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Preface

The U.S. 1983 assessment of the condition of the status of the Gulf
of Alaska groundfish stocks 1s an update of the 1982 INPFC groundfish
Document No. 2575.1/ The pollock report has been divided into two reports.
The first, Section 1, is an update on the assessment of the stock condition
and the second, Section 2, is a description of the fisheries. The sablefish
report, Section 3, updates the condition of the resource based on results
of the 1982 fisheries, 1982 Japan and U.S. cooperative longline survey,
and the 1983 U.S. pot survey in Southeast Alaska. The Pacific ocean perch
report, Section 6, was revised to clarify the resource is composed of 5
species of rockfish, although the status report is primarily directed at
Sebastes alutus. The reports for Pacific cod (Section 4), Atka mackerel
(Section 5) and flatfish (Section 7) are updated with 1982 catch statistics.
Reports on the results from the U.S. pollock resource survey in Shelikof
Strait in 1983 have been completed for just the bottom trawl survey (Section
8). A document for the hydroacoustic survey will be completed at a later
date. The biomass estimates from this survey are given in Section 1.
A summary of the 1983 and planned 1984 resource surveys for the Gulf of

Alaska 1is given in Section 9.

1/Ito, D. and J. Balsiger (ed.). 1983. Condition of groundfish resources
of the Gulf of Alaska in 1982. U. S. Dept. Commer., NOAA Tech. Memo.
NMFS F/NWC-52, 204 p.
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Condition of Gulf of Alaska Pollock Resource
by
Miles S. Alton!/ and Richard B. Deriso?2/

This report updates the one given by Alton and Deriso (1983) in the
condition of the Gulf of Alaska pollock resource by considering the results
of (1) catch-at-age analysis that includes an additional year of data,

1982; and (2) NMFS research vessel surveys of 1983. An update of catch

and biological information from the fisheries that includes statistics

for 1982 and for the Shelikof joint venture fisheries in 1983 is provided in
a separate report (See section on pollock fisheries by Alton); highlights

of that report are given here.

BACKGROUND

Resource Characteristics

Pollock is a semidemersal schooling fish belonging to the same group
of fish as the cod, whiting, and other gadoid forms. It is widely distributed
in North Pacific temperate and subarctic waters where major fisheries on
this species occurs. Individual pollock may live as long as 20 years, although
most fish taken in the fisheries are less than 12 years. Most of the Gulf of
Alaska pollock resource lie in the central and western regulatory areas, 1l.e.
from the vicinity of Prince William Sound west to Unimak Pass.

The Gulf of Alaska pollock has been treated as a stock separate from
that of the Bering Sea and Aleutian pollock. A major pollock spawning site
occurs in the Shelikof region near Kodiak Island where it is believed that
fish from various regions of the western and central Gulf mix with resident

fish during the winter--spring months for reproduction. Other spawning

1/ Northwest and Alaska Fisheries Center, National Marine Fisheries Service,

National Oceanic and Atmospheric Administration, 2725 Montlake Boulevard
East, Seattle, WA 98112

2/ International Pacific Halibut Commission, 250 Oceanography Teaching
Building, WB-20, University of Washington, Seattle, WA 98195



areas in the Western and Central Gulf of Alaska, although appearing minor

compared to the Shelikof region, have been inferred from the occurrences

of eggs during ichthyoplankton surveys (Boretz 1981; Bates and Clark 1983).

Information on spawning sites in the eastern Gulf of Alaska has been negligible.
Our emphasis has been placed on the pollock of the central and western

Gulf of Alaska where most of the commercial harvest occurs. We have treated

the pollock of these areas as a group separate from those of the eastern Gulf

of Alaska. The allowable biological catch (ABC) has been allocated by the

three regulatory areas (Western, Central, and eastern) based on biomass

distribution estimated from research vessel surveys (Alton, Hughes, and

Hirschhorn 1977).

Fisheries

Foreign nationals have been the principal harvesters of Gulf of Alaska
pollock, since they began fishing there in the early 1960's. By 1981 their
annual pollock catch had reached a record 130.3 thousand t. However, in that
year, joint venture fisheries caught almost 17 thousand t. The joint venture
pollock catch rose sharply to about 71 thousand t in 1982 and again in 1983,
when some 131 thousand t were taken in the winter -spring Shelikof fisheries.
The foreign nations' fisheries catch declined in 1982 to 92.6 thousand t and
is expected to fall further in 1983. Pollock landed in strictly U.S. fisheries
has always been negligible compared to the foreign and joint venture fisheries.
U.S. fisheries landed 2.2 thousand t in 1982, The total pollock catch by
all nations and fisheries in 1982 was a record 166 thousand t. This catch is
expected to be exceeded in 1983.

In 1982 only two foreign nations, Japan and the Republic of Korea, had
trawlers operating in the Gulf of Alaska harvesting pollock. At one time,

1979, five foreign nations (Japan, ROK, USSR, Poland, and Mexico) fished in



the Gulf of Alaska. Japan has the longest history of fishing in the Gulf of
Alaska (1962 to present). Korean nationals have been fishing in the Gulf of

Alaska since 1974.

Regulations and Allocations

Licensing, catch and area-time restrictions were placed on foreign
vessels fishing in the U.S. 200 mile fishery conservation zone when the
Magnuson Fishery Conservation and Management Act was passed in 1977. Pollock
and other groundfish allocations were set annually for each nation (Table 1-1).
The current summary of time-area closures and gear restrictions that affect

the foreign trawl fisheries is shown in Figure 1-1.

Optimum Yield (OY)
During the period, 1978-82, pollock OY was set near the low end of
the maximum sustainable yield (MSY) range (166,200 - 344,000 t) and apportioned
to the three regulatory areas based on resource distribution as estimated
from research vessel surveys (Table 1-2). In 1983 OY for the central area

was increased to the mid-point (143,000 t) of the MSY range for that area.

RESULTS OF ANALYSIS AND RESEARCH IN 1983

Catch-at-age Analysis

We applied the catch-at-age analysis that we used in last year's report
(Alton and Deriso 1983) by including the 1982 catch results (foreign nation
and joint venture fisheries) and the 1983 joint venture catch for January
to April in the Shelikof region (Table 1-3).

Catch-at-age for 1982 and 1983 were estimated by procedures described
by Alton and Deriso, 1982. We used a single set of weight at age values for

all years instead of the highly variable average weight-at-age by year that
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was used in our last year's report. This set consists of average values for
the years 1976-83 for the 2-month period, July-August (Table 1-4).3/

The combined nation model reported last year was used for this year's
analysis. Initial attempts to obtain parameter estimates were not successful
for the model with assumptions (1) age selectivity of 3-6 year olds remains
invariant for all of the years 1976-1983, (2) 7-10 year olds are fully
available to the gear. We are not surprised at this result in view of the
apparent low availability of older fish in the 1982 fishery and the difference
in catch composition of the 1983 joint venture operation from that of combined
nations in earlier years. Catches of 8 through 10 year olds in 1982 were
very low in comparison to catches of these ages in earlier years. This may
be due in part to sampling in 1982 which may not have been representative of
the catch of older fish, and in part, to low population numbers of ages 8 and
9. These age groups represent the '73 and '74 year classes which have newver
contributed significantly to the catch through their years of vulnerability
to the fisheries. The catch of 7-year olds in the 1983 joint venture fisheries
was unusually high; they represent one of the larger year classes in recent
years (Figures 1-2).

Alternative assumptions were tried, including a multiple gear stratification
of joint venture catches from the foreign catches with varying assumptions
about the yearly changes in gear-specific age selectivity. Results were very
sensitive to these changes, e.g. average ASP (exploitable annual surplus
production) varying from less than 200,000 mt to more than 600,000 mt. As a
consequence of the unstable results, 1983 data were not incorporated in our
final analyses, but may be at a latter date after foreign catches have been
tabulated and aged. Even excluding 1983 data, results of the model were

unstable until additional parameters for age selectivity of the 7-10 year

3/ Employs the non-linear repression methods of Doubleday (1976).
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olds were added to the model for the 1982 data. This final model has the
following assumptions: (1) selectivity of 3-6 year olds is the same for
all years (1976-1982), (2) M= 0.4, (3) selectivity of 7-10 year olds is equal
to 1 for years 1976-1981, but is estimated for 1982. The 8 new data points
(ages 3-10 in 1982) add 2 degrees of freedom to the regression (6 new parameters
are estimated for 1982). Standard deviations were attained by the bootstrap
method (Efron, 1982) as explained in our last year's report.

The results of the analysis show an increase in exploitable biomass over
the years 1976 through 1981 (as was the case in last year's analysis) and a
continuance of this trend in 1982 (Table 1-5). The average exploitable
biomass (1,430 thousand t), however, is greater for the years 1976-1982
than for the period 1976-1981, as shown in last year's report (1,040 thousand
t). As for annual surplus production our new analysis indicates a sharp rise
in 1978 and retention of high levels for the period 1979-1982. Average ASP
for 1976-1982 was 408 thousand t with a level of precision much greater than
for the average in last year's report (Table 1-5).

The increase in exploitable biomass has been due to a series of relatively

strong year classes (1975-1979) (Figure 1-2).

Research Surveys

During March and April of 1983, an acoustical survey of pollock was
conducted in the western and central Gulf of Alaska. The only sizeable
concentrations of fish were found in the Shelikof region. Four separate
surveys were made on the Shelikof fish with the initial survey in early March
having the highest pollock biomass (2.5 million t), and the last survey having
the minimum estimate (0.8 million t). During the acoustic surveys, a bottom

trawl survey using a separate vessel was made in the Shelikof region (see



Section 8 by E. Brown) in order to assess the on-and near-bottom component of

the pollock aggregations that are incapable of being acoustically assessed.

The biomass of this component was estimated at 184 thousand t. A secondary
purpose of the bottom trawl survey was to determine whether females were more
abundant than males near the bottom than in the upper water column. In both

the fisheries (See Section 2 by M. Alton) and acoustic survey males were frequently
more numerous than females in the samples. The dominance of males were

found to be a frequent occurrence in the bottom trawl survey catches. Individual
catches, commercial or research, in the Shelikof region may at times be

mostly females, but in the overall estimate of population or of the commercial

catch males have been more numerous.

Discussion of Research and Analytical Findings

The extensive acoustic survey of the western and central Gulf of Alaska
found only significant amounts of pollock in the Shelikof region during the
spawning season in 1983. This suggests that the pollock which are normally
found by the foreign nation fisheries in large quantities in the Shumagin and
offshore waters of Kodiak Island during other times of the year were in the
Shelikof region during the spawning period. This would support our treatment
of the catch-at-age data as if the pollock of the western and central Gulf
were all of one stock. We have, however, some reservations. The extreme
western part of the western regulatory area (Unimak Pass to the Fox Islands)
and the most eastern part of the central area (off the Kenai Peninsula and
Prince William Sound) were not covered by the survey. The Unimak Pass-Fox
Island region has been important in the foreign fisheries for pollock (see
Section 2 by M. Alton, Figure 2-1), and there has been some evidence that the
fish from this region have more rapid growth than fish from the Shumagin and

Kodiak regions. We suspect that the fish from the Unimak Pass-Fox Island region



may be part of either the Bering Sea or Aleutian pollock stock. The pollock
of f the Kenai Peninsula and Prince William Sound have never been harvested in
the amounts taken in the other regions of the Western and Central Gulf (See
Section 8 by M. Alton, Figure 2-1). Whether this is due to lower abundance
there or to factors related to the fisheries are not known. 1In May of 1983,
a U.S. fishing vessel reported finding intense and extensive echo sounding
signs indicative of pollock south of the Kenai Peninsula which might suggest
a spawning aggregation of pollock separate from those that spawn in the
Shelikof region. We mention the Unimak Pass-Fox Island pollock and those off
the Kenai Peninsula and Prince William Sound to emphasize the incompleteness
of our knowledge of the stock structure of Gulf of Alaska pollock.

The results of acoustic surveys in the Shelikof region suggests that the
pollock biomass has declined from 1981 to 1983 (no survey was made in 1982).
Using the average biomass from the first two surveys of each of these years,
the decline is from 3.8 million t in 1981 to 2.4 million t in 1983. Results
from catch-at-age analysis has shown a continued increase in biomass in 1982.
The 1981 acoustic estimate of biomass compares well with the 1981 estimate
from catch-at-age analysis.

We examined whether the change in exploitable biomass as derived from
catch-at-age analysis has any relationship with changes in CPUE from the
Japanese fisheries. CPUE values came from a report by Yamaguchi and Okada,
1983, that was provided at this year's U.S.-Japan bilaterals. The values
were for the Japanese freezer trawlers standardized to the 2,505-3,504 gross
tonnage vessels. The years 1977-1982 could only be considered, since it was
not until 1977 that the freezer trawlers began to place an emphasis on the
harvest of pollock. We used the relationship, CPUE; = aBib (B is the

exploitable biomass for the year i) transformed into a linear relationship



for regression analysis. Despite the low degrees of freedom (N-2=4), the
correlation is marginally significant (Figure 1-3). Thus the trend in CPUE
corresponds with that of exploitable biomass. The regression coefficient of
0.911 is close to 1.0 and suggests that the catchability coefficient of
Japanese freezer trawlers have remained constant for the years 1977 through

1982, i.e. CPUE;{=qB;, where q is the catchability coefficient.

EVALUATION OF STOCK CONDITION

The results of catch-at-age analysis suggest that four successive
strong year classes (1975-79) have occurred in the Gulf of Alaska pollock
stock and have brought about a substantial increase in stock biomass and
fishable biomass for the years 1979-1982. Surplus production for this
period ranged from 484-524 thousand t and exceeded the annual harvest by
the fisheries (103.2-166.5 thousand t).

The catch-at-age analysis provides an estimate of conditions existing
in the past (1976-82); for 1983 there is a biomass estimate from the
combined acoustic-bottom trawl survey of 2.6 million t. This fiqure
translates to an exploitable or fishable biomass of about 2 million t
which is bhelow the 1982 estimate (2.6 million t) from catch-at-age analysis,
but greater than the average for the years 1976-82 (1.4 million t).

Although the 1983 survey estimate suggests a decline in abundance
between 1981 and 1983, the stock in 1983 is still considered to be at a
high abundance lewvel, comparable to levels in 1980 and 1981. Conditions
in 1984 will depend to a great degree on the abundance of the 1980 year
class as 4 year olds; this age has been an important contributor to the
annual catch since 1979 (Table 1-3). The poor showing of the 1980 year

class as age 3 fish in both the joint venture fisheries and the survey in



early 1983 may indicate that this year class is below average or was only
partially present in the Shelikof region during the period of the fisheries
and survey.
ONGOING AND SCHEDULED RESEARCH AND ANALYSIS

We are presently collecting and analyzing information that will clarify
our understanding of the stock structure of the Gulf of Alaska pollock.
Biochemical genetic studies are underway to determine if subpopulations can
be recognized. The possibility that persistent regional growth differences
may exist will be examined through the analysis of size-at-age data.

Vessel surveys directed towards Gulf of Alaska pollock are planned
for early 1984. One survey will be in the Shelikof spawning region to
update the acoustical estimate of biomass and its composition. Another
survey will explore the region off the Kenai Peninsula and Prince William
Sound for the presence of spawning concentrations separate from those in
the Shelikof region.

An age structured computer based model will be developed for project-
ing stock abundance and composition given various levels of recruitment
and catch. The model would allow forecasting one to two years in advance
using the most recent acoustical estimate of biomass and its composition.

Fisheries stock assessment is commonly done by assuming some sort
of quantity is invariant across years. For example CPUE is used as an
index of abundance by assuming catchability is constant across years. In
our catch-at-age analysis the assumption of time invariant age selectivities
serves as an analogous constant. But its usefulness may now be limited.
Both 1982 and 1983 data show unusual catch patterns that apparently violate
our selectivity assumption. This year we have basically patched things

together by discarding 1983 data and adding a new group of selectivity



coefficients for the 1982 data. A goal now is to find another type of invariant
for the changing GOA pollock fishery, possibly the mean and variance information
from the acoustic survey estimates of stock biomass, or possibly the CPUE

from the Japanese freezer trawlers along with variance measures for CPUE.

This auxiliary information about the pollock stock will be examined in 1984

for inclusion along with catch-at-age data in a Bayesian type estimation
procedure for next year's stock assessment. We are hopeful that this auxiliary
information will allow us to relax the time invariant assumption about age
selectivity while retaining a reasonable degree of precision in our stock

assessment,
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Table 1-1.--Foreign fisheries allocations (t) of Gulf of Alaska pollock by nation and area in 19801/, 19822/ a

19823/,
Shumagin Chirikof-Kodiak Yakutat-Southeastern All areas
Nation 1980 1981 1982 1980 1981 1982 1980 1981 1982 1980 1981 1982
Japan 360 24,849 36,980 40,915 36,960 43,314 5,470 7,545 10,613 46,745 69,354 90,907
ROK 16,025 none none 24,917 none none none none none 40,942 none none
USSR 24,878 14,235 18,325 none 15,982 19,106 3,727 3,732 5,772 28,605 33,949 43,203
Germany none none 420 none none 420 none none none none none 840
Poland 12,293 13,513 none 15,172 21,842 none none 3,542 none 27,465 38,897 none
Mexico none none none 7,611 none none 5,806 none none 13,417 none none
All nations 53,556 52,597 55,725 88,615 74,784 62,840 15,003 14,819 16,385 157,174 142,200 134,950

1/ Nov. 1, 1979 to Oct. 31, 1980.

2/ Nov. 1, 1980 to Dec. 31, 1981,

3/ Jan. 1, 1982 to Dec. 31, 1982.

¢I-1



Table 1-2.—-Optimum yield and maximum sustainable yield (MSY) by regqulatory area.

1

Regulatory MSY / Optimum Yield (t)

Area (t) 1978-19822/ 1983
Western 57,000-114, 000 57,000 57,000
Central 95,200-191,000 95,200 143,0003/
Eastern 14,000~29,000 16,600 16,600
All areas 166,200~334,000 168,800 216,600

1/ Based on estimates of exploitable biomass from research trawl surveys
dur ing the years, 1973-1977.

2/ 1981 was a transition year in changing from a fishing year of Nov. 1 to
Oct. 31 to a calendar year. Hence the 1981 fishing year was 14 months
(Nov. 1, 1980 to Dec. 31, 1981) and the OY for just that year was increased
to 196,933 t.

3/ Midpoint of MSY range; effective Sept. 16, 1983.



Table 1-3.--Estimates of the annual catch in numbers of pollock in the
western Gulf of Alaska (INPFC areas Shumagin, Chirikof, and
Kodiak) by age, 1976-81, by foreign trawlers and joint-venture
fisheries. Catch, age, and size of fish converted to age
information form U.S. observer data. Insufficient age information
for years prior to 1976.

Catch in 1000 Fish

Age 1976 1977 1978 1979 1980 1981 1982

0 12
1 50 497 262 360 543 12
2 603 13,189 47,651 17273 65,253 6,439 10,948
3 13,562 7,676 111,332 76,305 30,514 33,106 62,435
4 94,005 18,821 13,819 55,977 54,838 75,760 102,612
5 32,137 92,616 19,338 9,669 31,910 54,959 73,869
6 8,997 24,204 34,446 7,661 11,586 16,861 50,899
7 2,515 8,990 7,684 14,473 6,787 4,630 7,631
8 2,515 1,823 2,669 4,951 7,150 3,770 1,081
9 1,561 795 1,488 1,591 2,914 3,744 736
10 1 1,105 548 708 925 687 173
11+ 524 574 499 673 202 3

Total 155,896 169,843 240,058 173,869 212,910 200,701 310,399




Table 1-4.--Average weight at age of pollock used in catch-at-age analysis.

Age 3 4 5 6 7 8 9 10

Weight (kg) W42 «56 .64 .69 «76 .84 87 .86




Table 1-5.--Estimates of exploitable biomass and exploitable annual surplus
production (ASP) from the combined nation model using the Monte
Carlo bootstrap method. A standard deviation of 1 is in parenthesis
and units are in thousands of metric tons.

Exploitable biomass Exploitable Aspl/
1982 1983 1982 1983
Year Analysis Analysis Analysis Analysis
1976 590(220) 719(59) 177(63) 120
1977 689(243) 749(64) 70(84) 185
1978 669(260) 835(79) 429(213) 484(105)
1979 1,010(457) 1,220(163) 543(259) 598(147)
1980 1,450(697) 1,726(296) 502(306) 536(167)
1981 1,831(937) 2,176(438) 524(226)
1982 2,587(615)
Average 1,040(448) 1,430(220) 344(164) 408(103)

1/ Exploitable annual surplus production is calculated as the exploitable biomass
at the beginning of the year minus the exploitable biomass one year earlier
plus the annual catch.
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Figure 1-t1.--Restrictions affecting foreign trawl fisheries for Gulf of
Alaska pollock and other groundfish.
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Figure 1-3.--Correspondence between exploitable biomass of pollock and pollock
CPUE of Japanese freezer trawlers for the years 1977-82.












GULF OF ALASKA POLLOCK FISHERIES

Miles Alton'/

This report updates fisheries information for Gulf of Alaska
pollock as given by Alton and Deriso (1983) by including data from
all fisheries in 1982 (Foreign, joint-venture, and domestic) and joint-
venturgf/ fisheries for the January to May period in 1983 for the Shelikof
region., The latter fisheries target on prespawning and spawning fish
that gather in this region during the winter and early spring; spawning peaks
during the latter part of March and early April. The pollock that spawn
in the Shelikof region are believed to come from the Central and Western
regions of the Gulf of Alaska and to mix with resident fish during
the early part of the year. Those fish that leave the Shelikof region
after spawning are subject to the foreign trawl fisheries operating
along the edge and outer part of the continental shelf during the
summer and fall.,

Foreign trawl fisheries have operated in the Gulf of Alaska since
the early 1960's, first targetting on rockfish and then shifting their
emphasis to pollock in the 1970's. Until 1973 only Japanese and USSR
vessels fished in the Gulf of Alaska; after 1973 trawlers from other
nations entered the fisheries., In 1982 only two foreign nations; Japan
and the Republic of Korea, had fishing vessels operating in the Gulf of
Alaska.

Joint venture fisheries began at a modest level of effort in the

Gulf of Alaska in 1978, Small amounts of pollocks were taken in such

1/ Northwest and Alaska Fisheries Center, National Marine Fisheries
Service, NOAA, 2725 Montlake Boulevard East, Seattle, WA 98112

2/ A joint-venture is an arrangement between U.S. and foreign interests
in which U.S. vessels catch and sell fish to foreign processing vessels
operating in the Fishery Conservation Zone (FCZ).



fisheries from the Shelikof region in 1980 and by 1983 the pollock catch
from this region exceeded 100 thousand tons.

Domestic fisheries continue to place a low level of effort on pollock.

DATA SOURCES AND COMPILATION

Catch

Each foreign nation reports its annual catch by statistical blocks
of 1° longitude and 1/2° latitude, by month, and by vessel tonnage class.
The U.S. Observer Program provides an estimate of the foreign nation
catch, called "best blend", from observer sampling of a portion of the
total foreign fleet (Wall, French, and Nelson, Jr., 1981). Observer
coverage (number of observer days/total vessel day x 100) in 1981 was
11%; in 1982 it rose to 32.2%. For joint venture fisheries the estimated
pollock catch is "best blend". Observer coverage in the Shelikof region
was 38%, in 1983. Domestic catch for 1982 was obtained from the Alaska

Department of Fish and Game.

Length and Age Composition

Estimates of the length and age composition of both the foreign
and joint venture catch come from data collected by U.S. observers
aboard foreign trawlers and processors. A description of the sampling
procedures used by the observers to obtain length information and age
structures is given by Nelson, French, and Wall (1981). Procedures
in determining the age of pollock from otoliths is described by Lalanne
(1979). Estimating the age composition of the pollock catch is given

by Alton and Deriso (1983).
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CATCH

In 1982 168.77 thousand t of pollock were harvested in the Gulf
of Alaska which nearly equaled the optimum yield for that year (Table
1)s Nearly all of the catch was from foreign fisheries (92.6 thousand
t) and joint venture fisheries (73.9 thousand t) The remainder (2,2
thousand t) was landed in strictly U.S. fisheries. (Table 2-1).

The pollock catch in the joint~-venture fisheries of the Shelikof
region in early 1983 was 131.4 thousand t which exceeded the foreign

catch of pollock in 1982,

Foreign Fisheries

In 1982 the total foreign nations' catch of pollock declined from
the peak year of 1981 by some 38 thousand t (Table 2.2), and was less
than the annual catch of the previous five years (1977-81). Vessels
from only two foreign nations fished in the Gulf in 1982, Japan and
the Republic of Korea. Japanese vessels harvested an annual record
of some 55 thousand t; vessels from ROK caught 37.6 thousand t which
was slightly less than their previous year's catch.

The trend of increasing catch of pollock by Japanese surimi trawlers
continued with that class taking some 62% of the total Japanese trawl catch
of pollock in 1982 (Table 2.3). Surimi trawlers for the most part target
on pollock. The importance of the Japanese large freezer trawlers
in the harvest of pollock has been declining and that of the small
freezer trawler increasing (Table 2.3).

Among ROK trawlers the large tonnage class vessels (1500 gt and
greater) continue to harvest the greater amount of pollock (92%) compared

to the other smaller tonnage class (<1500 gt).



The general area of the Shumagin Islands between longitude 156°
and 162° continues to be a major pollock producing area for the foreign
fisheries (Figure 1). Its importance has increased over the past several
years (1980-82) so that by 1982 some 70% of the foreign pollock catch
came from this area. The catch from the eastern Gulf of Alaska, i.e.
the Yakutat INPFC area E/ declined sharply in 1982 to only 26 t (Table

2.4).

JOINT VENTURE FISHERIES

Since 1981 the joint venture pollock catch has risen rapidly
(Table 2.5) and has been for the most part harvested in the Shelikof
region of the central Gulf of Alaska (Figure 2.2). Small U.S. trawlers
use mid-water trawls to catch the pollock. Some eight separate joint
ventures and 31 U.S. vessels were involved in the 1983 winter-spring

Shelikof fisheries.

LENGTH AND AGE COMPOSITION

Foreign Fisheries

Pollock taken in the foreign trawl fisheries in 1982 were unimodally
distributed in length with the mode and mean being almost identical
(Figure 2.3). This was also the case in 1981 but with the mean and mode
being slightly larger. The bimodal distribution in length of pollock
in 1980 (Figure 2,3) was due to the presence in the catch that year of
the usual older fish having a mode at 43 cm and a large number of
2 year olds having a mode of 25 cm. For all those years (1980-82)
there has not been any marked change in the length distribution of the
older fish which have had a mode falling within a narrow range of

2/ The southeastern INPFC area has been closed to foreign fisheries
since 1982.
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43-44 cm., The age compositions of these older fish (age 3-6) have also
remained similar for the 3-year period with age 4 fish being the most
numerous followed by ages 5, 3, and 6 (Figure 2.4). The contribution

of fish older than 6 to the catch has varied and this is due in part

to the weak showing of the 1973 and 1974 year classes as ages 8 and 7

in 1981 and as ages 9 and 8 in 1982. These year classes have been poorly
represented in the fisheries during their period of vulnerability (age

3+).

Joint Venture Fisheries

For all four years (1980-83) of the fisheries in the Shelikof region
there was a prominent peak in the length distribution of the pollock
that shifted from 35 cm in 1980 to 38 cm in 1983 (Figure 2.5). The
greater amount of fish between 25 and 35 cm in 1982 as compared to other
years is due to the strong presence of 3-year olds. This age group
representing the 1979 year class was the most numerous year class at age
4 in the 1983 catch (Figure 2.6). Ages 8 and 9 representing the weak
1974 and 1973 year classes were poorly represented in the catch in 1982

as was noted in the foreign trawl fisheries for that year.

SEX COMPOSITION
Males and females were equally represented in the catch by foreign
trawlers in 1982 and in previous years. This was not the case in the
joint venture fisheries in the Shelikof region where males have consistently
been taken in greater numbers than females (Table 2.6). The dominance
of males in the catch persists throughout the months of the fishery and
becomes more pronounced in April after the peak of spawning (Figure

2.7).
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Table 2.,1.--Catch of pollock in 1982 as compared to optimum yield (0OY) in

metric tons.

Management Area.

Western Central Eastern All Areas
Japan 21,679 33,341 26 55,046
ROK 18,550 19,016 - 37,566
Joint-Venture 145 73,772 = 73,917
Domestic 82 2,129 26 2,237
Total 40,456 128,258 52 168,766
oY 57,000 95,200 16,600 168,800




Table 2.2=--Annual catch (t) of walleye pollock by foreign nation, 1964-82.

Year Japan USSR ROK Poland Mexico Total

_____________ t - = - m m e e m e e m e e .- - -
1964 1,126 Unknown 1,126
1965 2,749 " 2,749
1966 8,932 " 8,932
1967 6,276 " 6,276
1968 6,164 = 6,164
1969 17,553 " 17,553
1970 9,343 " 9,343
1971 9,018 440 9,458
1972 13,696 20,385 34,081
1973 6,706 30,130 36,836
1974 30,433 31,000 447 61,880
1975 13,032 39,949 5,900 631 59,512
1976 11,796 37,825 36,906 -— 86,527
1977 41,953 41,588 35,579 1,256 120,376
1978 26,093 41,956 27,052 1,226 96,327
1979 31,920 17,300 25,739 19,551 8,677 103,187
1980 37,897 37,001 25,013 13,085 ——— 112,996
1981 51,885 —-—— 38,552 39,886 -— 130,323
1982 55,046 -— 37,566 —— —— 92,612




Table 2.3.--Annual catch of Gulf of Alaska pollock by Japanese trawler vessel

category (1976-82)1/

Surimi Small Lar ge
2/ factory trawler freezer trawler freezer trawler

Year (1,500-4,505 gt) (<1,500 gt) (1,500-4,504 gt) Total

------------------------------- 1,000 t=—-ecmee e e e
1976 4.9 0.3 6.6 11.8
1977 19.0 7.0 15.0 41.0
1978 17.8 6.7 1.5 26.0
1979 10.6 5.5 15.7 31.8
1980 20.4 8.6 8.5 37.5
1981 30.4 12.3 8.8 51.5
1982 34.0 14.5 6.3 54.8

1/ Vessel classification used

by U.S. Observer Program.

2/ Foreign reported catch for 1976 and 1977; best blend estimate for 1978-8l.



Table 2.4.--Pollock catch (t) by area and foreign nation in the Gulf of
Alaska (1977-82).1/

Eastern
Western Central (Yakutat-
Nation Year (Shumagin) (Chir ikof-Kodiak) Southeastern)
——————————— t = = = = e - e e = e = = -
Japan 1977 8,626 25,969 7,358
1978 3,539 19,026 3,528
1979 1,366 27,700 2,862
1980 378 32,975 4,544
1981 14,125 33,604 4,156
1982 21,679 33,341 26
Republic of 1977 34,166 1,413 -
Korea 1978 26,268 784 -
1979 23,312 - 2,427
1980 24,926 - 87
1981 17,191 16,961 4,400
1982 18,550 19,016 -
USSR 1977 13,981 27,262 345
1978 1,494 40,462 -
1979 170 17,087 43
1980 15,495 21,506 -
1981 - - -
1982 - - -
Poland 1977 - 1,256 -
1978 - 1,226 -
1979 249 19,302 -
1980 5,848 7,237 -
1981 16,244 23,624 18
1982 - - -
All
nations 1977 56,773 55,900 7,703
1978 31,301 61,498 3,528
19792/ 30,218 67,597 5,372
1980 46,647 61,718 4,631
1981 47,560 74,189 8,574
1982 40,229 52,357 26

1/ For 1977, repor ted catch by foreign nations indicated; for 1978-80, a
"best blend" estimate as described by Wall et al. (1981), was used.

E/ Includes catch by Mexico
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Table 2.5.--Pollock catch (t) in joint venture fisheries in the Gulf of

Alaska (1980-83).

Year Western Central All Areas
1980 113 1,0231/ 1,136
1981 20 16,8362/ 16,856
1982 145 73,7223/ 73,917
1983 131,3913/ 131,3914/
1/ Apr .-May

2/ Feb.-RApr.

3/ Jan.-May

4/ preliminary



2-12

Table 2.6.--Contribution of males to the catch of pollock in the Gulf of Alaska
(in percentage).

Fisheries 1980 1981 1982 1983
Foreign Trawlers 50 50 50 1/
Joint Ventures?2/ 60 58 62 60

1/ data unavailable

2/ Shelikof region (winter-spring)
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Figure 2.1.--Important pollock harvesting areas for foreign nation fisheries
in the Gulf of Alaska, 1977-82.
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SABLEFISH!/
by

Gary D. Stauffer2/

INTRODUCTION

The sablefish, Anoplopoma fimbria, resource in the northeast Pacific

Ocean is found in waters off northern Mexico to the Gulf of Alaska, westward
to the Aleutian Islands region, and into the Bering Sea. This resource has
been harvested by U.S. and Canadian fisheries since early in this century, but
catches were relatively small and generally limited to areas near fishing ports
from California to southeast Alaska. Catches in the Gulf of Alaska averaged
about 1,500 metric tons (t) from 1930 to 1950 and exploitation rates remained
very low until Japanese longliners began operations in the Eastern Bering Sea
in 1958, The Japanese fishery expanded very rapidly and took 30,000 t as early
as 1962 (Narita 1983). In 1963 the Japanese longline fleet expanded to the
Aleutian region and the Gulf of Alaska, and catches rapidly escalated until the
record all-nation catch from the northeast Pacific reached 67,000 t in 1972.
Following this peak year, northeast Pacific total catch averaged about 50,000 t
from 1973 to 1976.

Evidence of declining stock abundance led to significant fisheries restric-
tions since 1977, and total catches have been reduced substantially. Until 1977,
the majority of the sablefish harvest was taken from the Gulf of Alaska. Begin-

ning in 1978, regulations on foreign fleets in the Gulf of Alaska, coupled with

1/ This report is a revised update of the 1982 INPFC document; Balsiger, J.
1983. Sablefish. 1In Ito, D. and J. Balsiger (ed.), Conditions of groundfish
resources of the Gulf of Alaska in 1982. U. S. Dept. of Commer., NOAA Tech.
Memo. NMFS F/NWC-52, 204 p.

3/ Northwest and Alaska Fisheries Center, National Marine Fisheries Service,
NOAA, 2725 Montlake Blvd. E., Seattle, WA 98112.



sharply increased U.S. effort off Washington-California, have reduced the
propor tion of total sablefish harvested in the Gulf. Sablefish catches off
Washington to California from 1978 to 1982 were 10,700 t, 17,300 t, 9,500 ¢t,
11,600 t, 18,523 t, respectively, and catches off Canada for 1978-1980 about
3,700 t (Stocker 1981). Gulf of Alaska landings averaged 9,187 t annually for

the years 1978-1982.

FISHERY STATISTICS

A summary of the annual sablfish landings by nation is given in Table 3.1
for the Gulf of Alaska. The harvest of sablefish first expanded in 1963 by
the Japanese trawl fisheries. The reported landings exceeded 15,000 t in 1968
with start of the Japanese longline fishery. The fishery in the Gulf of Alaska
peaked in 1972 with 37,498 t landed. Annual landings average 27,310 t for
1973-1976. Following the passage of the Magnuson Fishery Conser vation and
Management Act in 1976, maximum catch quotas were implemented. The foreign
harvest of sablefish has declined from 15,957 t in 1977 to 5,645 t in 1982.

The U.S. domestic harvests since 1976 have averaged about 2,200 t and exceeded
3,000 t in 1979 and 1982. The U.S. landing in 1983 are also expected to exceed
3,000 t.

The directed foreign sablefish fishery in the Gulf of Alaska is limited
by regulation to longline gear. An allowance is made for incidental catches in
the trawl fisheries, and for 1979 to 1982 the foreign trawl catch of sablefish
was 686 t, 1,422 t, 919 t, and 540 t, respectively; an annual average of 892 t.
Domestic sablefish gear in the Gulf of Alaska has consisted almost exclusively
of longline gear although occasional small catches with pot gear have been
made. If Amendment 12 of the Groundfish Fishery Management Plan (FMP), is
implemented the use of pots for sablefish by domestic fishermen will be

prohibited off Southeast Alaska between Cape Addington (55°26'N, 133°24'W)



and 140°W. Trawlers may take sablefish only incidentally to other targeted
species.

In 1977, the optimum yield for sablefish throughout the Gulf of Alaska
was set at 22,000 t (Table 3.2). The OY was reduced to 15,000 t in 1978, and
to 13,000 t in 1979 with the implementation of the FMP. Also, the 0OY was pro-
rated between the three new regulatory regions, 2,100 t to the Western region
(Shumagin INPFC area), 3,800 t to the Central region (Chirikof and Kodiak
INPFC areas), and 7,100 t to the Eastern region (Yakutat and Southeast INPFC
areas). The 1981 OY numbers are 16.7% greater to account for a 14 month season
as a result converting the reporting year to coincide with the calendar year.
In 1982 the Eastern region OY was partitioned into separate numbers for the
vakutat and Southeast areas, and OY for the two areas combined was 6,400 t
for a Gulfwide OY of 12,300 t. In 1983 Amendment 11 established 0OY at 8,230
to 9,480 t, 75% of equilibrium yield (EY).

The annual landings have averaged 68% of the OY for the 6 years following
1976. Domestic landings during this same period have averaged 45% of Domestic
Annual Harvest (DAH) established each year. The foreign landings have exceeded
the initial allocations of Total Allowable Level of Foreign Fishing (TALFF),

but have averaged 78% of the final allocations,

CONDITION OF STOCKS

Stock Structure

Experiments designed to identify sablefish stock structure in the Gulf of
Alaska continue., The National Marine Fisheries Service (NMFS), Alaska Department
of Fish and Game (ADF&G), and Japanese and Canadian fisheries scientists have
released tagged sablefish over the past several years. The results of these
experiments indicated that sablefish throughout the northeast Pacific are of

one genetic pool. There is less agreement on the degree of interchange of fish



between regions. Wespestad (198l1) reported that interregional migration is
small in comparison to stock size within each region and agreed with previous
reports (Low et al, 1976: Wespestad et al. 1978) that management of the resource
is best conducted by discrete geographic regions.

Bracken (1982), however, described an analysis of Gulf-wide sablefish
tagging data and suggested that sablefish move extensively throughout the
Gulf of Alaska. The analysis showed fish under 60 cm tended to move westward
while fish 60 cm or greater tended to migrate eastward.

Bracken (1982) also presented a conceptual model that identified south-
eastern Alaska and British Columbia as a pooling area for large fish and that
much of the spawning occurs in that region. Small fish inhabit the shallow
nearshore areas and then enter deep water in their third or fourth year. From
there a significant portion of the fish migrate to open ocean and move westward
until they reach maturity. A large portion of the mature fish then migrate
back into the Eastern Gulf to spawn. Bracken concluded by recommending
management of sablefish as a single stock Gulf-wide with OY prorated over
all management areas and suggested that lower harvest levels throughout the
Gulf of Alaska would speed rebuilding of the depleted spawning population in
the southeastern area.

Beamish and McFarlane (1983) concluded from their tagging studies
that a large portion of juvenile sablefish reared in Queen Charlotte Sound and
Hecate Strait, British Columbia, move north to Gulf of Alaska waters. On the
other hand, most of the tagged adult sablefish were recovered close to the
release area indicating that the adult population is composed of subpopulations
or groups. Based on these results, they contend that adult sablefish in the
Canadian zone should be managed separately and not as part of one large stock

off the west coast of North America. 1In a review of U.S. tagging studies,



Dark (1983) found a similar apparent northward movement of small sablefish
(40-65 cm) released off Alaska and Washington and less movement of fish larger
than 65 cm. Garrett (1983) re-examined electrophoretic data on sablefish., His
new results suggest some geographic separation of genetically distinct stocks.
He separated 8 Gulf of Alaska collections (excluding sea mount samples) into 4
groups with divisions at Kodiak Island, about 140°W in the Yakutat area, and in
the vicinity of Cape Addington in the Southeast area.

Currently, management of sablefish is by five management regions in the
Gulf of Alaska: West, Central, Yakutat, Southeast inside waters, and Southeast
outside waters. Clearly, the questions of migration and stock structure are

basic to rational management of sablefish, but are yet unresolved.

Year-Class Strength

U.S. observers on Japanese longline vessels in the Gulf of Alaska have
collected data on length-frequency of sablefish taken in this fishery. Figures
3.1-3.5 depict these length frequencies for the years 1977 to 1982 by Interna-
tional North Pacific Fisheries Commission (INPFC) area, year, and sex for the
directed Japanese longline fishery deeper than 500 m. For the years 1977-79
in all areas except Yakutat, the distribution is unimodal and similar to the
mean length in the historic fishery (Table 3.3). In the Yakutat area in 1979,
a group of fish of about 47-49 cm appeared; in 1980 the fishery took a large
percentage of fish at a size of 49-51 cm in all areas. By 1981, the size of
this first mode was approximately 55 cm. This apparent strong year-class has
been noted by others and has usually been identified as the 1977 year-class
(Balsiger and Alton 1981; Zenger 198l; Zenger and Hughes 1981; and Sasaki
1981). The length frequency patterns for 1982 are similar to 1981. The mean
sizes are greater than or equal to the 1981 means with the greatest increase

occurring in the Yakutat area where the sample size is the smallest. Unlike



1981, the length frequencies for the Yakutat area in 1982 are strongly bimodel
for both sexes with intermediate lows at 55 cm for the males and 57-61 cm for the
females. Recruitment of any strong year classes subsequent to 1977 is not

apparent in the length-~-frequency data.

CPUE Data of the Japanese Longline Fishery

Until 1977, catch and effort statistics from the Japanese North Pacific
longline fishery provided consistent information for assessing the condition of
sablefish stocks in the Gulf of Alaska. Catch per unit of effort (CPUE) in terms
of kilograms of sablefish per 10 hachi units of effort are shown in Table 3.4
for 1967 to 1977 and 1978 to 1981.

Prior to 1974, CPUE was generally greater than 200 in all INPFC areas., In
1975, CPUE dropped to as low as 154 in the Shumagin area and was generally about
185 in the other areas. In 1976, CPUE increased in all areas of the Gulf of
Alaska. From 1976 to 1977, CPUE dropped in all areas with the decline ranging
from 13 to 34% and averaging about 25%.

In 1978, fishing regulations in the Gulf of Alaska were changed to permit
Japanese longliners to fish in depths shallower than 500 m in the Shumagin-

Chirikof region for Pacific cod, Gadus macrocephalus. In 1979, the permission

was extended to the rest of the Gulf., Also in 1978, catch limits for the Japanese
longline fishery were imposed. This resulted in a shift of Japanese longline
fishing effort towards Pacific cod in depths of 100-300 m, while in the past all
the effort was directed at sablefish in depths generally greater than 500 m.

Since target effort cannot be detected in the Japanese reported statistics,

this source of information is available only through 1977. Okada et al. (1982)
provided Gulf-wide CPUE's to continue this data series (Table 3.4), but it is

not clear how effort directed specifically at sablefish was estimated. These

latest data points show significant increases in 1980 and 1981.



U.S. Observer Data

Beginning in 1977 a new data source for evaluating sablefish stocks hecame
available as U.S. observers were deployed on Japanese longline vessels. The
observers collected a variety of information, including depth of fishing gear.
Using this depth information, Japanese longline effort in the Gulf was identified
as 1) directed at Pacific cod in the less than 300 m zone, or 2) directed at
sablefish in the deeper than 500 m zone (Balsiger and Alton 1981).

A new data series of Japanese longline CPUE was calculated using only
effort directed at sablefish as described above. These observer CPUE rates are
shown in Tables 3.5 and 3.6. Comparing the combined CPUE's for the Shumagin to
Yakutat area for 1977-80, it appears that a 25% decline occurred from 1977 to
1979, but that in 1980 stocks recovered to about the 1977 level. 1In 1981 CPUE
was up sharply in the Chirikof and Kodiak areas, but decreased significantly in
the Yakutat area. It should be noted that the observer coverage in the Yakutat
area in 1981 was about 0.8%, considerably smaller than for any other year/area
observed (Table 3.7). This raises some question as to the accuracy of this
particular statistic since the Yakutat area provided a major part of the Japa-
nese longline catch of sablefish in 1981 (Table 3.8).

The increasing trend in CPUE continued into 1982 in each INPFC area with
the greatest increase in the Yakutat area, additional evidence that the low
1981 value was a poor estimate. The 1982 CPUE values by area are the highest
in the 6 year time-series. The 1982 overall CPUE value is 56% greater than 1981
and approximately 75% greater than 1980 and 1977.

If these CPUE estimates in units of t/1000 hooks are converted to kg/10
hachi by assuming 45 hooks/hachi, then the CPUE data from the observer program
can be compared with the CPUE records for the Japanese longline fleet from 1967
to 1977 in Table 3.4. The two time-series overlap for 1977 in which the observer

CPUE of 135 kg/10 hachi is nearly equal to 139 kg/10 hachi from Japanese catch



statistics. The 1982 estimate of 235 kg/10 hachi is the same as the 1969 and
1970 values. The Southeast INPFC area, though, has not been fished by the Japa-
nese since 1977. Based on the mean fish length data for 1969 and 1970 compared
to 1982 (Table 3.3), the catches in earlier years consisted of larger fish or
fewer small fish., It is also likely that more than 45 hooks were fished per
hachi in these earlier years. If catchability of longline gear has remained
constant over the years, these data suggest that the abundance of sable-

fish in 1982 is similar to that in 1969 and 1970 when the fishery first expanded
although the present structure of the population has a greater proportion of
smaller and younger fish,

This comparison of the 1982 catch rates with the earlier years should be
used cautiously because CPUE has probably not remained proportional to stock
abundance over these 14 years. As discussed in the FMP, increasing experience
and technological improvements in gear and vessels as a fishery develops tend
to maintain high catch rates as a stock declines. In addition, longline gear
with its limited catch potential is easily saturated such that stock abundance
decrease for some time before the CPUE is affected. Lastly, as the catch
quotas were reduced beginning in 1977, the less productivity fishing captains
and vessels probably left the fishery first. These factors though are probably
less of a problem since 1980.

The CPUE rates for the Japanese longline fishery were partitioned into
three categories for small (<57 cm), medium (57-66 cm), and large (>66 cm)
sablefish based on the length frequency data in Figures 3.1 to 3.5 with
sexes combined (Figure 3.6). The CPUE for the small fish category shows a
significant increase beginning in 1980 for the four INPFC areas, Shumagin to
Yakutat. The 1982 CPUE values, which exceed 0.115 t/1000 hooks in all four
areas, are approximately 10 times greater than the 1977-1979 values. The

increasing trend in the medium fish category first occurred in Chirikof and



Kodiak in 1979. Increases in Shumagin and Yakutat did not occur until 1982.

The 1982 CPUE values, which exceed 0.200 t/1000 k in each area, are approximately
double the 1977 to 1979 values. These increases in CPUE are apparently the
result of the recruitment of the strong 1977 year class to the Japanese longline
fishery. The CPUE for the large fish category, which was probably in a depressed
condition prior to 1977, has remained relatively stable over the six year time-
series except for the major increase in the Yakutat area in 1982 which may be

largely the result of a large sampling error in 1981.

Japanese~-U.S. Cooperative Longline Survey

Japan and the U.S. have cooperatively conducted an annual longline survey
since 1978 in the Gulf of Alaska which in recent years has expanded to the
Aleutian and Bering Sea areas. The objective of the surveys is study the stock
conditions of sablefish and other longline-caught species. The relative abun-
dance and size structure of sablefish in the northeast Pacific and Bering Sea
based on the results of these surveys have been recently updated by Sakaki
{1983a & b) for the years 1979-1982 including a comparison with a 1969
Japanese survey in the Gulf of Alaska. The index of biomass referred to as
relative population weight, RPW, is a summation of the CPUE in units of catch
weight for the longline gear for each of several depth categories multiplied
by the area of the fishing grounds which lies in those depth categories.

Index values have been summarized by INPFC area, bottom depth intervals and
fish size categories for the years 1979-1982 (Table 3.9). Survey results from
the 1978 data were excluded from the analysis because of the fishing techniques
were not standardized until 1979.

In general, the overall RPW estimates for the Gulf of Alaska have increased
by 70% from 1979 to 1980. Approximately 80% of the relative biomass occurs

within the 101-400 m depth category which is above the depth where the directed
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sablefish longline fishery occurs. Since 1980, the sablefish index for the 401-
1000 m depth interval has consistently increased in all five areas. The 1982
index for this depth category is approximately 100% greater than those for 1980
in the Shumagin, Chirikof, Kodiak, and Yakutat areas, but only 43% greater in
the Southeast areas. The RPW values for fish greater than 58.1 cm in length
increased 73% from 1979 to 1982. In the Shumagin area, the relative biomass
estimates increased annually, while in Chirikof and Kodiak the increase occurred
between 1981 and 1982. In the Yakutat and Southeast areas the increases in
these medium and large sablefish occurred between 1980 and 1981. From 1979 to
1982 the overall increase of 74% for fish greater than 58.1 cm in the four areas,
Shumagin, Chirikof, Kodiak, and Yakutat, is consistent with the 108% increase
in CPUE from the U.S. observer data for fish 57 cm and greater in length in
areas west of 140°W and greater than 500 m depth., Comparable estimates of
RPW have not been derived for fish larger than 66 cm (or mature females).

Sasaki (1983a) compared CPUE of sablefish from the 1979-1982 cooperative
survey with the CPUE from a similar 1969 Japanese longline survey conducted as
a training cruise. The comparison of CPUE in kg/hachi was for the 401-800 m
depth interval within the Kodiak-Yakutat areas. Based on this comparison, he
concluded that the 1980 biomass in this zone was 61% of the 1969 biomass, but
that the abundance by 1982 was 19% greater than in 1969, Given that the 1969
survey was an actual training cruise at the beginning of expansion of the
Japanese longline fishery, it is quite unlikely the comparison is valid due
to the difficulty in standardizing effort,

Sasaka (1983a & b) noted the size composition and concluded that the
sharp increase in the stock from 1979 to 1982 was caused by the entry of the
very abundant 1977 year class. He predicted the numbers of sablefish in the
population will decrease after 1983 but that biomass will continue to increase

for a few years.



U.S. Pot Index Survey

The NMFS pot index survey conducted annually since 1978 has become an
impor tant means of assessment for sablefish stocks in the Southeast area since
the foreign longline fishery no longer operates there, Based on results of
surveys from 1978 to 1980, Zenger and Hughes (1981) estimated that the accept-
able biological catch for the June 1980 - May 1981 should not exceed the previous
seasons harvest of 2,580 t. An unknown fraction of this harvest though actually
occurred in the Cape Spencer area which is technically in the Yakutat INPFC area
along with the Cape Cross index sight. The population index for the 1981 pot
survey (Zenger 1981) appeared to be down about 50% from the previous years
(Figure 3.7). The results for the 1982 survey were slightly lower. Unfor tu-
nately, this survey encountered problems with weather and two stations, Cape
Cross and Cape Ommaney, were fished with what was believed to have been
inferior bait. A test comparison of baits, conducted in the spring of 1983,
found no detectable differences in catch rates between the 1982 bait
and fresh bait (J. Fujioka, NMFS pers. comm.).

The 1983 survey completed in June showed a slight improvement in the
catch rates of marketable size sablefish (>57 cm in length) at all four
index sites. The greatest increase occurred at Cape Muzon and the smallest
at Cape Cross, a major domestic fishing grounds. The pattern of decreasing
catch rates between 1980 and 1981 for the pot survey index (Figure 3.7)
is opposite of the increases for the RPW index in the Yakutat and Southeast
areas for the marketable sablefish for the same two years. The sablefish
length frequencies for the 1983 pot survey are similar to 1982 with only a
slight progression of the length mode (Figure 3.8). There is no indication

of another strong year-class recruiting to the fishery.
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POTENTIAL YIELD

Estimates of MSY

Although the sablefish resource is managed by regions, the long-term
productivity in each region is assumed to be related to the overall condition
of the resource. Japanese and U.S. scientists have estimated MSY of the
resources as a whole and apportioned MSY to each region based on historic pro-
duction trends. The Japanese estimate of MSY for the entire resource from
California to the Bering Sea is 69,600 mt. Using essentially the same general
production model as the Japanese, but with a different weighting of data
among regions, Low and Wespestad (1979) estimated MSY for the California to
Bering Sea resource at 50,300 t.

By region, historical catches were Bering Sea (25%), Aleutian region
(4%), Gulf of Alaska (47%), and British Columbia-Washington region (25%).
The apportioned MSY estimates were then compared to MSY estimates derived
by applying general production models region by region. The resulting mean
and overall estimate of MSY was 25,100 t for the Gulf of Alaska (Low and
Wespestad 1979). This estimate updates the MSY range of 22,000-25,000 t
in the FMP. Production models are most appropriate for relatively short-
lived fish stocks in which annual recruitment is relatively stable. It is
questionable whether time-series of catch and effort data are appropriate
for use in general production modeling of sablefish stocks, given that the
li fe-span of sablefish may be much longer than previously thought and
that the fisheries are apparently supported by infrequent strong year

classes (McFarlane and Beamish 1983).

Equilibrium yield
Determination of potential yield from a population of fish is dependent

on the size at which an individual fish becomes available to the fishery.



EY for sablefish, as presented in the FMP, is based on data from the Japanese
longline fishery. Hence, the implicit size at entry to the fishery for which
the EY figure is appropriate is the size of entry to the Japanese longline
fishery. Table 3.3 demonstrates that although there was variability by
year and area, the average size did not change significantly from 1969-1979.
However, in 1981 and 1982, the average size was less than 60 cm, reflecting
the increased availability of the 1977 year class to the fishery. Thus, the
current EY reflects yields with sablefish entering the fishery from about 42 cm
(1.2 lbs dressed weight), until the fish are fully recruited at sizes of
62-65 cm (4.2-4.8 1lb dressed weight). Fish of both sexes are 50% recruited
at 55 cm (2.8 1lb dressed) (Balsiger and Alton 1981).

The information available to evaluate EY for the Eastern region east of
140°W longitude is the Japan/U.S. cooperatiwve longline survey, 1979-1982,
and the U,S. pot index, 1978-1983. The results from the longline surwvey
(Table 3.9) for Yakutat and Southeastern show a 100% increase in marketable
sablefish (>58.1 cm in length) between 1980 and 1981 and a decrease of 16%
between 1981 and 1980. The RPW values for sablefish in the 401-1000 m
depth interval in the eastern region has steadily increased, although the
increase has been the smallest in the Southeast area. The conflicting
results have been found by the U.S. pot survey with a 50% decrease in
number of sablefish per pot between 1980 to 1981 and a slight decline in
1982. The results from 1983 show slight improvement with the largest
increase at the Cape Muzon site. Funk and Bracken (MS) report that results
from port sampling of the domestic fishery in southeast Alaska indicates
that both CPUE and average size of the landed fish have increased since

1981 for both the offshore and inshore fishery segments.
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The EY value for 1982 in the Southeast area was given as 1,290 t to
2,580 t. The latter number was estimated to be ABC for the 1980-1981
season by Zenger and Hughes (1981), which was equal to the previous seasons
catch. Balsiger and Alton (1981) reduced EY for the 1981 calendar year
by half because of the 50% decline in the U.S. pot index value. The EY
value for 1982 was given as the range, 1,290 to 2,580 t. The 1983 fishery
was managed to harvest the upper limit. Because of the conflicting evidence
from the two surveys, the EY for 1984 is left unchanged from 1983, i.e.
1,290 t to 2,580 t.

Little information is available for the portion of the Yakutat area
east of 140°W longitude other than Japan/U.S. longline survey and the
Cape Cross Station from the U.S. pot survey. The range for EY in 1982 was
given by Balsiger (1983) as 1,135 t to 1,510 t based in part in 1981 EY
values and the decline in the pot index in 1981. Given that there is
little change in the index values for the longline survey pot between
1981 and 1982, and the Cape Cross index site between 1981 and 1983, the
EY for 1983 is set equal to the 1982 values of 1,135 to 1,510 t.

Annual adjustments of EY for the areas west of 140°W longitude have
been based on changes in CPUE of the Japanese longline fishery and estimates
of MSY derived from surplus production models. On the basis of the decline
of CPUE from 1970 to 1977 (Table 3.4), Low (1978) reduced the EY for 1980 in
the Gulf of Alaska to 14,000 t based on an MSY of 23,500, the mid-point of
the 22,000-25,000 t range given in the FMP., The EY for the area west of
140°W longitude would have been 8,540 t or 61% of the EY as specified by the
FMP. Sasaki (1983b) proposes that 80% of the biomass (based on RPW for all
sablefish or for fish »58.1 cm) is west of 140°W. The EY for the 1983

was kept at 8,540 t because of the uncertainty as to when the abundant



small fish would attain marketable size. Evidence from the 1982 Japanese
longline survey (Table 3.9) and CPUE recorded by U.S. observers aboard
Japanese longline vessels (Table 3.5) indicate that the relative abundance
of marketable sablefish has increased by at least 74% between 1979 to 1982,
The magnitude of this increase is equivalent to the earlier decline. Using
the same procedures for adjusting EY as in the past for this area, the
current EY is 74% greater than in 1979, This is equivalent to MSY for the
area west of 140°W, which is 14,335 t or 61% of 23,500 t. Using the same
percentages as in the past for prorating EY by management regions, EY values
would be 3,737 t for the Western region, 6,838 t for the Central region,
and 3,760 t for the Yakutat rgion west of 140°W.

For all regions combined, the EY for the entire Gulf would range from
16,760 to 18,425 t. These values are within the range of average annual
surplus production (ASP) projected by Funk and Bracken (MS) from an age
structure simulation model. For 1984 to 1987 they projected an average
ASP of 21,148 t gulf-wide based on a sablefish biomass of 155,000 t in 1979,
For a biomass of 104,000 t (33% smaller), they projected an average ASP of
15,524 t, The magnitude of their projected ASP depends on the value for the
1979 biomass given to the model. Also the model is probably sensitive to
the estimated age structure of the population derived from their length-at-age
relationship, Their method of estimating age composition likely under-
estimated the size of the 1977 year class and overestimated the adjacent
year classes.

Uncertainties in the appropriateness of MSY and the CPUE data, the
proportionality of the relative biomass indices, the importance of longevity
to recruitment and migration patterns, and the slower recovery of sablefish
in the area east of 140°W longitude are arguments for conservative management

of sablefish. Given these uncertainties, setting EY for 1984 equal to MSY for
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the area west of 140°W longitude based observed increases in fishing conditions
would be optimistic. The risk of overfishing though is reduced by Amendment 11
of the FMP which sets OY equal to 75% of EY in 1982 or 6,410 t in the area
west of 140°W longitude. This is approximately 48% of the average catch

for these western areas from 1968 to 1977 and 30% of the peak catch in 1972.

If indeed the abundance of the resource in the western areas is similar to
that in the early 1970's, then the harvest of the OY should allow the stock

to continue rebuilding. Because of the above uncertainties in the biomass

and production of the sablefish stock in the Gulf of Alaska, the EY values

for 1984 will be kept at 1983 levels of 2,225 t for the western region,

4,075 t for the central region, 2,240 t for Yakatut west of 140° W, 1,135-

1,510 t for Yakatut east of 140° W and 1,290-2,580 t for southeast area.
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Table 3.1.--Reported historical landings of sablefish in metric tons by area
and nation in the Gulf of Alaska, 1958-1982.

Gulf of Alaska (Shumagin-Southeastern)

Year U.S. Canada Japan USSR ROK Total
1958 698 98 s —— - 796
1959 1,048 52 S - = 1,100
1960 1,925 17 - == == 1,942
1961 866 31 i —— — 897
1962 684 47 - - s 731
1963 881 109 1,819 - s 2,809
1964 1172 238 1,047 — = 2,457
1965 1,047 194 2,217 s s 3,458
1966 1,067 335 3,778 - s 5,180
1967 946 199 5,030 —— — 6,175
1968 161 128 14,767 - - 15,056
1969 301 72 19,051 - - 19,424
1970 527 68 24,530 — — 25,125
1971 386 15 25,228 s s 25,629
1972 1,081 16 35,558 535 3082/ 37,498
1973 {,917 16 27,264 109 582/ 28,664
1974 1,114 10 24,176 38 2,431/ 27,769
1975 1,556 16 22,072 33 3,000/ 26,677
1976 1,145 23 21,924 41 3,7002/ 26,833
1977 1,173 3 14,356 4 1,594 17,130
1978 1,777 0 6,458 4 665 8,904
1979 3,382 0 5,901 152 759 10,1940/
1980 2,270 0 4,831 416 891 8,408
1981 1,801 0 6,911 0 1,062 9,774¢/
1982 3,008 0 4,921 0 724 8,653

a8/ Includes catches from other areas in the northeastern Pacific.
b/ Includes 55 mt by Mexico.
¢/ Includes 7 mt by Poland.

Source: Revised and updated U.S. landing from ADFG; Canadian data 1971-76
from PMFC data series, groundfish section; 1958-70 from Sasaki (1982);
Japanese, USSR, ROK data from INPFC document 1883, pers. comm. T. Sasaka,
Far Sea Fishery Lab., Shimizu, Japan; and Sasaki (1982); U.S. Foreign
Fisheries Observer Program.
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Table 3.2.--Year-end sablefish optimum yield (0Y), domestic annual harvest
(DAH) and total allowable level of foreign fishing (TALFF) for
the Gulf of Alaska requlatory regions, 1977-1983.

Western Central Eastern All regions
1977 OY 22,000
DAH 2,500
TALFF 19,500
1978 OY 15,000
DAH 4,000
TALFF 10,200
1979  OY 2,100 3,800 7,100 13,000
DAH 100 100 3,800 4,000
TALFF 1,965 3,570 3,270 8,805
1980 OY 2,100 3,800 7,100 13,000
DAH 25 171 4,812 5,008
TALFF 2,075 3,629 2,288 7,992
19811 oy 2,450 4,433 7,466 14,349
DAH 115 423 3,805 4,343
TALFF 2,335 4,101 3,661 10,006
YK SE
1982  OY 2,100 3,800 3,400 3,700 13,000
DAH 270 750 1,380 2,910 5,310
TALFF 1,830 3,050 2,020 90 6,990
Initial West 140°W East 140°w 2/
1983  OY 1,670 3,060 1,680 1,820-3,070 8,230-
9,480
DAH 270 1,220 530 1,820-3,070 3,840-
5,090
TALFF 1,400 1,840 1,140 0 4,390
&
Reserve

1/ Values for 1981 are for 14 months or 16.7% greater than 1980

2/ OY range is 850-1135 t for east Yak<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>