Basin originated from year
classes that are strong on the shelf, 1972, 1978, 1982, 1984 (Figure 
1.8). The mechanism causing pollock to move from the shelf to the 
Basin appears to be density related, with the abundance in the Basin 
proportional to year-class size. 

The pollock found in the donut hole appear to be part of the 
same pollock stock found in the Aleutian Basin portion of the US EEZ, 
and according to Soviet scientists, a part of the stock found in the 
Soviet EEZ. The Aleutian Basin pollock may be connected, through 
spawning and recruitment processes, to pollock on the surrounding 
shelves. Data from survey and commercial fisheries data suggest that 
pollock move between the donut hole and other areas of the basin. 
The cormnercial fishery moves west to east across the donut hole 
during the fall and winter. Pollock appear to move out of the donut 
hole during the Aleutian Basin spawning period in February/March. 
Midwater trawl/acoustic surveys in February 1988 and 1989 indicated 
no substantial concentrations of pollock outside of the Bogoslof 
Island area in the southeast corner of the Aleutian Basin in the US 
EEZ, where over two million tons of pollock were found spawning. 
Comparisons of age and size composition, size at age, and genetic 
structure have all shown no difference between Bogoslof Island 
pol lock and those from the donut hole. The available evidence 
suggests that pollock in the donut hole and the US basin EEZ are the 
same group of fish. 

Many differences exist between basin and eastern shelf pollock. 
Pollock in the Aleutian Basin are much older than eastern Bering Sea 
shelf pollock. Since 1984 the 1978 year-class has been dominant in 
the Aleutian Basin, while during that same time period on the eastern 
Bering Sea shelf the 1982 and 1984 year-classes have been dominant. 
Differences in spawning time, and fecundity have also been documented 
between eastern Bering Sea pollock and Aleutian Basin pollock. In 
addition Aleutian Basin pollock are smaller at a given age than 
pollock in most areas of the eastern Bering Sea shelf. Pollock in 
the northern shelf have a similar size at age as Aleutian Basin 
pollock although a very different age composition. 

However, Aleutian Basin pollock are_ likely not an independent 
stock. Very few pollock younger than 5 years old have ever been 
found in the Aleutian Basin including the Soviet portion. Recruits 
to the basin are coming from another area, most likely the 
surrounding shelves either in the US or Soviet EEZ. Likewise the 
spawning products from the intense spawning in the southeastern basin 
are probably not staying in the basin but, based on satellite-tracked 
drifter buoy data, may be carried onto the eastern Bering Sea shelf. 
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Models have been developed to look at trends in pollock 
abundance in the Aleutian Basin by including it in as part of a 
Bering Sea wide model. Two models were developed that broke the 
Bering Sea down into three areas, eastern, western and central 
(Aleutian Basin) and linked central Bering Sea pollock to those in 
the other areas based on the assumption that recruits to the Aleutian 
Basin came from the surrounding shelves. The models were presented 
and refined at the 1992 Pollock workshop in Seattle and consist of a 
forward model which simulates pollock recruitment to the Aleutian 
Basin and a backward projection model which back-calculates pollock 
abundance from catch data in each area and apportions the estimates 
in the Basin back to shelf populations through a migration function 
and a proportional allocation function. The backward projection 
model, programmed in an Excel spreadsheet, was the primary model 
utilized. The forward model was primarily utilized to examine 
parameter behavior, and to compare results from the backward 
projection model. 

The data used in the analysis consisted of eastern Bering Sea, 
Bogoslof Island area, international waters, and western Bering Sea 
catch-at-age data from 1980 to 19·91. Catches from the international 
waters, Bogoslof Island area, the Cormnander Basin, and from the Basin 
portion of the western Bering Sea were combined to form the Aleutian 
Basin catch used in the model. Catches taken on the eastern and 
western Bering Sea shelves were used to model these areas. 

Auxiliary information consisting of CPUE trends and surveys was 
used to tune model results. The eastern Bering Sea triennial survey 
(1979, 1982, 1985, 1988, 1991) was used to tune the eastern Bering 
Sea, annual ichthyoplankton surveys (1979-1987) were used for the 
western Bering Sea, and international waters fishery CPUE and 
Bogoslof Island hydroacoustic surveys (1988, 1989, 1991) were used to 
tune the model estimates for the Basin. 

The results of the runs of the backward projection model 
indicate that the Basin population increased during the mid-1980s and 
abundance peaked at about 6-7 million tin 1986 and has declined to 
a low of about 1-2 million t in 1991 (Figure 1. 9) . The forward 
projection model produced a similar biomass trend. 

These results are preliminary due to limitations in the data. 
More complete data are needed before verifiable results can be 
obtained from the model. The age structure of the Basin catch comes 
from Polish catches which constitute a small portion of the catch. 
It may be that the age composition in the much larger Japanese catch 
may be different enough to cause different results. There was no 
catch-at-age data for recent years from the western Bering Sea and 
the available data from that region is based on scale ages in 
contrast to the otolith ages available from the rest of the Bering 
Sea. The biomass ratio of pol lock abundance on the eastern and 
western shelves, estimated to be 80: 2 0, was used as an initial 
starting point in allocating basin recruits to the surrounding 
shelves. However the model suggested that a lower ratio, such as 
60:40 is more likely. This is a very important parameter that is 
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difficult to estimate but which greatly influences results. 

Consistency in eastern Bering Sea fisheries and surveys do not 
indicate that removals in the Aleutian Basin are having any effect on 
the f ishable population over the eastern shelf. However, there could 
be a reduction of larval recruits to the eastern Bering Sea shelf 
population from off-shelf reproduction. Recruitment to the eastern 
Bering Sea pollock population has been quite variable long before any 
donut hole pollock fishery started, and any impact from the donut 
hole fishery through reduced number of spawners at Bogoslof would be 
overlaid on top of that pre-existing variability and as a result 
would be very difficult to detect. Many years of very low 
recruitment would be needed to show that the recruitment level has 
changed and even then there could be many possible causes. 

The question is whether the pollock present in the Bogoslof 
Island-Aleutian Basin is a distinct self-sustaining population, or 
surplus from the shelf population which makes little or no 
reproductive contribution to future recruitment either on the shelf 
or in the basin. The available data doesn't allow conclusive proof 
either way. However, if recruits to the basin are a density
dependent overflow from strong year classes on the shelf and are not 
the progeny of Bogoslof spawners then harvest levels in the basin 
will have little influence on renewing biomass in the area. 
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Table 1.1. Pollock catch in the eastern Bering Sea and Aleutian 
Islands by foreign and domestic fisheries, 1977-1991. 

Eastern Bering Sea 
Domestic 

Year Foreign JVP DAP Total 

1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 
1989 
1990 

1991 

978 0 
979 0 
914 0 
948 11 

931 42 
903 53 
835 145 
862 230 
771 370 

337 805 
41,015 
0 739 
0 227 
0 22 

0 0 

0 
0 
0 
0 

0 
0 
1 
6 

38 

47 
218 
489 
952 

1,180 

1,038 

978 
979 
914 
959 

973 
956 
981 

1,098 
1,179 

1,189 
1,237 
1,228 
1,230 
1,202 

1,038 

1977-1989 data are from Pacfin. 

Aleutian Islands 
Domestic 

Foreign JVP DAP Total 

8 
6 

10 
58 

56 
56 
56 
70 
51 

15 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
2 
3 
7 
7 

30 
28 
41 

5 
0 

0 

0 
0 
0 
0 

0 
0 
0 
4 
1 

1 
1 
2 

11 
79 

79 

8 
6 

10 
58 

56 
58 
59 
81 
59 

46 
30 
43 
16 
79 

79 

1990-1991 data are from NMFS Alaska Regional Office 

Catch from the eastern Bering Sea by area, the Aleutian Islands 
and the Bogoslof Island area, 1979-91. 

Eastern Bering Sea Aleutian Islands Bogoslof 
Year Southeast Northwest Total 

1979 368,848 
1980 437,253 
1981 714,584 
1982 713,912 
1983 687,504 
1984 442,733 
1985 604,465 
1986 594,997 
1987 529,461 
1988 931,812 
1989 904,201 
1990 603,475 
1991 564,658 

566,866 
521,027 
258,918 
242,052 
293,946 
649,322 
535,211 
546,996 
329,955 
296,909 
325,399 
598,338 
473,749 

935,714 
958,280 
973,502 
955,964 
981,450 

1,092,055 
1,139,676 
1,141,993 

859,416 
1,228,721 
1,229,601 
1,201,813 
1,038,407 

10,000 
56,000 
56,000 
58,000 
59,000 
81,000 
59,000 
46,000 
30,000 
43,000 
16,000 
79,000 
79,000 

377,436 
87,813 
36,073 

151,672 
264,760 
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Table 1.2.--Biomass of eastern Bering Sea walleye pollock in 
(million t) as estimated by surveys and catch-age models, 
1964-1991. , 

Trawl Cohort Analysis CAGEAN Synthesis 4 
Year Survey Tuned Solver (b) 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

3.9c ± 3.1 
1.5d ± 0.4 
2.5e ± 0.6 
9.5c ± 1.2 
6. ld ± 1. 0 
4. 6d ± 1. 0 

10. Sc ± 1. 6 
5.0d ± 1.0 
5.2d ± 1.2 

12.9f ± 1.7 
5.9d ± 1.1 
7.7d ± 2.1 
6.5f ± 1.3 

6.16 
7.08 

10.64 
10.98 
11.33 
10.81 
12.81 
11.59 
12.98 
12.08 
10.52 

8.32 
6.54 

7.97 
8.66 

11.52 
12.96 
12.68 
13.02 
13.06 
13.28 
12.63 
11.07 

9.87 
7.92 
9.27 

4.49 
5.03 
9.26 

10.48 
10.65 
10.07 
11.33 
10.29 

9.67 
7.84 
6.27 
4.46 
4.08 

3.986 
5.086 
8.749 

10.780 
12.239 
12.242 
13.622 
13.220 
13.293 
12.551 
11.026 

9.014 
7.213 

(a) Cohort analysis (Pope 1972): ages 3 and older tuned to 1979, t 
1982, 1985, 1988 and 1991 survey estimates. 

(b) CAGEAN model (Deriso et al. 1985) : ages 3 and older tuned to 
1979, 1982, 1985, 1988 and 1991 surveys; PRELIMINARY- Only ages 
3-9. Quinn, T. J. II, pers. comm. 

(c) Survey estimates include midwater, shelf bottom, and slope 
bottom components. Surveys are for ages 3 and older in all 
years. 

(d) Survey estimates are for shelf bottom component only. 
(e) Survey estimates include shelf and slope bottom components. 
(f) Survey estimates include midwater and shelf bottom components. 

Survey estimates are the mean± 2 standard deviations and aGJN 
estimates are the mean± 1 standard deviation. 
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Table 1.3.--Pollock catch from the central Bering Sea (Donut hole) by 
nation, and from the U. s. and U. S. S. R. EEZ, 1980-1992. 

Donut Hole Zone 
Donut 
hole 

Year P.R.C. JAPAN R.O.K. Poland U.S.S.R. total 

1980 2.4 12.5 
1981 0.2 0.0 
1982 1.2 2.9 
1983 4.1 66.6 
1984 100.9 80.3 181.2 
1985 1.6 163.5 82.4 115.9 363.4 
1986 3.0 705.6 155.7 163.2 12.0 1,039.8 
1987 16.1 803.6 241.9 230.3 34.0 1,326.3 
1988 18.4 750.0 268.6 298.7 61. 0 1,396.7 
1989 31.1 654.9 342.3 268.6 150.7 1,447.6 
1990 27.8 417.0 244.3 223.5 4.8 917.4 
1991 16.7 140.5 78.0 54.9 3.5 293.4 
1992 . 4 * 2. 7** 

*-Catches reported through the first quarter, 1992. 
**-catches reported through the second quarter, 1992. 
P.R.C. - People's Republic of China. 
R.O.K. - Republic of Korea. 

U.S. U.S.S.R. 
EEZ EEZ 
All 

nations 

958.3 
973.5 
955.9 
982.4 

1,098.8 
1,178.8 
1,189.4 
1,253.5 
1,228.5 
1,386.0 
1,353.0 
1,403.0 

880 
805 
928 
980 
756 
662 
871 
812 

1,327 
1,119 

814 
503 
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Table 1.4.--Donut hole pollock catch per unit effort (int hr-1 

for Japan, Korea and China ( t d- 1 for 1992), t d- 1 for Poland, 
and t per standardized trawl for the USSR(t d-1 for 1992)). 

CHINA1 JAPAN2 KOREA3 POLAND4 USSR5 

T/HR T/HR T/HR T/DAY T/TRAWL 

1985 4.80 6.60 54.50 
1986 8.50 8.02 47.70 ? 
1987 4.57 8.42 7.35 47.00 ? 
1988 3.51 6.84 5.01 43.80 ? 
1989 2.80 6.03 3.86 42.90 34.3 
1990 1.94 ? 2.39 29.67 22.9 
1991 1.0 1.8 1.0 18.0 18. 5T/D 
1992 Ql 

Q2 14. 7T/D 

1/Data provided by China. 
2/CPUE data compiled from INPFC reports and from Khabarovsk symposium t 
presentation. 
3/CPUE data was interpolated from a graph presented at the 1990 Khabarovsk 
symposium. 
4/Catch and CPUE data were a combination of data presented at 1990 
Khabarovsk symposium and provided at the 1991 pollock workshop in Seattl~ 
5/Data came from Soviet presentations at US-USSR bilateral meetings ar. C 
from the 1991 pollock workshop in Seattle. 

C 
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Table 1.5. Estimated biomass of pollock for ages 3 and older in Million tin the Eastern 
Bering Sea by age and total biomass estimated by cohort analysis, 1979-1991. 

Age 

3 4 5 6 7 8 9 10 11+ Sum 
1979 1.901 1.061 1.195 0.688 0.347 0.182 0.157 0.492 0 .135 6.158 
1980 2.292 1.801 0.823 0.840 0.437 0.243 0.124 0.090 0.427 7.078 
1981 4.899 2.189 1.533 0.590 0.571 0.295 0.163 0.078 0.316 10.635 
1982 1.480 4.965 1.814 1.250 0.434 0.433 0.213 0 .114 0.272 10.975 
1983 2.065 1.556 4.253 1.383 1.002 0.332 0.318 0.148 0.275 11. 333 
1984 1.289 2.197 1.361 3.350 1.034 0.799 0.246 0.234 0.295 10.805 
1985 4.254 1.375 1.926 0.928 2.415 0.751 0.615 0.172 0 .374 12.810 
1986 0.830 4.503 1.281 1.519 0.567 1.647 0.508 0.454 0.280 11.589 
1987 3.696 0.872 4. 017 1.029 1.036 0.292 1.143 0.346 0.546 12.977 
1988 0.993 3.997 0.812 3.384 0.786 0.761 0.155 0.671 0.522 12.082 
1989 0.957 0.910 3.688 0.579 2.523 0.470 0.523 0.086 0.780 10.517 
1990 0.331 1.025 0.812 3.064 0.379 1.631 0.295 0.316 0.469 8.323 
1991 0.626 0.340 0.889 o. 611 2.294 0.209 0.992 0.171 0.405 6.538 
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Table 1.6. Catch by age and total catch of pollock in number of fi:=:-
(millions) from the eastern Bering Sea, 1977-1990. 

Age 

Year 
3 4 5 6 7 8 9 10 11+ Sum 

1979 720 420 393 216 56 26 36 27 30 1,923 
1980 823 443 252 211 84 38 22 24 53 1,950 
1981 1,013 638 227 103 52 30 16 9 15 2,102 
1982 161 1,172 422 104 36 36 22 9 12 1,974 
1983 158 313 817 218 41 25 20 11 18 1,621 
1984 89 431 492 654 134 36 25 16 16 1,892 
1985 382 122 367 322 444 113 37 26 54 1,867 
1986 92 749 214 378 222 214 60 15 7 1,951 
1987 112 78 416 140 123 91 249 54 104 1,367 
1988 455 423 253 546 225 105 39 97 44 2,187 
1989 55 149 453 167 574 97 104 33 152 1,784 
1990 57 221 202 480 13·0 370 66 102 87 1,716 
1991 36 86 139 144 387 50 206 18 211 1,277 

C 
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Table 1. 7. Estimated number {billions) of pollock by age and total numbers 
from the eastern Bering Sea, 1977-1990 as estimated by cohort analysis tuned 
to the triennial hydroacoustic-bottom trawl survey age composition and bottom 
trawl survey age 1 index. 

Age 

3 4 5 6 7 8 9 10+ Sum 

1979 6.272 2.373 2.027 0.953 0.414 0.193 0.152 0.559 12.942 
1980 7.564 4.027 1.396 1.163 0.520 0.258 0.121 0.445 15.494 
1981 16.163 4.895 2.601 0.817 0.680 0.313 0.159 0.332 25.960 
1982 4.884 11.102 3.077 1.732 0.517 0.459 0.207 0.325 22.302 
1983 6.813 3.479 7.215 1. 916 1.194 0.352 0.309 0.357 21.636 
1984 4.254 4.911 2.308 4.642 1.231 0.849 0.239 0.452 18.887 
1985 14.034 3.075 3.268 1.287 2.876 0.797 0.598 0.463 26.397 
1986 2.740 10.068 2.173 2.105 0.676 1.748 0.493 0.644 20.647 
1987 12.195 1.950 6.814 1.426 1.234 0.310 1.111 0.772 25.811 
1988 3.275 8.938 1.378 4.690 0.936 0.808 0.151 1.043 21.218 
1989 3.158 2.034 6.257 0.803 3.005 0.499 0.508 0.729 16.994 
1990 1. 092 2.292 1.378 4.246 0 .451 1.732 0.287 0.666 12.143 
1991 2.065 0.760 1.508 0.847 2.732 0.222 0.964 0.483 9.581 

Table 1 . 8 . Estimated fishing mortality {F) for pollock in the 
Eastern Bering Sea by age. 

Age 

3 4 5 6 7 8 9 10 11+ 
1979 0.143 0.230 0.255 0.305 0.172 0.168 0.319 0.074 0.244 
1980 0.135 0.137 0.236 0.237 0.207 0.186 0.234 0.414 0.609 
1981 0.076 0.164 0.107 0.158 0.092 0.116 0.125 0.166 0.879 
1982 0.039 0.131 0.174 0.072 0.084 0.096 0.129 0.107 0.281 
1983 0.027 0.110 0.141 0.142 0.041 0.085 0.077 0.101 0.425 
1984 0.025 0.107 0.284 0.179 0.135 0.050 0.130 0.090 0.284 
1985 0.032 0.047 0.140 0.344 0.198 0.180 0.074 0.215 0.636 
1986 0.040 0.090 0.122 0.234 0.480 0.154 0.151 0.044 0.031 
1987 0.011 0.048 0.074 0.121 0.123 0.419 0.301 0.224 0.676 
1988 0.176 0.057 0.240 0.145 0.328 0.164 0.360 0.205 0.316 
1989 0.021 0.089 0.088 0.277 0.251 0.255 0.272 0.663 0.314 
1990 0.063 0.119 0.186 0.141 0.408 0.286 0.312 0.536 0.355 
1991 0.020 0.142 0.113 0.220 0.180 0.300 0.285 0.142 19.856 

Mean 0.062 0.113 0.166 0.198 0.208 0.189 0.213 0.229 1. 916 
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Table 1.9. Eastern Bering Sea bottom trawl index of age 1 pollock, cohort 
analysis estimate of age 3 abundance of the same year-class, and the forecast 
recruitment at age 3 based the regression of age 3 cohort analysis estimate: 
on age 1 survey estimates. 

Year-class Survey 
Year 

1978, 1979 
1979 1980 
1980 1981 
1981 1982 
1982 / 1983 
1983 1984 
1984/ 1985 
1985 ,, 1986 
1986 1987 
1987 1988 
1988 1989 
1989,,.. 1990 
1990 / 1991 
1991 1992 

Estimates forecast 

Recruiting 
Year 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

as: age 3 = 

Age 1 Age 3 
Estimate Estimate 

8.200 17.917 
2.000 7.378 
1.000 7.931 
0.800 4.254 
3.700 14.034 
0.300 2.740 
4.000 12.195 
2.200 3.275 
0.300 3.158 
0.879 1.092 
0.736 2.065 
1.100 
1.969 
NA 

2.13 + 1.96* age 1 

Age 3 
Forecast 

4.620 
6.155 

Table 1.10. Projected spawning population, exploitable biomass (t), 
catch (t) and exploitation rates at fishing at exploitation= F0 w.. 

Exploitable 
Year Spawners Biomass F Catch E A Recruits 

Billions Million t Billions 

Under projected 1992 and 1993 recruitment 

1992 6.43 5.90 0.25 1,044,532 0.18 4.27 
1993 10.02 9.56 0.31 1,994,057 0.21 6.16 
1994 11.75 9.45 0.31 2,087,172 0.22 6.82 
1995 11.58 9.37 0.31 2,138,030 0.23 8.23 

Under projected 1992 and reduced 1993 recruitment 

1992 6.43 5.90 0.25 1,044,532 0.18 4.27 
1993 8.50 7.96 0.31 1,686,001 0.21 4.31 
1994 9.73 8.04 0.31 1,723,715 0.21 6.82 
1995 10.12 8.34 0.31 1,865,142 0.22 8.23 

A/ Exploitation = Catch in biomass / Jan 1. Biomass 
Bl Recruits estimated from spawner-recruit relationship, 1994-1995. 
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SUMMARY OF MAJOR CHANGES IN THE PACIFIC COD ASSESSMENT 

by 
Grant G. Thompson 

Relative to the final 1991 SAFE report, the following 
substantive changes have been made in the current draft of the 
Pacific cod chapter: 

1) Subject matter, format, and arrangement of the chapter 
have been modified to conform more closely to the 
suggestions of the Plan Teams and SSC {SSC minutes, 
January 1992) . 

2) The biomass from the 1991 bottom trawl survey of the 
Aleutian Islands region {169,600 t) has been added to 
the time series. This addition changes the multiplier 
used to inflate EBS biomasses and catches (to BS/AI 
region-wide figures) from 1.124 to 1.151. 

3) Although the schedules of projected biomasses, ABCs, 
and overfishing limits have not changed for the EBS 
portion of the stock, the focus of each has shifted 
from 1992 to 1993. In the case of biomass, the 1993 
projected level is 717,000 t for the EBS portion of the 
stock, or 825,000 t for the EBS and Aleutians combined. 
These figures are down from projected 1992 levels of 
810,000 t and 910,000 t, respectively. 

4) The 1993 projected ABC is 155,000 t for the EBS portion 
of the stock, or 178,000 t for the EBS and Aleutians 
combined. These figures are down from recommended 1992 
levels of 162,000 t and 182,000 t, respectively. 

5) The 1993 projected overfishing limit is 159,000 t for 
the EBS portion of the stock, or 183,000 t for the EBS 
and Aleutians combined. These figures are down from 
1992 levels of 167,000 t and 188,000 t, respectively. 

6) The "stock synthesis" approach was used to validate the 
EBS cod model {see Appendix). Given that the stock 
synthesis approach yields results very similar to those 
obtained by the EBS cod model, and given that stock 
synthesis is emerging as the assessment technique of 
choice for North Pacific and west coast groundfish, it 
is recommended that stock synthesis replace the 
existing EBS cod model in future assessments of this 
stock. 
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PACIFIC COD 

by 
Grant G. Thompson 

INTRODUCTION 

Pacific cod (Gadus macrocephalus) is 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. 

CATCH HISTORY 

During the early 1960s, a Japanese longline fishery 
harvested cod for the frozen fish market. Beginning in 1964, the 
Japanese trawl fishery for walleyett,ollock expanded, and cod 
became an important bycatch species and an occasional target 
species when high concentrations were detected during pollock 
operations. In 1981, a U.S. domestic trawl fishery (DAP) and 
several joint venture fisheries (JVP) began operations in the EBS 
and the Aleutian Islands region. These two U.S. fisheries have 
dominated catches of cod since 1982, and were allocated the 
entire TAC starting in 1988. Catches (exclusive of DAP discards) 
since 1977 are shown in Table 1, broken down by subarea, fleet 
sector, and gear type. Catches in the EBS subarea since 1954, 
catches in the Aleutian Islands subarea since 1962, and total 
allowable catch (TAC) since 1977 are shown in Tables 2, 3, and 4 
of the SAFE report summary chapter, respectively. 

Total catches of Pacific cod in the eastern Bering Sea and 
Aleutian Islands region increased from 13,600 tin 1964 to 70,400 
tin 1970, but tnen declined to range between 36,600 t and 63,800 
tin 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 197,100 tin 1988, with the great majority of this total 
(191,900 t) originating from the eastern Bering Sea. 

BIOLOGICAL PARAMETERS 

Natural Mortality, Age and Size of Recruitment, and Maximum Age 

In parametrizing a previous 
assess the EBS Pacific cod stock 
and Shimada (1990) estimated the 
mortality Mat a value of 0.29. 

version of the model used to 
(the "EBS cod model"), Thompson 
instantaneous rate of natural 
While this value of M provided 
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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. 

The EBS cod model does not consider fish below age 3. This 
is not a significant problem, however, in that very few fish in 
the 0-2 age groups are caught in the fishery. For accounting 
purposes, then, age 3 (about 40 cm) can be taken as the age of 
recruitment. Nevertheless, it should be stressed that the model 
does not assume "knife-edge" recruitment to the fishery at this 
age, utilizing gear- and age-specific selectivity schedules 
instead. 

The maximum age used in the EBS cod model is 18 years, 
corresponding to the oldest age yet estimated from the otolith 
collection. However, in any given year the maximum age found in 
the survey numbers-at-age or commercial catch-at-age data could 
be lower, depending on the length frequency distribution observed 
in the survey or commercial catches. In each year, the maximum 
age was determined by examining the goodness-of-fits obtained 
from the iterated age-length key analysis under alternative 
maximum ages. 

Length and Weight at Age 

A length-at-age relationship was estimated in the 1990 
assessment by applying nonlinear least squares regression to the 
set of individual lengths at age (n=3,439 otoliths), yielding 

La = lll. 5 (1 _ 8 -o.144(a+o.2s9el), ( 1) 

where L=length in cm, and a=age in years. The above function 
corresponds to the following schedule: 

Age: 3 
La: 42 

4 5 
51 59 

6 7 8 
66 72 78 

9 
82 

10 11 
86 89 

12 
92 

13 14 
95 97 

15 16 17 
99 101 102 

Weight-at-age parameters were estimated in the 1990 
assessment by substituting Equation (1) into a weight-at-length 
equation and attempting to fit the weights at age of the 1,403 
fish for which both weight at age and length at age were known. 
This procedure yielded the following equation: 

(2) 
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where W=weight in kg, and L=length in cm. The above function 
corresponds to the following schedule: 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
0.7 1.4 2.4 3.5 4.8 6.1 7.4 8.7 10.0 11.2 12.3 13.3 14.2 15.1 16.0 

Maturity at Age 

The proportion mature at age (m) has been fit to a logistic 
function as follows: 

m = 
a l + 8 1s.16 -0.248La 

1 
( 3) 

The above function implies a length at 50% maturity of about 
60 cm and an age at 50% maturity of a little more than 5 years. 
More specifically, the above function corresponds to the 
following schedule: 

Age: 
.Illa: 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
.01 .08 .38 .78 .94 .98 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Fecundity at Age 

Fecundity is assumed to be proportional to body weight in 
the EBS cod model. 

ASSESSMENT METHODOLOGY 

Model Structure and Parameter Estimation 

The basic structure of the EBS cod model was described by 
Thompson (1990), Thompson and Bakkala (1990), Thompson and 
Shimada (1990), and Thompson (1991). In short, the model 
simulates the stock and its 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 (full-recruitment fishing mortality), gear- and 
age-specific selectivity schedules, and gear- and month-specific 
effort distribution schedules. 

It is assumed that the stock may be only partially 
vulnerable to the survey gear at any given age. The distinction 
between vulnerability and selectivity is that the former acts on 
stock size directly, whereas selectivity acts on stock size 
through the fishing mortality term (Methot 1990). 

Model parameters are estimated by minimizing the sum of 
squared deviations from survey numbers at age, commercial catch 
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at age (trawl and longline), and monthly conunercial catch 
proportions (trawl and longline). All data are log transformed 
and weighted equally (Thompson and Bakkala 1990). 

Apportioning Catch Between Gear Types 

The model is configured to project catches between the two 
gear types according to a fixed ratio. According to NMFS 
regional office and industry projections available in time for 
last year's assessment, it appeared that trawlers would take 
approximately 65% of the EBS and Aleutians cod harvest in 1991, 
with longliners taking approximately 35% (in retrospect, the 
actual figures were 59% and 41%, respectively). Adhering to the 
602 Guidelines' recognition that the derivation of ABC should 
consider "prevailing technological characteristics of the 
fishery," this 65:35 ratio was used by the model to project 
future catches. 

Treatment of Discards 

To account for discards, domestic catches (as reported by 
PacFIN) in all years since 1981 were inflated by a discard rate 
of 11%. This rate was derived as follows: 

At the time that last year's assessment was conducted, 
estimates of discarded and retained EBS cod catches were 
available by site (at sea or shorebased) for 1991 from the NMFS 
regional office and for 1990 and 1991 from the observer program. 
The regional office data suffer from the fact that they are based 
on fishermen's and processors' reported discards, as opposed to 
discards witnessed by an independent observer. The observer data 
suffer from the facts that coverage is incomplete and that the 
level of coverage differs between at-sea and shorebased 
operations. 

The shorebased discard rates from the regional office and 
observer data are similar (about 3%). However, the at-sea 
discard rates are quite different (about 6% for regional office 
data and 14% for observer data). To be conservative, then, the 
observer data should be used as the primary source of discard 
rates. 

To circumvent the problem posed by disproportionate sampling 
of at-sea versus shorebased operations, the 1990 and 1991 
observer discard rates were weighted by the proportions of at-sea 
and shorebased retained catch reported by the regional office for 
1991 (75% and 25%, respectively). This gave an overall discard 
rate of 11% for both years. Since the rate was the same in both 
years and since no information is available for earlier years, it 
seemed reasonable to apply this value to PacFIN domestic catches 
in all years (1981-1991) in order to obtain an estimate of total 
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mortality in the domestic fishery. The resulting figure was then 
added to the PacFIN foreign and joint venture catches to obtain 
an estimate of overall fishery mortality. 

Use of Age Data 

Available length-frequency distributions were converted into 
numbers (or catch) at age either by standard (i.e., direct) 
application of the appropriate age-length key or by the iterated 
age-length key approach of Kimura and Chikuni (1987). The 
specific methods and data used in each case were discussed by 
Thompson (1991). 

Goodness of Fit 

Goodness of fit in the 1991 version of the EBS cod model was 
similar to that exhibited by the 1988 and 1990 versions. Survey 
numbers at age and commercial catch at age were matched 
relatively well (R2>0.80), while monthly catch proportions were 
matched relatively poorly (R2<0.40). More precisely, the data 
were fit as follows: 

Data type 

Survey numbers at age 
Commercial catch at age 

Monthly catch proportions 

All data combined 

*RMSE=root mean squared error 

Gear 

trawl 
trawl 
longline 
trawl 
longline 

0.810 
0.802 
0.893 
0.096 
0.344 
0.739 

RMSE* 

0.794 
0.654 
0.742 
0.658 
1.061 
0.805 

The survey numbers at age and commercial catch at age are 
probably the most critical of the various data types, since they 
describe the interannual trend of the stock, while the monthly 
catch proportions are important mostly in terms of the 
intraannual trend. Thus, it is encouraging to note that the 
model performed best in terms of the most important data. 

ABUNDANCE AND EXPLOITATION TRENDS 

Trends in Abundance 

Trawl Survey Abundance Estimates 

Estimates of total abundance from Alaska Fisheries Science 
Center demersal trawl surveys on the EBS shelf since 1979 are 
shown below: 



2-7 

Year Biomass ( t) 95% Confidence Int. ( t) Numbers 

1979 754,314 562,539 - 946,089 1,530,429,650 
1980 905,344 733,063 - 1,077,624 1,084,147,540 
1981 905,344 733,063 - 1,077,624 794,619,624 
1982 1,020,550 876,701 - 1,164,399 583,715,089 
1983 1,176,305 937,958 - 1,414,651 725,351,369 
1984 1,001,940 876,251 - 1,127,629 636,948,300 
1985 961,050 860,203 - 1,061,896 800,070,473 
1986 1,134,106 993,353 - 1,274,858 843,460,794 
1987 1,142,450 1,002,430 - 1,282,468 754,269,021 
1988 959,544 810,028 - 1,109,060 509,336,483 
1989 960,436 824,888 - 1,095,984 339,719,445 
1990 708,551 603,245 - 813,857 435,856,535 
1991 532,590 450,902 - 614,279 496,841,261 

Survey results indicate that biomass increased steadily from 
1978 through 1983, then remained relatively constant from 1983 
through 1989. The first significant decrease in biomass was 
observed in 1990, when the biomass estimate dropped by 26%. 1990 
was the first year in which the 95% confidence interval for the 
biomass estimate did not overlap the confidence interval from the 
preceding year. The same was nearly true for 1991, when the 
biomass estimate dropped by another 25%. 

In terms of numbers (as opposed to biomass), the record high 
was observed in 1979, when the population was estimated to include 
over 1. 5 billion fish. Numerical abundance declined by 29% in 1980 
and 27% in 1981. Between 1981 and 1986, numerical abundance 
fluctuated within a range of 580-850 million fish. From 1986 to 
1989, numerical abundance decreased at an average rate of 26% per 
year. In 1990, the trend reversed, with numerical abundance 
increasing by 28%. Numerical abundance continued to increase in 
1991, this time by 14% relative to 1990. 

Biomass estimates for the Aleutian Islands region were derived 
from U.S.-Japan cooperative surveys (covering 170 degrees east to 
170 degrees west) conducted during the summers of 1980, 1983, 1986, 
and 1991. The overall trend indicates a sizable increase in the 
biomass of Pacific cod in the Aleutian region, as shown below: 

Year 

1980 
1983 
1986 
1991 

Biomass 

78,800 t 
136,900 t 
181,700 t 
169,600 t 

Weighted averages of the above biomass estimates and their EBS 
counterparts indicate that, on average, approximately 86.9% of the 
BS/AI Pacific cod biomass resides in the EBS subarea. Thus, to 
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inflate EBS biomass (or catch) figures to an area-wide total, a 
multiplier of about 1.151 is appropriate. 

Model Abundance Estimates 

The EBS cod model described the recent history of the stock as 
shown below: 

Biomass ! t l Numbers 
Year Total Spawning Total Spawning 

1979 405,192 154,857 275,688,000 45,621,300 
1980 621,912 261,836 395,017,000 74,730,800 
1981 836,402 415,412 439,298,000 112,881,000 
1982 1,006,340 589,826 452,440,000 149,744,000 
1983 1,103,380 742,931 420,223,000 171,751,000 
1984 1,191,030 852,491 427,601,000 179,081,000 
1985 1,241,580 892,151 432,333,000 173,577,000 
1986 1,212,200 857,341 407,251,000 162,014,000 
1987 1,146,040 794,557 416,898,000 151,026,000 
1988 1,128,330 765,645 404,369,000 146,559,000 
1989 1,011,660 717,249 323,506,000 141,344,000 
1990 953,350 717,684 288,142,000 138,340,000 
1991 876,950 686,795 238,669,000 123,606,000 

Although the relative trend from the model roughly parallels 
that from the survey, it should be noted that the two indices are 
not strictly comparable. The survey assesses all age groups, 
although it does so incompletely in some cases due to partial 
vulnerability of the younger ages. On the other hand, the model 
corrects for partial vulnerability, but it assesses only ages three 
and older. Also, the survey measures the summer population, while 
the model results presented above describe the January population, 
or the March population in the case spawners. 

Conclusions Regarding Absolute Abundance 

Both the survey and the model indicate decreases in biomass 
from 1989 to 1990 and 1990 to 1991, although the decreases 
indicated by the model are less severe (26% and 25% versus 6% and 
8%, respectively). The fact that the model was unable to track the 
severity of the decrease observed by the survey may indicate that 
the model lacks some critical structural component {e.g., the model 
does not allow for the possibility of migration out of the standard 
survey area). Another possibility is that the survey simply 
underestimated cod biomass in 1990 and 1991. Finally, it should be 
noted that the procedure for calibrating survey results has varied 
considerably in recent years, which raises the possibility that the 
magnitude of the decrease is a statistical artifact. Prior to 
1987, results obtained by the two survey vessels were not adjusted 
for differences in fishing power. An adjustment was made in 1987 
and 1989, but in 1988 it was not. An adjustment was again made in 
1990, but it involved a different procedure than the one used in 
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1987 and 1989. No adjustment was made in 1991. In short, the 
results from the past several surveys are not strictly comparable. 
It is hoped that all of the past survey results will be reanalyzed 
using a single standard procedure at some point in the not-too
distant future. 

Regardless of whether the model or the survey more accurately 
assesses the magnitude of the decrease, there is no disagreement 
over the conclusion that the stock is declining from the relatively 
high levels observed during the 1980s. 

Selectivity at Age 

The model casts selectivity Sas a 3-parameter exponential
logistic equation. Specifically, 

S(x) = ( 4) 

where x=age index (x=l at age=3), a and bare positive gear
specific constants, pis a gear-specific constant between zero 
and one, and 

( 5) 

For commercial trawl gear, the model estimated selectivity 
parameter values of p=0.420, a=5.449, and b=0.628. For 
commercial longline gear, the corresponding values were 0.031, 
9.579, and 4.152, respectively. The survey vulnerability 
parameters (not actually a component of fishing mortality, but 
listed here for comparative purposes) had estimated values of 
0.464, 1.171, and 0.081, respectively. 

The age 3-17 selectivities corresponding to these parameters 
are shown for the trawl (TWL) and longline (LGL) fisheries along 
with survey (SRV) vulnerabilities below: 

Age: 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
TWL: .12 .17 .24 .34 .47 .63 .79 .93 1.0 .97 .87 .73 .59 .47 .37 
LGL: .01 .26 .99 .92 .81 .71 .63 .55 .49 .43 .38 .33 . 2 9 .25 .22 
SRV: .83 .85 .87 .89 .90 .92 .93 .95 .96 .97 .98 .99 .99 1.0 1.0 

Trends in Exploitation Rate 

The calculation and interpretation of exploitation rates can 
be a complicated exercise (Thompson and Bakkala 1990). Here, the 
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term •exploitation rate• will be used in the sense of Baranov's 
catch equation, which corresponds to the ratio of annual catch 
(in numbers) to January stock size (also in numbers). Unlike 
other formulations, the Baranov exploitation rateµ has the 
advantage of being interpretable as the proportion of the stock 
that is harvested during the year. Mathematically, there is a 
one-to-one correspondence between the Baranov exploitation rate 
and a •knife-edge equivalent• fishing mortality rate F that 
satisfies Baranov's catch equation. It should be stressed that 
for fisheries which exhibit age-specific selectivity, Fis a 
theoretical construct only; it shows the fishing mortality rate 
that would have yielded the observed catch if the fishery had 
exhibited knife-edge selectivity. In calibrating the EBS cod 
model, the following values ofµ and F were estimated for the 
years 1981-1991: 

Year µ F 

1981 0.022 0.027 
1982 0.036 0.042 
1983 0.031 0.036 
1984 0.038 0.045 
1985 0.061 0.073 
1986 0.089 0.108 
1987 0.062 0.074 
1988 0.089 0.108 
1989 0.066 0.079 
1990 0.067 0.080 
1991 0.090 0.109 

It is important to remember that the above interpretation 
of exploitation rate (a numbers-based concept) will typically 
differ from a biomass-based ratio of catch to stock size. 

RECRUITMENT 

For last year's assessment, the comparative strengths of 
recruiting year classes were examined by applying appropriate 
age-length keys to the survey length-frequency distributions in 
each year. The following time series was thereby obtained for 
ages 1 through 4: 
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Year Numbers at age {1000s} 
class Age 1 Age 2 Age 3 Age 4 

1975 n/a n/a n/a 11,571 
1976 n/a n/a 168,518 197,542 
1977 n/a 1,196,890 624,136 307,265 
1978 131,154 183,067 195,885 138,425 
1979 51,478 92,913 114,407 149,085 
1980 76,505 76,680 69,407 58,402 
1981 28,757 47,994 4,368 63,165 
1982 168,861 281,963 271,444 151,619 
1983 72,172 45,121 8,539 159,312 
1984 253,878 393,574 167,664 120,413 
1985 94,082 154,735 109,541 70,609 
1986 84,360 56,709 38,208 22,125 
1987 33,410 17,333 24,821 44,361 
1988 23,095 80,616 19,626 n/a 
1989 138,087 225,062 n/a n/a 
1990 112,469 n/a n/a n/a 

Ave. 1 99,466 135,009 100,428 97,752 
Ave. 2 97,562 219,435 139,736 114,915 

1 Average calculated for year classes 1978-1987 (to insure that 
the same year classes contribute to the average for each age). 

2 Average calculated for all available year classes. 

Figure 1 shows the comparative strengths of the 1975 year 
class at age 4, the 1976-1987 year classes at ages 3 and 4, and 
the 1988 year class at age 3. Although a few discrepancies exist 
(depending on whether the strength of a year class is measured at 
age 3 or 4), some general trends are evident. For purposes of 
discussion, the year classes can be evaluated as follows: 

Excellent 
1977 

Good 
1976, 1978, 1979, 
1982, 1984 

Poor 
1975, 1980, 1981, 
1986, 1987, 1988 

Criteria: Excellent= age 3 and 4 both> 300 million 
Good= age 3 and 4 both> 100 million 
Poor= age 3 and 4 both< 100 million 

Questionable 
1983, 1985 

Questionable= age 3 or age 4 (not both) < 100 million 

(For 1975 and 1988, only age 4 and age 3 numbers are available, 
respectively.) 

The high biomass levels observed during the 1980s can be 
attributed largely to the excellent 1977 year class and to good 
year classes spawned in 1982 and 1984 (perhaps 1983 and 1985 as 
well). However, the 1986-1988 year classes appear to be the 
weakest in several years, despite having been spawned at a time 
when stock biomass was at a peak. Upon observing the weakness of 
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the 1986 year class, the 1989 assessment indicated that continued 
poor recruitment could be cause for concern. This conclusion was 
underscored in 1990 with the recruitment of back-to-back poor 
year classes. Now, three consecutive poor year classes have been 
observed, the most recent being one of the poorest on record. 

Nevertheless, some basis for optimism regarding future 
recruitment comes from the 1989 and 1990 year classes. The 1989 
year class was encountered by the survey at age 1 in 1990 and age 
2 in 1991. As reported in last year's assessment, the abundance 
of age 1 fish in the 1990 survey was comparable to that of the 
good 1982 and 1984 year classes, while the 1991 survey showed the 
largest abundance of two-year-olds since the 1984 year class. 
Based on the 1978-1988 year classes, a regression of survey age 3 
numbers against survey age 2 numbers (lagged one year) projects 
recruitment of the 1989 year class in 1992 at a level of about 
150 million fish (R2=0.625). 

The 1990 year class also appears to be stronger than 
average, though perhaps not as strong as the 1989 year class. 
Since only one year of prerecruit observation is available for 
the 1990 year class (at age 1 in the 1991 survey), any estimate 
of its eventual strength must also be regarded as more tentative 
than that of the 1989 year class. For purposes of comparison, 
however, a regression of survey age 3 numbers against survey age 
1 numbers (lagged two years) projects recruitment of the 1990 
year class in 1993 at a level of about 110 million fish 
(R2=0. 571) . 

The relationship between spawning stock size and subsequent 
recruitment is not a particularly good one in the case of EBS 
Pacific cod. The time series of spawning stock size and 
resulting year class size (measured as recruits three years 
later) is shown below. 

Spawning Recruits in 
Year Biomass ( t) Year+3 (1000s) 

1979 154,857 132,074 
1980 261,836 95,352 
1981 415,412 124,262 
1982 589,826 126,338 
1983 742,931 106,323 
1984 852,491 142,939 
1985 892,151 114,235 
1986 857,341 51,532 
1987 794,557 64,311 
1988 765,645 39,476 

Although it is not possible at the present time to give a 
convincing empirical demonstration of the existence of a stock
recruitment relationship, the following hypothetical relationship 
was developed during last year's assessment for use in projecting 
future abundances: 

• 
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R( t) B( t-3} 
= 

9.083xl0➔B(t-3) + 6x10""'' 
( 6) 

where R(t) = recruitment in year t and B(t-3) = spawning 
stock biomass in year t-3. This relationship is plotted together 
with the model's stock-recruitment estimates in Figure 2. In the 
parametrization suggested by Kimura (1988), Equation (6) gives 
recruitment equal to 95% of the pristine level when spawning 
stock biomass is reduced to 50% of its pristine level. 

BIOMASS AND YIELD PER RECRUIT 

One way to avoid the difficulties of estimating an empirical 
stock-recruitment relationship is to examine the stock's behavior 
on a per-recruit basis. In this section, the effects of fishing 
on the relative level of spawning stock biomass per recruit and 
yield per recruit are presented. All results are based on a 
trawl:longline catch allocation of 65%:35% (see "Assessment 
Methodology" section), and all fishing mortality rates are 
expressed in knife-edge equivalent form (see "Trends in 
Exploitation Rate" subsection). 

The relationship between the relative level of spawning 
biomass per recruit and knife-edge equivalent fishing mortality 
for this stock is shown below: 

Relative biomass-per-recruit ratio: 0.200 0.250 0.300 0.350 0.400 
Fishing mortality rate: 0.207 0.174 0.149 0.128 0.111 

When plotted against knife-edge equivalent fishing mortality 
rate, the slope of the yield-per-recruit curve is reduced to one
tenth of the slope at the origin at an F of O .145 ( F0 _ 1, Gull and 
and Boerema 1971), corresponding to an exploitation rate of 
0.117. The yield-per-recruit curve reaches a maximum at an F of 
0.233 (Fmax), corresponding to an exploitation rate of 0.181. 

MAXIMUM SUSTAINABLE YIELD 

General Considerations 

It is apparent that the EBS cod population is subject to 
wide fluctuations in abundance. It is conceivable that the 
recruitment of the strong 1977 year class shifted the stock to a 
new domain of attraction (Holling 1973) during the 1980s, or that 
some unknown change in environmental conditions led to a 
realignment in the equilibrium structure of the eastern Bering 
Sea ecosystem during the past decade (Thompson et al. 1986). The 
poor recruitment observed during 1989-1991 may signal a similar 
change in the opposite direction. 
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Calculation of Equilibrium Stock Performances 

Before proceeding to discuss equilibrium results from the 
EBS cod model, it is appropriate to describe the model's method 
of calculating these results. 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 "surveyu 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. 

Second, the model is configured to solve for the equilibrium 
catch and stock structure at any given combination of effort 
levels (trawl and longline). As discussed in the •Assessment 
Methodologyu section, the universe of possible effort 
combinations was constrained by requiring that the resulting 
catches consist of 65% trawl and 35% longline. For a given 
equilibrium catch and stock structure, the exploitation rate is 
computed by dividing annual catch in numbers by total population 
numbers in January. Although the model is designed to compute a 
complex schedule of fishing mortality rates specific to gear, 
year, age, and month, a knife-edge equivalent Fis computed by 
solving for the value that satisfies Baranov's catch equation. 
These are the F values reported here. 

Third, the model solves the equilibrium system for specific 
exploitation strategies. The NPFMC's Scientific and Statistical 
Committee (SSC) has expressed particular interest in exploitation 
strategies corresponding to F0 . 1 , FMsY• Fmax (the fishing mortality 
rate that produces maximum yield per recruit), and F=M. 

Results 

In order to derive an estimate of maximum sustainable yield 
(MSY) or any other equilibrium stock performance (exclusive of 
per-recruit performances--see preceding section), it is necessary 
to have an estimate of the stock-recruitment relationship. For 
the two-parameter Beverton-Holt relationship, this requires the 
specification of two constraints. One natural constraint would 
be to require that the stock-recruitment relationship pass 
through the mean of the data it seeks to represent. For EBS cod, 
the mean spawning stock biomass for the 1979-1988 year classes 
was 633,000 t, with a mean age 3 recruitment of 100 million fish. 
A second reasonable constraint to impose on the stock-recruitment 
relationship might be to require the resulting estimate of FMsY to 
equal F0 _1 • The rationale for using F0 _1 as a proxy for FMsY is 
discussed by Clark (1991). Using these two constraints to define 
a stock-recruitment relationship for the EBS Pacific cod stock 
gives the hypothetical curve described by Equation (6). Assuming 
this hypothetical relationship, the equilibrium behavior of the 
model for the EBS portion of the stock is shown in terms of catch 

4 
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(in weight) in Figure 3, numbers in Figure 4, and biomass in 
Figure 5. Selected results from Figures 3-5 are shown below (by 
construction, FMsY here is equal to F 0_1): 

Strategy: Fo. Fa F=M 

Fishing Mortality: 0.145 0.233 0.290 
Exploitation Rate: 0.117 0.181 0.220 

Total Biomass: 559,000 325,000 216,000 
Survey Biomass: 494,000 283,000 187,000 
Spawning Biomass: 317,000 143,000 80,000 

Total Numbers: 258,000 184,000 136,000 
Survey Numbers: 222,000 157,000 115,000 
Spawning Numbers: 75,000 40,000 25,000 

Catch (weight) : 113,000 97,000 77,000 

Catch/Biomass: 
Total: 0.202 0.300 0.355 
Survey: 0.228 0.344 0.410 
Spawning: 0.355 0.680 0.954 

(Biomass and catch are int, numbers are in 1000s.) 

The MSY value corresponding to the hypothetical relationship 
given by Equation (6) is thus 113,000 t for the EBS portion of 
the stock, or 130,000 t for the EBS and Aleutians combined. 
Total stock biomass at MSY (~5y) would be 559,000 t for the EBS 
portion of the stock, or 643,000 t for the EBS and Aleutians 
combined. It should be stressed again, however, that these 
estimates are purely pragmatic and should not be viewed with the 
same regard as estimates that truly derive from the data. 

PROJECTED CATCH AND ABUNDANCE 

As noted in the preceding section, the NPFMC's SSC has 
expressed interest in several fixed-rate exploitation strategies. 
When a stock is equilibrium, a given fishing mortality rate 
corresponds unambiguously to a specific exploitation rate, and 
vice-versa. However, when the stock is not in equilibrium, this 
result does not hold. That is, pursuing a strategy defined by a 
constant exploitation rate will. result in a dif.f.erent fishing 
mortality rate in each year, while pursuing a strategy defined by 
a constant fishing mortality rate will result in a different 
exploitation rate in each year. To avoid ambiguity, then, it 
should be noted that the EBS cod model is configured to support a 
harvest strategy defined by a constant exploitation rate. 

Given an initial stock structure, the EBS cod model solves 
for the effort levels that will project a specified exploitation 
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rate for a given number of years into the future. As discussed 
in the •Assessment Methodology• section, a ratio of 65:35 
{trawl:longline) was used to apportion projected catches. Model 
projections of total biomass and catch (for the EBS portion of 
the stock only; multiply by 1.151 to obtain the corresponding 
figures for the EBS and AI combined) are given in the table below 
and in Figures 6 and 7 for several constant exploitation 
strategies. 

Biomass Catch 

Year F3s, Fo.1 F30, Fmax F=M F3s, Fo.1 F30, Fmax F=M 

1992 810 810 810 810 810 146 162 167 247 297 
1993 733 717 712 635 587 142 155 159 211 236 
1994 679 652 643 523 455 129 138 141 169 175 
1995 652 619 608 469 398 121 128 130 145 145 
1996 640 603 591 443 372 116 121 123 133 132 

{Biomass and catch are in 1000s oft.) 

These projections are based in part on Equation (6). 
Therefore, the caveats given at the end of the preceding section 
apply here as well. 

PREVENTION OF OVERFISHING 

As discussed above, reliable estimates of FMsY and ~sY are 
currently unavailable. Under these circumstances and the NPFMC's 
definition of overfishing, the stock is not considered overfished 
so long as the fishing mortality rate remains at or below the 
level at which the level of spawning biomass per recruit is 
reduced to 30% of its pristine value. As noted in the "Biomass 
and Yield per Recruitu section, this occurs at a knife-edge 
equivalent F of O .149, just slightly higher than the F0 _1 value of 
0.145. For 1993, a fishing mortality rate of 0.149 translates 
into a catch of 159,000 t for the EBS portion of the stock, or 
183,000 t for the EBS and Aleutians combined. 

ACCEPTABLE BIOLOGICAL CATCH 

In recorranending harvest limits for 1992 season, the Plan 
Team, SSC, and NPFMC agreed that_ABC.should.be set .equal to the 
catch corresponding to F0 _ 1 given the absence of a reliable FMSY 

estimate. The advantages of this strategy derive from its 
robustness in practice (Clark 1991) rather than from theoretical 
properties of optimality, which it tends to lack (Thompson 1989). 
As noted· in the preceding section, F0 _1 is an admissible fishing 
mortality rate for this stock, since it is less than the level 
associated with overfishing. Since the current estimate of F0 _1 

(0.145) turns out to be just slightly less than the estimate of 

4 

4 
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FM~ used until last year (0.156), it should continue to serve as 
a reasonable harvest strategy for this stock in the short term. 

For 1993, the F0 _1 approach would give an ABC of 155,000 t 
for the EBS portion of the stock, or 178,000 t for the EBS and 
Aleutians combined. It should be emphasized, however, that this 
projection is based on the EBS cod model's estimate of stock 
size, which is not declining as rapidly as the trawl survey 
biomass estimate. If the decreases observed by the trawl survey 
in 1990 and 1991 are accurate, the model's estimate of ABC would 
be overly optimistic. However, because the recruitment implicit 
in these projections is based on Equation (6), survey evidence of 
a strong 1989 year class is ignored. This might tend to balance 
any tendency of the model to overestimate current stock size. 

ECOSYSTEM CONSIDERATIONS 

As noted in the "RecruitmentN and "Maximum Sustainable 
Yield" sections, Pacific cod population dynamics do not seem to 
be related only to age structure-and fishing mortality. 
Undoubtedly, ecosystem considerations play a fundamental role as 
well. Among the potentially important ecosystem considerations 
is prey abundance. Livingston (1991) found that the following 
taxa were the most important items in the diet of EBS Pacific 
cod: 

By Occurrence % By Number % By Weight % 

Polychaetes 46.3 Euphausids 25.5 Walleye pollock 39.3 
Amphipods 42.8 Misc. fish 17.7 Fishery discards 13.1 
Crangonid shrimp 36.9 Amphipods 14.9 Yellowfin sole 6.0 

(Percent occurrence figures need not sum to 1. 0 . ) 

Although no individual crab species ranks among the top 
three items in the diet of EBS Pacific cod, the snow crab species 
(Chionocetes sp.) together accounted for 8.8% of cod stomach 
contents by weight in Livingston's (1991) study. In addition, 
Livingston (1989) found that predation by Pacific cod might have 
accounted for 84-95% of the population of age 1 C. bairdi in 
1981-1985 and 27-57% of the population of C. opilio during the 
same time period. Pacific cod predation on red king crab 
(Paralithodes camtschatica) did not seem particularly significant 
in Livingston's studies. 

TOTAL ALLOWABLE CATCH CONSIDERATIONS 

The best available scientific information, as supported by 
existing analysis, is currently insufficient to mandate any 
absolute constraints on TAC other than the overfishing limit 
discussed above. In general, however, it is anticipated that ABC 
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will be viewed as an upper bound on TAC except in the most 
extraordinary circumstances. 

SUMMARY 

The major results of the Pacific cod stock assessment are 
surranarized in Table 2. 

4 
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Table 1--Summary of catches {t) of Pacific cod by sector and gear type in the 
EBS, AI, and combined subareas. Yr= year, Hk&Ln = hook and line, 
subtot = sector subtotal. Catches for 1992 were extracted from PacFIN 
on Au9:!:!st 22, 1992. Breakdown~ gear is unavailable erior to 1981. 

Eastern Bering Sea: 
Foreign Joint Venture Domestic Annual Processing 

Yr Trawl Hk&Ln Subtot Trawl Subtot Trawl Hk&Ln Pot Other Subtot Total 
77 33320 0 15 33335 
78 42512 0 31 42541 
79 32981 0 780 33761 
80 35058 8370 2433 45861 
81 30347 5851 36198 7410 7410 11353 1 0 14 11368 54975 
82 23037 3142 26179 9312 9312 21053 5 0 1715 22773 58264 
83 32790 6445 39235 9662 966 39926 4 21 569 40520 89417 
84 30592 26642 57233 24382 24382 38131 8 0 205 38344 119959 
85 19596 36742 56338 35634 35634 45314 49 0 0 45363 137335 
86 13292 26563 39855 57827 57827 33172 47 62 167 33449 131131 
87 7718 47028 54746 47722 47722 40568 1368 1 0 41937 144404 
88 0 0 0 106592 106592 82571 2427 299 0 85297 191889 
89 0 0 0 44612 44612 105414 13669 145 0 119228 163840 
90 0 0 0 8078 8078 106186 47057 1606 0 154850 162927 
91 0 0 0 0 0 97987 67414 2072 0 167474 167474 
92 0 0 0 0 0 44659 61362 4116 2 110140 110140 

Aleutian Islands Region: 
Foreign Joint Venture Domestic Annual Processing 

Yr Trawl Hk&Ln Subtot Trawl Subtot Trawl Hk&Ln Pot Other Subtot Total 
77 3262 0 0 3262 
78 3291 0 4 3295 
79 5591 0 2 5593 
80 2905 86 2797 5788 
81 2680 235 2915 1749 1749 2744 26 0 0 2770 7434 
82 1520 476 1995 4280 4280 2121 0 0 0 2121 8396 
83 1869 402 2271 4700 4700 1459 0 0 0 1459 8430 
84 473 804 1277 6390 6390 314 0 0 0 314 7981 
85 10 829 839 5638 5638 460 0 0 0 460 6937 
86 5 0 5 6115 6115 784 1 1 0 786 6906 
87 0 0 0 10435 10435 2662 22 88 0 2772 13207 
88 0 0 0 3300 3300 1698 137 30 0 1866 5165 

• 89 0 0 0 6 6 4233 284 19 0 4536 4542 
90 0 0 0 0 0 7489 585 7 0 8081 8081 
91 0 0 0 0 0 2527 2363 3438 0 8328 8328 
92* 0 0 0 0 0 11264 17237 5418 0 33918 33918 

Eastern Bering Sea and Aleutian Islands Region Combined: 
Foreign Joint Venture Domestic Annual Processing 

Yr Trawl Hk&Ln Subtot Trawl Subtot Trawl Hk&Ln Pot Other Subtot Total 
77 36582 0 15 36597 
78 45803 0 35 45838 
79 38572 0 782 39354 
80 37963 8456 5230 51649 
81 33027 6086 39113 9159 9159 14097 27 0 14 14138 62409 
82 24556 3617 28174 13591 13591 23174 5 0 1715 24894 66659 
83 34660 6847 41506 14362 14362 41385 4 21 569 41979 97848 
84 31065 27446 58510 30771 30771 38445 8 0 205 38658 127940 
85 19606 37572 57177 41272 41272 45774 49 0 0 45823 144272 
86 13298 26563 39860 63942 63942 33957 48 63 167 34235 138037 
87 7718 47028 54746 58157 58157 43230 1389 89 0 44708 157611 
88 0 0 0 109892 109892 84269 2564 329 0 87163 197054 
89 0 0 0 44618 44618 109647 13953 164 0 123764 168382 
90 0 0 0 8078 8078 113676 47642 1613 0 162931 171009 
91 0 0 0 0 0 100514 69777 5510 0 175802 175802 
92* 0 0 0 0 0 55923 78599 9534 2 144058 144058 
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Table 2--Sumrnary of major results for the Pacific cod stock 
assessment in the Bering Sea/Aleutian Islands region. 

Natural mortality rate: 

Ages of full selection: Fishery 
Trawl 
Longline 
Survey 

Spawning biomass per recruit: Relative level 
30% 
35% 

Fishing mortality rate at MSY.: 

Biomass at MSY·: Region and type 
EBS Exploitable 
EBS Spawning 
BS/AI Exploitable 
BS/AI Spawning 

Equilibrium unfished biomass: Region and type 
EBS Exploitable 
EBS Spawning 
BS/AI Exploitable 
BS/AI Spawning 

Projected biomass for 1993·: Region and type 
EBS Exploitable 
EBS Spawning 
BS/AI Exploitable 
BS/AI Spawning 

Overfishing level for 1993: Units 
Fishing mortality 
EBS Catch* 
BS/AI Catch* 

Recommended ABC for 1993*: Region 

Recommended F for 1993: 

Notes: 

EBS 
BS/AI 

0.29 

Age 
11 

5 
17 

F 
0.149 
0.128 

0.145 

Value 
559,000 
317,000 
643,000 
365,000 

Value 
n/a 
n/a 
n/a 
n/a 

Value 
717,000 
469,000 
825,000 
540,000 

Value 
0.149 
159,000 t 
183,000 

Value 
155,000 t 
178,000 

0.145 

1) Results marked with an asterisk (*) are based in part.on 
a stock-recruitment relationship that sets FMsv=F0 _1 • 

2) Spawning biomass is measured in March. 
3) All F values are knife-edge equivalent rates. 
4) n/a = not available. 

4 
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APPENDIX: USE OF STOCK SYNTHESIS TO VALIDATE THE EBS COD MODEL 

Introduction 

The EBS cod model, in its various stages of development, has 
been the central tool used to assess the EBS Pacific cod stock 
during the past several years. However, the model has never been 
validated by comparing its output to that from a comparable 
assessment technique. One such comparable assessment technique 
is the stock synthesis approach developed by Methot (1986, 1989, 
1990). In addition to providing a means of validating the EBS 
cod model, development of a Pacific cod stock synthesis 
application could serve to provide a platform for future 
assessments of this stock. Since the stock synthesis approach 
seems to be emerging as the assessment technique of choice for 
North Pacific and west coast groundfish, switching to this 
approach might help to make the stock assessment process less 
confusing for managers by reducing the number of potentially 
redundant models now in use. 

Overview of Approaches 

The basic structure of the EBS cod model was described by 
Thompson (1990), Thompson and Bakkala (1990), Thompson and 
Shimada (1990), and Thompson (1991). The EBS cod model follows 
the approach pioneered by Doubleday (1976) and Deriso et al. 
(1985), in which a least squares algorithm is used to fit log
transformed data with an assumed normal error term. Stock 
synthesis (Methot 1986, 1989, 1990), on the other hand, follows 
the approach pioneered by Fournier and Archibald (1982), in which 
a maximum likelihood algorithm is used to fit percent-transformed 
data with an assumed multinomial error term. Both approaches are 
similar in the sense that they assume the same underlying catch 
equation and can accommodate (at least in principle) a variety of 
assumptions regarding growth, selectivity, and the distribution 
of fishing effort. 

In addition to the differences listed above, the EBS cod 
model and stock synthesis take divergent approaches on a number 
of other points as well. The principal differences are listed in 
the following table: 

Structural element EBS cod model Stock synthesis 

Catch-at-age units 
Error term 
Fitting criterion 
Catch biomass fit 
Selectivity form 
Component weights 
Periods per year 
Older ages 
Intrayear effort 
Intrayear weight 
Projection method 

log numbers 
normal 

. __ .percent .. numbers 
multinomial 
maximum likelihood 
exact 

least squares 
implicit only 
exponential-logistic 
equal 
12 
retained explicitly 
functional form 
functional form 
exploitation rate 

double logistic 
flexible 
4 
pooled (accumulator age) 
defined by period lengths 
interpolated from vector 
full-selection F 
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Some of these differences are straightforward, while others 
are fairly subtle. One significant difference is that stock 
synthesis is configured to force estimated catch biomass to fit 
observed catch biomass exactly, somewhat along the lines of stock 
reduction analysis (Kimura et al. 1984). The EBS cod model, on 
the other hand, fits catch biomass only indirectly (and 
approximately) through fitting catch numbers at age. Another 
difference is that the two approaches use different functional 
forms for selectivity at age. The EBS cod model uses the product 
of a negative exponential curve and a logistic curve, while stock 
synthesis uses the product of two logistic curves. The EBS cod 
model also assumes that all components of the objective function 
(e.g., catch at age from different fisheries) are to be weighted 
equally, while stock synthesis allows the modeler to specify 
"emphasis• factors. 

The EBS cod model allows up to 12 periods per year, while 
stock synthesis has a maximum of four. The EBS cod model carries 
the full set of ages (up to the maximum age ever observed) in all 
calculations, while stock synthesis pools older ages (up to an 
implicit infinite maximum age) irito an accumulator age. The EBS 
cod model fits a trigonometric function to the observed intrayear 
pattern of effort distribution, while stock synthesis assumes 
that effort is proportional to period length (which is set by the 
user). The EBS cod model assumes that mean weight at age is 
defined both within and between ages by a generalized von 
Bertalanffy curve, while stock synthesis interpolates intrayear 
ages from an input vector. Finally, the EBS cod model projects 
the stock forward on the basis of a specified exploitation rate, 
while projection routines supplied as a part of the stock 
synthesis program use a specified full-selectivity fishing 
mortality rate (the two projection bases are equivalent in 
equilibrium, of course). 

Design of Validation Experiment 

The stock synthesis algorithm has been written to provide an 
extraordinary degree of flexibility. Because the EBS cod model 
is (by comparison) much less flexible, the validation exercise 
was conducted by applying stock synthesis in a "typical" 
configuration rather than exploring every possible option. For 
example, even though stock synthesis can be configured to 
incorporate lognormal error, is almost always used in the 
multinomial configuration. In other words, the (somewhat 
subjective) philosophy underlying the validation experiment was 
to allow stock synthesis to mimic the behavior of the EBS cod 
model, rather than to force the two models to converge. 

The basic strategy was to use the output parameters from the 
EBS cod model as initial guesses for stock synthesis, and then to 
see if stock synthesis' final estimates remained close to those 
initial guesses or diverged into some other region of parameter 
space. 
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Using output values from the EBS cod model as initial values 
for stock synthesis was straightforward with the exception of the 
selectivity and vulnerability functions. As noted above, the two 
models use different forms for these functions. The exponential
logistic is described in the main text. The double logistic can 
be written 

(Al) 

where cr is a factor used to scale the maximum selectivity to a 
value of 1. 0. 

Choosing initial values of 011 y1 , 02 , and y2 so as to mimic 
the exponential-logistic estimated by the EBS cod model was 
accomplished as follows: First, 02 was set equal to the age of 
full selection in the exponential-logistic (Thompson and Bakkala 
1990). Second, y2 was defined in terms of 01 and y1 so that the 
age of full selection would be the same in both models. Third, a 
nonlinear least squares algorithm was used to estimate 01 and y1 

so as to maximize the fit between the resulting double logistic 
and the exponential-logistic. The fit obtained by this method 
was very good. 

Given these inputs, the central remaining task was to choose 
emphasis values for the various components of the overall 
likelihood. These were trawl catch at age, longline catch at 
age, survey abundance, and survey age composition. Although the 
fit to survey abundance was not actually a component of the EBS 
cod model's objective function, it made sense to include it in 
the stock synthesis objective function because it helped to give 
an absolute dimension to the percent-numbers-at-age data used by 
stock synthesis. In the process of debugging the stock synthesis 
version of the model and exploring alternative patterns of 
emphasis, approximately 50 runs were made. The run that seemed 
to mimic the behavior of the EBS cod model most closely had the 
following emphasis factors: 

Likelihood component 
Trawl age composition 
Longline age composition 
Survey abundance 
Survey age composition 

Results 

Emphasis 
1.0 
1.0 

10.0 
0.1 
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Goodness of Fit 

One general and useful statistic for measuring goodness of 
fit is the coefficient of determination, R2 (Kvalseth 1985). 
Between the two models (EBS cod model and stock synthesis), the 
respective objective functions had three components in common: 
trawl catch age composition, longline catch age composition, and 
survey age composition. Fits for all three of these components 
are shown below. 

Goodness of fit (R2 ) 

Units CM vs. data SS vs. data 

Log numbers at age 

Trawl catch 
Longline catch 
Survey abundance 

Percent numbers at age 

Trawl catch 
Longline catch 
Survey abundance 

Notes: 
1) CM= EBS cod model 
2) SS = stock synthesis 

0.692 
0.867 
0.723 

0.620 
0.613 
0.729 

0.582 
0.490 
0.683 

0.635 
0.699 
0.723 

SS vs. CM 

0.744 
0.757 
0.920 

0.958 
0.875 
0.980 

3) Percent numbers at age are computed by year, not overall. 
4) Results presented under •CM vs. data" differ from R2 

values given in the main text because older ages were 
pooled here to make CM output comparable to SS output. 

Note that the EBS cod model, which is tuned to log numbers 
at age, does a better job of fitting the data when the data are 
measured in those units than does stock synthesis, which is tuned 
to percent numbers at age. On the other hand, stock synthesis 
does a better job of fitting the data when the data are measured 
in units of percent numbers at age (the one exception is survey 
abundance, which was given a low emphasis in the stock synthesis 
model). 

Interestingly, the stock synthesis model fits the EBS cod 
model output better than either model fits .. the data, even though 
the stock synthesis model was not tuned to the EBS cod model 
output explicitly. The fit is particular good when the data are 
viewed in units of percent numbers at age. This validates, to 
some extent, the claim that the two models' similarities are more 
important than their differences. 
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Comparison of Stock Size Time Trends 

The two stock size time series (biomass and numbers) were 
reconstructed by the two models as follows: 

Biomass ! t' age 3+) Numbers {age 3+) 
~ Cod Model Stock Syn Cod Model Stock Syn 

1979 405,192 526,318 275,688,000 363,900,000 
1980 621,912 793,276 395,017,000 494,700,000 
1981 836,402 1,072,110 439,298,000 585,800,000 
1982 1,006,340 1,242,482 452,440,000 547,000,000 
1983 1,103,380 1,351,495 420,223,000 498,100,000 
1984 1,191,030 1,411,653 427,601,000 502,400,000 
1985 1,241,580 1,408,589 432,333,000 487,800,000 
1986 1,212,200 1,376,387 407,251,000 475,600,000 
1987 1,146,040 1,359,309 416,898,000 481,600,000 
1988 1,128,330 1,306,153 404,369,000 448,400,000 
1989 1,011,660 1,150,992 323,506,000 351,400,000 
1990 953,350 1,002,690 288,142,000 290,100,000 
1991 876,950 812,807 .· 238,669,000 199,500,000 

Note that stock synthesis did a better job of reflecting the 
drop in biomass indicated by the 1990 and 1991 surveys. The 
surveys indicated drops of 26% and 25%, respectively, while stock 
synthesis showed drops of 13% and 19%, respectively. The EBS cod 
model, in contrast, showed drops of only 6% and 8%, respectively. 
Overall, though, the time trends in terms of both biomass and 
numbers seem very comparable between the two models. 

Comparison of Fishery Selectivity and Survey Vulnerability 

Selectivity (or vulnerability in the case of the survey) 
parameters estimated by stock synthesis were as follows: 

Selectivity Type 

Trawl Fishery 
Longline Fishery 
Survey 

These parameters 

11. 564 
4.595 

21.035 

correspond 
age-specific selectivities ('IWL = 
survey): 

Age: 3 4 5 6 7 8 9 
'IWL: .13 .18 .25 .34 .45 .58 .71 
LGL: .04 .25 .71 .96 1.0 .98 .97 
SRV: .99 .99 1. 0 .99 .99 .99 .99 

y, 

0.412 
1.935 
0.018 

8.133 
9.901 

15.303 

0.221 
0.038 
0.024 

to the following schedule of 
trawl, LGL = longline, SRV 

10 11 12 13 14 15 16 
.83 .93 .99 1.0 .95 .88 .78 
.95 .93 .91 .89 .88 .86 .84 
.99 .99 .99 .99 .99 .99 .98 

= 

17 
.68 
.82 
.98 
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For comparison, the EBS cod model values are reproduced 
below: 

Age: 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
TWL: .12 .17 .24 .34 .47 .63 .79 .93 1.0 .97 .87 .73 .59 .47 .37 
LGL: .01 . 26 .99 .92 .81 .71 .63 .55 .49 .43 .38 .33 .29 . 25 .22 
SRV: .83 .85 .87 .89 .90 .92 .93 .95 .96 .97 .98 .99 .99 1.0 1.0 

The selectivity patterns seem quite comparable. Both models 
show trawl selectivity beginning at a fairly low value, 
increasing to a maximum at ages 11-13, then tailing off again. 
Both models show longline selectivity beginning at a very low 
value, increasing to a maximum at ages 5-7, then tailing off 
again (although longline selectivity falls off more dramatically 
in the EBS cod model than in stock synthesis). Both models show 
survey vulnerability greater than 80% at all ages. 

Comparison of Trends in Exploitation 

The time series of exploitation rates and corresponding 
knife-edge equivalent fishing mortality rates reconstructed by 
the two models are shown below: 

~ 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

CM 

0.022 

0.036 

0.031 

0.038 

0.061 

0.089 

0.062 

0.089 

0.066 

0.067 

0.090 

ss 

0.036 

0.033 

0.048 

0.058 

0.064 

0.060 

0.066 

0.092 

0.097 

0.115 

0.142 

CM 

0.027 

0.042 

0.036 

0.045 

0.073 

0.108 

0.074 

0.108 

0.079 

0.080 

0.109 

F 
ss 

0.042 

0.039 

0.057 

0.069 

0.076 

0.072 

0.079 

0.112 

0.119 

0.142 

0.178 

µ=catch in numbers per stock size in numbers 
F = knife-edge equivalent fishing mortality rate 
CM= EBS cod model 
SS = stock synthesis 

4 
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The general pattern of exploitation estimated by the two 
models is similar, although stock synthesis seems to tend toward 
slightly higher estimates. 

Comparison of Target Fishing Mortality Rates 

Knife-edge equivalent fishing mortalities F associated with 
various harvest strategies were estimated by the two models (CM= 
EBS cod model, SS = stock synthesis) as follows: 

_F_ CM ss 

Fo.1 0.145 0.114 
F3si 0.128 0.130 
F301 0.149 0.151 
Fmax 0.233 0.211 

Again, the results are similar. 

Comparison of Projected Biomass and Catch 

Comparing projected biomass and catch is difficult, since 
the two models use different projection strategies (the EBS cod 
model projects on the basis of exploitation rate, while stock 
synthesis projects on the basis of the full-selection fishing 
mortality rate). Given this caveat, model projections were made 
as follows: The EBS cod model's estimate of knife-edge 
equivalent F0 . 1 (0.145) was used for that model's projections, 
while stock synthesis' estimate of full-selection F0 . 1 ( 0. 389) was 
used for that model's projections. The results are shown below: 

Projections 
Biomass ! t l Catch ( t l F 

Year CM ss CM ss CM ss 

1992 810,000 706,000 162,000 134,000 0.145 0.122 
1993 717,000 673,000 155,000 115,000 0.145 0.102 
1994 652,000 686,000 138,000 108,000 0.145 0.100 
1995 619,000 720,000 128,000 110,000 0.145 0.104 
1996 603,000 754,000 121,000 115,000 0.145 0.109 

Notes: 
1) CM= EBS cod model 
2) SS = stock synthesis 
3) F = knife-edge equivalent fishing.mortality rate 

Note that the projected biomass time trends go in opposite 
directions. This may largely be due to the substantially lower 
exploitation rate used in the stock synthesis projections, which 
might also explain why projected catch is uniformly lower in the 
stock synthesis version. 
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Discussion 

Based on the above results, it seems fair to conclude that 
the behavior of the EBS cod model can be corroborated by stock 
synthesis. This does not mean, of course, that no other 
interpretation of the underlying data is possible, merely that 
the EBS cod model appears to provide a faithful implementation of 
its own underlying assumptions, and that these assumptions are at 
least somewhat robust to minor modifications and alternative 
implementations. 

If this is the case, the question becomes whether it would 
be advantageous to abandon the EBS cod model, which has a 
significant history of use in assessing this stock, in favor of 
the more flexible and widely used stock synthesis approach. 
Unfortunately, the task of choosing between a lognormal least 
squares model such as the EBS cod model and a multinomial maximum 
likelihood model such as stock synthesis typically is not a 
straightforward one. Kimura (1990) conducted extensive 
simulations in an attempt to resolve this question, and found the 
answer to be ambiguous both from ··theoretical and empirical 
perspectives, concluding, "For practical purposes, the models do 
not appear to provide significantly different results.a He added 
that the two modeling approaches "are mutually robust (i.e. they 
are robust to the alternative modeling assumption) and are for 
practical purposes the same model. 0 

Although no necessary practical advantage has yet been 
demonstrated for either approach, a fairly strong argument can be 
made in favor of stock synthesis on a couple of other grounds. 
First, while the EBS cod model could potentially be made more 
"synthesis-like" by incorporating additional flexibility, the 
stock synthesis approach has already been developed; it is 
unlikely that much would be gained by reinventing the wheel. 
Second, the computer code for stock synthesis has achieved wide 
circulation and is currently employed in a number of groundfish 
assessments in the North Pacific and on the west coast. Use of 
the EBS cod model, meanwhile, has always been confined to a 
single stock. Standardization on the stock synthesis approach 
should therefore serve to make the most efficient use of existing 
stock assessment resources while at the same time making the 
stock assessment process appear less fragmented to managers. 
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Figure 1.-- EBS shelf survey numbers of Pacific cod at ages 3 and 4 from the 1975-1988 
year classes. 
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Figure 2.-- stock and recruitment of Pacific cod as estimated by the EBS cod model, where 
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Figure 4.-- Equilibrium stock numbers of Pacific cod in the EBS, where the stock
recruitment relationship is given by Equation (6) in the main text. 
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Figure 5.-- Equilibrium stock biomass of Pacific cod in the EBS, where the stock
recruitment relationship is given by Equation (6) in the main text. 

0.40 



-

Projected Total Biomass (1000s of t) 
1000r----- -----------------------, 

800 

600 

400 

200 

0 
1992 1993 1994 1995 1996 

-F35% B F0.1 CJ F30% Fmax E2EJ F•M 

Figure 6.-- Projected total biomass of Pacific cod in the EBS, where the stock-recruitment 
relationship is given by Equation (6) in the main text. 
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relationship is given by Equation (6) in the main text. 
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SUMMARY OF CHANGES IN THE YELLOWFIN SOLE ASSESSMENT 

Relative to the 1991 SAFE report, here is a summary of changes. 

1) Catch has been updated through 2 August, 1992 and an 
estimate of total catch {including discards) is given. 

2) In the absence of the results from the 1992 Bering Sea trawl 
survey used in stock synthesis modeling and tuning the VPA 
analysis, estimates of 1993 exploitable biomass and ABC are 
the same as used in 1991 for this preliminary assessment. 
The models will be rerun using the 1992 survey information 
for the November meetings. 
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Section 3 YELLOWFIN SOLE 

by 
Thomas K. Wilderbuer 

3.1 INTRODUCTION 

The yellowfin sole (Pleuronectes asper) is the most abundant 
flatfish species in the eastern Bering Sea (EBS) and second in 
abundance only to pollock 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 

1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 
1989 
1990 

1991 
1992a 

Foreign 

58,373 
138,433 

99,017 
77,768 

81,255 
78,331 
85,874 

126,762 
100,706 

57,197 
1,811 

Domestic 

JVP 

9,623 

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

126,401 

151,400 
179,613 
213,323 
151,501 

69,677 

OAP 

4 
9,833 
1,664 

10,907 

84,482 
39,540 

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 
153,165 

80,584 

84,482 
39,540 

·catch through 2 August, 1992 (retained catch from NMFS bulletin 
board) . 

Yellowfin sole were overexploited by foreign fisheries in 
1959-62 when catches averaged 404,000 t annually. As a result of 
reduced stock abundance, catches declined from 53,800 to 
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167,100 tin 1963-71 and 42,200-78,200 tin 1972-77. The lower 
yield 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 remained at 
this higher level until 1988 but declined to 80,584 tin 1990 and 
84,482 in 1991. 

During the 1980s, there was also a major transition in the 
characteristics 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. Most 
of the catch by U.S. vessels has been processed on foreign 
vessels in joint venture operations through 1990. 

The catch information presented above reports only the 
tonnage of yellowfin sole retained onboard Bering Sea fishing 
vessels (as reported by PACfin arid the NMFS regional office). 
However, large amounts of yellowfin sole are discarded overboard 
in other Bering Sea trawl target fisheries. The total catch of 
yellowfin sole is estimated for 1990 and 1991 from vessels with 
100% observer coverage and applied to the reported retained catch 
(available from PacFIN). 

Year 

1990 
1991 

Retained 

80,584 t 
84,482 t 

Discarded 

24,175 t 
25,345 t 

Total catch 

104,759 t 
109,827 t 

Yellowfin sole, overall, were 77% retained in Bering Sea trawl 
fisheries during the 1990 and 1991 fishing seasons. 

3.3 CONDITION OF STOCKS 

3.3.1 Relative Abundance 

Trends in relative abundance of yellowfin sole have 
previously been examined from fishery and Alaska Fisheries 
Science Center, (AFSC) survey data. Japanese pair trawl catch 
and effort data were initially used, but this series was 
terminated in 1986 with the phasing out of Japanese directed 
fisheries in the EBS. More recently, catch and effort data from 
the joint venture fisheries were used (Bakkala and Wilderbuer 
1990). However, since 1989 the areas and months of fishing for 
yellowfin sole by the joint venture fishery have shifted 
substantially from year to year. These data have therefore lost 
their value for measuring trends in abundance of yellowfin sole. 

Indices of abundance from AFSC surveys have shown a major 
increase in abundance of yellowfin sole during the late 1970s 
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increasing from 21 kg/ha in 1975 to 51 kg/ha in 1981 (Fig. 3.1). 
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. This variability continued in 1990 with CPUE 
declining from 60.9 kg/ha in 1989 to 46.9 kg/ha in 1990. The 
1991 value, however, was only moderately higher at 51.6 kg/ha. 
Fluctuations of the magnitude shown between 1980 and 1990 are 
unreasonable considering the 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 0.61 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 but no apparent cause of 
the wide fluctuations were discovered. The fluctuations may be 
caused by changes in availability or vulnerability of yellowfin 
sole to the survey trawls. 

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. The 1991 
CPUE value continues to support this conclusion. 

3.3.2 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 GrOUQS 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 120,000 2,345,800 2,465,800 2,091,100 - 2,840,600 
1988 53,800 2,800,600 2,854,600 2,393,900 - 3,315,200 
1989 239,300 2,592,500 2,831,800 2,422,300 - 3,241,200 
1990 69,600 2,114,200 :2,183,800 1,886,200 - 2,479,400 
1991 60,000 2,333,300 2,393,300 2,116,000 - 2,670,700 

Estimates are given separately for unexploited ages (less 
than age 7) and exploited ages (ages 7 and older} except for 1991 
where age data are not yet available. 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 estimates fluctuated 
erratically after 1981 with biomass ranging from as high as 3.7 
million tin 1983 to as low as 1.8 million tin 1986. These 
fluctuations have continued in most recent years with estimates 
declining from about 2.8 million tin 1988 to 2.1 million tin 
1990. Nevertheless, even the lower estimates represent high 
levels of biomass for yellowfin sole. The 1991 estimate of 2.4 
million t for al~ ages combined demonstrates that the biomass 
remains high. 

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 1990 for 
this report (Table 3.2), following the procedures of Pope (1972). 
A natural mortality (M} rate of 0.12 was employed since this 
value was found by Bakkala et al. (1981), to best describe 
observed trends of the population. Terminal fishing mortality 
(F) values were "tuned" to make the estimated 1990 population age 
composition closely match the 1990 trawl survey age composition 
while generally coinciding with the observed biomass trend from 
trawl surveys since 1975. Age 7 was chosen as the starting age 
of recruitment. 
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The age range used in previous cohort analyses for yellowfin 
sole was 7-17, although ages well over 20 years have been aged. 
Until the mid-1980s, population numbers for age groups exceeding 
17 years were very low and did not contribute significantly to 
the total population abundance. However, it is no longer 
appropriate to truncate the age range in the analysis at 17 
because of the large number of fish older than 17 years which 
originate from the strong 1968-77 year classes. For example, 
survey data indicated that fish older than 17 years comprised 
22% of the total estimated biomass in 1988, 26% in 1989, and 18% 
in 1990. Likewise, older age groups contributed significantly to 
fishery catches, 19% of the numbers caught in 1988, 26% in 1989 
and 18% in 1990 (Table 3.2). Therefore, in updating the cohort 
analysis, these older age groups were also included. 

Estimated biomass from the updated cohort analysis (Fig. 
3.2) agrees well with trawl survey biomass estimates during the 
period of increasing stock size in the late 1970s. Since the 
early 1980s, survey estimates have shown unexplained fluctuations 
while cohort analysis indicates a biomass peak of 2.3 million t 
in 1983 followed by a slow decline to 1.96 million tin 1990. 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Survey biomass 
million t 

1.7 
1.6 
2.1 
2.6 
3.7 
3.1 
2.1 
1.8 
2.3 
2.8 
2.6 
2.1 

Cohort analysis 
million t 

1.82 
1.99 
2.17 
2.25 
2.31 
2.30 
2.18 
2.12 
2.03 
2.20 
1.96 
1.96 

Examination of fishery selectivities from age-specific F 
values and age-specific catch/population ratios (See section 
3.5.1) indicate that the assumption of knife-edge recruitment 
used in the Pope (1972) cohort analysis model was violated. 
Yellowfin sole are only partially recruited to the fishery bottom 
trawls at age 7 and may not be fully selected until age 13. In 
addition, the cohort analysis does not perform well at predicting 
the current population abundance since the current estimate is 
only as good as the estimate or guess of the terminal fishing 
mortalities. Other sensitivity analyses (Megrey 1983) indicate 
that forms of cohort analysis work best at estimation when the 
population has experienced a prolonged period of high 
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exploitation, unlike yellowfin sole where average F values have 
ranged from 0.03 to 0.09 since 1977. For these reasons, results 
from the last year of cohort analysis may be suspect and other 
age-structured analyses such as the synthesis model (Methot 1986) 
may provide a preferred alternative to cohort analysis for the 
estimation of exploitable biomass of yellowfin sole. 

Stock Synthesis Analysis 

The abundance, mortality, recruitment and selectivity of 
yellowfin sole were also assessed using a stock synthesis model 
(Methot 1986). The synthesis model is a separable catch-age 
analysis that uses survey estimates of biomass and age 
composition as auxiliary information. The synthesis model 
simulates the dynamics of the population and compares the 
expected values of the population characteristics to the 
characteristics observed from surveys and fishery sampling 
programs. The fit of the simulated values to the observable 
characteristics is optimized by maximizing a log(likelihood) 
function. 

The model assumes that fishing mortality can be separated 
into age-specific and year-specific components. A double 
logistic selectivity curve is used to model the age-specific 
survey and fishery selectivities, allowing the synthesis model 
the utility to fit most species and gear selectivities by age. 
The year-specific fishing mortality rates are tuned to the levels 
necessary to match the observed catch biomass, and thus are not 
estimated as parameters. The model inputs include the same 
catch-at-age information used in the cohort analysis as well as 
survey age composition since 1975, trawl survey biomass estimates 
and their attendent 95% confidence intervals, and age-specific 
maturity ogives of female yellowfin sole. 

The synthesis model has the utility of allowing emphasis to 
be placed on different, observable characteristics of the 
population to evaluate the fit of the simulated population 
parameters. The emphasis placed on each component of the total 
log(likelihood) function determines how closely the model 
estimate will approach the observations of that population 
component. For this analysis, sensitivity of the results when 
emphasis was placed on survey biomass, survey and catch age 
composition, and the 1990 trawl survey age composition were 
investigated. A desirable simulation of yellowfin sole 
population dynamics would require good fits to the trawl survey 
and cohort analysis biomass_trends since 1977. and the 1990 trawl 
survey age composition, and a reasonable fit to the survey and 
fishery age compositions since 1977. 

The synthesis model was run with the selectivity curve fixed 
asymptotically for the older fish in the fishery and survey, but 
still was allowed to estimate the shape of the logistic curve for 
young fish. The oldest year classes in the 1988-90 surveys and 
fisheries were truncated at 20 and allowed to accumulate into the 
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age category 17+ years. Emphasis on survey age composition and 
survey biomass were varied over a log scale range to evaluate the 
fit of the model to these factors and the 1990 survey age 
composition. Natural mortality was fixed at 0.12 for yellowfin 
sole. 

When emphasis was placed on the survey biomass, the fit to 
the survey biomass gradually improved towards matching the 
biomass exactly at high emphasis levels (Fig. 3.3). At emphasis 
levels greater than 20, the fit to the survey age composition and 
the catch age composition degraded substantially. When emphasis 
was placed on the survey age composition, the fit improved 
marginally as the emphasis factor was increased, but there was an 
accompanying severe degradation to the fit of the survey biomass 
and fishery catch age compositions at emphasis levels greater 
than 20 (Fig 3.4). The effect of placing a large emphasis on a 
particular observable characteristic of the population has been 
shown to improve the fit to this characteristic at the expense of 
degrading the fit of other observable aspects of the population. 
From Figure 3.3 it is seen that little improvement to the model's 
fit results from placing an emphasis factor greater than 5 on the 
survey biomass or the survey age composition. 

It is desirable for the model to closely approach the 
observed 1990 age composition since it would depict the current 
population age profile. Synthesis model runs were made to 
investigate the fit to the current population age profile by 
placing emphasis on fitting the 1990 survey age composition while 
varying the emphasis placed on the survey biomass component of 
the total likelihood and then comparing the overall fit to the 
trend in biomass and recruitment from information obtained from 
trawl surveys. An emphasis level of 1.0 was placed on the survey 
biomass to provide a reasonable compromise between the fit to the 
various types of observable data. The resulting fit to the 
observable likelihood components are indicated in Figures 3.3 and 
3.4 as a triangle from the final synthesis run and indicate that 
this final run exhibited a good fit to all the important 
observable population characteristcs. 

The stock synthesis model indicates that yellowfin sole 
exploitable biomass was 1.45 million tin 1979, gradually 
increased to a peak of 2.78 million tin 1985 and decreased 
slightly to 2.56 million tin 1989 before increasing to 2.66 
million tin 1990 as the strong 1981 and 1983 year-classes 
recruited to the fishable biomass (Fig. 3.2). Trawl survey and 
cohort analysis estimates .indicate .that the y.ellowf in sole 
biomass peaked in 1983. Estimates from cohort analyses have 
remained stable at lower biomass levels since 1983 while the 
survey estimates have fluctuated around the cohort analysis and 
stock synthesis estimates since 1983. 

All three estimation procedures indicate that the yellowfin 
sole resource has slowly increased during the 1970s and early 
1980s, to a peak level during the mid-1980s and that the resource 
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has remained abundant until the present. This is indicative of a 
slow-growing species with a low natural mortality rate which is 
known to have been lightly exploited while experiencing average 
to strong recruitment during the past 15 years. Good recruitment 
from the 1981 and 1983 year-classes is expected to maintain the 
abundance of yellowfin sole at a high level in the near future. 

3.3.3 Current Exploitable Biomass 

The magnitude of fluctuations in the survey biomass 
estimates are unreasonable for a slow growing, long-lived species 
such as yellowfin sole which has experienced a prolonged period 
of light exploitation. Since the selectivity assumptions are 
most likely violated by the Pope (1972) cohort analysis model, 
stock synthesis estimates of exploitable biomass are used which 
produce an even biomass trend. Based on the 1990 exploitable 
biomass and including the biomass of the 1985 year class as 7 
year olds in 1992 (discounting one and a half years' natural 
mortality, the 1991 fishing mortality, and accounting for 
growth), the projected exploitable biomass for 1992 is 2.66 
million t. · 

This value will be retained in this interim assessment for 
the 1993 exploitable biomass estimate. 

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. 3.5 and 3.6). Many of these year 
classes still provide the major portion of the exploitable 
population. There is also good recruitment from later year 
classes. The 1979 and 1980 year classes appear to be above 
average and the 1981 and 1983 year classes are possibly two of 
the strongest yet observed. (Note that the unreasonable 
fluctuations in abundance of yellowfin sole from survey data, as 
discussed earlier, is also reflected in Figure 3.6 by the much 
reduced population numbers at age in 1985-88 compared to 1982-
84) . 

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 Japanese 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 0.12 
(Bakkala and Wespestad 1984). 
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The natural mortality rate value of 0.12 was also evaluated 
using the synthesis model. Values of natural mortality were 
varied from 0.09 to 0.18 to determine which level would fit the 
observable population characteristics best (Fig. 3.8). Maximum 
log(likelihood) values occurred at M = 0.12 which matched the 
earlier estimate. 

Yellowfin sole begin to recruit to the fishery at age 7 and 
reach full recruitment at age 13. Based on ratios of age
specific F values, age-specific catch to population (cohort 
analysis) and selectivities estimated by the stock synthesis 
model, selectivity at age is asymptotic as shown in Figure 3.7. 

Based on AFSC surveys in 1979-90, yellowfin sole as old as 
22 years have been recorded frequently and fish as old as 31 
years were aged on two occasions during this period. 

3.5.2 Length and Weight at Age and Growth Parameters 

Mean lengths and weights at age of yellowfin sole based on 
12 years (1979-90) of data from AFSC surveys and the length(cm) -
weight(g) relationship (W = 0.0097217 * L ** 3.0564) are as 
follows: 

Length Weight 

Age cm in g lb 

3 11.6 4.6 17.23 0.04 
4 14.0 5.5 30.70 0.07 
5 17.1 6.7 56.86 0.13 
6 19.7 7.8 88.24 0.19 
7 22.4 8.8 130.35 0.29 
8 24.1 9.5 162.04 0.36 
9 25.9 10.2 202.39 0.45 

10 27.2 10.7 235.34 0.52 
11 28.2 11.1 262.65 0.58 
12 29.5 11.6 301. 53 0.66 
13 30.1 11.9 320.09 0.71 
14 30.5 12.0 334.31 0.74 
15 31.0 12.2 350.92 0.77 
16 32.0 12.6 384.72 0.85 
17 32.1 12.6 390.56 0.86 
18 33.2 13.1 434.47 0.96 
19 33.6 13.2 448.39 0.99 
20 33.4 13.1 440.53 0.97 
21 35.3 13.9 520.29 1.15 
22 35.1 13.8 512.66 1.13 
23 34.5 13.6 487.77 1.08 
24 35.1 13.8 514.81 1.14 
25 34.6 13.6 488.59 1.08 
26 33.8 13.3 458.46 1. 01 
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Parameters of the von Bertalanffy growth curve for yellowfin 
sole from these data have been estimated as follows: 

age range 

3-26 

Lint ( cm) 

35.8 

K 

0.147 0.47 

3.5.3 Historical Exploitation Rates 

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 

Past estimates of maximum sustainable yield (MSY) for 
yellowfin sole were reported by Bakkala and Wilderbuer (1990) and 
are summarized below. Maximum sustainable yield can also be 
estimated from a nonlinear Beverton-Holt fit of numbers of age 
seven recruits and exploitable biomass (assumed to represent 
spawning biomass) available from stock synthesis modeling of the 
yellowfin sole population (Fig. 3.9). The spawner-recruit 
relationship was incorporated into a numerical form of a dynamic 
pool model which was allowed to reach equilibrium under a range 
of fishing mortalities to discern MSY. This model assumes 
yellowfin sole have birthdays in June, year-round fishing 
mortality, spring-time spawning with growth occuring 
instantaneously at the next birthday. Growth and fishing 
mortality are age-specific (selectivities applied), natural 
mortality is age invariant. This model indicates MSY is 323,600 
t which occurs at F=0 .11 ( Bmsy=2, 941, 800 t) . 

Reference Method MSY (t) 

Wakabayashi (1975) Yield equation of Schaefer (1957) 78,000-260,000 
and Alverson and Pereyra (1969) 

Low (1984) Ecosystem modeling 175,000 

Bakkala and Long-term average catch (1959-89) 155,000 
Wilderbuer (1990) 

Zhang et al. (1991) Logistic stock production model 252,000-284,000 

This report Stock-recruitment relationship 323,600 
in a dynamic pool model 
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Results from this model should be viewed with caution since the 
recruitment numbers (1984-90) and spawning biomass (1977-83) are 
estimated from a period of increasing yellowfin sole biomass and 
above average recruitment. This may represent an overly pessimistic 
generation of recruits at low biomass levels which produces an Fmsy 
value less than the F0 _1 value ( 0 .11 < 0 .14) . (For example, the 
strong 1970-71 year classes are believed to have resulted from very 
small spawning stocks.) In addition, the nonlinear fit of the 
Beverton-Holt model to the seven spawner-recruit data points produced 
an r 2 value of only 0.15. Therefore, the best estimate of MSY is the 
mid-point of the range given by Zhang et al. (1991) which is 268,000 
t which corresponds to Bmsy = 1,600,000 t (Fmsy = 0.17). 

3.7 ACCEPTABLE BIOLOGICAL CATCH 

After increasing during the 1970s and early 1980s, biomass 
estimates from cohort analysis and stock synthesis analysis have been 
relatively stable at 2.0 million tor more while estimates from 
bottom trawl surveys have fluctuated around these estimates (Fig. 
3.2). The mean 1990 estimate of exploitable biomass from stock 
synthesis projected ahead a year and a half (accounting for growth, t 
natural mortality and recruitment) provides an estimate of 2.66 t 
million t of exploitable biomass for the beginning of 1992. This 
value will be used as a proxy for the 1993 estimate until the 1992 
trawl survey information becomes available. 

Two methods were used to estimate ABC: 1) results from the yield 
per recruit model of Beverton and Holt (1957), and 2) the 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) = 0.12 and von 
Bertalanf fy 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 1977-90 from 
cohort analysis and stock synthesis analysis. Results of the 
analysis were as follows: 
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Age 9 Recruitment 
(billions of fish) 

M Fmax F0 . 1 Grams* Low Avg. High 

stock synthesis 

0.12 0.30 0.14 161 1.37 1.72 2.08 

cohort analysis 

0.12 0.30 0.14 161 1.10 1.40 1.70 

*Fo.1 value 

ABC 

Low Avg. High 

220,570 276,920 334,880 

177,100 225,400 273,700 

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 for 1992 is based on 
applying the F0 . 1 exploitation rate from the yield per recruit model 
to the stock synthesis estimate of exploitable biomass. Applying 
this rate (0.14) to the 1992 projected biomass (2,656,977 t) provides 
an ABC of 371,978 t. This estimate exceeds the high recruitment 
values from the yield per recruit analysis used in method 1. Because 
yellowfin sole have not exhibited sustained high recruitment (Fig. 
3.5), an ABC value based on average recruitment is more realistic. 
Thus the ABC from method 1 (based on average recruitment estimated 
from the stock synthesis model) is recorranended for 1992, which equals 
276,920 t. However, the North Pacific Fisheries Management Council 
prefers the method of applying the F0 • 1 exploitation rate to the 
estimate of exploitable biomass and set ABC at 372,000 t for the 1992 
fishing season. This value will be retained for this interim 
assessment as the preliminary recorranended ABC for 1993. 

The procedures for choosing an exploitation level for 
calculating an ABC value must also consider overfishing in light of 
the NPFMC's "overfishing" definition. The ABC values recorranended by 
the NPFMC's Plan Teams must not exceed the catch levels obtained by 
applying the overfishing definition selected by the council in 
Amendment 21/16. In the case of yellowfin sole where stock
recruitment, maturity, growth, and natural mortality parameters have 
been estimated, the maximum allowable fishing mortality rate is set 
at Fmsy when the stock is above Bmsy and at a level which varies 
linearly with biomass when the stock is below Bmsy. 

The current estimate of exploitable biomass, 2,657,000 t, is 
above the estimate of Bmsy given in section 3.6 (1,600,000 t). Using 
the procedure from the "overfishing" definition, ABC for 1992 should 
be calculated as 1991 exploitable biomass multiplied by the Fmsy 
exploitation rate (0.17) which gives an ABC of 451,690 t. However, 
catches of this magnitude were the cause of reduced stock abundance 
of yellowfin sole during the 1960s (Table 1). In addition, the stock 
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production modeling from which MSY was calculated in section 3.6 does 
not take into consideration the stock-recruitment relationsip of 
yellowfin sole, which is the most important information required to 
determine an optimal rate of long-term exploitation. For these 
reasons, the F0 . 1 exploitation rate of F = 0 .14 is considered the 
proper exploitation level for 1992 and Foverfishing = 0 .17 ( calculated 
from ratio of the spawning stock per recruit falling to 30% of the 
pristine biomass}. 

3.8 BIOMASS PROJECTIONS 

Exploitable biomass through 1996 is projected under three 
harvest strategies (F0 • 1 , Fmax' and F = 0) 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 
7 yellowfin sole from the cohort analysis model. Results are shown 
in Figure 3.9 and indicate that biomass will remain relatively stable 
at the present level by fishing at --the F0 . 1 exploitation rate. 
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Figure 3.1.--Catch per unit effort of yellowfin sole in the eastern Bering Sea as 
shown by Alaska Fisheries Science Center (AFSC') survey data. 
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Figure 3.2.--Estimated biomass (t) of yellowfin sole in the eastern 
Bering Sea from 1979-90 derived from three methods; 
trawl survey data, cohort analysis (exploitable 
biomass), and stock synthesis model (exploitable 
biomass). 
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Figure 3.4--Synthesis model fit (in terms of log(likelihood)) of 
catch age composition, survey biomass, and survey age 
composition with varying emphasis placed on fitting 
the survey age composition. 
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Figure 3.5--Year class strength (1952-83 year-classes) at age 7 for 
yellowfir1 sole of the eastern Bering Sea as shown by 
cohort analysis. 
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Figure 3.6--Age composition of yellowfin sole in the eastern 
Bering Sea as shown by population number estimates 
from AFSC trawl surveys and catch at age by the 
commercial fisheries. Year-class birth years are 

shown above the bars. 
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Figure 3.7--Estimated fishery selectivity of yellowfin sole by 
age from three methods; ratio of catch to population 
number from cohort analysis, average F by age estimated 
from cohort analysis, and estimates from a stock 
model. 
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Figure 3.9--Fit of the Beverton-Holt (1957) spawner-recruit 
relationship to seven data points estimated from the 
stock synthesis model. 
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Figure 3.10--Projections of estimated biomas~ for yellowfin sole 
· from i992-96 calculated from the delay difference 

equation under three harvest strategies (F = o, 
F • F0_1 , and F = Faax). 
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SUMMARY OF CHANGES IN THE GREENLAND TURBOT ASSESSMENT 

Relative to the 1991 SAFE report, the following changes have 
been made in the current draft of the chapter. 

1) Catch updated through 2 August, 1992. Estimates of total 
catch (including discards) provided. 

2) Stock Reduction Analysis recalculated using the updated catch 
through 2 August, 1992. 

3) Projections of exploitable biomass estimated through 1998. 
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Section 4 GREENLAND TURBOT 

by 
Thomas K. Wilderbuer and Terrance M. Sample 

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 since 
1986. 

The American Fisheries Society uses "Greenland halibut" as 
the connnon name for Reinhardtius hippoglossoides instead of 
Greenland turbot. To avoid confusion with the Pacific halibut, 
Hippoglossus stenolepis, we retain the connnon name of Greenland 
turbot which is also the "official" market name in the U.S. and 
Canada (AFS 1991). 

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 declined steadily to a low of 7,100 
tin 1988 before increasing slightly to 8,822 tin 1989 and 9,619 
tin 1990. This overall decline is due mainly to catch 
restrictions placed on the fishery because of declining 
recruitment. The 1992 catch has been reported at only 477 t 
through 2 August, 1992. 
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Catches since implementation of the MFCMA are shown in the 
following table: 

Eastern Berins Sea Aleutian Islands Resion 

U.S. U.S. Grand 
Year Non-u.s. :.Tt'P ?>AP Total Non-u.s. ~15 15X!l Total Total 

1977 27,708 0 0 27,708 2,453 0 0 2,453 30,161 
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 7 2,048 2,154 9,864 
1987 1. 048 24 5,447 6,519 0 35 3,032 3,066 9,585 
1988 0 82 5,982 6,064 0 6 1,038 1,044 7,108 
1989 0 so 4,011 4,061 0 0 4,761 4,761 8,822 
1990 0 1 7,266 7,267 0 0 2,353 2,353 9,619 

1991 0 3,068 3,068 0 0 3,051 3,051 6,119 
1992* 0 447 447 0 0 0 0 447 

*NMFS bulletin board through 2 August, 1992. 

This catch information includes only the tonnage of 
Greenland turbot retained onboard Bering Sea fishing vessels or 
processed onshore (as reported by PacFIN). However, Greenland 
turbot are also discarded overboard in other trawl target 
fisheries. The following estimates of the total catch in 1990 
and 1991 were calculated from discard rates observed from vessels 
with 100% observer sampling and applied to the total retained 
catch. 

Year 

1990 
1991 

Retained 

9,619 t 
6,119 t 

Discarded 

1,294 t 
2,448 t 

4.3 CONDITION OF STOCKS 

4.3.1 Relative Abundance 

Total 

11,543 t 
8,567 t 

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 
170° W. longitude, were analyzed by half degree latitude by one 
degree longitude statistical blocks in which Greenland turbot 
comprised 50% or more of the overall reported catch. This method 
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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 (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 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 has been a slight increase since that time, but the 
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 thac recruitment of juveniles in the EBS has been 
very low since the early 1980s. 

The JFA and AFSC survey data on the slope appear 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, Bakkala and Wilderbuer 1990) 
which is contradictory to what would be expected based on the 
lack of any significant recruitment on the shelf. 

The JFA and AFSC survey data illustrated in Figure 4.1 show 
a continuing modest decline in abundance of turbot on the slope 
between 1982 and 1991. Size composition 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 

C 
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juveniles were abundant on the continental shelf (Figure 4.1). 
Between 1985 and 1991, however, few fish less than 55 cm were 
observed 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: 

Eastern Bering Sea Aleutians 
Shelf and 

Year Shelf Slope slope combined 

1975 126,700 
1979 225,600 123,000 348,600 
1980 172,200 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 42,100· 57, 500· 
1989 8,900 
1990 14,300 

1991 13,000 40,500 53, 900· 12, 072 .. 

·The 1988 and 1991 estimate are from 200-800 m whereas the earlier slope 
estimates are from 200-1,000 m . 

.. The 1980, 1983, and 1986 surveys sampled 1-900 m whereas the 1991 survey 
sampled only 1-500 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 25% of the level in 1979. Note 
that the 1988 and 1991 slope biomass estimate is not comparable 
to those in previous years as well as the 1991 Aleutian Islands 
estimate. The interpretation of the CPUE data from these 
surveys, however, suggests an only moderate further decline in 
abundance between 1985 and 1991. 

Biomass estimates from U.S.-Japan cooperative surveys in the 
Aleutian Islands region show an increasing trend from 48,700 tin 
1980 to 76,560 tin 1986 (the 1991 estimate is not directly 
comparable). 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 tin 1982-83, and 242,600 tin 1985-86. These 
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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 1993 
exploitable biomass projected to be 292,456 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 which 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. 

4.5.2 Length at Age and Length-Weight Relationship 

Age samples for Greenland 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 takes fish ranging from 3 to 19 years. The von 
Bertalanffy length-age relationship for Greenland turbot is as 
follows: 
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Li= 88.788 * (1 - exp(-0.141(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 nun 
and W = weighting 

4.6 MAXIMUM SUSTAINABLE YIELD 

Poor recruitment of Greenland turbot since 1976 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 (a) developed by Kimura (1987) is also 
required. When~= 1.0, recruitment is constant. When a is less 
than 1, recruitment is density dependent, and when~= 0, 
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~ values. 

The results give estimates of MSY varying from 0 (in the 
limiting case of~= 0) to 45,900 t (when~= 1). A sample of 
the SRA output is shown below: 

Beverton-Holt Virgin Recruitment Maximum 
recruitment biomass biomass sustainable 
parameter (a) (1960) (1960) yield 

0.00 1,374,482 65,118 0 
0.20 1,292,814 61,249 6,205 
0.40 1,208,381 57,249 12,797 
0.60 1,119,620 53,044 20,728 
0.80 1,023,552 48,493 29,624 
1.00 912,801 43,246 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 
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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 Wmax and R, where Wmax = asymptotic weight 
and R = constant recruitment biomass. For the 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 Wmax = 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 (~ = 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 1986-91. 
The results (see Section 4.7) show that the best estimate of MSY 
for Greenland turbot is 23,403 t (Bmey = 438,727 t, Fmey = 0.06). 

4.7 ACCEPTABLE BIOLOGICAL CATCH 

Because of uncertainties regarding future recruitment and 
anticipated declining abundance of the stock, the current 
analysis is too uncertain to estimate ABC with the MSY 
exploitation rate. Therefore a more conservative F0 . 1 
exploitation strategy is used. 

4 
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To compute ABC, estimates of 1993 exploitable biomass and 
exploitation rates were obtained from SRA. To account for the 
observed poor recruitment, the SRA biomass projections assumed an 
80% reduction in recruitment for the years 1986-92. When the 
parameter .a in the Beverton-Holt recruitment function was varied' 
over its feasible range, ABCs were estimated to range from O (in 
the limiting case of .a= 0) to 37,334 t (when a= 1). A sample 
of the output obtained under different levels of .a is shown 
below: 

Beverton-Holt Exploitation Projected 
recruitment rate at biomass 

parameter (a) F0.1 (1991) ABC 

0.00 0.00 353,460 0 
0.20 0.01 316,920 3,169 
0.40 0.02 306,018 7,038 
0.60 0.04 295,815 12,128 
0.80 0.07 286,606 20,349 
1.00 0.13 278,612 37,334 

Yield curves generated from these results were examined to 
determine the spawner-recruit relationship that produced 
reasonable results (same methodology used by Lenarz (1984) to 
choose an F for widow rockfish). Low values of a (< 0.3) 
produced yield curves which indicated that low levels of fishing 
mortality (0.04) drove the stock to extinction. These results 
are unreasonable in light of the substantial harvest levels 
sustained during the 1970s and early 1980s (exploitation rates 
may have been as high as 9-10% based on SRA estimates of biomass 
for those years). Constant recruitment (,a= 1.0) was also 
discounted as a plausible relationship because of the highly 
variable recruitment shown by eastern Bering Sea trawl surveys. 
Thus, a range in .a values of 0.4 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 14,500 t which is 
generated at approximately a= 0.67. Other SRA results 
associated with these parameter values are as follows: 

Virgin MSY Exploitation Biomass ABC 
biomass(l960) biomass MSY at F0 ,,_ ___ .._(l_.9 .... 9 .... 3 .... ) __ _.( __ 1 __ 9 __ 9 __ 3.._) 

1,087,064 438,727 23,403 0.05 292,456 14,622 

Although even under this recruitment scenario Fmsy would 
equal only 0.06 (compared to F0 . 1 =0.05, Fig. 4.3), the proper 
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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 1998 (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 given the present recruitment 
levels. The threshold level is unknown. 

It should also be noted that the F0 _1 exploitation rate of 
0. 05 is equal to the Fovertishing exploitation rate which reduces the 
spawning stock biomass per recruit to 30% of its pristine level. 

The North Pacific Fishery Management Council has set ABC at 
7,000 t for Greenland turbot since 1988. Although this value is 
not biologically quantifiable, it may be the best current 
management strategy to reduce the risk of making an error of 
over-estimating ABC without better information on current biomass 
and recruitment. Therefore, ABC for 1993 is recommended to be 
7,000 t. -
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T•ble 4.1 -- All Mtion c•tches (t) of Greenbnd turbot in the ustern Bering Sea •nd Aleuti•n Isbnds 
regions• 

~§!t~rn ~ring ~~a Al~li§n I!lan~ Tot•l for 
Non-U.S. U.S. joint U.S. Non-U.S. U.S. joint U.S. regions 

Year fisheries• venturesc domestic• Toul fisheries ventures domestic Toul cClllbined 

1970 19,691 19,691 285 285 19,976 
1971 40,464 40,464 1,750 1.750 42,214 
1972 64,510 &.c ,510 12,874 12,874 71,384 
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 1 6,317 52.122 
1983 43,439 4 43,443 4,115 4,115 47,558 
1984 21.295 22 21.317 1-,802 1 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. 

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

c Joint ventures between U.S. fishing vessels and non·U.S. precessing vessels. 

° Fish caught and processed by domestic operations. 
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GREENLAND TURBOT 

4 AFSC survey data on shelf 
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4.1.--Relative abundance of Greenland turbot on the 
continental shelf and slope as shown by Alaska 
Fisheries Science Center (AFSC) and Japan Fisheries 
Agency (JFA) survey data. 
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4.2.--Population number estimates by size of 
Greenland turbot on the continental 
slope of the eastern Bering Sea based 
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Figure 4.3.--Equilibrium biomass and yield conditions for 
Greenland turbot at various F levels using the 
Beverton-Holt spawner-recruit relationship with 
A= 0.71. 
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SUMMMARY OF CHANGES IN THE ARROWTOOTH FLOUNDER ASSESSMENT 

by 
Terrance M. Sample and Thomas K. Wilderbuer 

Relative to the 1991 SAFE report, the following changes have 
been made in updating the current draft of this report. 

1} Catch is updated through 2 August, 1992. Total catch 
(including discards} is estimated for 1990 and 1991. 

2} Since the results of the 1992 Bering Sea trawl survey are 
unavailable for the September Plan Team meetings, an interim 
estimate of ABC is given for.-1993 based on last years' 
projection of exploitable biomass in 1993. 
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Section 5 ARROWTOOTH FLOUNDER 

by 
Terrance M. Sample 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 decreased after implementation of 
the MFCMA from 1974-76 levels, particularly after 1983 when they 
fell to less than 10,000 t through 1990. 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. 
Retained catches through 2 August, 1992 are only 308 t. 

Currently, arrowtooth flounder have a low perceived 
commercial value as they are captured primarily in pursuit of 
other high value species. The catch information in Table 5.1 
reports only the tonnage retained onboard Bering Sea/Aleutian 
Islands trawl vessels or processed onshore (as reported by 
PacFIN}. However, substantial amounts of arrowtooth flounder are 
discarded overboard in the various trawl target fisheries. The 
following estimates of total catch in 1990 and 1991 were 
calculated from discard rates observed from vessels with 100% 
observer sampling and applied to the total retained catch. 

C 



Year 

1990 
1991 

Retained 

4,232 t 
4,059 t 
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Discarded 

17,774 t 
15,055 t 

Total 

22,006 t 
19,124 t 

Arrowtooth flounder were only 19% retained in 1990 and 21% 
in 1991. 

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 to 9 .. 9 kg/ha in 1990 (Fig. 5.1). Substantial 
increases in CPUE on the slope were also observed from 1981 to 
1986 as CPUE from the Japanese landbased fishery increased from 
1.5 to 21.0 t/hr (Bakkala and Wilderbuer 1990). However, results 
of the 1991 survey indicate a decline in CPUE to 8.4 kg/ha on the 
shelf. 

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: 

Eastern Bering Sea Aleutian 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 
1989 410,700 
1990 459,200 
1991 390,100 28,000* 418,100 43,500 

*The 1988 and 1991 slope estimates were from the depth ranges of 
200-800 m while earlier slope estimates were from 200-1,000 m. 
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Biomass estimates from AFSC surveys on the continental shelf 
have shown consistent increases since 1975 through 1990 with the 
exception of 1985. Increases were moderate through 1982 but were 
much more substantial in later years with the biomass increasing 
more than 4-fold from 1982 to 1990. The biomass declined 
moderately from 1990 (459,200 t) to 1991 (390,100 t). 

Biomass decreased on the continental slope from 1979 through 
1982 but increased significantly in 1985. Abundance declined in 
1988 and has remained near that lower level in 1991. 

The 1988 and 1991 slope biomass estimates (30,600 t and 
28,000 t respectively) were lower than that in 1985 (74,400 t). 
Sampling in 1988 and 1991 (200-800 m) was not as deep as in 1985 
and earlier years (200-1,000 m). Based on slope surveys 
conducted between 1979 and 1985, 67 to 100% of the arrowtooth 
flounder biomass on the slope were found at depths less than 800 
m. These data suggest that less than 20% of the total EBS 
population occupied slope waters in 1988 and 1991, a period of 
high arrowtooth flounder abundance. Surveys conducted during 
periods of low and increasing arrowtooth abundance (1979-85) 
indicate that 27% to 51% of the population weight occupied slope 
waters. 

Arrowtooth flounder abundance available from the 1991 
Aleutian Islands trawl survey estimate the biomass at 43,500 t, 
similar to the values estimated from the 1980 and 1983 trawl 
surveys. 

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 400,000 t 
according to the 1991 survey. The Aleutian Islands portion of 
the stock is available from the total 1991 biomass estimate 
(since the non-exploitable portion of the fish available to the 
survey trawl is small) which equals 43,500 t. 

Based on these estimates, the total exploitable biomass for 
the EBS and Aleutian Islands combined in 1991 is 461,600 t. The 
projection of exploitable biomass for 1993 made in the 1992 
assessment (with F = 0) is 378,000 t. This value will be used in 
this interim assessment. 

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 
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that modes formed by age groups 1 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 1 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 

Population 
estimates 

.1222. .ill.Q. 1.2.ll .illl .!.ill. 1.2.il ~ .ill.§. 1.2.§1. l1il .ill.2. .ill.Q. .illl. 

121.4 26.3 33.9 86.1 290.2 57.9 62.4 150.3 94.3 200.6 273.B 105.2 77.2 

Over this period, population estimates for this size group 
have averaged 122 million. Above average recruitment has 
occurred in 1983, 1986, 1988,·and 1989. Since the estimates 
primarily represent age 2 fish, the year-classes producing the 
strong recruitment are 1981, 1984, 1986, and 1987 (Fig. 5.2). 
This series of strong year classes accounts for the increases in 
abundance observed during the 1980s. The good recruitment from 
the 1986 and 1987 year classes should maintain the overall 
population abundance at relatively high levels. 

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, recruitment 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 and 1991 surveys, 
relative to that of earlier surveys, indicates that the 
proportion of the population occupying slope waters may vary 
considerably from year to year depending on the age structure of 
the population. 
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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 Lint 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 (mm}-weight (gm) relationship for arrowtooth flounder is 
described by the equation W = 9.66 x 10-6 * L ** 3.0061. 

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 since 
1982. Therefore, Alverson and Pereyra's (1969) yield equation is 
used to estimate MSY. 

An MSY value of 59,040 twas derived in last years report 
based on calculated biomass estimates of the exploitable 
population (590,500 t) for the EBS slope and Aleutian Islands 
regions (Sample and Wilderbuer 1991). Since the 1991 estimates 
of exploitable biomass from the EBS shelf, slope, and the 
Aleutian Islands is less than 590,500 t, this remains the best 
estimate of virgin biomass which would produce an MSY of 59,040 
t. 

5.7 ACCEPTABLE BIOLOGICAL CATCH 

ABC can be calculated as the product of exploitable biomass 
and the MSY exploitation rate. Although data are 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 density 
independent.- The ·Beverton-Holt · model requires four inputs to 
estimate Fmax: the Brody ( 1945) coefficient 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. 
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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 O. 41 (Fig. 5. 3) . 
The yield per recruit model also allows for the calculation of 
the more conservative F0 _1 exploitation rate where the F0 _1 value 
is calculated as 1/lOth of the slope of the origin (F=O) of the 
yield curve (Fig. 5.3) which occurs at F=0.18. 

The exploitable biomass of arrowtooth flounder for 1993 is 
estimated using the projected exploitable biomass for 1993 made 
in the 1991 assessment. It is desireable to use the 1992 trawl 
survey to calculate this value, but until it becomes available, 
the projected estimate of 378,000 twill serve as an interim 
value. · 

The procedures for choosing an exploitation level for 
calculating an ABC value must consider the Moverfishing" 
definition. The ABC values recommended by the Plan Development 
Teams must not exceed the catch levels obtained by applying the 
overfishing definition selected by the council in Amendment 
21/16. When the available biological information is limited 
to maturity, growth, and natural mortality (i.e. Bering Sea 
arrowtooth flounder) the maximum allowable fishing mortality 
rate is set at the value that results in the spawning biomass
per-recruit ratio falling to 30% of its pristine value. The 
potential yield of arrowtooth flounder for 1992 at various 
levels of fishing mortality are as follows: 

F level 

Fmax 

Fo.1 
F = M 
F overfishing 

Exploitation rate 

0.41 
0.18 
0.20 
0.25 

Potential yield 

187,534 t 
82,300 t 
91,500 t 

114,400 t 

Projections of exploitable biomass through 1998 (section 
5. 8) indicate that harvesting the stock at the F 0 _ 1 exploitation 
rate (0.18) would maintain the stock at a stable level through 
the end of the projection (2/3 of the 1992 level) while 
harvesting the stock at a rate less than the Foverfishing 
exploitation rate. Accordingly, the recommended 1993 ABC for 
arrowtooth flounder in the Bering Sea/Aleutian Islands region 
is 68,000 t, based upon the F0 _1 harvest strategy (ABC = O .18 x 
378,000 t = 68,040 t). 
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PROJECTED BIOMASS 

Exploitable biomass through 1998 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 average of the 
1979 through 1991 trawl surveys. Results of the projections 
under harvest strategies of Fmax' F0 _1 , and F=O are shown in 
Figure 5.4. 
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Table 5.1.--All nation catches (t) of arrowtooth flounder in the eastern 
Bering Sea and Aleutian Islands regiona, 1970-92. 

Eastern Bering Sea Aleutian Island Region 
Non-U.S. U.S. U.S. Non-U.S. U.S. U.S. 

Year fisheriesb J. V. c DAHd Total fisheries J.V. DAH Total Total 

1970 
1971 
1972 
1973 
1974 

1975 
1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 
1984 

1985 
1986 
1987 
1988 
1989 

1990 
1991 
1992e 

12,598 
18,792 
13,123 
9,217 
21,473 

20,832 
17,806 

9,454 
8,358 
7,921 

13,674 
13,468 

9,065 
10,180 
7,780 

6,840 
3,462 
2,789 
2,552 
2,264 

87 
5 

38 
36 

200 

448 
3,298 
1,561 
2,925 

760 

1 
30 

5,477 
3,024 

660 2,113 
3,730 

308 

12,598 
18,792 
13,123 

9,217 
21,473 

20,832 
17,806 

9,454 
8,358 
7,921 

13,761 
13,473 

9,103 
10,216 
7,980 

7,288 
6,761 
4,380 

2,773 
3,730 

308 

274 
581 

1,323 
3,705 
3,195 

784 
1,370 
2,035 
1,782 
6,436 

4,603 
3,624 
2,356 
3,700 
1,404 

11 

16 
59 
53 
68 

59 
78 

114 
22 

17 
64 
45 

384 
198 

1,459 
339 

0 

274 
581 

1,323 
3,705 
3,195 

784 
1,370 
2,035 
1,782 
6,436 

4,603 
3,640 
2,415 
3,753 
1,472 

87 
142 
159 
406 
198 

1,459 
339 

0 

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, 37. 
6,903 
4,539 
5,883 
3,222 

4,232 
4,069 

308 

acatches from data on file Alaska Fisheries Science Center, 7600 Sand Point 
Way N.E., Seattle, WA 98115. 
bJapan, U.S.S.R., Republic of Korea, Taiwan, Poland, and Federal Republic 
of 
Germany. 
cJoint ventures between U.S. fishing vessels and foreign processing 
vessels. 
dFish caught and processed by U.S. domestic operations. 
ecatch information through 2 August, 1992 (NMFS regional office). 
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ARROWTOOTH FLOUNDER 

10 AFSC survey data 
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Figure s.1.--catch per unit effort (CPUE) of arrowtooth flounder 
on the eastern Bering Sea continental shelf as shown 
by Alaska Fisheries Science Center (AFSC) survey 
data. 
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Figure s.2.--size compostion (millions of fish) of arrowtooth 
flounder from eastern Bering Sea shelf trawl surveys 
during 1980-1991. 
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Figure 5.3.--Yield per recruit for· arrowtooth flounder at various 
levels of fishing mortality. Fishing mortality at 
FHAX and F0_1 are indicated. 
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Figure 5.4.--Projections of exploitable biomass for arrowtooth 
flounder based on the three harvest strategies 
(F max' F0_ 1 , and F=O) • 
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SUMMARY OF MAJOR CHANGES IN THE ROCK SOLE ASSESSMENT 

by 
Gary E. Walters and Thomas K. Wilderbuer 

The following changes have been made to the current SAFE 
document since the 1991 Assessment. 

1) Catch information has been updated through 2 August, 1992. 

2) Exploitable biomass projected for 1993 in the 1991 assessment 
is used as the current level of exploitable biomass until the 
1992 survey analysis is complete. 

3) Stock synthesis modeling for.rock sole coming for the next 
assessment. 
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ROCK SOLE 

by 
Gacy E. Walters and Thomas K. Wilderbuer 

INTRODUCTION 

The rock sole (Pleuronectes bilineatus) 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 abundance and importance as the 
object of a domestic roe fishecy, the rock sole is now 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 1980-88 are broken down into catches 
by non-U.S. fisheries, catches from joint venture operations and 
DAP catches: 

Year 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 8 

Foreign 

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

10,156 
6,671 
3,394 

776 
0 
0 
0 
0 
0 

JVP 

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

27,523 
12,079 
16,217 
11,136 
40,844 
21,010 
10,492 

0 
0 

Domestic 
DAP 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

14,209 
22,374 
23,544 
13,584 
26,297 
12,897 

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

11,844 
13,618 
18,750 
37,678 
23,483 
26,121 
63,218 
44,554 
24,076 
26,297 
12,897 

8 Catch through 2 August 1992. No JVP allocation since 1990. 

Prior to 1987, the classification of other flatfish 
prevented reliable estimates of DAP. 
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Although female rock sole ovaries are highly desired when in 
spawning condition, large amounts of rock sole are discarded 
overboard in the various Bering Sea trawl target fisheries. The 
following estimates of total catch of rock sole in 1990 and 1991 
were calculated from discard rates observed from vessels with 
100% observer sampling and applied to the total retained catch 
(from PacFIN). 

Year 

1990 
1991 

Retained 

24,076 t 
26,297 t 

Discarded 

16,853 t 
28,927 t 

Total 

40,929 t 
55,224 t 

Rock sole were 59% retained in 1990 and 48% retained in 1991. 

6.3 CONDITION OF THE STOCK 

6.3.1 Relative Abundance 

Since the rock sole has usuaily been taken incidentally in 
target fisheries for other species, CPUE from commercial 
fisheries seldom reflect trends in abundance. 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 data for a number 
of bottom-tending species such as flatfishes. This is believed 
due to the use of a new research trawl with better bottom tending 
characteristics. 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 for 1988. Subsequent 
experiments indicate this was due to slightly smaller and lighter 
trawl doors. In 1989 this condition was corrected and the CPUE 
decreased to a value nearer that of 1987. 

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. During this decade, survey CPUE data show 
that the abundance of rock sole has increased to a very high 
level. 
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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 1989 EBS 1,318,200 

Aleut. 23,300 1990 EBS 1,409,500 
1991 EBS 1,588,300 

It should be recognized that the biomass estimates given 
above are point estimates from an "area-swept" bottom trawl 
survey. As a result they carry the uncertainty inherent in the 
technique. It is assumed that the sampling plan covers the 
distribution of the fish and that all fish in the path of the 
trawl are captured. That is, there are no losses due to escape 
or gains due to gear herding effects. Due to sampling 
variability alone, the 95% confidence interval for the 1991 point 
estimate is 1,398,135 t - 1,778,376 t. 

Rock sole biomass was relatively stable through 1979, but 
then increased substantially from 195,000 tin 1979 to 951,000 t 
in 1984. In 1985 the estimate declined to 720,000 t but 
increased again in 1986 to over 1 million t and continued this 
trend through 1988. As explained above, the large estimate in 
1988 may have been due to a change in actual trawl width during 
that year. In 1989, the level returned to near that of 1987 and 
in 1990 and 1991 showed a further increase. As described below, 
recruitment continues strong and may contribute to further 
increases in estimated biomass. 

6.3.3 Current Exploitable Biomass 

The dramatic increases in survey biomass estimates in recent 
years indicate a population expanding at a high rate. The 1988 
estimate was dramatically higher than the rest of the trend. 
However, the succeeding estimates continue to increase. Last 
years' assessment used the mean estimate from 1989, 1990, and 
1991 for the 1992 exploitable biomass value. Since the 1992 
Bering Sea trawl survey biomass estimates are unavailable for 

t 
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this preliminary assessment, the projected biomass estimated for 
1993, 1,713,400 t, will be used as an interim value. 

6.4 RECRUITMENT STRENGTHS 

Increases in abundance described earlier for rock sole appear 
to be the result of recruitment of a series of strong year 
classes. Rock sole ages have now been read through samples taken 
in 1990 and show the continuing strength of 1975-1980 year 
classes (Walters and Halliday 1987) as well as strong incoming 
year classes from 1981-86 (Fig. 6.2). The trawl survey age 
composition in 1990 indicates that 85% of the rock sole 
population numbers are ages 
3-7, corresponding to the 1983-87 year classes. 

6.5 BIOLOGICAL PARAMETERS 

6.5.1 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 trawl 
gear. 
6.5.2 Length and Weight at Age 

A new length-weight relationship has been developed from data 
gathered in 1988. Combined data for 1985-88 were used for a new 
age-length relationship. 

The following values for the parameters in the von 
Bertalanffy age-length relationship were found from the ageing 
data for 1985-88. 

Rock sole 
males 
females 

Lint ( cm) 

36.7 
45.1 

k 

0.2215 
0.1800 

0.7527 
0.8842 

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

w = a * L ** b 
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No significant differences were found between sexes so that 
these parameters are for both sexes combined. 

Species a b 

Rock sole 0.007610 3.11976 

6.6 MAXIMUM SUSTAINABLE YIELD 

Maximum sustainable yield (MSY) can be estimated using the 
simple yield equation of Alverson and Pereyra (1969) where MSY = 
0.5 x M x virgin biomass. Assuming the present high level of 
biomass represents virgin biomass and M = 0.2, MSY can be 
estimated at 143,870 t. 

An alternative estimate of MSY can be derived from a 
density-dependent, non-equilibrium logistic form of a stock 
production model (Zhang et al. 1991). This model is an 
alternative to usual stock production modeling, utilizing catch 
and biomass information instead of relying on catch and effort 
statistics. The model accommodates a non-linear relationship 
between fishing mortality and population size and was fit to 
catch and survey biomass information from 1979-90 (Pers. comm. 
Dr. Patrick Sullivan, October 1990). Application of this model 
indicates that MSY = 184,000 t which occurs at an exploitation 
rate of 0.205 (Fmsy = 0.205) when the population is at Bmsy (Bmsy = 
904,000 t). Although stock production modeling of rock sole 
survey biomass and catch information provides a good fit to the 
data (Fig. 6.3, r 2 = 0.96), this estimate of MSY should be viewed 
with caution since it was fit to a short time-series of data 
(1979-90) when there was not a large diversity of population 
dynamics occurring in the stock (steady increase in biomass). 
MSY likely occurs at some yield level between 143,870 and 184,000 
t. 

6.7 ACCEPTABLE BIOLOGICAL CATCH 

ABC can be computed as the product of exploitable biomass 
and an exploitation rate. The appropriateness of the 
exploitation rate to be used depends on the current condition of 
the stock in relation to factors such as Bmsy, recruitment trends, 
multispecies interactions, and the degree of uncertainty in data 
or parameter estimates. The procedures for choosing an 
exploitation level for calculating an ABC value must also 
consider the NPFMC's new "overfishing• definition. The ABC 
values recommended by the Plan Teams must not exceed the catch 
levels obtained by applying the overfishing definition selected 
by the council in Amendment 21/16. For rock sole, where the 
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biological information available is stock-recruitment, maturity, 
growth, and natural mortality; the maximum allowable fishing 
mortality rate is set at Fmsl when the stock exceeds Bmsy and at a 
rate which will vary linear y with biomass (starting at a value 
of zero at the origin and increasing to a value of Fmsy at Bmsy) 
when biomass is below Bmsy. Considering that the abundance of 
rock sole is estimated to be above Bmsy and expected to remain so, 
it is appropriate to use an Fmsy exploitation rate to estimate 
ABC. 

Since a time-series of trawl survey age composition 
information is available for the Bering Sea rock sole population, 
two similar forms of a dynamic pool model were evaluated to 
discern an appropriate fishing harvest strategy. An analytical 
form of the dynamic pool model described by Thompson (In press) 
was applied to the Bering Sea rock sole stock. This equilibrium 
model uses continuous Cushing recruitment (q = 0.2348, Cushing 
1971) and continuous linear Brody growth to estimate Fmsy at F = 
0.176 and F0 _1 at F=0.159. The fit to Cushing recruitment from 
seven data points is shown in Figure 6.4. 

A numerical form of the family of dynamic pool models was 
also applied to the rock sole population for this analysis. This 
model provides an MSY equilibrium yield from a range of fishing 
mortality values given a Cushing stock-recruitment relationship 
( described in Walters and Wilderbuer 1990) . An Fmsy = 0 .19 value 

was obtained from this analysis which is close to the result from 
~the Thompson analytical form of the dynamic pool model. However, 
using the Cushing recruitment fit in the numerical model resulted 
in very low equilibrium levels for stock size and yield at MSY. 
Accordingly, the Fmsy value from the analytical form of Thompson 
is the default value for rock sole. 

1993* 
F level F value Harvest level 

F = M 0.20 342,680 t 
Fmsy 0.176 301,558 t 
Fo.1 0.159 272,431 t 
Fmax 0.31 531,154 t 
F overfishing 0.176 301,558 t 

* 1993 harvest level calculated as F value x exploitable 
biomass (1,713,400 t). 

Survey results indicate that the eastern Bering Sea rock 
sole stock is at an abundant and stable level after increasing 
steadily since 1981. The population has experienced at least 6 
consecutive strong year classes (1979-85 year classes) which have 
contributed to the current high biomass. It is therefore 
recommended that the 1992 ABC harvest level be calculated using 
the Fmsy exploitation rate of F = 0 .176 which gives an ABC of 
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301,558 t (assuming the projected value of 1,713,400 t from the 
1991 assessment represents an average biomass value). 

A conservative alternative to using Fm~ to calculate ABC is 
to use the F0 _1 harvest strategy developed by Gulland and Boerema 
(1973). Results from the analytical dynamic pool analysis 
(Thompson 1989) indicate that this arbitrary harvest level occurs 
at F = 0.159 yielding an alternative ABC of 272,431 t. 

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 was used. Based on 
the 1983 and 1986 Aleutian Islands trawl surveys, less than 3% of 
the total biomass was located in the Aleutian region. 

In summary, ABCs (t) by area for 1993 are as follows: 

Species 

Rock sole 

6.8 

Eastern Bering 
Sea 

301,558 

Aleutian 
Islands 

9,047 

BIOMASS PROJECTIONS 

Total 
ABC 

310,605 

Exploitable biomass through 1998 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 Fmsy' 
Fa. 1 , Fmax, and F=0. Recruitment biomass is assumed constant 
during the projected years and was approximated from the biomass 
of rock sole less than 14 cm estimated from the 1990 trawl 
survey. 
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SUMMARY OF CHANGES IN THE OTHER FLATFISH ASSESSMENT 

by 
Gary E. Walters and Thomas K. Wilderbuer 

Relative to the 1991 SAFE report, the following changes have 
been made in the current draft of this chapter: 

1) Catch are updated through 2 August, 1992 and information 
presented regarding retained and discarded catch. 

2) Since the 1992 Bering Sea trawl survey biomass estimates are 
unavailable at the time of the September Plan Team meetings, the 
projected values of 1993 biomass from last years' assessment are 
used as interim estimates. · 
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Section 7 OTHER FLATFISH 

by 
Gary E. Walters and Thomas K. Wilderbuer 

7.1 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 (Errex zachirus), Dover sole 
(Microstomus pacificus), starry flounder (Platichthys stellatus), 
longhead dab (Pleuronectes proboscideus), and butter sole 
(Pleuronectes isolepis). 

The distribution of most species of this uother flatfish" 
category is mainly on the eastern Bering Sea continental shelf. 
Only small amounts are taken in the Aleutian Islands region. 

Estimates from the 1991 survey are included in this analysis 
as well as catch data through 2 August, 1992. 

7.2 CATCH HISTORY 

Catches of these species increased from around 25,000 tin 
the 1960s to a peak of 52,000 tin 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 tin 1975-1982 but subsequently increased 
steadily to 53,000 tin 1986. In 1987 the catches decreased to 
around 25,000 t primarily due to a decrease in catches of Alaska 
plaice. After a peak in 1988 of over 74,000 t, reported catches 
in 1989 and 1990 dropped substantially with the 1991 catch even 
lower at 3,029 t. Catches (t) since implementation of the MFCMA 
in 1977 are shown as follows: 

Flathead Alaska Miscellaneous 
Year sole elaice flatfish 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 
1989 3,540 13,889 1,469 18,898 
1990 10,185 5,466 594 16,245 
1991 1,086 1,835 108 3,029 
1992• 2,410 

•NMFS regional office report through 2 August, 19\li. 
Observer data for 1992 unavailable for catch by species. 

With the cessation of joint venture fishing operations in 
1991, the "other flatfish" catch is now harvested exclusively by 

Cl 
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domestic vessels. Catch data from 1980-89 by its' component 
fisheries {JVP, non-U.S., and domestic} are available in Walters 
and Wilderbuer (1990). 

Substantial amounts of flatfish in the •other flatfish• 
category are discarded overboard in the various Bering Sea trawl 
target fisheries. Total catch for 1990 and 1991 is estimated 
from vessels with 100% observer coverage and applied to the 
retained catch {available from PacFIN). 

Year 

1990 
1991 

Retained 

16,245 
3,029 

Discards 

27,617 
7,875 

Total 

43,862 
10,904 

As a group, species of the "other flatfish" category were only 
37% retained in the 1990 fishery and 27% in 1991. 

7.3 CONDITION OF STOCKS 

7.3.1 Relative Abundance 

Because "other flatfishes" 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 15.1 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 with 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 on one 
vessel than previously thought. This resulted in a sharp 
increase in the CPUE estimate for 1988, particularly for Alaska 
plaice. Whether the trawl width for previous years since 1983 
was also smaller is not known. Subsequent experiments revealed 
slightly smaller and lighter trawl doors were used. This 
situation was changed in 1989 and the values for both species 
returned to the same range as was present in 1985-87 {Fig. 7.1). 
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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 generally increased with some fluctuation around the 
increasing trend. The trend for Alaska plaice shows an increase 
from 1975 to 1982 and then a relatively stable trend with the 
exception of the 1988 estimate. 

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: 

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 
1989 EBS 523,200 599,400 53,900 1,176,500 
1990 EBS 651,600 525,500 92,400 1,269,500 
1991 EBS 570,300 529,100 144,400 1,173,300 

It should be recognized that the biomass estimates given 
above are point estimates from an "area-swept• bottom trawl 
survey. As a result, they carry the ·· uncertainty inherent in the 
technique. It is assumed that the sampling plan covers the 
distribution of the fish and that all fish in the path of the 
trawl are captured. That is, there are no losses due to escape 
or gains due to gear herding effects. Due to sampling 
variability alone, the 95% confidence intervals for the 1991 
point estimates are: 

4 
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Flathead sole 
Alaska plaice 

473,200 t - 667,500 t 
429,600 t - 628,600 t 

As with the CPUE data, the better estimate of effective net 
width caused a dramatic increase in the biomass estimates for 
1988. In 1989, these values decreased somewhat but, still showed 
an increase over 1985-87. In 1991, the estimated biomass for 
flathead sole and the miscellaneous category decreased somewhat, 
while the estimate for Alaska plaice remained almost constant. 

The biomass of flathead sole has doubled between 1983 and 
1991. The estimate for 1991 is over 570,000 t. 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 1991 with the 
exception of the 1988 value. 

The biomass of the miscellaneous species in the "other 
flatfish" complex is now estimated to be at the highest level 
since 1982. 

7.3.3 Current Exploitable Biomass 

For the 1991 assessment the mean of the 1989, 1990, and 1991 
survey biomass values were used to represent the best estimate of 
current exploitable biomass. 

Species 
Exploitable 

Biomass 
(95% confidence) 

mean 
Flathead sole 420,700 t -579,900- 738,300 t 
Alaska plaice 372,700 t -551,300- 730,100 t 
Miscellaneous species 96,900 ta 

Total for all species 1,228,100 ta 

a Confidence limits not calculated 

The exploitable biomasses are assumed to be the same as the 
survey biomasses since the non-exploitable component of the 
survey biomass is small. Since the 1992 Bering Sea trawl survey 
biomass estimates are unavailable at the time of this preliminary 
assessment, the projected exploitable biomass estimated from last 
years assessment (with F = 0) will be used as a proxy for Alaska 
plaice and flathead sole. The 1991 miscellaneous species biomass 
will be retained for 1993. 

Alaska plaice 
Flathead sole 
Miscellaneous species 

675,362 t 
622,796 t 

96,900 t 
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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. 

Ageing data are now available for flathead sole in 1985 and 
Alaska plaice in 1988(Figs. 7.2, 7.3). Examination of these data 
do not show recruitment of any particularly large year classes. 
This suggests a relatively constant population for the near 
future. 

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 

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: 

Lint ( 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. 
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Flathead sole 
Alaska plaice 

7-7 

a 

0.003965 
0.008841 

7.6 MAXIMUM SUSTAINABLE YIELD 

7.6.1 Flathead Sole 

b 

3.25912 
3.11122 

MSY was estimated using the Alverson and Pereyra (1969) 
yield equation. Using the average biomass determined above as a 
representation of virgin biomass (579,900 t) and M = 0.20, MSY 
was estimated at 57,990 t. 

The simple yield per recruit model of Beverton and Holt 
{1957) can also be used to evaluate this estimate-of MSY in 
relation to the current stock size and the level of equilibrium 
biomass that would produce MSY = 57,990 t given the assumption of 
constant recruitment. Using age at entry to the fishery of 3, 
Fmax occurs at F=0.4 (Fig. 7.4), the equilibrium biomass that 
produces MSY = 162,900 t. This would indicate that the present 
biomass is well above Bmsy• Since the assumption of density
independent constant recruitment is probably violated here, the 

_level of equilibrium biomass at Fmsy may be underestimated. 

7.6.2 Alaska Plaice 

MSY was estimated by Zhang (1987) using the biomass-based 
cohort analysis and production model. Using this method MSY was 
estimated at 76,000 t which was associated with an F = 0.226 (Fmsy 
= 0.226). Zhang also estimated that optimum equilibrium biomass 
ranges from 275,000 to 385,000 t, well below the current 
exploitable biomass. 

7.6.3 Miscellaneous Flatfish 

Assuming that the average biomass determined above 
represents virgin biomass (96,900 t), MSY = 0.5 x 0.20 x 96,900 = 
9,690 t. 
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7.6.4 Summary of MSY 

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

Species 

Flathead sole 
Alaska plaice 
Miscellaneous 

Total 

MSY Estimate 

58,000 t 
76,000 t 

9,700 t 
143,700 t 

7.7 ACCEPTABLE BIOLOGICAL CATCH 

Considering that the abundance of all the species in this 
flatfish complex are high (probably above Bmsy) and expected to 
remain so, it was deemed appropriate in past years to use the Fmsy 
exploitation rate to estimate the next years' ABCs. The Fmsy and 
F0 _1 exploitation values given below were calculated from the 
analytical version of a dynamic pool model used in the rock sole 
analysis (see preceding chapter and Thompson in press) which was 
used to estimate Fmsy. 

7.7.1 Flathead Sole 

Flathead sole in the eastern Bering Sea are currently at a 
biomass level exceeding Bmsy. The Fmsy rate has not been 
calculated but is assumed to be similar to that of rock sole 
since their life histories are fairly similar. Using this 
default procedure, the exploitation rate of flathead sole at MSY 
= 0.176 x 622,800 t = 109,613 t. Using the F0 _1 harvesting 
strategy, the alternative yield= 0.159 X 622,800 t = 99,025 t. 

7.7.2 Alaska Plaice 

This stock is at present stable and high in abundance. From 
the current exploitable biomass projected at 675,400 t, yield can 
be calculated by assuming Frnsy to be the same as that of rock 
sole. The MSY exploitation level= .176 x 675,400 t = 118,870 t. 
Alternatively, the F0 _1 harvest level = 675,400 t X 0.159 = 
107,388 t. 

7.7.3 Miscellaneous Flatfish 

For lack of other information, an ABC exploitation level of 
17,054 t (17.6% of the current exploitable biomass of 96,900 t) 
is calculated as well as an F 0 _ 1 level of 15,407 t ( 15. 9% of the 
exploitable biomass). 
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The ABC values recommended by the Plan Teams must not exceed 
the catch levels obtained by applying the overfishing definition 
selected by the council in Amendment 21/16. This definition 
contains some flexibility in determining the Foverfishing value 
depending on the type and quantity of biological and population 
information available for a species or species group. In cases 
where the stock-recruitment relationship, fecundity, maturity, 
growth and natural mortality are known the maximum allowable 
fishing mortality rate will be set at FMsY for biomass levels in 
excess of BMsY• For lower biomass levels, the maximum allowable 
fishing mortality rate will vary linearly with biomass, using a 
value of zero at the origin and increasing to a value of FMn at 
BMsY• When the available biological information is limited to 
maturity, growth, and natural mortality (i.e. Bering Sea "other 
flatfish") the maximum allowable fishing mortality rate is set at 
the value that results in the spawning biomass-per-recruit ratio 
falling to 30% of its pristine value. These fishing mortality 
values are as follows: 

Species Lmsy Lo .1 foverfishing 

Alaska Plaice 0.176 0.159 0.176 
Flathead sole 0.176 0.159 0.176 
Miscellaneous species 0.176 0.159 0.176 

Even though flathead sole and Alaska plaice are believed to 
be at abundance levels above Bmsy, little is known about their 
spawner-recruit relationships as evidenced by the fact that rock 
sole exploitation values are used as proxies for these species. 
Since the rock sole MSY information was based on the fit of seven 
spawner-recruit data points applied to the analytical dynamic 
pool model of Thompson ( In press), it is uncertain that the Fmsy 
and Bmsy values for these "other flatfish" species are known. 
Therefore, it is recommended that the F0 _1 fishing rate be 
applied. 

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 miscellaneous species had a proportion of less than 4% in 
1983 and 13% in 1986. A value of 10% was used. 

The ABCs (t) by area for 1993 are summarized as follows: 



7-10 

Eastern Bering Aleutian Total 
Species Sea Islands ABC 

Flathead sole 99,025 2,970 101,995 
Alaska plaice 107,388 0 107,388 
Other species 15,400 1,500 16,900 

Total 221,813 4,470 226,283 

7.8 BIOMASS PROJECTIONS 

Exploitable biomass through 1996 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. 7.5 
and 7.6). Exploitable biomass is predicted under harvest 
strategies of Fmsy, F0 _1 , and F=0. Recruitment is assumed constant 
over the period of the projections and was approximated from the 
average of the 1990 and 1991 trawl surveys. For flathead sole 
recruitment was estimated from the biomass of fish 20 cm or less. 
For Alaska plaice, the biomass of fish less than 30 cm is 
considered recruitment biomass. 
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Figure 7. 4. --Relationship of yield per recruit to fishing mortality 
(F) for flathead sole from the Beverton-Holt equation. 
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Figure 7.5.--Projection of exploitable biomass for flathead sole 
using 3 different harvest regimes based on the Deriso 
delay difference equation. 

Exploitable biomass (1,000a t) 
1200r-------_;_--~------------

1000 --···- - ---- ------------·--

400---- ------- -------- -----

200 

~9~2=----1~99~3----1~99~4----,9~9-5--.--1-9~9-6 ___ 1_J997 

Year 

- F•O -+- F•0.1 -+- F•Fmsy 

Figure 7.6.--Projection of exploitable biomass for Alaska plaice 
using 3 different fishing regimes based on the Derise 
delay difference equation. 



8-1 

SUMMARY OF MAJOR CHANGES IN THE SABLEFISH ASSESSMENT 

ey 
Sandra A. Lowe 

Relative to the November 1991 SAFE report, the following 
substantive changes have been made in the current draft of the 
sablefish chapter: 

1) 1991 catch data have been updated, and the 1992 catch is 
presented. 

The longline surveys for sablefish are currently being 
conducted. New abundance data will be analyzed and incorporated 
in the final SAFE report. 
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SABLEFISH 

~ 
Sandra A. Lowe 

INTRODUCTION 

The distribution of sablefish (Anoploporna 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: 
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Eastern Bering Sea Aleutian Islands 
Domestic 

Year Foreign JVP DAP Total Foreign 

1977 2,716 2 2,718 
1978 1,192 1,192 
1979 1,376 1,376 

1980 2,169 35 2 2,206 
1981 2,578 24 2 2,604 
1982 3,030 5 176 3,211 
1983 2,603 44 90 2,737 
1984 1,198 76 1,053 2,327 

1985 242 47 2,059 2,348 
1986 109 347 3,062 3,518 
1987 33 68 4,077 4,178: 
1988 9 3,185 3,193 
1989 3 1,249 1,252 

1990 2,255 2,255 
1991 1,221 1,221 
1992* 236 236 

* Source: PacFin, Portland Oregon 
1992 catch is current as of 8/25/92 

1,897 
821 
782 

267 
377 
809 
574 
724 

70 

Domestic 
JVP DAP Total 

1,897 
821 
782 

4 3 274 
156 533 
118 927 

70 644 
272 2 998 

63 1,315 1,448 
83 2,945 3,028 
55 3,779 3,834 

6 3,409 3,415 
3,248 3,248 

2,206 2,206 
2,105 2,105 

-- 1, 105 1,105 

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 the EBS. The lower catch levels since 1977 are 
attributed to low stock abundance and catch restrictions placed 
on foreign fishing. Prior to 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 
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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 1982-91 in 
the EBS and 1980-91 in the Aleutian Islands region which are 
shown below. (The 1992 survey is currently being conducted, and 
results will be available for the final SAFE report). 

Region Year 

Eastern 1982 
Bering Sea 1983 

1984 

1985 
1986 
1987 
1988 
1989 

1990 
1991 

Aleutians 1980 
1981 
1982 
1983 
1984 

1985 
1986 
1987 
1988 
1989 

1990 
1991 

Shelf 
(101-200 m) 

RPN RPW 

3 
5 
2 

1 
2 

<1 
<1 
<1 

0 
0 

2 
<1 
<1 

0 
<1 

<1 
0 
0 
0 
1 

0 
0 

3 
5 
1 

1 
2 

<1 
<1 
<1 

0 
0 

1 
<1 
<1 

0 
<1 

<1 
0 
0 
0 
0 

0 
0 

Slope 
(201-1, 000 m) 

RPN RPW 

14 
8 

18 

28 
24 

9 
10 
13 

8 
4 

13 
13 
15 
16 
19 

23 
19 
19 
15 
17 

9 
7 

15 
9 

19 

29 
28 
11 
12 
18 

11 
5 

14 
14 
16 
19 
23 

30 
26 
26 
19 
25 

11 
11 

Total 
RPN RPW 

17 
13 
20 

29 
26 

9 
10 
13 

8 
4 

15 
13 
15 
16 
19 

23 
19 
19 
15 
18 

9 
7 

18 
14 
20 

30 
30 
11 
12 
18 

11 
5 

15 
14 
16 
19 
23 

30 
26 
26 
19 
25 

11 
11 

Note: The values shown are the percentage of the 1979 value 
in the Gulf of Alaska which is considered the baseline 
year. 

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 62% (RPN) and 61% (RPW) 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. 
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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 has occurred 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. 

The 1989 indices showed an increase in relative abundance on 
the EBS slope, but the 1990 and 1991 indices indicated sharp 
decreases. During the 1989, 1990 and 1991 surveys there was 
little evidence of killer whale interference. Therefore, these 
indices are considered good representations of the relative 
abundance. However, due to the impact of killer whales on the 
1988 survey, it is difficult to discern if there was a true 
increase in relative abundance from 1988 to 1989. 

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 27%, but then rose by 32% in 1989. The 
1990 indices indicated a sharp decline in abundance of 56%. The 
relative population number declined slightly in 1991, while the 
relative population weight remained the same. 

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, 1990, and 
1991 in the EBS, and in 1988 and 1990 in the Aleutian Islands is 
not thought to be attributed entirely to mortality. Emigration 
of sablefish out of the areas may also play a large role. 
Analysis of tag recovery data suggest that emigration may be 
important, whereby tags released in one region are recovered in 
other regions. Estimated annual movements out of an area were 
found to be in the range of 19-69% depending on the size of fish 
(Heifetz, and Fujioka 1991). There has been no evidence of 
sufficient recruitment to the Gulf of Alaska in 1990 and 1991 to 
replace expected losses due to fishing and natural mortality; 
yet, relative abundance has remained fairly stable (pers. comm. 
Michael Sigler, NMFS, Auke Bay Laboratory). With a lack of 
significant recruitment, it is expected that Gulf of Alaska 
numbers would show declines due to the effects of fishing and 
natural mortality. Fish moving from the BS/AI may be 
significant enough to compensate for declines due to these 
factors. There have been no other indications of significant 
changes in the EBS and Aleutian Islands populations. For 
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example, the length distributions from the 1989, 1990, and 1991 
longline surveys are similar, indicating that all size components 
of the population showed a decrease (Figs. 8.1-8.2). It is 
interesting to note that in 1991, the largest size fish 
encountered in the Aleutians was 98 cm, while in 1989 and 1990 
fish up to 108 cm were caught. In the EBS, the largest fish 
encountered in the 1991 survey was 88 cm, and in 1989 and 1990, 
fish up to 100 and 105 cm, respectively, were caught. 

8.3.2 Absolute Abundance 

Trawl Surveys 

There are two series of U.S.-Japan cooperative trawl surveys 
that have provided biomass estimates for the EBS and the Aleutian 
Islands region from 1979 to 1986. Domestic trawl surveys have 
been conducted in the EBS and Aleutians beginning in 1988. Trawl 
surveys conducted on the EBS slope in 1979, 1981, 1982, 1985, 
1988 and 1991, have provided estimates of 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 EBS biomass estimate from 
1988 is 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 year class which showed up in large numbers 
in 1978. 

Trawl surveys were conducted triennially in the Aleutian 
Islands and biomass estimates from these surveys are available 
for 1980, 1983, and 1986. A 1991 domestic trawl survey of the 
Aleutian Islands was also conducted. The Aleutian surveys also 
cover the southern part of the EBS, east of 170• Wand north of 
the Aleutian chain. This area is not included in the EBS slope 
surveys. Biomass estimates from the southern part of the EBS 
should be added to estimates from the EBS slope surveys to 
provide total biomass for the EBS management area. 

Trawl survey biomass estimates from the EBS slope surveys 
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 due to a lack of 
sampling in deeper depth strata. An extrapolation of the 1988 
biomass estimate to account for the 800-1000 m depth strata 
provided an estimate of 38,330 mt. The 1991 EBS slope biomass 
estimate of 4,200 mt is inexplicably low and is not consistent 
with previous estimates of biomass. Results from the 1992 EBS 
slope survey are not yet available. 

Trawl survey estimates from the southern portion of the EBS 
have shown consistent increases since 1980, reaching 23,000 mt in 
1986 (Table 8.1). The 1991 estimate of biomass in this area 
dropped dramatically to 228 mt. However, the 1991 survey only 
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sampled depths to 500 m, missing 
adult sablefish tend to reside. 
be compared to earlier years and 
sablefish abundance. 

the deeper depth strata where 
Thus, the 1991 estimate cannot 
is not a reliable estimate of 

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. The 1991 Aleutian Islands survey 
biomass dropped down to 20,800 mt. The 1991 Aleutian survey did 
not sample depths greater than 500 m, thus this estimate is also 
not comparable to earlier survey estimates. 

Increases in the EBS and Aleutian Islands region through the 
mid-80s are attributed to recruitment of the strong 1977 year 
class. The overall increasing trend in biomass as indicated from 
the trawl surveys during these years, 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. 

It is interesting to note that both the 1991 EBS trawl and 
longline surveys showed unusually large drops in abundance 
relative to 1988, but the magnitude of the longline survey 
decrease is much less than the decrease indicated by the trawl 
survey. 

Longline Surveys 

The relative changes in abundance represented by the 
longline RPW values for the slope, cart be used to scale trawl 
survey biomass estimates to provide biomass estimates for other 
years. In previous analyses (1989 BS/AI and GOA SAFEs) the EBS, 
Aleutian Islands and GOA RPWs were each scaled to trawl biomass 
estimates from the corresponding areas. The Bering Sea and 
Aleutian Islands RPW time series were scaled to 1985 and 1986 
trawl survey biomass estimates, respectively. The GOA RPWs were 
scaled to the 1984 and 1987 Gulf survey biomass estimates. 
Because different net types were used in different areas and 
years, and sampling variation was high, the comparability among 
areas of the resulting estimates of exploitable biomass was 
questionable. 

It was decided that RPWs expanded by a common scaling 
factor, provided a more valid description of sablefish biomass 
among the areas and over time. An attempt to determine an 
appropriate scaling factor was made by comparing trawl survey 
gear catch rates with appropriate longline survey catch rates 
(1990 BS/AI and GOA SAFEs). It was concluded that there is a 
great deal of uncertainty and variability in the data available 
to compute trawl:longline catch ratios. However, the best and 
most appropriate results appeared to be Rose's (1986) analysis 
based on matched observations from the 1984 trawl and longline 
surveys. The Japanese net used during the 1984 trawl survey was 
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one of the most efficient, and coverage of the deeper depths was 
the most adequate of any other survey. 

Using Rose's (1986) size specific ratios applied to the size 
distribution determined in the domestic longline survey, results 
in an average ratio of 0.1414. The standardized slope RPW 
indices presented earlier (Section 8.3.1), are converted to their 
original values and scaled by a factor of 0.1414 to obtain 
estimates of exploitable biomass in mt: 

Eastern Bering Sea Aleutian Islands 
Catch/ Catch/ 

Year Biomass Catch Biomass Biomass Catch Biomass 

1980 2,206 37,400 274 0.007 
1981 2,604 37,400 533 0.01 
1982 40,000 3,211 0.08 42,700 927 0.02 
1983 45,400 2,737 0.06 50,700 644 0.01 
1984 50,700 2,327 0. 05 : 61,400 999 0.02 

1985 77,400 2,348 0.03 80,000 1,448 0.02 
1986 74,700 3,518 0.05 69,400 3,028 0.04 
1987 29,400 4,178 0.14 69,400 3,834 0.05 
1988 32,000 3,193 0.10 50,700 3,415 0.07 
1989 48,800 1,252 0.03 67,300 3,248 0.05 

1990 28,900 2,329 0.08 30,300 2,116 0.07 
1991 13,000 1,018 0.08 28,800 1,682 0.06 

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

8.3.3 Current Exploitable Biomass 

Projected 1992 exploitable biomass, derived in Section 8.6 
for the EBS, Aleutians, and Gulf of Alaska regions combined is 
216,100 mt. Apportioning this value according to the 1991 
distribution of relative biomass from the longline survey, 
results in projections of 1992 biomasses of 11,700 mt in the EBS, 
and 25,700 mt in the Aleutians. 

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 (Fig. 8.3). In 1981, the abundance on the shelf 

t 
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sharply declined when the 4-year-old fish moved into the deeper 
continental slope waters (Fig. 8.3). 

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. 8.4) 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, and in 1989 the 
survey did not detect any sablefish on the shelf. The 1990 and 
1991 shelf surveys indicated approximately 300 mt of sablefish in 
both years. There appears to be a lack of recruitment to the 
Bering Sea, as juvenile abundance has disappeared on the shelf. 

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 

8.5.1 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 sablefish are 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 assumed 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. 

The maximum age of sablefish is uncertain, although a 94-
year-old female sablefish collected.in 1989 from the Aleutian 
Islands, was recently aged by the Alaska Fisheries Science Center 
Aging Lab. 

8.5.2 Length and Weight at Age 

Samples collected in 1985 in the EBS and 1983 in the 
Aleutians provided age composition data. The 1985 age data are 
from otolith collections made by U.S. observers aboard Japanese 
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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 

Linf 
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)]b 

4 

t 
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8.6 MAXIMUM SUSTAINABLE YIELD 

8.6.1 Stock Reduction Analysis 

Stock reduction analysis applied to catch data from 1979-91 
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 a previous assessment for the EBS and Aleutian 
Islands regions (McDevitt 1988). 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 in 1980 and 1983 (Fujioka 1989). Declines of 
such magnitude may result from either unreported mortality, 
emigration, or errors in relative abundance measurements. 

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 M = 0.10, 
Schnute (1985) growth parameters RHO= 0.883 and OMEGA= 0.755, 
and the age at recruitment K = 5. The analysis was conducted 
using the estimates of exploitable biomass derived from longline 
survey indices scaled to provide absolute estimates (Section 
8. 3. 2). 

Annual recruitment values R(i), are estimated by forcing 
biomass in the model, B(i), to track annual estimates of 
exploitable biomass (described above). The R(i)s obtained in 
this manner (and assumed by the model to be the actual 
recruitment) varied greatly and averaged 35,100 mt. Recruitment 
did not appear to be related to biomass. 

Equilibrium yields were computed using the Schnute (1985) 
delay-difference equation with the above-mentioned parameters, 
and assuming recruitment is independent of biomass. 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% of 
virgin biomass during the years 1977-80. The assumption that 
recruitment is independent of biomass 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. 
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The maximum sustainable yield for the combined regions is 
apportioned to the individual regions, in proportion to the 
estimated average distribution of biomass obtained from the 1979-
91 longline surveys. The MSY estimates are 5,400 mt for the EBS, 
and 6,800 mt for the Aleutian Islands. 

Results of stock reduction analysis from 1979-91 for sablefish in 
the EBS, Aleutian Islands, and the Gulf of Alaska: 

Virgin 
R(avg) Biomass p MSY Bmsy Fmsy Umsy EY(F0 . 1 ) 

35,100 728,000 . 3 0 35,800 149,000 . 29 .240 31,300 

R(avg) 
p 
MSY 
Bmsy 
Fmsy 
Umsy 
EY (F0 •1 ) 

Gulf of Alaska (23,500) (20,600) 
Bering Sea (5,400) (4,800) 
Aleutian Is. (6,800) (6,000) 

- average recruitment estimated for 1979-91 
- B92/virgin biomass, 
- maximum sustainable yield 
- biomass at MSY 
- instantaneous fishing mortality rate at MSY 
- exploitation rate at MSY 
- equilibrium yield at F0 •1 (F=.13, U=.116) 

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 recruitment independent of biomass, this occurs when F = 0.13 
(exploitation rate= 0.116) and biomass, B(F0 . 1 ), is 37% of virgin 
biomass. F0 . 1 management is more conservative than the truncated 
MSY level. Figures 8.5-8.6 summarize results from the 1979-1991 
analysis. 

The above analysis was not adjusted to account for possible 
underestimation of the RPW indices due to killer whale predation 
because: (1) The impact of underestimating the EBS RPWs is 
mitigated by combining all three regions in the analysis, and (2) 
The stations affected are not random and are generally deeper 
stations which target on sablefish better than stations at 
shallow depths; deleting those data would require the 
extrapolation of data from shallow stations which generally have 
lower sablefish abundance, thereby providing another biased 
estimate. 

41 
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ACCEPTABLE BIOLOGICAL CATCH 

The analysis indicates that current biomass from the three 
regions combined is above Bmsy, and that the stock is being 
harvested below the long term average EY for the current biomass 
level. Because the current biomass is above Bmsy, using MSY 
exploitation rates would result in ABCs which are well above 
sustainable levels, and could produce rapid declines in the 
population during periods of below average recruitment. 
Furthermore, there is a high degree of variability in 
recruitment, and the estimated Bmsy is at the lowest level of 
abundance observed for sablefish. Therefore, exploitation at the 
more conservative F0 _1 level is recorrnnended over exploitation at 
Fmsy. 

The recorrnnended ABC for 1992 was obtained by applying the 
F0 _1 exploitation rate to biomass projected to the beginning of 
1992 using the combined Gulf of Alaska, Bering Sea, and the 
Aleutian Islands model. The ABC was apportioned to the 
individual regions in proportion to the most current distribution 
of biomass obtained from the longline survey. The 1992 
recorrnnended ABCs were 1,400 mt for the EBS and 3,000 mt for the 
Aleutian Islands. It is recorrnnended that the preliminary ABCs 
for 1993 be computed in a similar manner. The 1992 longline 
survey is currently being conducted, and data will be available 
for incorporation into the final SAFE in November. It is 
recorrnnended that the preliminary 1993 ABCs be set equal to the 
1992 values of 1,400 mt for the EBS and 3,000 mt for the Aleutian 
Islands. 

Overfishing 

This analysis assumes that sablefish of the EBS, Aleutian 
Islands, and Gulf of Alaska are of one stock and that recruitment 
is independent of biomass, so long as biomass is above the lowest 
observed level in 1980. Consequently, it is also assumed that 
maximum sustainable yield would occur at the 1980 biomass level 
if fished at the Fmsy level of 0.29. According to the definition 
of overfishing adopted by the Council, the sablefish stock {which 
is currently above Bmsy), is not overfished as long as the 
fishing mortality rate remains below Fmsy. The recorrnnended ABCs 
are based on a fishing mortality rate of 0.13 {the F0 _1 level), 
which is below the Fmsy fishing mortality rate of 0.29. There 
may be concern that MSY is not properly determined for sablefish, 
and that overfishing should be defined by the fishing mortality 
rate that results in the biomass to recruit ratio falling to 30% 
of its pristine level. This fishing mortality rate can be 
estimated from a yield per recruit analysis by Lowe, et al. 
(1991) at F=0.18. The current exploitation rate is well below 
this level. Sablefish are not considered to be overfished. 
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BIOMASS PROJECTIONS 

Figure 8.7 illustrates the preceding assessment, showing the
estimated population trend over time as estimated by the 1979-91 
longline survey, and projections by the model to 1995. The 
projections assume a constant effort strategy with fishing 
mortality equal to 0.13 (F0 _1 ), and zero recruitment or constant 
recruitment equal to 35,100 mt (average recruitment estimated 
from 1979-1991). The results show that under a pessimistic 
recruitment assumption, the biomass is projected to fall below 
the 1980 level of biomass in 1994. 
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SUMMARY OF MAJOR CHANGES IN THE PACIFIC OCEAN PERCH 

ey 
James N. Ianelli and Daniel H. Ito 

Relative to last year's final BS/AI SAFE Report, the 
following substantive changes have been made in the current draft 
of the Pacific ocean perch chapter: 

1) Stock synthesis was used as the primary stock assessment 
tool. This method incorporates diverse sources of 
information and allows evaluation of important traits of 
population dynamics, in particular, recruitment variability. 

2) The 1991 landings have been.updated in the landings table, 
and 1992 landings through October have been listed. 

3) Biomass estimates from the 1991 eastern Bering Sea and 
Aleutian Islands trawl surveys are used to tune the 
assessment. 

4) New and updated domestic observer length-frequency data for 
Pacific ocean perch in the eastern Bering Sea and Aleutian 
Islands are now available and have been used in the current 
assessment. 

6) New estimates of ABC are available using the stock synthesis 
model given assumptions about equilibrium yield (similar in 
methodology to results used in stock reduction analyses). 

7) ABC estimates are provided for the other rockfish species in 
the POP complex. 

8) Summary of ABCs: 

Pacific Ocean Perch 
Northern/Sharpchin 
Rougheye/Shortraker 

Eastern Bering 
2,100 t 
1,050 t 

350 t 

Sea Aleutian 
14,800 t 

5,670 t 
1,220 t 

Islands 

Apportioned according to the 1991 Aleutian Islands trawl 
survey biomass distribtion. 



Section 9 

9-2 

PACIFIC OCEAN PERCH 

~ 
James N. Ianelli and Daniel H. Ito 

INTRODUCTION 

Pacific ocean perch (Sebastes alutus) inhabit the outer 
continental shelf and upper slope regions of the North Pacific 
Ocean and Bering Sea. The management of Pacific ocean perch in 
these areas has been divided into two geographic units 
corresponding to the eastern Bering Sea slope and the Aleutian 
Islands region. The management stock from the Aleutian Islands 
region is the larger of the two. 

Pacific ocean perch, and four other associated species of 
rockfish (northern rockfish, S. polyspinis; rougheye rockfish, S. 
aleutianus; shortraker rockfish, ·s. borealis; and ·sharpchin 
rockfish, S. zacentrus) were managed as a complex in the two 
distinct areas from 1979 to 1990. Known as the POP complex, 
these five species were managed as a single entity with a single 
TAC (total allowable biological catch). In 1991, the North 
Pacific Fishery Management Council enacted new regulations that 
changed the species composition of the POP complex. For the 
eastern Bering Sea slope region, the POP complex was divided into 
two subgroups: 1) Pacific ocean perch, and 2) shortraker, 
rougheye, sharpchin, and northern rockfishes combined. For the 
Aleutian Islands region, the POP complex was divided into three 
subgroups: 1) Pacific ocean perch, 2) shortraker, rougheye 
rockfishes, and 3) sharpchin and northern rockfish. These 
subgroups were established to protect Pacific ocean perch, 
shortraker rockfish, and rougheye rockfish (the three most 
valuable commercial species in the assemblage) from possible 
overfishing. Each subgroup is now assigned an individual TAC. 

Of the five species which comprise the POP complex, S. 
alutus has historically been the most abundant rockfish in this 
region and has contributed most to the commercial rockfish catch. 
Furthermore, the bulk of the research on rockfish has been 
concentrated on S. alutus; very little biological or assessment 
information is available for the other rockfish species. 
Consequently, this assessment deals primarily with Pacific ocean 
perch, S. alutus. 

CATCH HISTORY 

Pacific ocean perch were highly sought after by Japanese and 
Soviet fisheries and supported a major trawl fishery throughout 
the 1960s. Catches in the eastern Bering Sea peaked at 47,000 
(metric tons, t) in 1961; the peak catch in the Aleutian Islands 
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region occurred in 1965 at 109,100 t. Apparently, these stocks 
were not productive enough to support such large removals. 
Catches continued to decline throughout the 1960s and 1970s, 
reaching their lowest levels in the mid 1980s. With the gradual 
phase-out of the foreign fishery in the 200-mile U.S. Exclusive 
Economic Zone (EEZ), a small joint-venture fishery developed but 
was soon replaced by a totally domestic fishery by 1990. In 1990 
the domestic fishery recorded the highest Pacific ocean perch 
removals since 1977. The history of S. alutus landings since 
implementation of the Magnuson Fishery Conservation and 
Management Act (MFCMA) is shown in Table 9.1. 

BIOLOGICAL PARAMETERS 

NATURAL MORTALITY, AGE AND SIZE OF RECRUITMENT, 
AND MAXIMUM AGE 

Assessments of Pacific ocean perch have significantly 
changed in the past decade because of improved methods of age 
determination. Previously, Pacific ocean perch age 
determinations were done using scales and surface readings from 
otoliths. These gave estimates of mortality of about 0.15 and a 
longevity of about 30 years (Gunderson 1977). Based on the now 
accepted break and burn method of age determination using 
otoliths, Chilton and Beamish (1982) determined the maximum age 
of S. alutus to be 90 years. Using similar information, 
Archibald et al. (1981) concluded that natural mortality for 
Pacific ocean perch should be on the order of 0.05. The age at 
50% recruitment to the fishery is estimated from previous cohort 
analyses to be about 7.25 yrs or about 28cm. In the stock 
synthesis analyses presented below, we re-estimate the fishery 
selectivity pattern. 

LENGTH AND WEIGHT AT AGE 

The length weight relationship for Pacific ocean perch was 
estimated using survey data by area from 1983 - 1989. The 
following equations were used in stock synthesis to model length 
at age and weight: 

Aleutian Islands region: 

Lage = 39. 565 { 1 _ e-o.1673Cage + o.9o7i } 

W(L) = 1.224lx10-5 L3·0297 

Eastern Bering Sea region: 

L (age) = 39. 962 x { 1 _ e<-0.1348Cage + 0.9D7l } 

W(L) = 1.193xlo-s L3·037 
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where L = length in cm, W = weight in grams. Because stock 
synthesis uses this growth relationship to interpret length 
frequency data, an estimate of variability in length at age is 
also required. We used the variance in length at age reported in 
Ianelli and Ito (1991). 

MATURATION AND FECUNDITY AT AGE 

Sex ratio information was calculated from the trawl survey 
samples. The ratio of males to females varied slightly from year 
to year but was not significantly different from 1:1 (Ianelli and 
Ito, 1991). To calculate mature biomass a logistic function was 
used to describe the proportion of Pacific ocean perch that are 
mature at each age. This relationship was drawn from Chikuni's 
(1975) findings where about 50% of the population is mature at 
age seven, or around 29 cm, and no fish less than 32 cm or about 
nine years old were found to be irmnature. This maturation (PM) 
schedule as a function of age can be drawn using the following 
logistic equation: 

PM(age) = 1 

Chikuni (1975) reviewed studies on fecundity at size and age 
and found significant differences between different areas. For 
simplicity, throughout this analysis we use mature biomass as a 
proxy for total fecundity. Total fecundity using Chikuni's data 
was shown to be linearly related to mature biomass (Ianelli and 
Ito 1991). 

ASSESSMENT METHODOLOGY 

Recent stock assessments of Pacific ocean perch in the 
eastern Bering Sea and Aleutian Islands have relied in part on 
stock reduction analysis (SRA) to provide historical trends in 
the fishery. One limitation of SRA is that the underlying age
structure of the population and other auxiliary information are 
not directly incorporated into the analysis. The stock 
synthesis model (Methot 1989, 1990) is a form of catch-at-age 
analysis that has been designed to incorporate age composition 
and a diversity of other information into a single computational 
framework. The main difference between the two models is that 
SRA does not keep track of abundance of fish at age. By 
explicitly tracking age structure, stock synthesis allows 
information on age composition to be used in the estimation 
process. 

C 
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STOCK SYNTHESIS 

Stock synthesis functions by simulating both the dynamics of 
the population and the processes by which the population is 
observed. This simulation, which incorporates both imprecision 
and bias in the observations, is used to predict expected values 
for the observations. These expected values are then compared to 
the actual observations (data) from surveys and the fishery. 
Together, the comparisons between expected values given the 
simulation conditions and the observations are used to obtain a 
statistical likelihood value. This likelihood value is maximized 
via a numerical derivitive "hill climbing" algorithm (Methot 
1989) to update the simulation model parameters. The model 
proceeds this updating process until no further improvements can 
be made by tuning the simulation. 

Model parameters are estimated by maximizing the log 
likelihood (1) of the predicted observations given the data. 
Data are classified into different components. For example, age 
composition from a survey and catch per unit effort (CPUE) from a 
fishery are different components: The total 1 is a sum of the 
likelihoods for each component. The total 1 may also include a 
component for a stock-recruitment relationship (Methot 1990) and 
penalty functions to help stabilize parameter estimates (Ianelli 
and Ito 1991). The likelihood components may be weighted by an 
emphasis factor. 

Catch data used in the stock synthesis model were from 1960 
to 1991 for the eastern Bering Sea stock and from 1962 to 1991 
for the Aleutian Islands stock. Catch data for the last three 
years were adjusted to include discards as estimated by the NMFS 
Alaska Regional Office. It was further assumed that the stock 
was at or close to its virgin biomass level when the catch 
statistics started. 

Biomass estimates from trawl surveys were used to "tune" the 
model. For the eastern Bering Sea (EBS) region, biomass 
estimates from the 1979, 1981, 1982, 1985, 1988, and 1991 EBS 
slope surveys were used (200-1000 m depth range). Each point 
estimate was then adjusted upwards by the mean of the biomass 
estimates from that portion of the EBS region covered during the 
1980-91 Aleutian Islands surveys (refer to the Absolute Abundance 
section). For the Aleutian Islands region, biomass estimates 
from the 1980, 1983, 1986, and 1991 trawl surveys were used. The 
coefficient of variation (CV) for each biomass point estimate was 
also calculated. 
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Likelihood components 

The following table shows the likelihood components by time 
period, used in the stock synthesis model for Pacific ocean perch 
in the eastern Bering Sea and Aleutian Islands region: 

Component Eastern Bering Sea Aleutian Islands 

Fishery size composition 1963 - 78 1963 78 

Fishery CPUE 1964 - 79 

Survey age composition 1986, 91 1979, 81, 82, 85, 86, 

Survey size composition 1979, 81, 82, 85, 86, 91 1980, 83, 85, 86 

Survey biomass estimates 1979, 81, 82, 85, 86, 91 1980, 83, 86, 91 

Stock-recruitment relationshipAll years All years 

In principle, if all data types and model assumptions are 
consistent with each other, then the maximum of the sum of 
likelihood components should fall at or near the maximum of each 
individual component. In practice this is rarely true. Although 
stock synthesis accounts for many types of errors with the data 
it uses, it remains for the practitioner to assign statistical 
weights to individual data types. Ideally these terms could be 
estimated directly, however, as pointed out by Fournier and 
Archibald (1982), there is not enough information in the data to 
determine the relative accuracies of the different data types. 
For this analysis, the stock recruitment relationship is given an 
emphasis of 0.3, the emphasisi on survey biomass is set to 3, and 
the other components are give an emphasis of 1. Analyses of 
inconsistencies between these different types of information is 
continuing. 

FULL SELECTION EXPLOITATION RATES 

In this report, full selection exploitation rates are 
reported as the instantaneous fishing mortality rate (F) defined 
as : 

Y = L Wa.FS,lva. 1 - e • nages ( -z) 
a.•1 Za. 

91 
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where Sa is the selectivity at age, Mis natural mortality, Wais 
the mean weight at age, and Na is the number at age a in the 
beginning of the year. Alternatively, it can be shown that: 

y = FB 

where 

B = Mean Biomass 

It is important to understand that other forms of reported 
F, e.g. the stable age structure version for the standard Baranov 
catch equation dealing with numbers of fish, is not directly 
related. 

FISHERY DATA 

Catch rates 

Catch per unit effort (CPUE) data from Japanese trawl 
fisheries indicate that stock abundance has declined to very low 
levels in the Aleutian Islands region (Ito 1986). By 1977, CPUE 
values had dropped by more than 90-95% from those of the early 
1960s. Japanese CPUE data in more recent years, however, may no 
longer be a good index of stock abundance because most of the 

~fishing effort has been directed to species other than Pacific 
ocean perch. Standardizing and partitioning total groundfish 
effort into effort directed solely toward Pacific ocean perch is 
extremely difficult. Increased quota restrictions, effort shifts 
to different target species, and rapid improvements in fishing 
technology undoubtedly affect our estimates of effective fishing 
effort. Consequently, we included CPUE data primarily to 
evaluate its consistency with other sources of information. We 
used nominal CPUE data for class 8 trawlers in the Aleutian 
Islands region from 1968-1979. During this time period these 
vessels were known to target on Pacific ocean perch {Ito 1982; 
Fig. 1). 

Size and age composition 

Annual estimates of catch length frequency data were 
available for the earlier part of the fishery (Fig. 2). We used 
the fitted growth curve (see above) to generate a probability 
transition matrix which represents the distribution of lengths 
for a given age (Ianelli and Ito 1991). Within synthesis, fits 
to annual length-frequency data were weighted by the square root 
of sample size. 
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U.S. Observer data 

U.S. observers collected fishery information aboard foreign 
trawlers from the periods 1978 to 1987. After domestication of 
the fishery, no data were collected until 1990. This year, these 
data were incorporated. 

SURVEY DATA 

Biomass surveys 

Biomass estimates of S. alutus in the eastern Bering Sea 
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 Pacific ocean perch abundance). In 1988, the 
U.S. vessel Miller Freeman sampled the continental slope for the 
first time. This vessel was again used to sample the continental 
slope during the 1991 eastern Bering Sea survey. This 
complicates the comparison of the 1988 and 1991 estimates 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. 

The 1988 and 1991 biomass estimates are 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 S. alutus as shown by the 1988 and 1991 
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 shown in 
Figure 3. 

Biomass estimates for the 200-1,000 m depth interval in 1988 
and 1991 were 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 
0.7810. 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 36,981 t. For 1991, biomass was 
estimated at 14,562 t (11,373/0.7810). Biomass estimates of S. 
alutus for the 200-1,000 m depth interval from cooperative U.S.
Japan trawl surveys (1979-1985) and U.S. domestic trawl surveys 
(1988-1991) were follows: 



1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Note: 
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Eastern Bering Sea (EBS) 
EBS Shelf Aleutian Islands Aleutian Islands 
and slope portion of EBS Area I region 

4,459 

9,821 
5,505 

32,393 

36,981 

6,003 l 
;;,478/ 
-- I 

49' 562 ~ ,_ / 
-- \ 1(>10l.{ 
-- \ )l!' 

\ 
-=~----- \ 

\ 14,562 ~~:75_~J 

Al~9-1-b±omass e·stimates are to be 
preliminary. 

109,022 

144,080 

220,614 

351,557 

viewed as 

The biomass estimate for the eastern Bering Sea has two 
components--the eastern Bering Sea shelf-slope component and the 
Aleutian Islands component of Bering Sea statistical Area I. The 
eastern Bering Sea shelf-slope component increased between the 
1979-82 and the 1985 surveys. This sixfold increase from 1982 to 
1985 appears unusual and raises the question whether the biomass 
of Pacific ocean perch can be adequately estimated from trawl 
surveys. Trawl gear may miss and hit scattered schools of 
Pacific ocean perch randomly, thereby resulting in highly 
variable estimates. Another reason for the observed increase in 
1985 may result from an attempt in 1985 to trawl rougher bottom 
(where Pacific ocean perch may be more concentrated) than in 
previous years. 

From 1985 to 1988, biomass appeared to increase slightly 
from about 32,400 tin 1995 to approximately 37,000 t three years 
later in 1988. Then in 1991 biomass dropped by more than half to 
14,465 t. Particularly disturbing is the continued and 
precipitous decline in biomass in the Aleutian Islands portion of 
the eastern Bering Sea from 1983 to 1991 (refer to the above 
table) . Because of the wide variabili_t_y_associated with these 
point estimates, however, it is difficult to say categorically 
that these changes actually reflect true population changes. 

The estimated biomass of Pacific ocean perch in the Aleutian 
Islands region (long. 170° E to 170° W) shows an increasing trend 
from 1980 to 1991. Biomass increased moderately from 1980 to 
1983 and then increased substantially by 1986. More recently, 
the 1991 trawl survey produced a biomass estimate exceeding 
351,500 t, representing more than 3 fold times the 1980 point 
estimate. Optimism about this increasing trend in biomass should 
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the probability that there is no real increase is significant. 

Trawl surveys provide a large portion of the information 
used in stock synthesis. Similar to stock reduction analysis, 
estimates of absolute biomass help to •anchor• our assessments. 
Model fits to these data were weighted by the inverse of their 
variances. 

Biomass estimates were also calculated for the other 
rockfish species in the POP complex. These estimates were based 
on the same trawl surveys and analytical methodology used to 
estimate Pacific ocean perch absolute abundance. In most cases, 
the variance about these point estimates were extremely large, 
making it almost impossible to determine significant changes in 
biomass from one survey year to the next. Therefore, we thought 
it prudent to take an average of the survey point estimates to 
arrive at a current biomass for each species in each region. 
Using this approach we estimate the current biomass of northern, 
rougheye, and shortraker rockfish as follows (sharpchin rockfish 
biomass is insignificant in both_regions): 

Eastern Bering Sea Aleutian Islands 

Northern rockfish 
Rougheye rockfish 
Shortraker rockfish 
Sharpchin rockfish ***** 

Age composition data 

17,509 
3,008 
9,196 
Not common 

94,497 
25,278 
19,694 

in either area ***** 

The surveys produce large numbers of samples for age 
determination, length-weight relationships, sex ratio 
information, and for estimating the length distribution of the 
population. For the four Aleutian Islands surveys, age 
composition data were compiled and used in this assessment (Fig. 
4). The Eastern Bering Sea age composition information is 
presented in Figure 5. The age compositions were determined by 
constructing age-length keys for each year and using them to 
convert the observed length frequencies from each year. The 
length frequency data were corrected to represent the entire 
catch of the surveys within a year. Because these age data were 
based on the break and burn method of ageing Pacific ocean 
perch, they were treated as unbiased but measured with error. 
Kimura and Lyons (1991) give data on the percent agreement 
between otolith readers for Pacific ocean perch. The estimates 
of aging error was identical to that presented in Ianelli and Ito 
(1991). Stock synthesis uses this information to create a 
transition matrix to convert the simulated "true" age composition 
to a form consistent with the observed but imprecise age data. 

C 
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ABUNDANCE AND EXPLOITATION TRENDS 

TRENDS IN ABUNDANCE 

Absolute Abundance 

Figure 6 shows the trend in absolute abundance as estimated 
by tuning stock synthesis to the survey biomass estimates. 
Absolute abundance estimates are highly dependent on the type of 
selectivity specified by the surveys. For example, absolute 
abundance can be much larger than the estimated abundance from 
the surveys if older fish are not selected or available to the 
gear. In this assessment, we chose to use an asymptotic 
selectivity function for the surveys. This assumption is based 
on the objective sampling design of the surveys which cover 
several depth strata. 

The trajectory of biomass predicted by stock synthesis shows 
that in 1963 the total biomass was near 540,000 tons, then 
declined to below 100,000 tons in the late 1970's and has rebuilt 
to the current level which is around 260,000 tons. 

Current Exploitable Biomass 

Trawl surveys provide the most recent, independent estimates 
of exploitable biomass for the POP complex. In the eastern 
Bering Sea, trawl surveys were conducted in 1979, 1982, 1983, 
1985, 1988, and 1991. Trawl surveys of the Aleutian Islands 
region were conducted in 1980, 1983, 1986, and 1991. The reader 
is referred to the table in the Absolute Abundance section of 
this report for a listing of the S. alutus biomass point 
estimates. Estimates of the current exploitable biomass (i.e., 
at the beginning of 1992) are not directly available from trawl 
surveys. However, exploitable biomass has been estimated from 
the stock synthesis analysis. Based on the stock synthesis 
results, the best estimate of exploitable biomass at the 
beginning of 1993 is 47000 t for the eastern Bering Sea region 
and 260,000t for the Aleutian Islands stock. 

The best estimates of exploitable biomass for the other 
rockfish species in the complex are: 

Eastern Bering Sea Aleutian Islands 

Northern rockfish 
Rougheye rockfish 
Shortraker rockfish 
Sharpchin rockfish ***** 

Biomass Projections 

17,509 
3,008 
9,196 
Not common in 

94,497 
25,278 
19,694 

either area ***** 

Projections of fishable biomass five years into the future 
under the F35% fishing mortality rate was examined. The same 
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natural mortality and growth parameters that were used in the 
previous stock synthesis runs were employed for the projections. 
The results of the projections are shown in Figure 7. 

SELECTIVITY AT AGE 

A double logistic function was used to model fishery and 
survey selectivities (Methot 1990): 

- 1 S1 (age) - P2( Pl) l+e- age-

s2 (age) = 
1 + e-P4(age-P3) 

1 

s(age) = S1 (age) S2 (age) 
max 

where, Pl and P3 are inflection ages, P2 and P4 are the slopes, 
s(age) is the selectivity at age, and max is the maximum of the 
product of Sl and S2. This parameterization provides flexibility 
to model domed and asymptotic selectivity patterns. 

Pacific ocean perch appear to be available at earlier ages 
in the surveys than the fishery (Fig. 8). This may be due to the 
fact that the surveys are carried out over a shallower range of 
depths than the fishery and Pacific ocean perch have been known 
to aggregate at certain depths at different ages (Ito 1982). For 
the fishery, the model predicts a decrease in vulnerability with 
age. This may be due to older fish going to deeper depths, or 
moving into "refuge" areas or out of the area entirely. 

TRENDS IN EXPLOITATION RATE 

The estimates for instantaneous fishing mortality range from 
highs during the 1970's to low levels in the 1980's (Fig. 9). 
Relative to the estimated F35% level, the stocks in both the 
eastern Bering Sea and Aleutian Islands were overfished. 

RECRUITMENT 

For both the eastern Bering Sea and Aleutian Islands, year 
class strength varies widely (Fig. 10). The relationship between 
spawning stock and recruitment also displays a high degree of 
variability. This variability reflects the most fundamental 
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difference between the stock synthesis approach and stock 
reduction analysis (SRA). Under SRA, the large removals of 
Pacific ocean perch in the 1960's was implicitly comprised of 
mostly old {>25yr) fish. Using explicit age structured 
information in stock synthesis has shown that the catches in fact 
comprised removals of relatively young fish representing strong 
year-classes. 

MAXIMUM SUSTAINABLE YIELD 

Maximum sustainable yield (MSY) calculations require 
assumptions about the stock recruitment relationship, which for 
Pacific ocean perch, is impractical to estimate as many 
functional~rm~it the data equally well. As presented 
above, an/F35% str egy is employed. MSY levels under certain 
recruitm nt ptions are reported here for reference purposes 
only. 

PROJECTED CATCH AND ABUNDANCE 

Projected catch and abundances were examined using the 
simulation routine discussed above in the section titled Biomass 
Projections. A general decrease in yield is apparent using the 
F35% harvest rate for the Aleutian Islands and eastern Bering Sea 
regions {Fig. 11). This is due to the low level of recruitment 
assumed for the projections. Currently, a study using stochastic 
recruitment is underway to incorporate uncertainty in future 
recruitment levels. 

PREVENTION OF OVERFISHING 

Prevention of growth overfishing requires that fishing 
mortality, either intentional or incidental, be directed at fish 
that have reached ages where increases in biomass due to 
individual body growth is offset by mortality in the population. 
Typically, management measures to prevent growth overfishing 
require implementation mesh-size regulations or area closures. 
For Pacific ocean perch, the growth in weight occurs quickly; 
they reach about 80% of their maximum weight by age 12. As 
recruitment to the fishery is approximately 50% by age 8, the 
Pacific ocean perch does not appear to be in danger of growth 
overfishing. Should recruitment to the fishery begin at early 
ages, then measures area closures in shallow waters might be 
appropriate given that younger fish appear to reside at shallower 
depths (Heifetz and Clausen 1991). 

Prevention of recruitment overfishing from a harvest 
management perspective, requires information on the level of 
spawning biomass required to prevent recruitment failure. For 
Pacific ocean perch, recruitment failure appears to happen 
regularly, even before the influence of the fishery removals had 
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occurred (e.g. see :igure 10). This suggests that environmental 
conditions and perhaps biological interactions may play an 
important role in the success of a year class. This area of 
research is ongoing at the AFSC. These characteristics plague 
estimation of recruitment productivity because of the large 
amount of process error driving inter-annual recruitment 
variability. Several stock-recruitment curves could fit the data 
equally well. With these caveats in mind, we chose to calculate 
the overfishing based on F30% level. Based on the equilibrium 
calculations and the current estimate of spawning biomass, the 
full selection F 0 t is 0.114 and 0.098, corresponding to catches 
of 17,160t and 2,480t for the eastern Bering Sea and Aleutian 
Islands, respectively. 

ACCEPTABLE BIOLOGICAL CATCH 

A constant age-structured exploitation rate strategy was 
employed to obtain an acceptable biological catch (ABC) for 
Pacific ocean perch, S. alutus. This approach involved 
multiplying the current estimate.-of vulnerable biomass by the 
F35% level. This is an alternative to the F=M harvest strategy 
used in previous years as this level is designed to obtain large 
sustainable yields while protecting tl}e--5-~ potential of the 
stock (Clark 1991). The full select:i'on F35% wap estimated to be 
0. 085 for the Aleutian Islands and,.,,O. 09.1--~e eastern Bering 
Sea region. This corresponds to an·-:ABc of 14,800t and 2,l00t for 
the Aleutian Islands and eastern Bering Sea regions, 
respectively. In both regions, the current status does not 
justify modification by the Bc/Bmsy strategy because the F35% 
strategy is used. 

One concern we have with setting an Aleutian wide ABC of 
14800t for Pacific ocean perch, is how fishing effort would be 
distributed in such a vast area. Conceivably, the entire ABC 
could be removed from one portion of the region, say in the 
eastern end of the Aleutian Islands (the area closest to fishing 
ports and logistic facilities). If fishing effort is intense in 
one area, it may result in localized depletion, particularly if 
the biomass in that area is low to begin with compared to other 
areas. Hence, we recommend that the Aleutian wide ABC be 
apportioned based on the biomass distribution of the 1991 trawl 
survey as follows: 

Aleutian Islands· Biomass ( % ) ABC ( t) 
Northwest area: 8.09 1,197 
Southwest area: 66.24 9,804 
Northeast area: 19.84 2,936 
Southeast area: 5.83 863 

Total 100 14,800 t 
·see Figure 12 for Aleutian Islands subarea delineations. 

C 
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Other rockfish species in the POP Complex 

ABCs for the other rockfish species in the complex were 
calculated based on the F = M exploitation rate strategy. 
Estimates of M for rougheye, shortraker, and northern rockfish 
were taken from Heifetz and Clausen (1991). Applying these rates 
to the estimates of current biomass (refer to the Current Biomass 
section of this report) yielded ABCs as follows: 

M 
E. Bering 

Sea 

1,051 
75 

Aleutian 
Islands 

Northern rockfish 
Rougheye rockfish 
Shortraker rockfish 
Sharpchin rockfish 

276 
*****Not common in either 

0.060 
0.025 
0.030 

5,670 
632 
590 

area***** 

Preliminary data suggests that the rougheye and shortraker 
rockfish occupy a distinctly different depth range than the other 
species in the complex and can be targeted on readily. 
Furthermore, there is an economic incentive to target on rougheye 
and shortraker rockfish because they command a much higher ex
vessel price than the other species in the complex. The ability 
and tendency of the commercial fishery to target on these two 
species poses a major conservation concern. Currently, the 
harvest is regulated by a single quota for the above four species 
combined; so theoretically, it is possible for this quota to be 
taken entirely from the rougheye and shortraker rockfish stocks 
only, resulting in the overharvest and possible depletion of 
these two key species. Therefore, it is recommended that 
northern and sharpchin rockfish (which occupies a distinctly 
different depth range than rougheye or shortraker rockfish, and 
can be readily identified) be allocated a separate TAC. It is 
also recommended that rougheye and shortraker rockfish be 
combined and allocated a separate TAC. 

Summary of ABCs 

The following table summarizes ABC's: 

Eastern Bering Sea 
Pacific Ocean Perch 2,100 t 
Northern/Sharpchin 1,050 t 
Rougheye/Shortraker 350 t 

Aleutian Islands 
14,800t* 
5,670 t 
1,220 t 

·Apportioned according to the 1991 Aleutian Islands trawl survey 
biomass distribution. 
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ECOSYSTEM CONSIDERATIONS 

Stock assessment and management of rockfish stocks is 
hampered by limited information and considerable uncertainty as 
to current stock abundance and long-term productivity. The 
adequacy of current trawl survey methodology to assess rockfish 
biomass, especially for the deeper water species such as 
shortraker and rougheye rockfish, is questionable. Additionally, 
the effect of the fisheries on the ecosystem is not well 
understood. These concerns have prompted the Alaska Fisheries 
Science Center to develop a comprehensive working plan to improve 
stock assessments for rockfish stocks in waters off Alaska and to 
better understand the habitat in which they live. This past year 
a survey using a deep-water submersible was conducted to directly 
observe rockfish in situ. Additionally, alternative survey 
designs that use the skill and fish-catching ability of a 
commercial fishing operation and experimental management schemes 
such as adaptive management to provide a better understanding of 
rockfish stock dynamics are continuing to develop. 

C 
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Table 1. Estimated landings of Pacific ocean perch (S. alutus, t) 
since implementation of the Magnuson Fishery Conservation and 
Management Act of 1976. 

Eastern Bering Sea Aleutian :Islands 

Year Foreign 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

2,654 

2,221 

1,723 

1,050 

1,221 

212 

116 

156 

35 

16 

5 

0 

0 

0 

0 

Tr= trace. 

DAP JVP Total Foreign 

2,654 8,080 

2,221 5,286 

1,723 5,487 

47 1,097 4,700 

1 1,222 3,618 

3 9 224 1,012 

97 8 221 272 

DAP JVP 

Tr 

4 

2 

8 

Total 

8,080 

5,286 

5,487 

4,700 

3,622 

1,014 

280 

134 1,279 1,569 356 273 2 631 

32 717 784 

117 427 560 

50 875 930 

51 996 1,047 

31 1,986 2,017 

0 5,639 5,639 

0 4,312 4,312 

Tr 215 93 308 

Tr 16 0 12 6 2 8 6 

0 500 504 1,004 

0 1,513 466 1,979 

0 Tr 2 , 7 0 6 2 , 7 0 6 

0 

0 

0 14,650 14,650 

0 1,862 1,862 

JVP = Joint Venture Processing. 
DAP = Domestic Annual Processing. 
Source: PacFIN 
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Figure 1. Catch rate trend for class 8 trawlers in the 
Aleutian Islands region. 
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Figure 2a. Length frequency data from the fishery in the 
eastern Bering Sea. 
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Aleutian Islands 

90,-w.r,~ ........ ~-!-1-6-'~ 0.1 
.µ,....~..;.++ ........ ,+,;-;. ........ ""o 
20 25 30 35 40 

78 length (cm) 

77 R-JI..L..l~H 

76 ~:E!..UJAF~ 
75 !==i:=i:~Cld 

0.3 

o. 1 

--+--,,.....,...-+-;---.-"T"""'T-+-........---;-,--;--,--r--,-""T""""""'I--,-+ 0 

20 25 30 
length (cm) 

35 

Figure 2b. Length frequency data from the fishery in the 
Aleutian Islands region. 
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Figure 3. Trawl survey biomass estimates and 95% 
confidence interval for Sebastes alutus in the eastern Bering 
Sea and Aleutian Island regions. 
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Figure 4. Age composition data used in stock synthesis 
for the Aleutian Islands surveys. 
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Figure 5. Eastern Bering Sea survey age composition data 
used in stock synthesis. 
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Figure 6. Estimated exploitable biomass for the 
eastern Bering Sea and Aleutian Islands Region showing 
the survey biomass estimates. 
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Figure 7. Projected exploitable biomass under the F35% 
strategy. 
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Figure 9. Fishing mortality (full selection F) trajectory 
for the Eastern Bering Sea and Aleutian Islands Region. 
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Figure 10. Estimated stock (female spawning biomass) and 
recruitment for the eastern Bering Sea and 
Aleutian Islands Region. 
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OTHER ROCKFISH 

by 
Daniel H. Ito 

Relative to last year's final BS/AI SAFE Report, the following 
substantive changes have been made in the current draft of the 
Other Rockfish chapter: 

1) The 1991 landings have been updated in the catch table. 

2) Reference is made to the fact that biomass estimates for the 
other rockfish species from the 1991 eastern Bering Sea and 
Aleutian Islands surveys were not made available in time for 
analysis and incorporation irito this year's assessment. 
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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 rockfish 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 

Domestic Domestic 
Year Foreign JVP DAP Total Foreign JVP DAP 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 
1989 0 4 188 192 0 0 481 481 
1990 0 0 384 384 0 0 864 864 
1991 0 0 328 328 0 0 541 541 
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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 rockfish 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 rockfish abundance 
estimates. The estimates are as follows: 

1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 

Eastern Bering Sea (EBS) 

EBS shelf/slope 

3,251 

4,975 
4,381 

5,127 

8,759 

Aleutians portion 
of EBS Area 1 

1,095 

1,696 

5,187 

Aleutian 

Region 

19,078 

15,995 

20,336 

Note: Although trawl surveys were conducted in 1991 in both the 
eastern Bering Sea and Aleutian Islands regions, other rockfish 
biomass estimates were not available at the time of this writing. 
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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 t 
in 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 (i.e., the mean of the survey 
estimates). 

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. 

10.7 ACCEPTABLE BIOLOGICAL CATCH 

Allowable biological catch (ABC) was estimated by multiplying the 
current estimate of exploitable biomass by the natural mortality 
of Pacific ocean perch (0.05). This approach was adopted by the 
Council last year for the setting of ABC. A summary of the 
estimates of current exploitable biomass 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 

10-5 

Exploitable biomass 
( t) 

8,000 

18,500 

BIOMASS PROJECTIONS 

ABC 
( t) 

400 

925 

Information is insufficient to perform biomass projections at 
this time. 



4 

4 
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SUMMARY OF MAJOR CHANGES IN THE ATKA MACKEREL ASSESSMENT 

ey 
Sandra A. Lowe 

Relative to the November 1991 SAFE report, the following 
substantive changes have been made in the current draft of the 
Atka mackerel chapter: 

1) 1991 catch data have been updated, and the 1992 catch is 
presented. 

2) Final biomass estimates from the 1991 Aleutian survey are 
presented and have been incorporated into the stock synthesis 
analysis. 

3) The age composition from the 1991 survey is incorporated into 
the stock synthesis analysis. 

4) The age composition from the 1991 fishery is incorporated. 
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Section 11 ATKA MACKEREL 

by 
Sandra A. Lowe 

11.1 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 P. 
monopterygius according to past surveys has been in the Aleutian 
Islands, particularly from Buldir Island to Seguarn Pass (Figure 
11.1). Atka mackerel populations appear to be quite localized 
once they assume the demersal phase in their life history. 

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). 
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CATCH HISTORY 

Annual catches 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. Catches from 1978-1992 are 
shown below: 

Eastern Bering Sea Aleutians Region 

Year Foreign Domestic Total Foreign Domestic Total 
JVP DAP JVP DAP 

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 56 3,070 3,126 0 0 14,868 14,868 
1990 0 0 480 480 0 0 21,725 21,725 

1991 0 0 1,689 1,836 0 0 21,004 22,840 
1992* 0 0 2,226 2,226 0 0 43,847 43,847 

* Source: PacFIN, 1992 catch is current as of 8/17/92. 

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 the target species and allocations to the 
nations fishing rather than changes in stock abundance. From 
1984 to 1987 catches have been at record high levels, averaging 
34,000 mt annually. The average catch of Atka mackerel since 
1977 has been 25,886 mt. 

Significant landings came from the EBS area during 
1978-1981, but the vast majority of the catches since then have 
been from the Aleutian Islands region. However, in 1989, 
approximately 3,000 mt were harvested from the EBS area. As of 
August 17, 1992, 2,226 mt of Atka mackerel were reported caught 
in the EBS. Most of the catch has been taken in Areas 518 and 
519. As of August 17, 43,847 mt of Atka mackerel have been 
caught in the Aleutian Islands. The 1992 Atka mackerel quota 
(43,000 mt) was reached early in the year, and the directed 
fishery was shut down on April 16. 
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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, 
dominated the catches from 1982 to 1988. There was no joint 
venture allocation of Atka mackerel in 1989. 

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 
174°w. In 1984 and 1985 the majority of landings came from a 
single 1/2° latitude by 1° longitude block bounded by 52°30'N, 
53°N, 172°w, and 173°w (73% in 1984, 52% in 1985). Since 1985, 
landings have come from both the central and eastern regions of 
the Aleutian Islands. 

During the 1992 fishery in the Aleutian Islands, there were 
10 and 20-mile closures around Stellar sea lion (Eumetopias 
jubatus) rookeries. Typically, a large portion of the effort for 
Atka mackerel has taken place in Seguam Pass. Relative to the 
1991 fishery, the greatest effect of the closures was to push the 
fisheries outside of Seguam Pass. Also, there was some effort 
noted west of 180°W. 

11.3 CONDITION OF STOCKS 

11.3.1 Relative Abundance 

Atka mackerel occur in large localized concentrations making 
them an especially difficult species to assess. Their schooling 
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. Also, Atka mackerel live in 
shallow water habitat with extremely hard, rough, and rocky 
bottom which makes sampling with otter trawls very difficult. 
This behavior makes catch per unit effort (CPUE) data difficult 
to interpret. Thus, CPUE data are not useful for assessing 
relative trends in abundance. 

11.3.2 Absolute Abundance 

Despite the shortcomings of surveys noted above, the 
U.S.-Japan cooperative trawl surveys conducted in 1980, 1983 and 
1986, and the 1991 domestic survey, provide the only direct 
estimates of population biomass from throughout the Aleutian 
Islands region. 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 is not directly 
comparable to 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 some produced extremely large catches of Atka 
mackerel. In 1986, the biomass estimate from this one depth 
interval alone totaled 418,000 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 biomass from comparable depths 
increased from 198,000 mt in 1980 to 307,000 mt in 1983, 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 subregion, 
which has produced most of the Atka mackerel landings since 1983, 
the biomass estimate decreased in both 1983 and 1986. 

Because Atka mackerel are typically found in shallow waters 
(<200 m), and the 1986 survey located most of the Atka mackerel 
biomass in the 1-100 m depth strata in the Southwest region, it 
is not clear that using an index of biomass excluding Southwest 
Aleutian data from 1-100 m, is an appropriate depiction of the 
trend in abundance. The 1986 survey provided a total biomass 
estimate of 544,754 mt in 1986. This biomass estimate is 
associated with a large coefficient of variation (0.63). Due to 
differences in areal and depth coverage of the surveys, it is 
unknown how this estimate compares to earlier years. 

1991 Survey 

The 1991 biomass estimate for the Aleutian Islands is 
688,151 mt (Table 11.2). Similar to the 1986 survey, the bulk of 
the biomass (412,185 mt, 59.9%) came from the Southwest region. 
The Southeast region contributed 20.7% (142,149 mt) of the total 
biomass. The lowest biomass was estimated from the Northeast 
region (46,151 mt, 6.7%). Virtually all (99.9%) of the Atka 
mackerel biomass was encountered in the 1-200 m depth strata. 
Areas where large catches of Atka mackerel were taken during the 
1991 survey, included Tahoma Reef, Oglala Pass west of Amchitka 
Island, Tanaga Pass, Amchitka Pass, and Stalemate Bank. 

There were 2 critical strata in the Southwest region which 
contributed a large portion of the biomass, for which variances 
could not be calculated in the traditional manner due to low 
sampling effort. Assuming a constant coefficient of variation 
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(CV) for all samples, the variances for these 2 strata were 
estimated. The CV of 23% associated with total Aleutian biomass 
incorporates the revised variance calculations for strata of the 
Southwest region. The lower and upper 95% confidence limits 
about the mean total biomass estimate are 299,202 and 1,077,276 
mt, respectively. 

Survey data has been interpreted to show a general shift of 
fish toward shallower water since 1980 (Kimura and Ronholt 1988). 
Because sampling in shallow waters was unsuccessful in the early 
surveys, it is unknown if the population previously inhabited 
these 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. 

Survey Length Frequencies 

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 
(mean sizes of 37.3 and 38.7 cm) while most of the recruitment 
appeared in the west (mean sizes of 34.2 and 32.9 cm). 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 41.1 cm). 

According to the 1991 survey, the mean length of fish from 
both the Northeast and Southeast regions was 31.4 cm, while fish 
of the Northwest and Southwest averaged 33.0 and 34.4 cm, 
respectively (Figure 11.3). The mean sizes of fish in the 
eastern Aleutians are much smaller in 1991 than they were in 
1986. Although the average size was smallest in the east, the 
length frequency distributions showed the smallest fish coming 
from the west. Fish of sizes from 20-24 cm were evident in the 
western Aleutians. Fish this small have never been encountered 
in previous surveys. Modes at approximately 30 cm are noted in 
the Southwest and Southeast (Figure 11.3). Fish this size are 3-
year-olds of the 1988 year class. Fish of sizes from 20-24 cm 
are probably 1-2-year olds of the 1989 and 1990 year classes. It 
is not clear that evidence of 1-2-year old fish for the first 
time, represents strong year classes. The large number of fish 
at 30 cm may represent significant recruitment from the 1988 year 
class, but it still too early to determine the strength of the 
1989-90 year classes. 
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Survey Age Frequencies 

Age distributions from the U.S.-Japan trawl surveys (Figure 
11.4) 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. 

The age composition from the 1991 Aleutian survey is shown 
in Figure 11.5. The survey encountered a large number of 3-year
old fish of the 1988 year class. The mean age in 1991 was 3.88 
years, the youngest mean age compared to any of the previous 
surveys. 

Age-structured Modeling 

Catch Data 

From 1977 to 1988, commercial catches have been sampled for 
length and age data by the U.S. Foreign Fisheries Observer 
Program. There was no JV allocation of Atka mackerel in 1989, 
when the fishery became fully domestic. The Domestic Observer 
Program was not in full operation until 1990, therefore, there 
was little opportunity to collect age and length data in 1989. 
Also, the 1980-81 foreign observer samples were small, so these 
data were supplemented with length samples taken by R.O.K. 
fisheries personnel from their commercial landings. Data from 
the foreign fisheries (Figure 11.6) show an increase in the size 
of fish in the commercial fishery. In 1977 most of the fish were 
under 30 cm, but by 1979 nearly all were over 30 cm. Mean size 
increased from 33.0 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, but it appears that there 
was a large number of young fish which showed up in 1986 and 
fully recruited by 1988. The large number of 30 cm fish which 
showed up in the 1988 fishery, probably accounted for the sharp 
drop in mean length. 

Length distributions from the domestic fishery in 1989, 1990 
and 1991 are shown in Figure 11.7. Mean length was 36.6 cm in 
1989, 38.8 cm in 1990, and 38.2 cm in 1991. Since very few Atka 
mackerel were sampled for length data in 1989, the data are 
probably not a good representation of the length distribution of 
Atka mackerel in the 1989 commercial fishery. The 1990 and 1991 
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data show few fish less than 35 cm, and that for the most part, 
the fishery harvested fish 35 to 45 cm in size. 

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, 1981, and 1989 presented 
problems. The commercial catches in 1980 and 1981 were not 
sampled for age structures, and there were too few age structures 
collected in 1989 to construct an age-length key. Therefore, the 
1980 survey age-length key was used to estimate 1980 commercial 
catch age distribution, and these data were further used to 
estimate the 1981 commercial catch age distribution using a 
mixture model (Kimura and Chikuni 1987). In the same manner, the 
1990 commercial fishery age-length key was used to estimate the 
1989 commercial catch age distribution. 

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 a large number of 4-year-olds in 1988. 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 appeared strong 
through 1987, after entering 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 (Figure 11.6). This year class did not continue to show 
up strongly in the 1989 and 1990 domestic fisheries {Figure 
11.7). The 1988 year class which survey age data suggested may 
be strong, did not appear in large numbers in the 1991 commercial 
catches. There does appear to have been significant recruitment 
from the 1984-86 year classes as evidenced by the large numbers 
of 4-year olds in 1988, 1989 and 1990. 

It is interesting to note that before 1984, the catches 
consisted of fish less than 7 years old. Since 1984, 7+ year-old 
fish have made up a significant portion of the catches. It is 
not known if there has been an increase in the numbers of older 
fish, or if they were previously unavailable to the fishery. 
Also, Atka mackerel seem to be stratified geographically by size. 
The catch-at-age data may reflect movement of the fishery and the 
different components of the stock they were harvesting. 

Previous Analyses 

Kimura and Ronholt (1988) used virtual population analysis 
(VPA) and its least squares counterpart (Doubleday 1976; Deriso 
et al. 1985) to assess Atka mackerel in 1987. The results are 
briefly described below. 

Virtual population analysis (VPA) was carried out using 
Gulland's classic method (Pope 1972). The results of the VPA 

t 
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were used to provide initial estimates to the least squares 
model. Although it was noted that the survey data had severe 
limitations, they provided the only data available to constrain 
the 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 attempted to reconcile 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). 

Results from the model runs weighted with the coefficients 
of variation from the survey data indicated an extremely low 1986 
biomass: 52,000 mt if M=0.4, 75,000 mt if M=0.3, and 106,000 mt 
if M=0.2. The coefficient of variation of the 1986 survey 
estimate was so large (0.629, Table 11.1), the analysis largely 
discounted the survey estimate. So 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. It was not possible to 
reconcile the vastly different estimates of biomass derived from 
the surveys and the catch-at-age-analysis. 

Stock Synthesis Analysis 

The stock synthesis (SS) model described by Methot (1989, 
1990) was used to assess the status of Aleutian Islands Atka 
mackerel for the first time in 1991. This approach to catch-at
age analysis was designed to incorporate diverse auxiliary 
information, and follows the maximum likelihood approach 
described by'Fournier and Archibald (1982). The model is 
structured to simultaneously analyze catch biomass, age 
composition and effort from multiple fisheries, and abundance and 
age composition from multiple surveys (Methot 1990). It is a 
flexible model which can be configured to do the type of analysis 
described by Kimura and Ronholt (1988), as well as a stock 
reduction type of analysis (Kimura et al. 1984, Kimura 1985). 

A key difference in this type of approach and the least 
squares approach described by Deriso (1985), is that the model is 
based on estimates of the total catch and on estimates of the 
percentage of the catch at each age (Fournier and Archibald 
1982). Other procedures typically compare the model's estimate 
of catch-at-age to the observed catch numbers-at-age. In 
synthesis, the fit to the catch biomass and the catch age 
composition are separate steps (Methot 1990). Separating these 
steps facilitates incorporation of variability in the age 
determination process. 
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Deviations between the observations and the expected values 
are quantified with a specified error model and cast in terms of 
log-likelihood. Lognormal error is assumed for estimates of 
survey abundance, and multinomial error structure is assumed for 
analysis of the survey and fishery age compositions. The overall 
log-likelihood (L) is the weighted sum of the calculated log
likelihoods for each type of data or component. The emphasis 
factors (the component weights) should all be equal to 1 in a 
perfectly specified model. These emphasis factors are 
subjectively adjusted to distinguish those components which may 
be subject to greater error (i.e. those components in which I 
place less confidence). Numerical estimation of the derivative 
of L with respect to small changes in each parameter is used in 
an iterative approach to maximization of L (Methot 1990). 

Data Sources 

Fishery data consists of total catch biomass and the age 
composition of the catch from 1977-1991 (Table 11.3). 

Fishery independent data include indices of abundance and 
corresponding age compositions from the 1980, 1983, 1986 and 1991 
Aleutian surveys, and absolute abundance and corresponding age 
compositions from the 1986 and 1991 surveys. These data sets 
were incorporated into the model to calibrate the estimated 
abundance to the appropriate level. The indices of abundance 
from previous surveys exclude biomass from the 1-100 m depth 
strata of the Southwest region due to the lack of sampling in 
this strata and area in 1980 and 1983. 

Separate weight-at-age vectors were estimated for the 
fishery and survey data sets (Table 11.4). 

Model Assumptions 

The basic assumptions of the SS model are: 1) Catch-at-age 
is modeled by the Baranov catch equation; 2) Catch biomass is 
measured with much greater precision than other types of data. 
Thus, in synthesis, the level of fishing mortality is calculated 
so that the estimated catch biomass matches the observed catch 
biomass. Then, the pattern of selectivity-at-age is determined 
which will maximize the log-likelihood of the observed catch 
proportion at age. The log-likelihood of each observation is 
calculated from a multinomial error structure; and 3) Fishing 
mortality is separable into a year-dependent factor and an age
dependent factor. In addition, xhe following assumptions were 
used in this application of SS to Atka mackerel: 1) Natural 
mortality is equal to 0.3 and is constant for all ages and years; 
2) Survey data which exclude the 1-100 m depth strata in the 
Southwest region represent an index of abundance, and the only 
quantitative estimates of abundance are from the 1986 and 1991 
surveys. A high emphasis was placed on estimates of absolute 
biomass from the 1986 and 1991 surveys, so that the model would 
closely approximate these values; 3) Catchability associated 

4 
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with estimates of absolute biomass is 1.0, and the catchability 
of the indices of abundance is less than 1.0 and estimated by the 
model; 4) Survey selectivities are estimated from the survey age 
compositions; and 5) Fishery selectivity-at-age vectors are 
estimated for two different time periods. 

Fishery selectivity patterns were estimated for the time 
periods of 1972 to 1983 and after 1983 (1984-1991). Prior to 
1984 the fishery basically consisted of fish 2-7 years old. The 
oldest fish during this time period was 9 years old (Table 11.3). 
After 1983, fish greater than 7 years old appeared in the 
fishery, with the oldest fish aged at 14 years in the 1990 
fishery. 

The likelihood components and the corresponding emphasis 
factors used in this analysis are listed below: 

Likelihood component 
Catch biomass 
Catch age composition 
Survey biomass ( indice·s} 
Survey age comp. (indices} 
Survey biomass (absolute} 
Survey age comp. (absolute} 
Stock recruitment 

Emphasis 
1.00 
1.00 
1.00 
1.00 
10.00 
1.00 
0.01 

Survey estimates of absolute biomass have a high emphasis in 
order to tune the model to those levels of abundance. The stock 
recruitment component is de-emphasized as a relationship is not 
utilized to estimate recruitment each year. 

Model Results 

As in previous analyses, the survey data and the catch-at
age data appear to be contradictory. Absolute abundance 
estimates from the surveys show an increasing trend in biomass 
from 1980 to 1991 (Figure 11.8a}. This is not consistent with 
the appearance of only 2 strong year classes (1975 and 1977) in 
the catch-at-age data. The 1977 year class was 9 years old by 
1986; biomass would be expected to be on the decline during those 
years as this year class aged. It was determined that due to the 
lack of sampling of critical Atka mackerel habitat in 1980 and 
1983, that these estimates of biomass were not useful. Excluding 
data from the 1-100 m depth strata in the Southwest Aleutians to 
improve comparability among years, did not necessarily provide a 
more reasonable trend in abundance .. Relative abundance shows an 
increase from 1980 to 1983 with the lowest level in 1986, 
followed by the highest value in 1991 (Figure 11.8b). 

Due the uncertainty of the data from the 1980 and 1983 
surveys, and the question as to whether the indices of abundance 
are appropriate depictions of trend, the assessment model in 1991 
was run with two different configurations: One in which equal 
emphasis was placed on both types of survey data (indices and 
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absolute abundance), and another in which the emphasis on the 
indices was negligible. Although there are questions as to the 
utility of using indices of abundance from all the surveys, they 
do provide information from earlier years. Without this piece of 
information, the model can only rely on the catch-at-age data for 
years prior to 1986. It is noted that most of the Atka mackerel 
biomass has been found in waters less than 200 m, and the indices 
do include data from the 101-200 m depth strata in the Southwest 
region. As in last year's assessment, this information was 
included. Relative to last year, the only change in the 
configuration of the model was allowing fishery selectivity-at
age to be estimated for 2 different time periods. This 
configuration provided a much improved fit. 

Abundance Trend 

The estimated time series of biomass for ages 2+ are shown 
in Figure 11.9 and given in Table 11.5. Relative to the 
estimated biomass trend predicted by last year's model, the new 
configuration of the model had a large impact on the estimated 
level of abundance during the late 1970s and early 1980s. 
Abundance during this time period is about half of the levels 
estimated last year. The recent (late 1980s-present) trend and 
abundance levels are similar to last year's assessment. The 
differences can be attributed to the change in the fishery 
selectivities, now estimated for 2 time periods. Previously, the 
model estimated 1 selectivity-at-age vector for the entire time 
period. Since older fish now show up in the catches, the model 
had assumed they were being selected to some extent during the 
entire time period (1977-91). The only way it could reconcile 
the lack of older fish in the early catches with their presence 
in more recent years, was to assume tremendous recruitment and 
hence a big build-up of biomass during the late 70s to early 80s. 
The current analysis attributes a lack of older fish in the 
catches during early years to low selectivity at these ages. The 
presence of older fish in the later catches are due to an assumed 
shift in the selectivities. Selectivity values are discussed in 
later text. 

There is little information for the model to use to estimate 
appropriate biomass levels in the early 1970s. There is no 
survey data prior to 1980, and no older fish in the first half of 
the catch-at-age data. Consequently, the model starts out with a 
very low level of biomass relative the rest of the time series, 
and builds up in the late 1970s due to strong year classes. 
Exploratory runs were made in which the virgin recruitment was 
constrained at higher levels than originally estimated by the 
model. The model still estimated low levels of early abundance 
relative to the rest of the time series, and the trend after the 
late 1970s was relatively unaffected. It is thus noted that 
biomass estimates prior to 1977 are poorly estimated due to lack 
of data with which to tune the model in the early years. 
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Recruitment Trend 

Age 2 recruits are shown in Figure 11.10. The time series 
of age 2 recruits and spawning biomass is given in Table 11.6. 
The strong 1977 year class is the most notable. The 1975 year 
class also shows up strongly. The model estimates good 
recruitment from the 1984-86 year classes. The catch-at-age data 
showed large numbers of 4-year-old fish in the 1988, 1989, and 
1990 fisheries. The 1986 year class shows up quite strongly 
relative to the 1984 and 1985 year classes. This is probably due 
to the fact that the 1986 year class showed up in large numbers 
as 4 and 5-year-olds in the 1990 and 1991 fisheries, 
respectively. The model estimates large 1988 and 1989 year 
classes. It appears that this is necessary in order to fit the 
large biomass estimated by the most recent survey. Data from the 
1991 survey showed large numbers of 3-year olds from the 1988 
year class, however this cohort was not apparent in the 1991 
fishery. Length frequency data from the 1991 survey showed large 
numbers of very small fish, possibly of the 1989 year class. 

There is no information with which to estimate recruitments 
from the 1990 and 1991 year classes. In addition, the model had 
difficulty estimating a low level of recruitment for the 1987 
year class. Therefore, the model was configured to estimate one 
level of recruitment which fit all three year classes. Stock 
synthesis estimated 447 million recruits from the 1987, 1990, and 
1991 year classes. 

Selectivity 

Estimated selectivity for the fishery and survey data are 
quite dome-shaped with steep ascending and descending limbs 
(Figure 11.11). These selectivity curves are unusually steep, 
but do depict the narrow range of the age compositions from the 
fishery and the surveys. Age compositions from the surveys have 
not shown any fish older than age nine, and are mostly comprised 
of fish 3-6 years old (Figures 11.4-5). The fishery basically 
consists of fish 3-12 years old (Table 11.3). The estimated 
selectivities of 3-year-old fish from the 2 types of survey data 
are quite different (Figures 11.llb and 11.llc). Data from the 
1-100 m depth interval apparently included a large number of 3-
year-olds, as the selectivities at this age showed the most 
notable difference. 

The addition of the 1991 survey age composition changed the 
absolute survey selectivity of 3-year-olds relative to last 
year's assessment. The 1991 survey age composition was dominated 
by 3-year-olds (Figure 11.5). The current model estimates 3-
year-olds to be fully selected by the survey (Figure 11.11), 
whereas without the 1991 age data, they were estimated to be 
about 80% selected. 

The model must account for the lack of older fish either 
through selectivity or natural mortality. Exploratory runs were 
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made assuming asymptotic fishery selectivity and then stepping 
through increased natural mortality values. If the fishery 
selectivity is constrained to be asymptotic, the best fit to the 
data is achieved when natural mortality is approximately 0.7. 
Alternatively, runs were also made stepping through decreases in 
natural mortality down to 0.25, based on re-calculations of 
mortality (see Section 11.5.1). As natural mortality decreased, 
the fit to the model degraded, and the selectivities at the older 
ages decreased. 

Trend in Exploitation 

The time series of fishing mortalities and exploitation 
rates are given in Table 11.7. The exploitation rate is defined 
as the ratio of catch to numbers (C/N). The overall fishing 
mortality rates are those which solve the catch equation: 

C/N = F ( 1-e-M-F) 
M+F 

The fishing mortality rates on the fully-selected fish are 
also provided for reference. 

Summary 

Figure 11.12 compares the actual observed relative (a) and 
absolute (b) abundance values from the surveys, with the SS 
estimates of survey abundance values (observed versus expected). 
Stock synthesis applies the survey selectivities to the 
population estimates to provide the expected values of survey 
abundance. The population estimates are also depicted for 
comparison to absolute estimates of biomass from the surveys 
(Figure 11.12b). In 1986 and 1991, the trawl surveys represented 
80 and 61%, respectively, of the population. The fit to the 
indices of abundance is greatly improved relative to last year's 
model. 

Although the 1986 and 1991 biomass estimates were weighted 
to insure that the model would closely approximate these levels, 
SS could not simultaneously fit both the survey estimates (Figure 
11.12b). It was able to fit the 1991 survey estimate by showing 
large 1988 and 1989 year classes (Figure 11.10). The reason the 
model could allow a large 1989 year class, even though the catch
at-age data did not show any 2-year olds in the 1991 fishery, is 
the low fishery selectivity of 2-year olds Figure 11.lla). The 
catch-at-age data constrains the model from allowing another 
strong year class in order to achieve a better fit to the 1986 
survey estimate. The catch-at-age data and the 1986 survey 
biomass estimate appear to be contradictory pieces of information 
which cannot be reconciled. This is confounded by the large 
coefficient of variation associated with the 1986 biomass 
estimate, which may allow the model to disregard this data point. 

t 
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The level of biomass indicated by the 1991 survey can only be 
achieved if there has been strong recruitment from the 1988 and 
1989 year classes. Large numbers of the 1988 year class were not 
apparent in 1991 fishery, however, the 1991 survey age 
composition was dominated by this year class. This may be an 
indication that the survey is sampling a different component of 
the stock than is being fished. 

11.3.3 Current Exploitable Biomass 

Stock synthesis estimated the population biomass at the 
beginning of 1992 at 1,293,500 mt (ages 2+) (Figure 11.9). 
Projecting this biomass forward one year and assuming that ages 
3+ make up the exploitable population, 1993 exploitable biomass 
is estimated at 1,171,000 mt. Note that in last year's 
assessment the exploitable biomass included only ages 3-7. The 
recent catch data show that fish age 3+ are exploitable. 

11.4 RECRUITMENT TRENDS 

Recruitment Strengths 

The catch-at-age data (Table 11.3) show the strong 1975 and 
1977 year classes. The 1975 year class did not show up in the 
fishery beyond 1980. The 1977 year class persisted in the 
fishery through 1987. This year class has basically upheld the 
fishery throughout the late 70s and early 80s. Notable 
recruitment has occurred since 1980. The 1984-1986 year classes 
showed up strongly in the fishery as 4-year-olds in 1988, 1989 
and 1990, but were not evident in large numbers in subsequent 
years. 

The 1988 and 1989 year classes were also estimated to be 
strong year classes. These year class were estimated at high 
levels in order to fit the large biomass estimated from the 1991 
survey. The 1991 survey did show modes at 30 cm in the southern 
regions of the Aleutians (Figure 11.3), and the survey age 
composition was dominated by 3-year olds corresponding to the 
1988 year class. The 1991 fishery data did not show a large 
number of 30 cm fish (Figure 11.7), nor large numbers of 3-year
olds (Table 11.3). The unusually large number of 3-year-olds in 
the survey data seems to provide evidence that the 1988 year 
class is indeed above average, it is unclear why this cohort was 
not exploited by the fishery. It is too early to verify the 
strength of the 1989 year class. There was a preliminary 
indication of very small fish possibly of the 1989 year class 
from the 1991 survey length frequency data. 

Stock-Recruitment Relationship 

A plot of the age 2 recruits versus spawning biomass as 
estimated by SS, are shown in Figure 11.13. There does not 
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appear to be a reasonable relationship that can be supported by 
the data. 

11.5 BIOLOGICAL PARAMETERS 

11.5.1 Natural Mortality, Age of Recruitment, and Maximum Age 

Natural mortality is a very difficult parameter to estimate. 
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. 

The catch-at-age data show 14-year-old fish in the 1990 
fishery. The regression model of Hoenig (1983) was therefore re
examined assuming a maximum age of 14 years. This resulted in a 
total instantaneous mortality rate of 0.30. Since fishing 
mortality is low, natural mortality is probably close to 0.30. I 
assume a natural mortality rate of 0.30 for Atka mackerel. 

The age of recruitment to the fishery for Atka mackerel had 
been determined to occur at age 3 based on commercial fishery 
data (Kimura and Ronholt 1988). However, the 1984-1986 year 
classes appeared to recruit to the fishery at age 4 in 1988, 
1989, and 1990. Based on the catch-at-age data, SS estimated the 
age at first recruitment at age 2, and the age at full 
recruitment to occur at age 4. 

11.5.2 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 areas from the 1980, 1983 and 1986 
surveys. 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 11.8. 

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

Linf 
K 
to 

= 
= 
= 

41.4 cm, 
0.311 and 
-1.23 yr. 

Length-age equation: Length (cm) = Linf{l-exp[-K(age-t 0 ))} 

The weight-length relationship was determined to be: 

weight (kg) = 4.9761E-06 * length (cm) ** 3.2403. 
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These curves are shown in Figure 11.14 along with the 
observed mean values. 

Weight at age data collected from the domestic fishery were 
also used to estimate a weight-length relationship: 

weight (kg) = 7.19E-05 * length (cm) ** 2.5141. 

Another set of growth parameters which have been 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 11.8), least 
squares estimates of these parameters are RHO= 0.983 and OMEGA= 
0.731. 

11.5.3 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. 

11.6 MAXIMUM SUSTAINABLE YIELD 

An estimate of a stock-recruitment curve is required to 
calculate maximum sustainable yield (MSY) and the corresponding 
fishing mortality rate (Fmsy). Although there is recruitment 
information for Atka mackerel, it was determined that a stock
recruitment relationship could not supported by the data. 
Maximum sustainable yield for Atka mackerel is unknown. 

As an alternative to Fmsy, a yield-per-recruit model was used 
to determine the F0 . 1 level. This model assumed estimated 
selectivities at age (determined by SS), weight-at-age vectors 
for the fishery and the survey (Table 11.4), and constant 
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recruitment. The F0 _1 level was determined to equal to 0.324. 
The corresponding fishing mortality on the fully recruited fish 
is 0.501. 

11.7 ACCEPTABLE BIOLOGICAL CATCH 

The status of Atka mackerel has always been difficult to 
assess for the following reasons: 1) The stock tends to occur 
in large localized concentrations, making survey estimates 
extremely variable; 2) The 1980 and 1983 surveys were unable to 
successfully sample shallow waters where most of the Atka 
mackerel biomass resides; 3) The surveys have been far apart in 
time. A population of fast-growing fish with a high natural 
mortality rate can show rapid changes in abundance. Surveys 3 or 
more years apart, as in the past, may miss important events in 
stock dynamics; 4) The catch and survey data appear to show 
different trends; and in fact, a trend in biomass cannot be 
discerned from the early surveys due to differences in areal 
coverage among years. 

The 1991 survey provided a biomass estimate of 688,000 mt. 
This is close to the 1986 estimate of 544,800 mt. According to 
the catch-at-age data, there has been good recruitment since the 
1975 and 1977 year classes. Results from stock synthesis show 
good recruitment from the 1984-1986 year classes. In addition, 
the 1988 and 1989 year classes are estimated at high levels, in 
order to account for the large biomass estimated from the 1991 
survey. There are indications from the 1991 survey of a large 
number of fish of the 1988 year class. Assuming the 1991 survey 
biomass to be correct, stock synthesis runs are tuned to this 
estimate. A projection of the 1992 SS exploitable biomass 
provides an exploitable biomass estimate of 1,171,000 mt at the 
beginning of 1993. 

An estimate of Fmsy is unavailable at this time. The F0 _1 
level is estimated at F = 0.324, with the corresponding Fon 
fully-recruited fish, Ftu11 = 0.501. The fishing mortality rate 
that reduces spawning stock biomass per recruit to 35% of the 
unfished value (F35%), was determined to be equal to F = 0 .41 and 
Ftu 11 = 0.659. Last year a harvest rate of 30% (= M) was applied 
to exploitable biomass (ages 3-7) to obtain the 1991 ABC (260,500 
mt). The Scientific and Statistical Committee decided to phase 
in this ABC in a step-wise manner over a 6-year period, raising 
the exploitation rate in steps from M/6 in 1992 to Min 1997. 

A harvest rate of 30% is associated with an F = .235 and 
Ftun = 0 .32. Applying a 30% rate to the 1993 exploitable biomass 
of 1,171,000 provides a yield of 351,300 mt. Note this differs 
from last year's estimate due to the updated model run and 
assuming exploitable biomass to include ages 3+. Consistent with 
the SSC's phase in of the increased ABC estimate, 1/3 of the 
yield is 117,100 mt which is the recommended 1993 ABC. The 
associated fishing mortalities for the 1993 recommended ABC are F 
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= 0. 073 and Ftuii = 0. 098. The exploitation rate associated with 
this ABC is 0.061. 

This ABC is "considerably• higher than estimates prior to 
1991, as it is based on the survey estimate of biomass. Previous· 
analyses set ABC equal to the average level of estimated 
recruitments determined from a least squares analysis (Kimura and 
Ronholt 1988). These earlier analyses largely discounted survey 
biomass and assumed a much lower level of biomass. Since 2 
consecutive surveys have shown a large biomass of Atka mackerel, 
it was decided not to disregard survey estimates in the modelling 
and setting of ABC. 

TAC Considerations - Apportionment of Catch 

The ABC of 117,100 mt is based on an analysis for the entire 
Aleutian region. The bulk of the fishery occurs in the eastern 
Aleutians, whereas the bulk of the biomass has been found in the 
western Aleutians, particularly the southwest region. To avoid 
over-exploitation of the resource in a particular area, the catch 
should be apportioned in the Aleutians according to the 
distribution of biomass. This issue becomes particularly 
critical if the higher ABCs are implemented and TACs are set 
equal to ABC. Based on the distribution of biomass from the 1991 
survey, this would result in the following apportionment of the 
recommended ABC: 

Southwest, west of 180° 70,100 mt (59.9%) 
Southeast, east of 180° 24,200 mt (20. 7%) 
Northwest, west of 180° 14,900 mt (12.7%) 
Northeast, east of 180° 7,900 mt (6.7%) 

Overfishing 

The overfishing level for Atka mackerel is defined to be the 
fishing mortality rate that results in the biomass-per-recruit 
ratio falling to 30% of its pristine level. This rate has been 
determined to be F = 0.506 with the corresponding Fon fully
recruited fish Ftu 11 = 0.858. The ABC is based on an F = 0.073 
and an Ftu 11 = 0. 098 which are below the corresponding overfishing 
levels. 

11. 8 BIOMASS PROJECTIONS 

Projections of biomass were calculated assuming constant 
recruitment equal to the mean estimated recruitment from the 
1978-1989 year classes, and a constant fishing mortality rate on 
the fully-recruited fish. The fishing mortality rates used are F 
= 0.208 (F associated with 1992 recommended ABC of 260,500 mt), 
Fo. 1 = 0.501, F35, = 0.659, and F = 0.32 associated with a 30% 
harvest rate. The projected catches, biomasses and associated 
fishing mortality rates are shown in Table 11.9. 



11.9 

11-20 

SUMMARY 

M =0.30 
Age at full selection= 4 years 

Fo.1 = 
F35% = 
F30% = 
Fmsy = 

0. 324 8 , 0. 501b, 
0.410 8 , 0.659b, 
0. 5068 , 0. 858b, 
unavailable 

1993 ABC= 117,100 mt 
F ABC = 0 . 0 7 3 a , 0 . 0 9 8b, 

a/ Overall fishing mortality rate calculated from the catch 
equation. 

b/ Full-recruitment fishing mortality rate. 
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Table 11.1 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 1 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 0.00 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 0.00 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 0.00 0.00 
501-900 4 0 0 1.12 0.00 0.00 

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

Northeast 1-100 48,211 18,182 1 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 0.00 0.71 
501-900 0 0 37 0.00 0.00 1.00 

Total 96,650 54,281 42,135 0.69 0.57 0.46 
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Table 11.2 Estimated biomass in metric tons by subregion and 
depth interval, from the 1991 Aleutian survey. 
The proportions of total biomass contributed by 
each subregion are shown in parentheses. 

of 
Depth(m) 

Aleutian 1-100 

Total 

101-200 
201-300 
301-500 

Southwest 1-100 

Total 

101-200 
201-300 
301-500 

Southeast 1-100 

Total 

101-200 
201-300 
301-500 

Northwest 1-100 

Total 

101-200 
201-300 
301-500 

Northeast 1-100 

Total 

101-200 
201-300 
301-500 

Biomass (mt) 

349,146 
338,564 

441 
0 

Coefficient 

Variation 

688 I 151 ( 100%) 0.231 

210,230 
201,922 

33 
0 

412,185 (59.9%) 0.336 

87,081 
54,985 

83 
0 

142,149 (20.7%) 0.464 

37,042 
50,476 

149 
0 

87, 666 ( 12. 7%) 0. 403 

14,792 
31,181 

177 
0 

46,151 (6.7%) 0.471 

C 
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Table 11.3 Estimated catch-in-numbers-at-age (in millions} for Atka mackerel 
in the Aleutian Islands 

Year 
Age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

2 6.827 2.702 0.011 0.094 0.627 0.369 0.563 0.400 
3 31.522 60.155 4.477 12.681 5.393 0.188 1.900 0.977 15.971 11.454 10.441 9.966 11.043 4.047 1.9574 
4 20.056 15.573 26.778 5.920 17.106 2.629 1.433 7.295 8.787 6.457 7.602 22.487 11.145 12.055 5.576 
5 15.113 9.221 13.000 7.220 0.002 25.828 2.535 7.070 9.428 4.423 4.582 6.148 2.192 6.790 10.112 ~ 

~ 

6 1.223 3.750 2.197 1.665 1.612 3.861 10.596 10.793 6.010 5.335 1.891 1.797 0.589 2.490 5.9005 I 

7 0.393 0.592 1.109 0.591 8.104 0.676 5.453 4.531 2.373 1.535 0.893 3.0639 
ts.) 

1.587 21.775 Ul 

8 0.197 0.343 0.240 2.212 11.685 5.841 2.192 0.627 0.189 1.2849 
9 0.106 0.131 0.957 1.263 9.912 1.708 0.959 0.134 0.2692 

10 0.269 1.036 6.777 0.202 0.054 0.4058 
11 0.846 0.530 0.437 0.014 0.016 0.3965 
12 0.220 0.040 0.038 0.0868 
13 0.164 
14 0.032 

7+ 0.590 1.041 1.109 0.962 8.104 0.676 1.587 24.944 18.670 22.166 13.800 3.800 0.014 1.520 5.507 
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Mean weight-at-age values (kg) for Atka mackerel 
from the Aleutian trawl surveys and the conunercial 
fishery. 

Age Surveya 
0.197 
0.314 
0.425 
0.522 
0.602 
0.666 
0.715 
0.753 
0.782 
0.803 
0.819 
0.831 
0.840 

Fisherya 
0.417 
0.644 
0.773 
0.839 
0.871 
0.886 
0.893 
0.897 
0.898 
0.899 
0.900 
0.900 
0.900 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

a/ Values were determined from the weight-length and age-length 
relationships described in section 11.5.2. 
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Table 11.5 Estimated time series of population biomass (ages 
2+) and exploitable biomass (ages 3+) as estimated 
by stock synthesis. Estimated trends from the 1991 
assessment are.also given for comparison. 

Current Assessment Trends: 

Population Biomass Exploitable Biomass 
Year {ages 2+, 1000s mt) (ages 3+, 1000s mt) 
1972 123.75 119.38 
1973 102.30 103.06 
1974 129.85 86.63 

1975 153.53 120.11 
1976 212.00 137.06 
1977 478.16 197.76 
1978 572.92 498.74 
1979 1076.12 549.69 

1980 1179.36 1103.79 
1981 1162.15 1111.00 
1982 1083.38 1030.57 
1983 958.01 924.99 
1984 852.60 798.70 

1985 776.09 689.67 
1986 797.39 637.31 
1987 851.59 695.34 
1988 1028.03 762.72 
1989 1050.59 962.41 

1990 1185.10 947.51 
1991 1317.74 1082.91 
1992 1293.50 1205.32 
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Table 11.5 (cont.) Estimated time series of population biomass 
(ages 2+) and exploitable biomass (ages 3+) 
as estimated by stock synthesis. Estimated 
trends from the 1991 assessment are also 
given for comparison. 

1991 Assessment Trends: 

Population Biomass Exploitable Biomass 
Year (ages 2+, 1000s mt} (ages 3+, 1000s mt} 
1972 97.38 95.20 
1973 100.03 104.37 
1974 194.79 115.76 

1975 293.99 252.04 
1976 481.21 364.68 
1977 1131. 66 603.27 
1978 1368.32 1482.07 
1979 2359.00 1632.92 

1980 2533.04 2944.39 
1981 2448.33 2904.77 
1982 2218.38 2641.98 
1983 1906.06 2293.62 
1984 1610.52 1909.95 

1985 1360.19 1569.96 
1986 1192.58 1322.65 
1987 1061.65 1175.19 
1988 1026.17 1053.36 
1989 896.37 1046.71 

1990 1301.90 890.55 
1991 1267.91 1308.14 
1992 1150.66 1175.09 
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Estimated age 2 recruits (billions) and spawning 
biomass (1000s of mt). 

Age 2 recruits Spawning biomass 
Year class {billions) {1000s of mt} 

1972 0.219 46.70 
1973 0.170 42.98 
1974 0.380 36.50 

1975 1.423 39.20 
1976 0.376 47.88 
1977 2.670 63.62 
1978 0.383 141.11 
1979 0.259 214.62 

1980 0.268 339.08 
1981 0.168 456.15 
1982 0.273 427.47 
1983 0.438 382.78 
1984 0.812 329.02 

1985 0.793 276.52 
1986 1.346 247.22 
1987 0.447 254.44 
1988 1.205 285.58 
1989 1.191 344.46 

1990 0.447 382.04 
1991 0.447 402.05 
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Table 11.7 Time series of historical exploitation rates and 
fishing mortality rates estimated by stock synthesis. 

Exploitation 
Year rate pa Fb 
1972 0.028 0.033 0.059 
1973 0.012 0.014 0.024 
1974 0.012 0.014 0.027 

1975 0.071 0.086 0.215 
1976 0.093 0.114 0.193 
1977 0.063 0.076 0.133 
1978 0.025 0.029 0.059 
1979 0.024 0.028 0.034 

1980 0.010 0.012 0.021 
1981 0.010 0.012 0.015 
1982 0.012 0.014 0.019 
1983 0.009 0.011 0.017 
1984 0.032 0.038 0.050 

1985 0.040 0.047 0.074 
1986 0.035 0.041 0.075 
1987 0.028 0.033 0.063 
1988 0.018 0.021 0.035 
1989 0.011 0.013 0.021 

1990 0.015 0.018 0.022 
1991 0.014 0.016 0.025 
1992 0.024 0.028 0.042 

a/ Fishing mortality rate which solves the catch equation. 
b/ Fishing mortality rate on fully-recruited fish. 
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Table 11.8 Length and weight-at-age for Atka mackerel sampled in six 
areas (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 . 3 91 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 1 37.0 1 .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 1 1.010 

3 2 20 27.4 20 .257 
3 3 69 30.6 68 .349 6 3 20 33.1 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 

Data are from survey samples taken from 1980 to 1986. (Area 1 = Stalemate 
Bank, 2 = Buldir and Tahoma Reefs, 3 = Kiska Island, 4 = Amchitka Island, 5 = Petrale Spur, 6 = Seguam Pass) 
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Table 11.9. Projected yields and biomasses. Projections of 
biomass were calculated assuming constant recruitment 
equal to the mean observed recruitment from the 1978-
1989 year classes, and a constant fishing mortality 
rate on the fully-recruited fish. The fishing 
mortality rates are: F01a=O. 208 (associated with last 
year's ABC level), F 0 • 1=O.5O1, F 35,=O.659, F30,=O.858 

Year 
93 
94 
95 
96 
97 

93 
94 
95 
96 
97 

93 
94 
95 
96 
97 

93 
94 
95 
96 
97 

93 
94 
95 
96 
97 

.208 

.208 

.208 

.208 

.208 

.501 

.501 

.501 

.501 

.501 

.659 

.659 

.659 

.659 

.659 

.858 

.858 

.858 

.858 

.858 

.320 

.320 

.320 

.320 

.320 

(overfishing level), and Fo.JHR (associated with a 
harvest rate of 30%). 

.204 

.192 

.186 

.183 

.183 

.365 

.333 

.315 

.309 

.309 

.476 

.422 

.397 

.391 

.392 

.611 

.527 

.492 

.485 

.489 

.235 

.220 

.211 

.207 

.206 

Exploitable 
biomass 
1171 
1061 

984 
933 
897 

1171 
893 
748 
673 
631 

1171 
818 
658 
585 
548 

1171 
737 
572 
507 
476 

1171 
921 
881 
814 
772 

1OOOs of mt 
Spawning 
biomass 

537 
482 
443 
417 
400 

537 
398 
325 
287 
266 

537 
360 
280 
244 
225 

537 
320 
237 
204 
189 

537 
447 
391 
358 
337 

Yield 
238 (F01a) 
204 
183 
170 
164 

513 (F0 .tl 
364 
297 
268 
257 

636 (F35,) 

412 
324 
292 
280 

771 ( F 30,) 

446 
342 
309 
299 

351 (F_)HR) 
279 
240 
220 
211 

a/ Full-recruitment fishing mortality rate. 
b/ Overall fishing mortality rate calculated from the catch 

equation. 
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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 11.4 Age distributions from the Aleutian Islands region 
from u.s.-Japan trawl surveys in 1980, 1983, and 1986. 
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Figure 11.s Age distribution from the Aleutian Islands 
region from the 1991 survey. 
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Figure 11.9 Biomass trend of Atka mackerel ages 2+ 
estimated by stock synthesis. 
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the 1-100 m depth strata in the Southwest Aleutian 
region; and (c) survey data from the 1986 and 1991 
surveys for all depth strata. 



11-44 

450 

400 

-0 350 - ..... 
C: 

~ 300 
CL> -u 

■ Observed C: 250 0 
-0 
C: 
:::, 

200 0 Expected .c 
0 

CL> 
. 2: 150 0 
~ 
0::: 100 -

50 

0 ---1 

1980 1983 1986 1991 

Year· 

1200 

1000 

-e 800 .... 
Observed (J) 

0 
0 
0 

600 0 Expected --en 
en 
0 ■ Population E 400 0 

a5 

.... 
200 

0 
1980 1983 1986 1991 

Year 

Figure 11.12. Comparison of observed and 
expected estimates from the surveys 
with estimated population biomass. 

C 

(a) t 

(b) 



11-45 

3 n 
)( 

2.5 -.,, C 
.Q 2 
e 
.!!! 

1.5 
75 

·5 
)( t; 

a., 
0:: 

86 
88 X 89 
X X 

C°'I 
a., 

~ )( )( 

0.5 xx 
~ 

l( l( 

l( ::t:: ::t:: 
)( 

0 
0 50 100 150 200 250 300 350 400 450 500 

Spawning Stock Biomass (1000s mt) 

Figure 11.13 Estimated age 2 recruits plotted against 
estimated spawning stock biomass as determined 
by stock synthesis. Strong year classes are 
noted. 



11-46 

50 1.50 

40 -::E 01.00 
~30 ~ -::i: I-
I- ::i: 

~20 
(.!) 

lrJ w 
..J ?:0.50 

10 

0.00 0 2 4 6 8 10 12 10 20 .30 40 50 
AGE (YEARS) LENGTH {CM) 

Figure 11.14 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 from the 
1980, 1983, and 1986 surveys. 

. 4 



Section 12 

12.1 SQUID 

12-1 

SQUID and OTHER SPECIES 

by 
Pierre K. Dawson 

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 
(mt) since 1977 have been as follows: 
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Eastern Bering Sea Aleutian Islands 

Domestic Domestic GRAND 
Year Foreign JVP DAP Total Foreign JVP DAP 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 1 510 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 1 19 20 868 
1987 96 12 <l 108 23 <1 23 131 
1988 168 246 414 3 3 417 
1989 106 194 300 1 5 6 306 
1990 532 532 94 94 626 
1991 544 544 88 88 632 
1992* 182 182 21 21 203 

*- Catches reported through 24 August, 1992. 

Source: Foreign and JVP catches-U.S.Foreign Fisheries Observer 
Program, Alaska Fisheries Science Center, National Marine 
Fisheries Service, NOAA, BIN C15700, Bld.4, 7600 Sand Point Way 
NE, Seattle, WA 98115. U.S. DAP catches before 1989: Pacific 
Fishery Information Network (PacFIN), Pacific Marine Fisheries 
Commission, Portland, OR 97201. U.S. DAP catches since 1989: 
NMFS Regional Office, Juneau, Ak 99801. 

After reaching 9,000 mt in 1978, total squid catches have 
steadily declined to only a few hundred tons in 1987-91. Thus, 
squid stocks have only been lightly exploited in recent years. 

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 mt. 

12 .1. 4 ACCEPTABLE BIOLOGICAL CATCH 

Catches of 10,000 mt are believed to be sustainable. The 
level of recent catches indicate that there is currently only 
minor, if any, targeting on squid. 

4 
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12.2 OTHER SPECIES 

12.2.1 INTRODUCTION 

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 (Raja 
binoculata), longnose skate (R. rhina), starry skate (R. 
stellulata), 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 (Sornniosus pacificus) has been 
taken on occasion. Two species of octopus have been recorded, 
with Octopus dofleini the principal species and Ophisthoteuthis 
california appearing only intermittently. The three species of 
smelt found in the Bering Sea are capelin (Mallotus villosus), 
rainbow smelt (Osmerus mordax), and eulachon (Thaleichthys 
pacificus). 



Year 

1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 
1989 
1990 
1991 
1992* 

12.2.2 
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CATCH HISTORY 

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

Eastern Bering Sea Aleutian Islands 

Domestic Domestic GRAND 
Foreign JVP DAP Total Foreign JVP DAP Total TOTAL 

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

32,363 3,188 100 35,651 7,028 246 7,274 42,925 
17,480 720 18,200 4,781 386 5,167 23,367 
11,062 1,139 3,264 15,465 3,193 439 43 3,675 19,140 

7,349 1,159 8,508 184 1,486 1,670 10,178 
6,243 4,365 895 11,503 40 1,978 32 2,050 13,553 

4,043 6,115 313 10,471 1 1,442 66 1,509 11,980 
2,673 4,977 919 8,569 1,144 11 1,155 9,724 

11,559 647 12,206 281 156 437 12,643 
4,695 298 4,993 1 107 108 5,101 

16,115 16,115 4,693 4,693 20,808 
16,261 16,261 938 938 17,199 
16,424 16,424 1,873 1,873 18,297 

*-Catches reported through 24 August 1992. 
Source: Foreign and JVP catches-U.S.Foreign Fisheries Observer Program, 
Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA, 
BIN Cl5700, Bld.4, 7600 Sand Point Way NE, Seattle, WA 98115. U.S. DAP 
catches before 1989: Pacific Fishery Information Network (PacFIN), Pacific 
Marine Fisheries Commission, Portland, OR 97201. U.S. DAP catches since 
1989: NMFS Regional Office, Juneau, Ak 99801. 

Catches of these species following 1976 remained relatively 
high through 1981 but thereafter declined to a range of 
5,000-13,000 mt in 1984-89 despite increased catches of total 
groundfish. Part of the reason may be incomplete reporting of 
domestic catches before 1990. Since the mid-1980s, reported 
catches of the "other species• have only represented 1% or less 
of the total catch of all groundfish. 

t 
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12.2.3 CONDITION OF STOCKS 

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

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 
1989 211,700 414,000 1,800 0 5,000 632,500 
1990 225,200 583,800 6,700 0 11,700 827,400 

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 
1991 18,084 16,770 87 3,142 1,287 39,370 

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 
were the major component of this group until 1986, but since then 
the biomass of skates has exceeded that of sculpins. This has 
resulted from an increase in the abundance of skates since 1985 
while the abundance of sculpins has remained relatively stable. 
The abundance of skates continued to increase through 1990 with 
the survey biomass estimates showing a large increase from 
414,000 mt in 1989 to 583,800 mt in 1990. However, the 95% 
confidence interval around the 1990 estimate was wider and 
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overlapped those in 1988 and 1989 indicating that the estimates 
did not differ significantly among these last three years. 

Biomass estimates for the •other species• complex as a whole 
have shown some major fluctuations which may be the result of 
changes in availability or vulnerability of the various species 
to the survey trawls. This is particularly evident for smelts, 
sharks, and octopuses. This problem has also been discussed in 
past documents for sculpins in which a cold water species, the 
butterfly sculpin (Hemilepidotus papilio), has been found to 
intrude into the northern portion of the survey area to a greater 
extent in some years than others to account for a major part of 
the fluctuations in biomass of the sculpins. 

It should also 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. 

12.2.4 MAXIMUM SUSTAINABLE YIELD 

In view of the apparent major increase in abundance of the 
"other species" category, the high abundance in 1988-90, when 
biomass estimates were not significantly different, may be 
representative of the virgin population size. Using: 1) the 
assumption that the average biomass estimate from the 1988-90 EBS 
surveys added to the 1986 Aleutians survey estimate approximates 
virgin biomass, 2) a natural mortality coefficient of 0.2, and 3) 
a constant of 0.4, the Alverson and Pereyra (1969) MSY equation 
would indicate that MSY = 62,900 mt (MSY = 0.4 x 0.2 x 786,200 
mt). 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 averaged 45,000 mt per year which might be a 
minimal estimate of MSY if catches of these species have been 
accurately repor:ed. Nevertheless, this average catch provides 
some assurance that the MSY value of 62,900 mt is not 
unreasonable. 

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 1988-90 
EBS and 1986 Aleutian Islands surveys is therefore 786,200 mt. 
The MSY estimate of 62,900 mt represents an exploitation rate of 
about 8% of current biomass. There appears to be no bases for 
reducing ABC below the MSY level. Thus, ABC is estimated to be 
62,900 mt. Recent reported catches of the "other species" group 
(5,000-18,000 mt) have been well below this ABC estimate. 

t 
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MARINE MAMMAL CONSIDERATIONS 

STELLER SEA LIONS 

Administrative Actions 

Closure of the Bogoslof District during the BSAI "A" Season for 
walleye pollock produced concern that fishing pressure would 
increase near Aleutian Island rookeries. Consequently, a 20 nm 
radius no-trawl zone was put in place during the "AN season around 
five rookeries--Akutan, Akun, Agligadak, Seguam, and Sea Lion 
Rock/Amak Islands. 

The Steller sea lion recovery team submitted a final draft of the 
recovery plan to NMFS in August 1991. This plan, criteria for 
listing or delisting the species under the Endangered Species Act, 
and areas proposed for designation as critical habitat all remain 
under review. 

1992 Surveys 

Aerial surveys of adult and juvenile Steller sea lions were 
conducted during June 1992 at all rookeries and most haul-outs in 
Southeast Alaska, Gulf of Alaska, and Aleutian Islands. A minimum 
of two surveys were made at all trend sites in the area, and at 
least one survey of all other sites. 

Counts of pups were made at five rookeries in the Gulf of Alaska 
and the eastern Aleutian Islands during July 1992. Pup numbers 
have increased at three sites (Akutan, Chernabura, and Chowiet 
Islands) and decreased at one (Sugarloaf Island) since 1989-90. 

Juvenile Survival at Marmot Island 

During 1987-88 a total of 800 Steller sea lion pups were marked at 
Marmot Island in a long term study of Steller sea lion dispersal, 
survival, and reproduction. Based on the results of Calkins and 
Pitcher (1982), at least 50-100 survivors of the 800 pups tagged in 
1987-88 were expected to return to Marmot Island in the sununer of 
1992. A field team was placed on the island during June-July 1992 
to count these returnees. A maximum of eleven tagged animals (of 
800) were resighted during June-July 1992 at the island. These and 
the similar results from 1991 support the hypothesis that increases 
in juvenile mortality during the 1980's may be a major cause of the 
declines observed at Marmot Island in the past decade. 

1992-93 Foraging Studies 

Ten Steller sea lions (6 adult females, and four pups) were tracked 
during the past year. In sununer, adult females (n=2) continued to 
forage relatively close to the rookery, usually within 20 nm. In 
winter, adult females (n=4) were wide ranging, and continued to 



show preferences for different foraging areas. Both female and 
male pups moved long distances (60 to >250 nm) as early as their 
fifth month. They appeared to forage over a similar range as adult 
females. Pups through their 11 month (May) appear to be shallow 
divers (<20 m). Consequently, even though they may range widely, 
they can exploit prey in a very limited portion of the water 
column. 

All of the eastern Aleutian Islands animals (with the exception of 
one pup who went to the Pribilof Islands) generally foraged on the 
shelf area (z < 200 m) within the Krenitzen Islands and to the east 
on the north and south sides of Unimak Island. 

Genetic Studies 

Stock differentiation studies using mitochondrial and nuclear DNA 
analysis continued during summer 1992. Tissue samples were 
collected from flippers of adults (5) and pups (39) at sites in the 
Gulf of Alaska, and the Aleutian Islands. Analysis of these 
samples and those collected in 1991 is presently underway. 

Prey Surveys 

NMFS conducted echo integration-midwater trawl surveys to assess 
Steller sea lion prey availability within 10 nm of rookeries and 
haul-outs during winter and summer. Four rookeries sites 
(Forrester, Marmot, Atkins, and Akun Islands) and one haul-out 
(Cape Serichef as a control site) were surveyed during 1992. 
Analysis of these data is underway. 

Incidental Take 

Steller sea lions continue to be taken, albeit at low levels, in 
the groundf ish fishery. Seven Steller sea lions were observed 
taken through August 1992. This compares with 10 observed to be 
taken dead during 1991 (extrapolated to 16 total for unobserved 
tows). An additional two animals were observed taken alive in 1991 
(or three additional for extrapolated totals). 

NORTHERN FUR SEALS 

A new population estimate of northern fur seals will be available 
later in fall 1992. In 1990 fur seal numbers on St. Paul Island 
were stable while those on St. George Island were declining (York 
1990, Kajimura and Sinclair 1992). The overall Bering Sea 
population is considered to be depleted but stable. 

Three fur seals were observed taken dead through August 1992. This 
compares with three observed to be taken dead in 1991 (extrapolated 
to five dead for unobserved tows). 
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PACIFIC HARBOR SEALS 

NMFS and ADF&G continued the comprehensive population assessment of 
harbor seals in Alaska begun during 1991. Surveys during 1992 were 
performed on the south side of the Alaska Peninsula, in the Kodiak 
Archipelago, along the Kenai Peninsula and in Prince William Sound. 
Results will be available winter 1992-93. 

KILLER WHALE 

NMFS began surveys during summer 1992 to assess the abundance of 
killer whales in Southeast Alaska, the Gulf of Alaska, eastern 
Bering Sea, and Aleutian Islands to Atka Island. 

HARBOR PORPOISE 

NMFS continued a three year assessment of the Alaskan harbor 
porpoise population begun during 1991. During 1992, vessel surveys 
were conducted in Southeast Alaska in spring, summer, and fall, 
while aerial surveys were conducted in the central and western Gulf 
of Alaska during summer. 
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Table 1.--Counts of live Steller sea lion live pups 
at five index rookeries during 1989-90 
and 1992. 

1989-90 
Rookery (x) 

Sugarloaf 1,874 

Chowiet 582 

Chernabura 193 

Clubbing Rocks nd 

Akutan 442 

Total 1 3,091 

1Excludes Clubbing Rocks 

1992 

1,001 

635 

210 

433 

556 

2,402 

Percent 
change 

- 47 

+ 9 

+ 9 

nc 

+ 26 

- 22 


	3778a.PDF.pdf
	3778b
	3778c

