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INTRODUCTION 
This preliminary Stock Assessment and Fishery Evaluation report 
(SAFE) for the Gulf of Alaska groundfish resources is applicable 
for management of the 1992 groundfish fishery under the Fishery 
Management Plan for Groundfish of the Gulf of Alaska (FMP). The 
SAFE presents the best available information on the biological 
status of groundfish stocks, and preliminary recommendations for 
acceptable biological catches (ABCs). As required by the Ma9nuson 
Fishery Conservation and Management Act, the North Pacific Fishery 
Management Council will use these recommendations, as well as 
socioeconomic information, to determine total allowable catches 
(TACs) and other management strategies for the 1992 groundfish 
fisheries in the Gulf of Alaska. 

The SAFE is organized by topic. The first part is the biological 
section, which presents a Plan Team review of the condition of each 
target species or species group and recommendations for acceptable 
biological catch (ABC). The second part is the bycatch section 
which provides information needed to support development of 
prohibited species catch (PSC) mortality limits for Pacific 
halibut. 

The third part is an overview of the economic condition of the 
various Gulf of Alaska groundfish fisheries. This overview, which 
is bound separately but is part of this SAFE, also includes a 
detailed description of all groundfish fisheries in the Gulf of 
Alaska and also in the Bering Sea and Aleutian Islands area. 

The Plan Team for the Gulf of Alaska Groundfish FMP met in Seattle 
on September 3-6, 1991 to review the status of stocks of thirteen 
species or species grou~s that are managed under the FMP. The Plan 
Team review and discussions were based on technical papers from the 
Alaska Department of Fish and Game and from the Alaska Fisheries 
Science Center, results from the NMFS 1990 Gulf of Alaska trawl 
surveys, the 1990 longline survey, and presentations by NMFS 
scientists. Attendance at the September Plan Team meeting 
included: 

Plan Team Members: J. Balsiger (Team Chairman), 
B. Bracken, J. Fujioka, L. Halderson, 
J. Hastie, H. Lin-Lai, s. Lowe, R. Merrick, 
c. Oliver, G. Williams. 

AFSC scientists: A. Hollowed, D. Colpo, R. Methot, J. Pearce 
J. Terry, T. Wilderbuer 

Public Attendance: o. Benson (Artie Alaska Fisheries Corp.-
Capt. Ocean Enterprise) 

v. curry (American Factory Trawlers Assoc.) 
o. Fraser (Cape Flattery Fisheries) 
H. Hartman (Aquatic Resources Conservation 

Group) 
F. Matthews (Aquatic Resources Conservation 

Group) 
P. Pa9els (Greenpeace) 
T. Smith (North Pacific Fixed Gear Coalition) 
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The FMP recognizes single species and species complex management 
strategies. Single species management is recommended for stocks 
which are easily targeted by the harvesting sector, and for which 
minimal mixing of other s~ecies occurs in the targeted catch. In 
the Gulf of Alaska, Pacific cod, pollock, sablefish, Pacific ocean 
perch, flathead sole and arrowtooth flounder have been managed as 
single species. Other groundfish species that are usually caught 
in groups have been managed as complex assemblages. For example, 
shortraker and rougheye rockfish,· other slope rockfish, pelagic 
shelf rockfish, demersal shelf rockfish, thornyhead rockfish, 
deepwater flatfish, shallow water flatfish, and other groundfish 
have been managed as complexes. The FMP, however, authorizes 
splitting species, or groups of species, from the complexes for 
purposes of promoting the goals and objectives of the FMP. 
Acceptable biological catches (ABCs) for a species complex 
represent potential total yields for the species comprising that 
complex. 

Fishermen do not always catch species in a complex in proportion to 
the species composition, i.e., certain segments of the complex may 
be more easily harvested than others, or they may be more valuable. 
Consequently, the implicit risk in species complex management is 
that one or more of the species in the complex may be over or 
underharvested. Recognition of this risk is important. 
Alternative management strategies can be imposed to limit the risk 
including removing a species from a complex and managing as a 
single species, or reducing the quota of the complex to protect the 
more vulnerable species. The Plan Team gave close scrutiny to the 
species composition of the catch from the species complex 
mana9ement units and made recommendations for adjustments as 
required. 

NEW INFORMATION 
Since the 1991 Stock Assessment and Fishery Evaluation Report 
(SAFE) was issued (NPFMC 1990), the following new information has 
become available: 

1. Data from the 1991 hydroacoustic survey in Shelikof Strait 
conducted by the Alaska Fisheries Science Center. 

2. Data from the NMFS Observer Program Office for 1991. 

3. Revised estimates of biomass from the 1990 bottom trawl survey 
in the Gulf of Alaska. 

MARINE MAMMAL CONSIDERATIONS 
NORTHERN SEA LIONS 

Declines in Alaskan 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). Regulatory 
measures instituted as part of this listing included the 
designation of 3 nm no-entq zones around all major Alaskan sea 
lion rookeries west of 150VW longitude. Subsequent emergency 
regulations prohibited trawling within 10 nm of rookeries in the 
Gulf of Alaska and eastern Aleutian Islands. In addition, the Gulf 
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of Alaska walleye pollock TAC was split in half bet~een the western 
and central Gulf of Alaska management areas (at 154 W longitude) to 

~ minimize potential localized depletion of walleye pollock stocks. 

The northern sea lion recovery team submitted a draft recovery plan 
for public comment in February 1991. Comments were incorporated 
into a draft final revision by August 1991, with a final draft 
currently in preparation. 

1991 surveys 

Aerial surveys of adult and juvenile northern sea lions were 
conducted during June 1991 at all rookeries and most haul-outs in 
southeast Alaska, Gulf of Alaska, and Aleutian Islands. 
Preliminary results indicate that since 1990, may numbers have 
remained stable in southeast Alaska, decreased in the Gulf of 
Alaska and Prince William Sound, remained stable in the eastern 
Aleutian Islands, and decreased in the central and western Aleutian 
Islands (Merrick, Calkins, and McAllister in press). 

Counts of pups were made at 13 rookeries in the same area during 
July 1991. Pup numbers generally followed the trends in adult 
numbers, except at Seal Rocks (Prince William Sound) where pup 
numbers were constant but adult numbers appeared to have declined 
(Merrick, Calkins, and McAllister in press). 

Juvenile survival at Marmot Island 

During 1987-88 a total of 800 northern sea lion pups were marked at 
Marmot Island in a long term study of northern sea lion dispersal, 
survival, and reproduction. Calkins and Pitcher (1982) found that 
most of the pups surviving from the cohorts marked in the mid 
l970's returned to their island of birth by the time they were four 
years old. Life tables they had constructed from mid 1970 's 
collections indicated that 41% of females and 22% of males survived 
to age four. As a result, around 100 survivors of the 400 animals 
tagged in 1987, plus some animals from the 1987 cohort were 
expected to return to Marmot Island in the summer of 1991. A field 
team was placed on the island during June-July 1991 to count 
returnees. A maximum of seven tagged animals (of 800) were 
resighted durin~ the month of observations. These low returns 
point towards either increased dispersal or some change in life 
history characteristics (e.g., declining juvenile survival or 
delayed age of first reproduction). Field teams will return to the 
island in subsequent field seasons to evaluate these hypotheses. 

1990-91 Foraging studies 

Satellite linked radio tags were attached to adult female sea lions 
(with pups) at rookeries and haul-outs in the Gulf of Alaska and 
Aleutian Islands during 1990-91. In summer, animals studied 
remained close to the rookeries(< 30 km), made brief trips(<= 2 
dais), and made shallow dives (x < 30 m). Deepest dive was 120 m. 
This seems to be characteristic of animals at all of the five sites 
studied (Chirikof, Ugamak, Ulak, Seguam, and Kiska islands). The 
short trip durations recorded (and as a result short trip lengths) 
are confirmed by previous on-land observations of females with pups 
at Ugamak and Marmot Islands (Merrick 1987; NMFS unpub. data) . 
However, these on-land observations also noted that females without 
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pups stayed at-sea longer, and as a result, probably forage further 
away from the rookeries. 

Results from the fall and winter studies (again using females with 
pups at Marmot and Chirikof Islands) indicated that winter trips 
are much longer in time (up to 4 months) and distance {up to 450 km 
offshore), and animals dives deeper (x up to 84 m with deepest 
dives at least 273 m). 

Aside from the areas immediately around rookeries, areas identified 
where Gulf of Alaska animals appear to forage in winter include: 

o Marmot Island (1 animal tagged) - Portlock Bank and Marmot 
Bay 

o Chirikof Island (3 animals tagged) - Albatross 
Bank/Barnabus Gully (2 animals), Marmot Gully (1 animal) 
and Gilbert/Patton Seamounts (3 animals). 

Two animals tagged at Puale Bay, Shelikof Strait in winter 1991 
foraged within the strait during the one to two weeks they were 
tracked--one stayed at the southern end and the other foraged on 
the west side of Kodiak Island. An animal tagged at Marmot Island 
in January 1990 also visited the northern end of the strait on one 
trip. 

Physiological studies 
one element of the summer 1991 fieldwork was measurement of the 
physiological condition of 1-2 month old pups. Blood was drawn 
from 58 pups at 9 sites in the area from southeastern Alaska 
through the Aleutian Islands to study pup condition. Pups were 
also weighed at two sites--Ugamak and Atkins Island. Ugamak Island 
pups were heavier than pups weighed in 1990. While there were no 
1990 data for Atkins Island, pups weighed there in 1991 were 
similar in size to the 1991 Ugamak Island pups. These preliminary 
results indicate pups in all areas generally appeared healthy 
without signs of anemia or malnourishment. 

Genetic studies 
Stock differentiation studies using MtDNA analysis were begun 
during summer 1991. Blood (white blood cells) was collected from 
adults and pups at sites from southeastern Alaska, the Gulf of 
Alaska, the Aleutian Islands, and the Pribilof Islands. Analysis 
of these samples is presently underway. 

NORTHERN FUR SEALS 

A new population estimate of northern fur seals is not available 
for 1991. In 1990 fur seal numbers on st. Paul Island were stable 
while those on st. George Island were declining (York 1990, 
Kaj imura and Sinclair in press). The overall Bering Sea population 
is considered to be depleted but stable. 

PACIFIC HARBOR SEALS 

NMFS began a comprehensive population assessment of harbor seals in 
Alaska during 1991. Surveys will continue through the late summer; 
however, preliminary results are available from 1991 breeding 
season surveys conducted in the Bristol Bay area (NMFS unpub. 
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data). These data indicate numbers there have not chan9ed 
significantly since 1990; however, numbers in the area are still 
less than half of that observed in 1976. The generally low 
abundance recorded in recent surveys in the Bristol Bay and Kodiak 
areas had led NMFS to begin a status review of the Alaskan 
population of harbor seals. Results of this review should be 
available in early winter. 

KILLER WHALE 

Since 1986, NMFS has been conducting investigations of the nature 
and magnitude of killer whale interactions with sablefish 
fisheries. Depredation by killer whales on longline catches of 
sablefish has been documented in the southeastern Bering Sea and 
Prince William Sound areas (Dahlheim, 1988). Results of dockside 
interviews conducted in the winter of 1988 with domestic Bering Sea 
longline fishermen suggested that depredation occurred on 20% of 
the sets. In Prince William Sound, a 25% predation rate was 
reported based on interviews conducted with fishermen. Data 
collected from the Japan/U.S. cooperative longline research surveys 
operatin9 in the Aleutian Islands and Bering Sea indicate that 
interactions may be increasing (Yano and Dahlheim, 1991) • Probably 
as a consequence of these interactions, there have been numerous 
reports of fishermen shooting at whales. Photographs of Alaskan 
killer whales show evidence of bullet wounds. Reports have also 
been received of fishermen using high-powered explosives to 
frighten whales away from their boats during fishing operations. 

Various methods have been tried to reduce or eliminate whale 
depredation on commercially valuable fish. A Salstonstall-Kennedy 
grant to Hubb's Research Institute has been used to investigate 
possible methods to reduce interactions. No consistently effective 
technique has been developed to date. 

Population estimates of killer whales are not available for most 
Alaskan waters. Prince William Sound is an exception. Based on 
photo-identification studies that have been ongoing there since 
1984, 233 individuals have been identified representing 9 resident 
pods and 8 transient pods. The pod responsible for most of the 
fishery interactions in Prince William Sound (AB pod) has 
experienced a high level of mortality (Matkin et al., 1987). Since 
1986, 20 whales (out of a pod of 37 individuals) are missing and 
considered dead. Prior to being listed as missing, many of these 
whales showed evidenced of bullet wounds. 

Photographs collected from fisheries observers working in the 
Bering sea have been submitted to NMFS since 1986. These 
photographs have also documented bullet wounds on killer whales. 
In 1991, in addition to the numerous sightings and photographs, 
NMFS was notified (by domestic observers) of at least four separate 
records of dead Bering Sea killer whales. 

The number of dead Bering Sea killer whales observed in 1991 could 
result from the increase in observer coverage. However, the high 
number of reported deaths may be indicative of an increasing level 
of take from this region (previously under-reported). A 
significant level of take has been documented for the Prince 
William Sound region. Had it not been for the baseline information 
on pod identification and abundance, NMFS would not be able to 
determine the level of whale mortality on the killer whale pods in 
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Prince William Sound. Corresponding baseline information on 
population numbers and structure is not available for the Bering 
Sea region, thus the level of impact on killer whales from this 
region cannot be determined at this time. 
In 1991, NMFS received numerous reports from angry fishermen about 
problems they are having once again with killer whales in the 
Bering Sea. The whales are becoming increasingly tolerant of 
fishing vessels and will follow vessels at extremely close range 
feeding off discard for days at a time. The close proximity of 
killer whales to vessels, continued fishery interaction problems, 
and the suggestion of associated mortality of whales in Alaska make 
it necessary to obtain Bering Sea/Aleutian Island population 
estimates of killer whales. As a result, NMFS proposes to assess 
the population of killer whales in coastal Alaskan waters westward 
from Kodiak Island. Subject to funding, this project will begin 
ion 1992. 

HARBOR PORPOISE 

NMFS be9an a three year assessment of the Alaskan harbor porpoise 
population during 1991. Vessel surveys were conducted in Southeast 
Alaska in spring, summer, and fall of 1991, and aerial survers of 
Cook Inlet and Bristol Bay during late summer 1991. Initial 
results indicate high densities of harbor porpoise exist in 
southeastern Alaska, with low numbers in Bristol Bay and Cook 
Inlet. Additional surveys will be conducted during 1992-93 in 
southeast Alaska, Prince William sound, Kodiak, and the southside 
of the Alaska Peninsula. 
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PART A: CURRENT STATUS OF STOCKS 
AND ACCEPTABLE BIOLOGICAL CATCHES 

Tables 1 and 2 provide a summary of the current status of the 
groundfish stocks, including estimated maximum sustainable yields, 
catch statistics, the 1990 and 1991 TACs, final ABCs for 1991, and 
preliminary recommendations for ABCs for 1992. Catch statistics, 
1991 TACs, and ABCs are divided among the Gulf of Alaska regulatory 
areas. These areas are illustrated in Figure 1. 

The abundances of Pacific cod, deep-water flatfish, shallow-water 
flatfish (except rock sole), flathead sole, arrowtooth flounder, 
and sablefish are high. The abundance of pollack is medium. The 
abundances of slope rockfish, demersal shelf rockfish, and 
thornyheads are low. 

The sum of the 1992 ABCs is 669,972 mt, which is within the FMP
approved optimum yield (OY) of 116,000-800,000 mt for the Gulf of 
Alaska. The team notes that because of halibut bycatch mortality 
considerations in the high-biomass flatfish fisheries, an overall 
OY for 1991 will be considerably under this upper limit. For 
perspective, the sum of the TACs was 301,089 mt in 1991. 
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Table 1. Groundfish maximum sustainable yields (MSYs), 1991 and 1992 ABCs, 1990 and 
1991 TACs, 1990 catches and 1991 catches through August 18, 1991. 

Species ABC (mti 
1990 1990 1991 1991 

MSY 1991 1992 Catch TAC catch TAC 

Pollock 176,000 W/C 100,000 93,000 80,309 70,000 69,776 100,000 
Shelikof* (part of W/C) ----- ----- ----- -----

E 3,400 3,400 277 3,400 3,542 3,400 
Total 103,400 96,400 80,586 73,400 73,318 103,400 

Pacific cod 39,100 w 30,000 22,400 30,347 29,500 28,654 30,000 
C 45,000 42,100 40,141 59,500 39,674 45,000 
E 2,900 3,400 337 1,000 182 2,900 

Total 77,900 67,900 70,825 90,000 68,510 77,900 

Flatfish** 13,692 w 2,000 3,287 350 3,650 1,072 2,000 
(deep water) (includes C 38,900 38,219 6,991 15,300 6,401 10,000 

flathead E 9,600 4,913 506 3,050 123 3,000 
sole) Total 50,500 46,419 7,847 22,000 7,596 15,000 

Flatfish*** 28,254 w 48,800 27,481 1,585 3,570 1,391 3,000 
(shallow water) C 22,200 21,262 6,119 6,180 2,253 7,000 

E 3,000 1,741 225 250 3 2,000 
Total 74,000 50,484 7,930 10,000 3,647 12,000 

Flathead sole 16,589 w 12,600 12,584 99 2,000 
C 32,700 31,988 400 5,000 
E 5,000 3,710 1 3,000 

Total 50,300 48,282 500 10,000 

Arrowtooth 110,042 w 40,800 38,881 1,804 4,450 1,583 5,000 
flounder C 272,100 253,325 15,553 23,170 8,935 10,000 

E 27,200 11,683 , 1,557 4,380 289 5,000 
Total 340,100 303,889 18,913 32,000 10,807 20,000 

(continued on next page) 



Table 1 (cont.) Groundfish maximum sustainable yields (MSYs), 1991 and 1992 ABCs, 
1990 and 1991 TACs, 1990 catches and 1991 catches through August 18, 1990. 

Species MS'i (mt) A~C lmtl 
1990 1990 1991 1991 

1991 1992 Catch TAC Catch TAC 

Sable fish 26,900 w 2,925 2,925 1,991 3,770 1,690 2,925 
C 10,575 10,575 12,066 11,700 10,100 10,575 

W'iK 4,050 4,050 5,181 4,550 3,481 4,050 
SE/EYK 4,950 4,950 6,526 5,980 4,725 4,950 
Total 22,500 22,500 25,765 26,000 19,996 22,500 

Slope rockfish 15,000- w 1,212 1,212 322 1,212 
(other) 27,700 C 5,454 5,454 3,976 5,454 
(MS'i for all species) E 3,434 3,434 409 3,434 

Total 10,100 10,100 4,707 10,100 

Pacific Ocean Perch w 1,624 3,248 993 1,624 
C 1,798 3,596 2,533 1,798 
E 2,378 4,756 1,846 2,378 

Total 5,800 11,600 5,372 5,800 

- Shortraker/Rougheye w 100 100 68 100 0 
C 1,320 1,320 836 1,320 
E 580 580 402 580 

Total 2,000 2,000 1,306 2,000 

Pelagic shelf Unknown w 800 1,500 165 1,400 26 800 
rockfish C 3,100 5,500 956 5,800 810 3,100 

E 900 1,600 527 1,000 214 900 
Total 4,800 8,600 1,647 8,200 1,050 4,800 

Demersal shelf Unknown Unknown Unknown 357 470 330 425 
rockfish 

(SE Outside District) 

(continued on next page) 
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Table 1 (cont.) Groundfish maximum sustainable yields (MSYs), 1991 and 1992 ABCs, 
1990 and 1991 TACs, 1990 catches and 1991 catches through August 18, 1990. 

Species 

Thorn:yhead 
rockf1.sh 

MSY (mt) 

3,750 GW 

ABC lmt) 
1991 1992 

1,798 1,798 

1990 
Catch 

1,575 

1990 
TAC 

3,800 

1991 
catch 

851 

1991 
TAC 

1,398 

Other species NA GW NA NA 7,784 14,179 1,434 15,766 

Totals 743,198 669,972 223,229 280,049 199,424 301,089 

* Shelikof Strait pollack is included within the W/C ABC range. 
**"Deepwater flatfish" means rex sole, Dover sole, and Greenland turbot. 

*** "Shallow water flatfish" means rock sole, yellowfin sole, butter sole, starry flounder, 
and other flatfish not specifically defined. 
GW means Gulfwide 



Table 2. Exploitable biomasses, 1992 ABCs, and estimated trends 
and abundances of groundfish. 

Species 
Exploitable 

Biomass (mt) 1992 ABC Abundance, trend 

Pollock 927,000 W/C 93,000 Medium, decreasing 
Shelikof 6,250 

E 3,400 
Total 96,400 

Pacific cod 369,565 w 22,400 High, decreasing 
C 42,100 
E 3,400 

Total 67,900 

Flatfish 169,132 w 3,287 High, stable 
(deep water) C 38,219 C 

E 4,913 
Total 46,419 

Flatfish 257,338 w 27,481 High, stable 
(shallow water) C 21,262 

E 1,741 
Total 50,484 

Flathead sole 240,615 w 12,584 High, stable 
C 31,988 
E 3,710 

Total 48,282 

Arrowtooth 1,787,583 w 38,881 High, stable 
flounder C 253,325 

E 11,683 
Total 303,889 

Sablefish 194,000 w 2,925 High, decreasing 
C 10,575 

WYK 4,050 
SE/EYK 4,950 
Total 22,500 

(Continued on next page) 
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Table 2. (cont.) Exploitable biomasses, 1992 ABCs, and estimated trend 
and abundances of groundfish. 

Species Biomass (mt) 

Slope rockfish 160,152 
(Other) 

Pacific Ocean 129,734 
Perch 

Shortraker/ 46,243 
Rougheye 

Pelagic shelf 95,284 
rockfish 

Demersal shelf Unknown 
rockfish 
(SE outside district) 

w 
C 
E 

Total 

w 
C 
E 

Total 

w 
C 
E 

Total 

w 
C 

E 
Total 

1992 ABC 

1,212 
5,454 
3,434 

10,100 

3,248 
3,596 
4,756 

11,600 

100 
1,320 

580 
2,000 

1,500 
5,500 

1,600 
8,600 

Unknown 

Thornyhead 25,700 Gulfwide 1,798 
rockfish 

Other species NA Gulfwide NA 

Total 669,972 
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Abundance, trend 

Low, decreasing 

Low, decreasing 

Low, decreasing 

Relatve abundance 
unknown 

Depressed, stable 

Depressed, decreasin 

TAC = 5% of the SU 
of TACs 



Pollock 

1990 
1991 
1992 

ABC 
73,400 

103,400 
93,000 

EXPLOITABLE 
BIOMASS 

1,050,000 
1,088,000 

927,000 

CATCH 
84,695 
61,536 

The exploitable biomass estimates for 1990 and 1991 are from the 
stock synthesis (55) model. The estimated 1992 biomass is 927,000 
mt which is based on a projection from the 1991 biomass estimated 
from stock synthesis. 

The current assessment incorporates two changes into the ss model. 
First, the 1984, 1987 and 1990 gulf-wide bottom trawl survey 
biomass estimates were revised. This was due to changes in the 
fishing power correction factors applied to bottom trawl data. 
Second, historical estimates of discard from the domestic fishery 
(1986-present) were accounted for in the 55 model. The current 
stock assessment presents two configurations: 1 in which a low 
emphasis was placed on hfdroacoustic data and a new one described 
below. The new configuration of the 55 model incorporates 
hydroacoustic data as indices, and the 1990 bottom trawl biomass as 
an absolute estimate. Recent hydroacoustic survey biomass 
estimates from Shelikof Strait have been much lower than the gulf
wide bottom trawl estimates. One explanation for the observed 
discrepancies is that the abundance of pollock in the demersal 
habitat remains relatively constant while the pelagic fraction of 
the stock may vary considerably, depending on year class strength. 
The new configuration of the model is an attempt to reconcile these 
differences. The old configuration of the ss model which placed a 
low emphasis on the bottom trawl data was no longer presented. 

The Team utilized results from the new configur~tion of the model. 
The ss results show a declining trend in biomass since 1982. The 
1988 year class continued to appear in large numbers in Shelikof 
Strait confirming previous indications that this year class will be 
above average. The 1989 and 1990 year classes appear to be less 
abundant than the 1988 year class, al though the hydroacoustic 
survey is not designed to sample juvenile pollock. 

The preliminary 1992 recommended ABC was derived by applying last 
year's 10% rate to the estimated 1992 exploitable biomass. Last 
year's rate was used in this preliminary recommendation, since the 
Team anticipates receiving an updated final assessment which would 
provide several more years of stock recruitment data, and an 
analysis of several methods for deriving optimum levels of fishing 
mortality. In addition, the F01 value derived from a yield-per
recruit analysis with the current stock recruitment relationship is 
approximately 10% (.098). The preliminary recommended 1992 ABC is 
therefore 93,000 mt for the Western/Central areas. The Team again 
recommends that a portion of the TAC in the amount of 6,250 mt be 
allocated to the Shelikof Strait District to provide for a fishery 
for the collection of data. Lacking new information for the 
eastern Gulf population and noting that effort is low in this area, 
the Team again set ABC for the Eastern area at 3,400 mt. 

There is sufficient concern with the stock-recruitment 
relationship, that the estimates of fishing mortality associated 
with sustainable yields may not be appropriate. The ref ore, 
overfishing for pollock is the fishing mortality rate that results 
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in the biomass-per-recruit ratio falling below 30% of the pristine 
level. This fishing mortality rate is 0.416. With a 10% rate 
(yield/biomass) in 1992, the fishing mortality rate will be 
approximately 0.10, well below the overfishing level. 

Pacific cod 

* (PacFIN as of 

1990 
1991 

1992 
8/20/91) 

~ 
90,000 
77,900 
67,900 

EXPLOITABLE 
BIOMASS 
467,100 
418,000 
369,600 

CATCH 
74,647 
78,314* 

The 1990 bottom trawl survey of the Gulf of Alaska provided data 
for estimation of biomass of Pacific cod by management area. 
Incorporating the bottom trawl results from 1984, 1987 and 1990, 
the SRA model estimated exploitable biomass for 1992 at 369,565 mt. 
This is a decline in biomass from previous years and the projection 
model estimates that the decline may continue. 

The Fo.t rate (0.184) applied to the projected 1992 exploitable 
biomass of 369,565 t provides an estimate of ABC of 67,900 t. This 
should be distributed by management area approximately as the 
biomass is distributed: 33% (22,400 t) in the western area; 62% 
(42,100 t) in the central area; and 5% (3,400 t) in the eastern 
area. 

The fishing mortality rate that would constitute overfishing would 
be 0.254. This is the fishing mortality rate that would result in 
the equilibrium biomass-per-recruit ratio fallin~ below 30% of its 
pristine value. Hence, the recommended ABC, with an associated 
fishing mortality rate of 0.184, does not violate the Council's 
overfishing policy. 

Flatfish 

1990 Deep Water 
Shallow Water 
Arrowtooth 

TOTAL 

1991 Deep Water 
Shallow Water 
Arrowtooth 
Flathead sole 

TOTAL 

1992 Deep Water 
Shallow Water 
Arrowtooth 
Flathead sole 

TOTAL 

* catch through 11 August 

ABC 

108,400 
84,500 
194,600 

87,500 

50,500 
74,000 

340,100 
50,400 

515,000 

46,419 
50,484 

303,889 
48,282 

449,074 

15 

EXPLOITABLE 
BIOMASS 

541,618 
424,856 

1,144,242 

2,110,716 

169,132 
257,338 

1,787,583 
240,615 

2,454,668 

169,132 
257,338 

1,787,583 
240,615 

2,454,668 

CATCH 

6,696 
4,584 
4,132 

15,412 

21,784* 



The 1992 exploitable biomass for each category is the same as the 
absolute abundance estimated from the 1990 triennial trawl survey. 
These estimates have changed from the values presented in the 1991 
SAFE document as the result of new analyses based on improved 
Fishing Power Corrections (FPC). The table above includes these 
changes for 1991 and 1992. The large decrease in biomass of the 
deep water group between 1990 and 1991 is due almost entirely to 
the removal of flathead sole from that category beginning in 1991. 
The decrease in shallow water flatfish between 1990 and 1991 is due 
mainly to decreasing abundance of rock sole. 

The ABCs for the four flatfish categories were determined by 
applying the F01 fishing mortality rates determined from yield-per
recruit analysis, to the exploitable biomass estimates. The 1992 
ABCs were calculated using the same fishing mortality rates as 
1991; however, the 1992 ABCs differ from 1991 because the estimates 
of exploitable biomass have changed and are now lower than the 
biomass values presented in the 1991 SAFE document. 

The plan team recommends that 
among the three regulatory 
distributions in the 1990 
distributions are: 

ABCs for each group be apportioned 
areas in proportion to biomass 
trawl survey. The resulting 

WEST CENTRAL EAST 

Deep Water 3,287 38,219 4,913 
46,419 
Shallow Water 27,481 21,262 1,741 
50,484 
Arrowtooth 38,881 253,325 11,683 
303,889 
Flathead sole 12,584 31,988 3,710 
48,282 

TOTAL 82,233 344,794 22,047 
449,074 

Gulf of Alaska flatfish are not considered overfished so long as 
the fishing mortality rate remains below the level that would 
result in the spawning biomass-per-recruit ratio falling to 30% of 
its pristine value. These fishing mortality rates are 0.239 for 
arrowtooth flounder, 0.262 for flathead sole, 0.263 for rock sole, 
and 0.296 for yellowfin sole. The F01 values for these species are 
at or below 0.20, therefore flatfish are not considered overfished. 

Sable fish 

1990 
1991 
1992 

~ 
26,200 
22,500 
22,500 

EXPLOITABLE 
BIOMASS CATCH 
226,000 25,570 
194,000 19,580 
194,000 

The method of calculating exploitable biomass from longline survey 
RPW indices in the Gulf of Alaska, Bering Sea, and the Aleutians 
was changed last year to a new scaling factor to provide 
consistency between regions. The cooperative longline survey and 
the domestic lon~line survey provided conflicting results as to 
whether the exploitable biomass of sablefish increased or decreased 
in the Gulf of Alaska in 1990. Utilizing the new scaling factor 
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and assuming no change in the Gulf from 1989 to 1990, but zero 
recruitment for 1991, the exploitable biomass projected to 1991 was 
194,000 mt. The Fo.t exploitation rate of .116 was used to calculate 
an ABC for 1991 of 22,500 mt. The exploitation rate used in the 
past has been approximately equal to the Fo.t level. 

Results from the Center's 1991 sablefish longline surveys, which 
are still in progress, will be used to update the projection of 
exploitable biomass at the beginning of 1992. It is recommended 
that the preliminary 1992 ABC be specified equal to the 1991 ABC of 
22,soo mt. 

The 1988 to 1990 TACs were distributed in proportion to 
distribution of biomass in the 401-l000m slope and gully areas as 
estimated from the 1987 longline survey. The biomass distribution 
as obtained from the 1990 longline survey compares to the 1988-90 
TAC apportionment as follows: 

Western 
Central 
w. Yakutat 
Southeast Outside/ 

East Yakutat 

1990 RPW 
.13 
.47 
.18 
.22 

1988-90 TAC 
.145 
.45 
.175 
.23 

The Team feels apportioning the ABC by either scheme or moderate 
variations of them would be satisfactory. The 1991 ABC was divided 
in proportion to the 1990 RPW: 2,925 mt to the Western, 10,575 mt 
to the Central, 4,050 mt to West Yakutat, and 4,950 mt to East 
Yakutat/Southeast Outside. 

The Fo.t fishing r~te is below the estimated F msv 1e:,e1 o~ o. 27, as 
well as the fishing rate, F=O. 18, that would· drive biomass per 
recruit to 30% of its unexploited value. Therefore, the 
recommended ABC does not exceed that allowed by the overfishing 
definition. 

Slope rockfish 

1990 
1991 
1992 

~ 
17,600 
17,900 
23,700 

EXPLOITABLE 
BIOMASS CATCH 
729,000 21,114 
533,000 9,710 
533,000 

The 1990 trawl survey indicated a large decrease in exploitable 
biomass of slope rockfish from 1987 estimates (729,000 mt to 
336,000 mt). Because fitting these data points would not be 
significant, the mean of the two surveys are used to estimate 
exploitable biomass rather than using model projections. 

Because an appropriate recruitment scenario could not be 
determined, fishing rates equal to natural mortality rates are 
applied to the exploitable biomass to obtain ABC. The ABC for 
Pacific ocean perch is 11,600 mt, shortraker/rougheye, 2,000 mt, 
and other slope rockfish, 10,100 mt. 

The rate of overfishing for Pacific ocean perch and rougheye 
rockfish is considered to be the fishing rate that would drive the 
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biomass:recruit ratio to 30% of its unexploited state, which is 
computed to be F•0 .105, for Pacific ocean perch, and o. 046 for 
rougheye rockfish. For other species, the rate of overfishing 
would be equal to natural mortality rate. 

The magnitude of the decrease observed from the 1987 to the 1990 
trawl survey casts some doubt as to the validity of at least one or 
both of the survey results, or the fishing mortality reported 
during the period between the surveys. The Team points out that, 
while the only available data indicates a dramatic decrease and the 
stock should be watched carefully, they are not comfortable with 
the capability of the present survey and its methods to accurately 
assess the abundance of rockfish. They recommend that innovative 
new techniques and approaches be attempted to better determine the 
distribution and abundance of slope rockfish. A survey approach 
that can utilize the capabilities of successful rockfish operations 
should be considered. The AFSC has developed a rockfish assessment 
working plan which contains plans to evaluate new survey approaches 
and experimental management schemes. 

Pelagic shelf rockfish 

1990 
1991 
1992 

~ 
8,200 
4,800 
8,600 

EXPLOITABLE 
BIOMASS 
164,000 

95,284 
95,284 

CATCH 
1,647 

950 

The 1990 trawl survey estimate for pelagic shelf rockfish was 
26,217 mt compared to the estimate 164,400 mt in 1987. Because the 
validity of the large difference in the surveys is questionable, 
the mean of the two estimates is used as exploitable biomass for 
computing ABC. 

An exploitation rate equal to an estimated natural mortality rate 
of 0.09 was used to compute an ABC of 8,600 mt. The distribution 
of the ABC, which is based on an average of the 1987 and 1990 
biomass estimate distributions is: 1,500 mt in the Western area, 
5,500 mt in the Central area, and 1,600 mt in the Eastern area. 

There is doubt as to the validity of trawl surveys' ability to 
assess pelagic species, especially considering the magnitude of the 
observed contrasts in the pelagic rockfish results. 

oemersal shelf rockfish 
Harvest of demersal shelf rockfish through mid-August 1991 totalled 
273 mt, well below the annual TAC of 425 mt. It should be noted, 
however, that for the second year the harvest of DSR has been 
constrained by halibut PSC closures to all hook and line gear in 
the GoA and this year was further constrained by the trawl closure 
in the Eastern Gulf. Some additional harvest is expected as 
bycatch in the September halibut opening. 

There is no new information to calculate MSY or ABC for DSR using 
conventional analytical methods. For 1991 the Council adopted the 
default overfishing definition which establishes the threshold at 
the average harvest over the previous five years when biological 
data is lacking. The resulting overfishing threshold level of 445 
mt was presumed to be equal to ABC for 1991. Using this same 
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method results in a preliminary ABC of 512 mt for 1992. This is 
based on the average landings of DSR in the Southeast outside 
District between 1986 and 1990 as listed in table 7.2 of the SAFE 
document. 

'.IbQI:D~b~sg rQckfish 
EXPLOITABLE 

~ BIOMASS CA'.ICH 

1990 3800 98,670 1646 
1991 980 25,697 769* 
1992 980 25,697 

* Catches through July 

Based on results of the 1990 trawl survey the best estimate of 
current exploitable biomass for 1992 is 25,697 t. The 1992 
estimate had been adjusted upward to account for the lack of survey 
stations in 1990 at depths greater than 500 m. To adjust the 1990 
estimate for the unsampled depths, the average proportion of the 
total biomass found deeper than 500 min 1987 and 1984 (33 %) was 
assumed to be the same proportion of the total that would have been 
found in 1990. 

Best estimates of current exploitable biomass derived from surveys 
in 1987 and 1990 indicate an apparent 74 % decline in thornyhead 
biomass over three years. The apparent decline has occurred 
despite the fact that thornyhead catches in 1989 and 1990 were 81 
% and 61 % of the respective TACs. For 1991, the Team did not 
adopt the Fmsy estimates because assumptions needed to arrive at 
the estimates did not seem to be supported by the subsequent yield 
estimates. The 1991 ABC was determined by applying an exploitation 
rate of 3.8 %, the same rate used for 1990. The SSC differed with 
the Team's estimate of ABC and chose to apply the natural mortality 
rate to exploitable biomass. The recommended ABC for thornyheads 
for 1992 is again 980 t (0.038 X 25,697) as the Team is 
anticipating an updated assessment for November. This may be 
sufficient only for bycatch needs. 

No stock recruitment relationship has been defined for thornrheads. 
Therefore the maximum allowable fishing mortality rate for Judging 
whether overfishing of thornyheads may occur was calculated as the 
value that results in the biomass-per-recruit ratio falling to 30 
% of its pristine level. That value is F = 0.07, equivalent to an 
exploitation rate of 6.5 %. Therefore, the recommended ABC does 
not exceed that allowed under the overfishing definition. 

OTHER SPECIES - No recommendations were made by the Plan Team for 
this group. FMP procedures define the reasonable quota for this 
category to be set at 5 percent of the sum of the TACs yestablished 
for the other species category. 
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PART B. PROHIBITED SPECIES CATCH SUMMARY FOR HALIBUT 

The GOA Plan Team recommends continued evaluation of both bycatch 
rates and mortality estimates for incidentally caught and released 
halibut from all Gulf of Alaska groundfish fisheries. The Team has 
reviewed bycatch rates and mortality estimates gathered from the 
1991 Domestic Observer Program. Actual bycatch rates from the 
Domestic Observer Program should be used by the Council and NMFS to 
monitor cumulative halibut mortality during 1992. The Team notes 
further that the bycatch information in this SAFE report may be 
helpful to the Council in examining possible halibut mortality 
implications when setting final groundfish TAC's for 1992. 

The team recommends that halibut bycatch in 1991 should be managed. 
using actual observed bycatch rates. In addition, the team 
recommends that observers in the 1991 Domestic Observer Program 
collect information concurrentl¥ on the condition factors and size 
of halibut caught as bycatch in all fisheries. The timing of 
observations relative to the return of fish to the ocean should 
also be recorded. 

In 1991, Gulf of Alaska fisheries were managed with the following 
discard mortality rates by gear group: Trawl - 50%; Lon9line - 16%; 
Pot - 12%. The Plan Team recommends the followin9 discard 
mortality rates for the 1992 fishery: Trawl - 50%; Longline - 16%; 
Pot - 12%. These rates are unchanged from 1991, though information 
from the IPHC may be available by November to update these 
mortality assumptions. Last year the Team reviewed and discussed 
a report from the International Pacific Halibut Commission which 
analyzed condition data collected during 1989 and the first half of 
1990. Results indicated that discard mortality in the longline 
fisheries is higher than previously believed. This report 
estimated discard mortality to be from 17-20%. Because these data 
represent a similar number of observations (when compared to the 
data which generated the previous estimate of 13%), the Team 
recommends adopting the midpoint of the 2 surveys which is 
calculated at 16%. Discard mortality rates observed in this IPHC 
report were similar to earlier estimates for the bottom trawl gear 
fisheries, so the Team recommend no change. New data were 
unavailable for the pot fisheries so the Team has no basis to 
recommend a change for 1992. 

For pu~oses of evaluating existing PSC cap levels, estimates of 
the halibut mortality associated with anticipated groundfish TACs 
were made for longline and trawl gear (pot gear was exempted from 
PSC cap closures in 1991 and was not included in this analysis). 
Results are detailed in the halibut PSC chapter (Part B) of this 
SAFE document. Part B also contains additional information to 
assist the Council in its framework process for establishing PSC c 
limits for the coming year. This includes bycatch rates by fishery 
(species), gear type, management zone, week, and processing mode. 
A review of the 1991 fishery is included with a description of 
brcatch related closures and effects on other directed groundfish 
fisheries. Seasonal distributions of both halibut and target 
groundfish species are discussed with guidelines for seasonal 
distribution of the halibut PSC caps. 
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PART C: ECONOMIC OVERVIEW 
Economic developments in the Gulf of Alaska (GOA) groundfish 
fishery 

Landings data presented in the economic section was extracted from 
PacFIN on August 23, 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 1991 because of the 
incomplete data. No joint-venture or foreign harvest has occurred 
in the GOA since 1988. Domestic landings of all groundfish 
increased from 143,800 mt in 1988 to 219,800 mt in 1990. Year-to
date GOA landings for 1991 are 180,000 mt. Longline landings have 
held relatively stable since 1988, at just over 30,000 mt. Longline 
sablefish landings fell by about 1,800 mt (7%) between 1988 and 
1990, while Pacific cod rose by 2,600 mt ( 67%) . Year-to date 
Pacific cod landings have increased the 1990 total by another 1,300 
mt. GOA trawl landings increased from 144,000 mt in 1980 to 
220,000 mt in 1990. Over this period trawl landings of Pacific cod 
increased from 26,000 mt to 61,000 mt (135%), and pollock landings 
increased from 56,000 mt to 78,000 mt (39%). Trawl landings of 
flatfish also rose by 8,400 mt (122%). 

The ex-vessel value of domestic landings (excluding the value added 
by at-sea processing) fell slightly during both 1989 and 1990, 
primarily because of lower sablefish revenue. For all gears, 
sablefish revenue fell from $65.4 million in 1988 to $42 million in 
1990. This drop in revenue resulted from a substantial drop in 
sablefish prices. Between 1988 and 1990, the round-weight 
equivalent, ex-vessel price of longline-caught sablefish in the GOA 
fell from an annual high of $0. 98/lb to $0. 70/lb. The drop in 
trawl price was somewhat less, from $0.82/lb to $0.67/lb. Because 
of the relatively small relative take of sablefish, the trawl fleet 
experienced an overall increase in earnings over this period, from 
$37 million to $49 million. With its heavier dependence on 
sablefish, longline earnings fell from $61 million to $42 million. 
With longline prices for sablefish back above $0.90/lb in 1991, 
year-to-date revenue from that species has eclipsed the 1990 total. 
The only other noteworthy chan9e in earnings for the longline fleet 
occurred in the Pacific cod fishery, where revenue rose from $1.9 
million in 1988 to $3 million in 1990, with the 1991 total 
currently near $5 million. Pacific cod has also figured 
prominentlY. in the trawl fishery, rising from $8.3 million in 1988 
to $20.2 million in 1990, and continuing to nearly $29 million thus 
far in 1991. Although earnings in the trawl rockfish fishery 
increased by roughly 50% between 1988 and 1989, 1990 saw them fall 
back below the 1988 level. 

GOA prices for Pacific cod changed little between 1988 and 1990 for 
either gear, but 1991 prices are 33% higher in the longline fishery 
and 50% higher for trawlers. Trawl flatfish price also increased 
by more than 50% between 1990 and 1991, with pollock price up 
roughly 70%. On the other hand, trawl rockfish prices fell to 
$0.18/lb, a 40% drop since the annual high in 1989, and the lowest 
value since 1986. Rockfish prices in the longline fishery have 
also been on the decline since 1988. 
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POLLOCK 

by 
A. B. Hollowed 

The 1991 SAFE chapter for Gulf of Alaska pollock will be written by 
Anne Hollowed, Bernard Megrey and Eric Brown. 

The preliminary 1992 SAFE document contains two important revisions 
of the 1991 SAFE. First, the 1984, 1987 and 1990 bottom trawl 
biomass estimates were updated using improved methods for 
estimating Fishing Power Correction (FPC) factors. Second, 
historical estimates of pollack discard from the domestic fishery 
(1986-1990) were incorporated into the stock assessment model. 

As in previous years the stock synthesis (SS) model was used to 
assess the status of the pollack stock in the Gulf of Alaska. The 
ss model was run using the same configuration adopted in the fall 
of 1990 by the Groundfish Management Team and the Scientific and 
Statistical Committee. In this configuration a low emphasis was 
placed on the hydroacoustic data (Model A). 

Another configuration was also presented (Model B). In Model B, 
the hydroacoustic data was assumed to be an index of abundance and 
the only quantitative measure of stock abundance was the 1990 
bottom trawl survey biomass. A high emphasis (20) was placed on 
the 1990 bottom trawl estimate to insure that the model provided a 
close approximation to it. An emphasis of one is placed on all of 
the other sources of information. 

Model B was an attempt to reconcile some of the conflicts between 
abundance trends in the hydroacoustic and bottom trawl data sets. 
The assumption behind Model B was that the hydroacoustic biomass 
estimates provided a reasonable representation of gulfwide biomass 
trends, however, these biomass estimates measured only the biomass 
of pollock in Shelikof Strait and were not representative of total 
gulfwide pollack abundance. On the otherhand, the 1991 gulfwide 
bottom trawl survey was assumed to provide good estimates of 
gulfwide pollock abundance near the bottom, but, trends in bottom 
trawl abundance were not considered to be representative of the of 
the total (i.e. pelagic and bottom components) pollock population. 

The preliminary 1992 SAFE document will be revised for the November 
team meeting because several new sources of information will become 
available this fall. The biomass estimates from the 1991 spring 
hydroaocustic survey will be available in earl¥ October and the 
ageing unit plans to complete the age determinations from the 1991 
spring fishery in mid-September. If the new information is 
provided with sufficient time for incorporation into the assessment 
and review by the GMT the results will be presented at the November 
meeting. 

The new sources of information for the 1991-1992 Stock Assessment 
Fishery Evaluation (SAFE) document include: 

1. Estimates of catch-at-age for 1964-1975 developed using 
Kimura's (1987) iterative age-length key approach applied to 
Japanese length frequency data. 
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2. Updated runs of the stock synthesis model that utilize 
additional data including: spring 1991 catch-at-age, 1991 catch 
biomass, 1991 hydroacoustic biomass estimates, the historical 
(1964-1975) time series of catch-at-age data, and the 1990 bottom 
trawl age composition. 

3. Comparison of several methods for evaluating optimum levels of 
fishing mortality. 

In addition to the assessment of pollock in the Western and Central 
regulatory areas, we hope to provide an assessment of the pollock 
stock in the Eastern regulatory area and a recommendation of ABC 
for that area. 

1991 pollock catch (tons) in the Gulf of Alaska by fishery 
category based on catch reported to the Alaska Regional Office 
through August a, 1991. 

catcher Mother-
Shoreside Process Ship Total Available Remainder 

Western: 25,034 1,502 4,372 30,908 25,471 -5,437 
Central: 36,076 1,399 11 37,486 36,065 -1,421 

Total: 61,110 2,901 4,383 68,394 61,536 -6,858 
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section 1 

1.0 

POLLOCK 

by 
A. B. Hollowed 

INTRODOCTION 

This document represents a revision of the 1990 assessment of Gulf 
of Alaska pollock. The revision was necessary because the time 
series of bottom trawl biomass estimates was updated. 

1.1 ADDITIONAL StJRVBY AND ~ISHERY INFORMATION 

Bottom Trawl survey 
Fishing Power Correction (FPC) factors were routinely applied to 
Gulf of Alaska bottom trawl data to adjust for vessel and gear 
differences between foreign and U.S. vessels. Extensive research 
has been conducted at the National Marine Fisheries Service (NMFS), 
Alaska Fisheries Science Center (AFSC) to determine the best 
procedure for calculating FPC and the criteria used to determine 
when the FPC should be applied. The results of this research 
indicated the ratio of means estimation procedure used in the past 
was sensitive to isolated cases of extreme catch.' Kappenman (In 
Press) developed a robust procedure for estim~tion of FPC. The 
revised estimates of pollack biomass west of 144 W longitude lower 
than the values utilized in the 1990 SAFE document (Figure 1, Table 
1) • 

1991 spring Hydroacoustic survey 
The AFSC conducted an echo integrator/midwater trawl survey of 
Shelikof Strait in March 1991. The biomass estimate derived from 
this survey was not available. However, length frequency data 
J?rovides a preliminary indication of the relative magnitude of 
incoming year classes of pollack. The 1988 year class continued to 
appear in Shelikof Strait confirming previous indications that this 
year class will be above average. The 1989 and 1990 year classes 
appear to be less abundant than the 1988 year class although the 
survey is not designed to sample juvenile pollack. 

Domestic Fisheries 
Preliminary catch statistics presented in the 1990 Stock Assessment 
and Fishery Evaluation (SAFE) report were updated. Information on 
discard was recorded by observers on foreign and joint venture 
operations. Records of discard on domestic fishing vessels were 
only available in 1989 and 1990. The average percent discard in 
these two rears was 9. 9%. It was assumed that the fraction 
discarded did not change substantially interannualy. Therefore, 
the estimated amount of discard for domestic catch in 1986-1988 was 
assumed to be 9.9% (Table 2). 
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1.2 STOCK ASSESSMENT 

Model Description 
The stock synthesis model described in Methot (1986, 1989, 1990) 
was used to assess the status of the Gulf of Alaska pollock stock 
in 1991. In previous analyses, the biomass trends and age 
composition estimates derived from bottom trawl and hydroacoustic 
surveys were substantially different (Hollowed and Megrey, 1989; 
Megrey et al., 1990, Hollowed and Megrey 1990). Data collected in 
1990 revealed similar inconsistencies between the biomass estimates 
derived from the two survey types (Table 3). Therefore, two 
configurations of the model were considered in which both the 
hydroacoustic and bottom trawl data sets were included. Each 
configuration of the model was run assuming natural mortality was 
equal to 0.3. 

The first configuration 
fall 1990 SAFE report. 
hydroacoustic data and 
composition and biomass 

(Model A) was the same as was used in the 
A low emphasis (0.001) was placed on 

an emphasis of 1. o on bottom trawl age 
estimates. 

The second configuration was different from those used previously. 
In Model B, the hydroaocustic biomass estimates were treated as 
indices of abundance, and the only quatitative biomass estimate 
included in the model was the 1990 bottom trawl estimate. A high 
emphasis (20) was placed on the 1990 bottom trawl estimate to 
insure that the model provided a close approximation to this value. 

The rationale for Model B was the 1981 and 1983 biomass estimates 
produced from Model A were much lower than the estimates of biomass 
from hydroacoustic surveys of Shelikof Strait. Likewise, the 
recent hydroacoustic survey biomass estimates from Shelikof Strait 
have been much lower than the gulfwide bottom trawl estimates. One 
explanation for the observed discrepancies between the two models 
is that the abundance of pollock in the demersal habitat remains 
relatively constant while the pelagic fraction of the stock may 
vary considerably depending on year class strength. Model Bis an 
attempt to reconcile these problems. Weighing the hydroacoustic 
time series equally to the fishery data, provides a mechanism for 
accounting for the large population estimates observed in the early 
l980's. Tuning to the 1990 bottom trawl biomass estimate adjusts 
the ending biomass to a level that was observed in the recent 
gulfwide bottom trawl survey. 

Description of oata sources 
The fisheries data set used in this analysis consists of estimates 
of total catch biomass, and the age composition of the catch 
aggregated over all seasons, nations, vessel classes and INPFC 
statistical areas for years 1976-89 (Table 4). 

Domestic discards shown in Table 2 were incorporated in the 
assessments. It was assumed that the discards were composed of 
small fish. The fraction retained at age is shown in Table 5. 

An estimate of the age composition of the population in 1973 was 
available from data presented in Hughes and Hirshhorn (1979). 
Hughes and Hirshhorn (1979) summarized information on bottom trawl 
surveys conducted by the National Marine Fisheries Service in 1973-
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1975. These authors noted the 1967 and 1970 year classes of 
pollack in the Gulf of Alaska appeared to be above normal. 
The 1973 age composition was based on bottom trawl age structures 
collected in the summer in the Kodiak and Chirikof INPFC areas 
(Figure 2). 

Separate weight-at-age vectors were estimated for the fisheries, 
and survey data sets. These weight-at-age values are given in 
Table 6. Year specific weight-at-age vectors were generated for 
the fisheries data by summing the seasonal wei9ht-at-age weighted 
by the proportion of the catch that was taken in that season. 

Assessment Model Results 
Results of the assessment model runs are illustrated in Figures 3 
and 4. The time series of biomass trends from Model A and B 
similar from 1987 - 1990, however the estimates of biomass in the 
1970's is substantially different (Figure 3). The estimates of 
recruitment at age 3 derived from the two configurations of the 
stock synthesis model were also similar in recent years but 
differed in the earlier years (Figure 4). The selectivity at age 
vectors estimated for each model, fishery and survey type are shown 
in Table 5. 

The relative fit of the two models to the biomass estimates from 
bottom trawl and hydroacoustic surveys is illustrated in 
Figure 5. As expected, Model A provides the best fit to the bottom 
trawl survey estimates and Model B provides the best fit to the 
hydroacoustic time series. It is interesting to note that both 
Models A and B provide close approximations to the bottom trawl 
biomass estimates in 1987 and 1990. 

The relative success of the model in fitting the hydroacoustic age 
composition data is measured by the likelihood value. In both 
configurations of the model, a poor fit was observed in 1981 
(Figure 6). overall, the relative fit to the hydroacoustic age 
composition data was considerably better for Model B. 

Based on the data described above, Model Bis considered the best 
integration of the available data. The relative fit of both 
models to recent data is similar, however Model B provides the best 
fit to the early time series. 

STOCK RBCRUI'l'MBNT RBLATIONSBIPS 

The updated time series of recruitment and spawner stock biomass 
levels provided from the stock synthesis Model B was used to 
evaluate the relationship between spawners and recruitment. 
Spawner biomass was estimated using estimates of maturity schedules 
and the estimated spring weight-at-age (Table 7). The maturity 
schedule was applied to the 1973-1990 age composition estimated 
from Model B to derive spawner biomass (males and females 
combined). The resulting estimates of spawner biomass are shown in 
Table 8. The lowest level of observed spawner biomass was 902,970 
t (Table 8). 
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spawner-Recruit Models 
The estimated recruitment at age 2 (R) and spawner biomass (S) data 
were fit to two spawner-recruit (SR) models in an analysis similar 
to that described in Megrey (1989) and Kimura (1988). 

Shepherd's Formulation; 
The model of Shepherd (1982) is 

where pis a measure of the degree of compensation, a is the slope 
at the origin, and K is the threshold biomass above which density
dependent effects dominate the density-independent effects 
(Shepherd, 1982). In fittin9 Shepherd's model P was constrained to 
be equal to 1. The constraint on p indicates that at large stock 
sizes density dependent effects compensate for increases in biomass 
resulting in an asymptotically shaped stock recruit relationship 
similar to that of Beverton and Holt (1957). Shepherd (1982) 
suggested that an estimate of a can be derived by calculating the 
slope of a line through the origin just to the left of the bulk of 
the observations. Using the following equation, the threshold 
biomass (K) can be estimated by selecting a point (Ro, s0) that must 
be intersected by the SR curve. 

Ro was set equal to the mean of the recruitment estimates from each 
model. s0 was set equal to the estimated virgin spawning stock 
biomass expected when recruitment was constant at Ro· Parameters 
for the Shepherd (1982) equation for data derived from models a and 
Kare shown in Table 9. 

Kimura's Formulation; 
Kimura (1988) parameterized several stock-recruitment curves so 
that recruitment at a given stock size was a function of s0 and Rp• 
In the case of the asymptotic Beverton-Holt type SR curve this 
formulation was as follows: 

The A ~arameter describes the shape of the curve. When the 
unexploited spawning biomass has been reduced by 50%, recruitment 
will be reduced.by 95%, 90%, or 80% when A equals 0.947, 0.889, and 
0.750 respectively. 

Evaluation of spawner-Recruit curves for Model a 
As in previous analyses there appears to be a strong density 
dependent mechanism which reduces year class success when the 
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spawning population is large (Figure 7). However, the time series 
of data is too short to support this conclusion. Several 
mechanisms of density-dependent population control have been 
identified. Of these, the effects of larval density on growth and 
cannibalism by Gulf of Alaska pollock have been investigated. 
Yoklavich and Bailey (1989) found no evidence of density dependent 
growth in larval pollack over the years 1983, 1985-1987. 
Cannibalism by pollack has been accepted as a major source of 
mortality of O and 1 year old pollack in the eastern Bering Sea 
(J?W¥er et al. 1987, Livin~ston et al., 1986; Livingston, 1989). 
Similarly, food habit studies performed for OSCEAP in the Gulf of 
Alaska show little evidence of cannibalism (Smith et al., 1978; 
Feder, 1977-81; Rogers et al., 1979). In recent years, stomach 
scans by foreign fishery observers and Resource Assessment 
Conservation Engineering Division personnel show cannibalism is 
relatively rare in comparison to that observed in the Bering Sea 
(P. Livingston, Pers. Comm., AFSC, Seattle, WA). Food habit 
analyses of stomachs collected during the 1990 Gulf of Alaska 
bottom trawl survey show the prinicpal prey of pollack during the 
summer were euphausiids, shrimp and capelin (P. Livingston, Pers. 
comm.) • Juvenile pollack ( less than 80mm) only accounted for 1% of 
the pollock diet during the summer of 1990 (P. Livingston, Pers. 
comm., Seattle, WA). 

An alternative explanation for the observed spawner recruit data is 
that environmental conditions favored recruitment in the late 
1970's and were unfavorable for recruitment in the 1980's. 
Prelimina~ data from the Fisheries Oceanography Coordinated 
Investigation project shows evidence that density independent 
factors may play a role in determining the relative magnitude of 
pollack year classes in Shelikof Strait. For example, an analysis 
of the current patterns during the spawning period has revealed 
that eggs and larvae are transported out of Shelikof Strait in the 
Alaska Coastal current (Hinckley et al. 1989) . Analysis of 
transport rates revealed that a large eddy formed from Cook Inlet 
outflow may play an important role in entraining larvae in lower 
Shelikof Strait (Reed et al. 1988). These features suggest that 
transport processes may play an important role in controlling the 
survival of pollack during the early life history period. 

1.4 

overview 
ESTIMATION o:r p msy AND Smsy 

The values of Acceptable Biological Catch (ABC) recommended by the 
Plan Team must not exceed the catch levels obtained by applying the 
overfishing definition selected by the Council in Amendment 21/16. 
The overfishing definition adopted by the Council defines a maximum 
fishing mortality rate that declines at low stock sizes. The 
availability of information on stock-recruitment, fecundity, 
maturity, growth and mortality for Gulf of Alaska pollack 
overfishing can be defined as follows. The maximum allowable 
fishing mortality rate will be set at Fmsy for all spawner biomass 
levels in excess of s • For lower spawner biomass levels, the 
maximum allowable fis~g mortality rate will vary linearly with 
biomass, starting from a value of zero at the origin and increasing 
to a value of Fmsy at Smsy. 
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Description of Modified Yield-per-Recruit Model 

A deterministic model was developed for the estimation of Fgv;y• The 
model was a yield-per-recruit model which was modified to 
inCOrJ?Orate estimates of age specific fishing mortality, and 
maturity-at-age. In this model recruitment was generated as a 
function of spawner biomass using Kimura•s form of the Beverton
Holt type asymptotic relationship between spawners and recruitment. 
Where s0 was set equal to the spawner biomass expected if 
recruitment was constant at a level equal to the mean of the 
observed recruitment (1973-1988). Ro was set equal to the mean 
observed recruitment (1973-1988). Si was set equal to the spawner 
biomass expected at a given level of fishing mortality. The shape 
parameter A was set equal to the value that approximated the 
Shepherd formulation of the Beverton-Holt (1957) SR relationship 
(Model B = 0.750) (Figure 7). The values SPR and SPRo refer to the 
spawners-per-recruit at the given level of fishing mortality and 
the observed spawners-per-recruit under unfished conditions 
respectively. The model was run using fish ages 2+. 

Additional runs of the model were made under constant recruitment 
conditions. The imposition of constant recruitment conditions was 
made by setting the A value equal to 1. The fishing mortality 
level at F M3" and Fo 1 were determined using parameters from stock 
synthesis Model B. ·rn all cases natural mortality was assumed to 
be equal to 0.3. 

Results Modified Yield-per-Recruit Model 

The results of the long term simulations are summarized in Table 
10. Estimates of F~ and F01 derived from parameters from Model 
B were o. 115 and O. 098 respectively. The estimate of spawning 
stock biomass associated with Fmsy was 785,075t (Table 10). The 
long term expected yield at Fmsywas 176,000t. 

Under the assumption of constant recruitment, the estimates of Fmax 
and F01 were 0.457 and 0.240. These values were higher than the 
estimates derived assuming an asymptotic SR relationship (Table 
10) • 

overfishing Definition 

There was sufficient concern with the stock-recruitment 
relationshi~, that the estimates of fishing mortality associated 
with sustainable yields may be inaccurate. Therefore, the 
overfishing level of fishing mortality was defined as the rate that 
results in the biomass-~er-recruit ratio falling below 30% of the 
pristine level. This fishing mortality rate is 0.416. 

1.5 STOCK PROJECTIONS 

Proj ~ct ions were initiated for two initial population vector 
scenarios. The two initial population vectors were estimated from 
the results of synthesis Models A and B. The projections were made 
under the assumption that yield would be set equal to 10% of the 
biomass age 3+. 
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Recruitment was defined as age 2. The recruitment scenario reflects 
a pessimistic outlook regarding future recruitment of the 1989, 
1990 and 1991 year classes. The recruitment in these years was set 
equal to the mean of the estimates of recruitment that fell in the 
lower quartile of the recruitment distribution. The 1988 year 
class was defined as the average of the estimates of recruitment 
that fell in the second and third quartiles of the age 3 
recruitment distributions. This scenario provided a cautious 
approach regarding the incoming year class. 

The projections were initiated with the expected age composition of 
the stock in 1991. These values, were determined from the 
synthesis model using a one year look ahead. Total annual 
instantaneous fishing mortality estimates F were estimated by 
solving the catch equation where: 

µ =Catch/ Nb= F * (1-exp(-Z)) / Z 

Where Fis the total instantaneous fishing mortality when F(yr) = 
sum over all ages of f(yr) * S(age) 

short-term Projection Results 
In order to be consistent with previous assessment document 
procedures, the results of the short term projections were 
summarized for fish age 3+. The results of the two yield 
projections ranged from 100,ooot to 108,000t in 1991 (Table 11). 
The similarity between the two estimates results from the fact that 
the ending biomass associated with both models was very similar. 
The fishing mortality rate associated with these two runs was well 
below the overfishing level. The projected spawner biomass level 
in 1991 was also above the level associated with Fms • However, if 
the pessimistic recruitment scenario used to make the projections 
is correct, the spawner biomass levels would fall below the level 
associated with Fmsy in 1992 and 1993. 

ACCBPTABLB BIOLOGICAL CATCH 

The assessment provided this year has utilized most of the 
available information on the Gulf of Alaska pol lock resource. 
considering the current condition of the stock, an ABC of 93,000 t 
is recommended for 1992. This value represents the estimate of 
yield derived from projection from Models B. The recommeded ABC of 
93,000t is well below the yield associated with overfishing which 
would be 385,000t. 
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Table 1. Estimates of bottom trawl biomass in 1984, 1987 and 
1990. 

Biomass 
Estimate Lower U~per 

Type (tons) 95% CI 95 CI 

1984 691,915 501,083 882,746 
1987 849,026 613,997 1,084,055 
1990 799,154 619,523 978,784 

Table 2. Total landed catch (t) of pollock and discard) in the 
Gulf of Alaska by fishery category in the Western and Central 
regulatory areas. 

Foreign & 
JV Domestic Discard Total 

Year (tons) (tons) (tons) (tons) 

1986 29,075 54,887 !5,434! 89,396 
1987 22,822 39,757 3,936 66,575 
1988 152 55,722 5,516 61,238 
1989 0 66,570 7,190 73,760 
1990 0 77,773 6,922 84,695 

Values in brackets indicate estimates based on the average 
discard in 1989 and 1990. 

Sources: --Landed catch information from the Pacific Fishery 
Information Network (PacFIN)c Pacific Marine Fisheries 
commission, Metro Center, suite 170, 2000 SW. First Avenue, 
Portland, OR 97201. Discard information from Alaska Regional 
Office, Anchorage, AK. 

Table 3. Estimates of total stock biomass in 1990 derived from 
s~ring hydroaocustic surveys, summer bottom trawl surveys, and 
mid-year estimates of stock biomass for ages 3 and above based on 
the stock synthesis assessment model runs. 

BIOMASS 
Year (tons) Region or Model Description 

Hydroacoustic 483,865 Shelikof and outer Shelf and Slope 
Bottom trawl 799,154 Gulfwide 
Stock Synthesis 1,035,975 Model A, M = 0.3 
Stock Synthesis 1,oso,002 Model B, M = 0.3 
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Table 4.--Estimated catch (lOOO's) of pollock by foreign trawl, 
ioint venture, and domestic fisheries in the North 
acific Fisheries Commission Western and Central Reg-

ulatory Areas of the Gulf of Alaska, by age 1976-90. 

Year 

Age 1976 1977 1978 1979 1980 1981 

2 603 13,189 47,651 1,773 65,253 6,439 
3 13,562 7,676 111,332 76,305 30,514 33,106 
4 94,005 18,821 13,819 55,977 54,838 75,760 
5 32,137 92,616 19,338 9,669 31,910 54,959 
6 8,997 24,204 34,446 7,661 11,586 16,861 
7 2,515 8,990 7,684 14,473 6,787 4,630 
8 2,515 1,823 2,669 4,951 7,150 3,770 
9 1,561 795 1,488 1,591 2,914 3,744 

10+ 1 1,679 1,122 1,157 1,598 889 

Total 155,896 169,793 239,549 173,557 212,550 200,158 

Year 

Age 1982 1983 1984 1985 1986 1987 

2 10,948 0,000 1,291 0,000 8,625 8,826 
3 62,435 22,438 31,186 5,399 20,,355 14,026 
4 102,612 127,293 49,487 32,680 10,116 7,998 
5 73,869 123,189 131,309 38,420 19,131 6,894 
6 50,899 57,617 159,392 73,288 7,316 6,435 
7 7,631 44,822 53,302 120,345 8,701 7,180 
8 1,081 11,529 23,736 35,191 9,782 4,194 4 
9 736 1,141 5,731 9,588 2,133 9,951 

10+ 176 62 260 2,557 800 1,935 

Total 310,387 388,091 455,694 317,468 86,959 67,439 

Year 

Age 1988 1989 1990 

2 3,048 271 8,283 
3 20,800 1,470 1,292 
4 26,947 19,393 4,199 
5 11,927 28,888 12,145 
6 5,102 16,955 45,738 • 7 3,447 8,094 15,963 
8 1,623 4,757 3,879 
9 339 1,694 880 

10+ 3,209 5,164 908 

Total 76,442 a,,,a, 93,287 
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Table 5. Age specific retention and selectivity values from 
Model A and Model B. 

Model A 

Foreign Domestic Acoustic Bottom Trawl 
Age Retention Fishery Fishery Survey Survey 

2 0.500 0.068 0.096 0.727 0.124 
3 0.731 0.276 0.207 0.829 0.236 
4 0.881 0.708 0.401 0.918 0.415 
5 0.953 0.988 0.656 0.981 0.664 
6 0.982 1.000 0.886 1.000 0.912 
7 0.993 0.918 1.000 0.953 1.000 
8 0.998 0.815 0.901 0.831 0.864 
9 0.999 0.711 0.516 0.650 0.627 

10+ 1.000 0.611 0.165 0.456 0.416 

Model B 

Foreign Domestic Acoustic Bottom Trawl 
Age Retention Fishery Fishery survey Survey 

2 0.500 0.141 0.178 1.000 0.227 
3 0.731 0.492 0.373 1.000 0.421 
4 0.881 0.945 0.681 0.999 0.680 
5 0.953 1.000 0.977 0.992 0.935 
6 0.982 0.821 1.000 0.956 1.000 
7 0.993 0.620 0.723 0.801 0.771 ,. ,_ 8 0.998 0.451 0.400 0.434 0.456 
9 0.999 0.321 0.189 0.128 0.236 

10+ 1.000 0.224 0.083 0.027 0.116 
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Table 6.--Average weight-at-a~e values used as input data to the 
stock assessment an projection models. 

COMMERCIAL FISHERY 

Jan - A~r May - Aug Sep - Dec 
Age Weight-a -age Wei{ht-at-age Wei{ht-at-age 
(yrs) (kg) kg) kg) 

2 0.128 0.214 0.274 
3 0.294 0.388 0.455 
4 0.460 0.542 0.612 
5 0.602 0.665 0.735 
6 0.712 0.756 0.827 
7 0.794 0.823 0.893 
8 0.854 0.871 0.941 
9 0.897 0.905 0.975 

10 0.927 0.929 0.999 
11 0.949 0.946 1.015 
12 0.964 0.958 1.027 
13+ 0.975 0.954 1.024 

SURVBY 

Bottom Trawl Hydroacoustic 
Age Weight-at-age Wei{ht-at-age 
(yrs) (kg) kg) 

2 0.187 0.085 
3 0.407 0.211 
4 0.622 0.367 
5 0.800 0.528 
6 0.936 0.679 
7 1.034 0.812 
8 1.103 0.925 
9 1.151 1.018 

10 1.184 1.093 
11 1.206 1.153 
12 1.221 1.201 
13+ 1.231 1.238 
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Table 7. Avera9e weight-at-age and maturity-at-age values used to 
estimate spawning biomass. 

Age 
(yrs) 

2 
3 
4 
5 
6 
7 
8 
9 

10+ 

Jan - Apr 
Weight-at-age 

(kg) 

0.128 
0.294 
0.460 
0.602 
0.712 
0.794 
0.854 
0.897 
0.927 

Maturity-at-age 

0.087 
0.203 
0.404 
0.643 
0.828 
0.928 
0.972 
0.989 
0.999 

Table 8. Estimates of year-class strength as measured by 
recruitment at age two and spawner biomass (sexes combined) for 
walleye pollock, 1973-1990. 

Year 
Class 

1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

--- MODEL B ---
Stock Synth. 
Recruitment 

at age 2 
(Billions) 

0.815 
0.557 
2.985 
4.473 
3.098 
4.740 
2.462 
0.735 
0.660 
0.309 
0.599 
1.584 
1.054 
0.220 
0.186 
1.947 

Total 
S~awner 
Biomass 

(Million t) 

0.903 
0.956 
1.090 
1.287 
1.431 
1.514 
1.675 
2.002 
2.400 
2.733 
2.836 
2.642 
2.174 
1.668 
1.395 
1.241 
1.133 
1.014 
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Table 9. Stock recruitment parameters. 

Parameter 

Mean Spawner Biomass (t) 
Shepherd K (t) 
Shepherd a 
Kimura Ro (thousands) 
Kimura s0 ( t) 

age 2+ 
MODEL B 

1,671,936 
648,030 

3.477 
1,651,500 
2,290,654 

age 3+ 
MODEL B 

1,652,384 
650,032 

2.564 

Table 10. Summa;-y of the results from the dynamic pool yield
per-recruit model. 

I. Asymptotic Spawner - Recruit Relationship 

Parameter Shape Yield Biomass 
SJ;>awner 
Biomass 

Source fmsy fo.1 Parameter (mmt) (mmt) (mmt) 
F 

Model B 0.26 0.750 0.176 1.265 0.785 0.115 

0.22 0.750 0.173 1.461 0.936 0.098 

fmsv.= Year specific term of fishing mortality, where the fishing 
mortality at age i is Fi • f * Si and Si is the age specific 
selectivity for the domestic fishery. The value of F shown is 
the estimate of the fishing mortality. 

II. Constant Recruitment 

Parameter Shape Yield Biomass 
SJ;>awner 
Biomass 

source fmax fo.1 Parameter (mmt) (mmt) (mmt) 
F 

Model B 1.48 1.000 0.457 0.709 0.266 0.408 

0.61 1.000 0.370 1.211 0.608 0.240 

fmsv.= Year specific term of fishing mortality, where the fishing 
mortalit¥ at age i is Fi = f * Si and Si is the age specific 
selectivity for the domestic fishery. The value of F shown is 
the estimate of the fishing mortality. 
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Table 11. Summary of the 1991-93 potential yields from short term projections for Gulf of 
Alaska pollack ages 3+ using parameters from Models A and B. 

Model A 
Begin-Yr Mid-Yr SJ?awning Age 2 

Catch Yield Number Biomass Biomass Recruitment 
Year f F (billion) (MMT) (billion) (MMT) (MMT) (billion) y / B 

1991 0.187 0.086 0.137 0.100 1.588 1.000 0.794 o. 303 t! 0.100 
1992 0.189 0.090 0.113 0.085 1.261 0.846 0.702 0.303 W 0.100 
1993 0.202 0.092 0.095 0.071 1.037 0.713 0.614 0.303 W 0.100 

f = Year specific term of fishing mortality; F = Estimated total instantaneous fishing 
mortality 

Model B 
Begin-Yr Mid-Yr SJ?awning Age 2 

Catch Yield Number Biomass Biomass Recruitment 
Year f F (billion) (MMT) (billion) (MMT) (MMT) (billion) y / B 

1991 0.261 0.099 0.174 0.108 1. 762 1.088 0.870 o. 374 t! 0.100 
1992 0.256 0.107 0.149 0.093 1.399 0.927 0.747 0.374 W 0.100 
1993 0.231 0.105 0.121 0.078 1.151 0.786 0.662 0.374 W 0.100 

f = Year specific term of fishing mortality; F = Estimated total instantaneous fishing 
mortality 
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Pollock Biomass Estimates 
Bottom Trawl Surveys 
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Figure 1.-- Original and revised pollack biomass estimates from 
Gulf of Alaska bottom trawl surveys. 
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Figure 2.-- Age composition estimates from summer 1973 bottom trawl 
survey data found in Hughes and Hirschhorn (1979). 
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Figure 3. -- Estimates of population biomass, from Hollowed and 
Megrey ( 1990) stock synthesis assessment with low emphasis on 
hydroacoustic data, and revised estimates based on stock synthesis 
Model A (low emphasis on hydroac 'Stic data) and Model B. 

- - - ..... -



- -

. 
Age 3 Abundance (billions) • 

4.0 i----------------------------~ 

3.5 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

1111 1990 Assessment 

~ Model A 

Model B 

70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 

Year Class 
Figure 4.-- Estimates of age 3 recruits from Hollowed and Megrey 
( 1990) stock synthesis assessment with low emphasis on 
hydroacoustic data, and revised estimates based·on stock synthesis 
Model A (low emphasis on hydroacoustic data) and Model B. 
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Figure 5.-- Comparison between observed and expected biomass 
estimates for bottom trawl and hydroacoustic surveys from synthesis 
Model A (low emphasis on hydroacoustic data) and Model B. 
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Section 2 PACIFIC COD 

by 
Harold H. Zenger, Jr. and Grant G. Thompson 

No updates of survey biomass are available for 1992, therefore only 
the following changes were made in the 1991 GOA Pacific cod SAFE 
document to arrive at the current draft of the 1992 chapter: 

1) The 1990 catches have been updated in the catch table, and 1991 
catches through August 20, 1991 have been included. It should be 
noted that as of that date the total 1991 GOA catch of Pacific cod 
had exceeded the ABC by approximately 400 t (Table 2.1) 

2) New biomass and ABC projections have been made based on an 
additional year of catch data (Sections 2.7.1 and 2.8). Under the 
Council's present harvest strategy (Fo.i>, ABC for 1992 would be 
67,900 t, down from 77,900 tin 1991 and 90,000 tin 1990. 
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Section 2 

2.1 

PACIFIC COD 

by 
Harold H. Zenger and Grant G. Thompson 

INTRODUCTION 

In North American waters, Pacific cod (Gadus macrocephalus) occur 
on the continental shelf and upper slope from Santa Monica Bay, 
California (lat. 34°N) through the Gulf of Alaska, Aleutian 
Islands, and eastern Bering Sea to Norton Sound (Bakkala et al. 
1981). A recent study suggests that Gulf of Alaska, Bering Sea and 
Aleutian Islands cod stocks are genetically indistinguishable 
(Grant et al. 1987), and tagging studies show that cod move betwe,n 
the Gulf of Alaska and the Bering Sea and Aleutian Islands . 
However, since the magnitude and regularity of the migrations are 
unknown, the Gulf of Alaska cod stocks are managed as a separate 
unit. 

2.2 

2.2.1 Allocations 

CATCH HISTORY 

The optimum yield (OY) for Gulf of Alaska Pacific 'cod, which was 
replaced by target quota (TQ) in 1987 and total allowable catch 
(TAC) in 1988, has varied considerably since it was initially 
specified by the North Pacific Fishery Management Council (NPFMC) 
in 1977. Originally, OY was established at slightly less than the 
1976 total catch. During the period 1978-81, OY varied between 
34,800 and 70,000 t, settling at 60,000 tin 1982. Prior to 1981 
OY was assigned for "fishing years" rather than calendar years. In 
1981 OY was raised temporarily to 70,000 t and the fishing year was 
extended until December 31 to allow subsequent OYs to cover 
calendar years (Table 2.1). In 1986 OY was raised to 75,000 t. 
Although the 1987 Acceptable Biological Catch (ABC) was set at 
125,000 t, TQ was lowered to 50,000 t in that year to protect 
incidentally caught and prohibited species. Between 1987 and 1990, 
ABC decreased to 71,200 tin response to a trend predicted by stock 
reduction analysis (Zenger and Thompson 1990). 

The history of allocation by NPFMC Regulatory Area within the gulf 
is described by the following table: 

1Pers. commun., August, 1987, Alan Shimada, Resource 
Assessment and Conservation Engineering Division, Alaska Fisheries 
Science Center, National Marine Fisheries Service, NOAA, Bin 
Cl5700, Building 4, 7600 Sand Point Way NE. Seattle, WA 98115. 
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Allocation (in percent) of the gulf Pacific cod TAC by NPFMC 
Regulatory Area. 

Year(s) Western Central Eastern 

1977-1985 28 56 16 
1986 40 44 16 
1987 27 56 17 
1988-1989 19 73 8 
1990 33 66 1 
1991 33 62 5 

Note: The NPFMC Western Area is the International North Pacific 
Fisheries Commission (INPFC) Shumagin Statistical Area, the 
NPFMC Central Area combines the INPFC Chirikof and Kodiak 
Areas, and the NPFMC Eastern Area encompasses the INPFC 
Yakutat and southeastern Areas. 

In 1986, the geographic distribution of TAC was changed in order to 
permit all of the total allowable level of foreign fishing to be 
taken from the NPFMC Western Regulatory Area. With the cessation 
of foreign fishing in 1987, allocations of DAH by regulatory area 
were restored to near pre-1986 levels. Allocations for 1988 and 
1989 were changed to reflect the results of the 1987 Gulf of Alaska 
triennial groundfish survey. The 1990 allocations were changed to 
3 3, 66, and 1% to accommodate the developing fisheries around 
Kodiak Island and in the western Gulf of Alaska. In 1991, 
allocations were adjusted slightly to reflect the results of the 
1990 triennial survey. 

2.2.2 Landings 

Catches of Pacific cod in the Gulf of Alaska increased throughout 
most of the 1980s in response to one or two large year classes that 
recruited to the fishery in 1980-81. Growing from 2,257 tin 1977 
to 36,401 tin 1983, the annual total catch dropped to 14,306 tin 
1985 as foreign effort began to be phased out, then grew again as 
the capacity of the domestic fleet increased. The 1991 catch is 
projected to reach a record level of 77,900 t. 

Historically, the majority of Pacific cod catches came from the 
INPFC Shumagin and Chirikof Areas (Table 2. 2) • Foreign trawl 
catches of Pacific cod were usually incidental to directed 
fisheries for other species. In 1987 and 1988 the vast majority of 
landings were taken by trawls in the Kodiak INPFC Area, reflecting 
the absence of foreign fishing effort in the western gulf and an 
increase in domestic effort near the principal landing port of 
Kodiak. Pacific cod landings from the western gulf increased from 
33% to over 40% of total gulf cod landings between 1989 and 1991. 

As summarized in the table below, trawlers continue to account for 
the majority of gulf cod landin9s. Also noteworthy is the recent 
increase in use of pot gear, which has resulted largely from that 
gear type's ability to avoid halibut bycatch. 
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Percentage of gulfwide 
gear categories. 

Pacific cod landings, by the three principal 

Year Trawls Longline Pots 

1987 69 28 3 
1988 82 13 5 
1889 90 9 1 
1990 78 8 8 
1991 75 10 15 

Note: 1991 landings are those reported through August 20, 1991 by 
the Pacific Fishery Information Network (PacFIN), Pacific 
Marine Fisheries Commission, Metro Center, Suite 170, 2000 
sw. First Avenue. Portland. OR 97201. 

Through 1988, total harvest remained well below TAC (Table 2.1), 
and landings from the most productive NPFMC Regulatory Areas 
(Western and Central) were likewise well below their respective 
allocations (Table 2. 3) . Total landings for 1989 were only 
slightly more than half of TAC, but landings in the NPFMC Western 
Area exceeded that area's allocation by 330 t. Landings for 1990 
totaled 74,700 t, coming closer to the 90,000 t TAC. Landings in 
the Western Regulatory Area again exceeded the local TAC, this time 
by 2,700 t. In 1991, the entire TAC of 77,900 twas taken well 
before the end of the year (Table 2.1). 

2.3 CONDITION OF STOCKS 

2.3.l Relative Abundance 

2.3.1.1 Japan-u.s. cooperative Longline survey 

Results of the annual (1979-88) Japan-u.s. longline surveys suggest 
that the relative number of Pacific cod in 1986 was about 66% of 
that found in 1979 and 1980, and that the relative population 
weight was only 55% of that found in 1979 (Teshima 1987). 
Yoshimura and Sasaki (1987) qualify this point by showing that the 
major decreases were limited to the INPFC Yakutat and Chirikof 
Areas and that catch rates increased in the INPFC Shumagin and 
Kodiak Areas. It is also important to note that the cooperative 
longline surveys focused on the outer continental shelf and upper 
slope, and so omit major areas of Pacific cod abundance. 

Indices of abundance in terms of catch per unit effort (CPUE) 
derived from the Japanese-reported commercial longline fishery in 
the INPFC Shumagin and Chirikof Areas indicate that the cod 
population decreased 34% and 4 7%, respectively (Tashima 1987) . 
Preliminary results of the 1987 survey show that CPUE continued to 
increase in the INPFC Shumagin Area, was up sharply in the INPFC 
Chirikof Area, but was down about a third in the INPFC Kodiak Area, 
which supplied the bulk of the 1987 harvest. Increases in relative 
abundance of cod in the western Gulf of Alaska and decreases in the 
INPFC Kodiak Area may reflect the concentration of landings from 
the latter area and diminished fishing effort in the former. 

Sasaki and Teshima (1987) found the relative population weight 
indices for Pacific cod from the 1984 and 1987 Japan-u.s. 
cooperative longline surveys to be similar and thus postulated that 
the biomasses for those two years were nearly equal. 
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Generally, Japanese-reported longline catch statistics show a 
similar trend toward increasing Pacific cod CPUE from 1978 to 1985 
and a small decrease between 1985 and 1986 (Teshima 1987). 

2.3.1.2 U.S. Longline Survey of the Gulf of Alaska 

During the summers of 1987-90 the National Marine Fisheries Service 
(NMFS) conducted longline surveys occupying the same stations as 
the cooperative survey mentioned above. In 1988 the survey was 
extended into gullies. The 1990 survey detected an increase in 
Pacific cod abundance on the upper continental slope, although the 
increase was found to be statistically nonsignificant (Zen9er and 
Sigler 1990, in prep.). The same survey also found a si9nificant 
increase in abundance in Shelikof Trough. Size compositions from 
the longline survey are markedly different than those from the 1990 
triennial trawl survey (Fig. 2.1 and 2.2). Basically, the two sets 
of length frequencies represent different sampling areas. The 
former samples Pacific cod that have recruited to the upper 
continental slope and into deep gullies, whereas the trawl survey 
samples a much broader area. In addition to the limited area 
covered by the longline surveys, hook selectivity determines the 
portion of the population that is sampled. In general, it appears 
that neither of the longline surveys gives a broad measure of true 
Pacific cod abundance and size composition. 

2.3.2 Absolute Abundance 

The first U.S.-Japan cooperative Gulf of Alaska bottom trawl survey 
was conducted in 1984 and was followed by another in 1987. They 
were the most comprehensive trawl surveys ever completed in the 1 
region, having the general objective of determining the abundance, 
distribution, and biological condition of groundfish stocks in the 
central and western Gulf of Alaska on a triennial basis. To 
complement those surveys, others were conducted in the eastern Gulf 
of Alaska utilizing vessels chartered by NMFS. 

Another comprehensive trawl survey was conducted in 1990 utilizing 
U.S. vessels only. Total Pacific cod biomass was estimated at 
410,949 t (Table 2.4), a 35% decrease from the 1987 fishing power 
adjusted estimate. Gear standardization was apparently not a 
significant problem in the 1990 survey since only one kind of trawl 
was used on the three survey vessels. 

studies regarding differences in the fishing power of alternative 
vessels or nets are ongoing. When these studies have been 
completed, it is likely that a new set of fishing power corrections 
will be applied to the time series of trawl survey data, thus 
generating new standardized biomass estimates and facilitating more 
straightforward interannual comparisons. 

2.3.3 current Exploitable Biomass 

The triennial Gulf of Alaska trawl surveys were designed to sample 
a broad part of the area where all ages and sizes of groundfish are 
found. Thus the surveys detected parts of stocks that had not yet 
recruited to the fisheries and the resultant estimated biomasses 
contain size categories not targeted by commercial vessels. Based 
on a recruitment age of 3 years, 9% of the Pacific cod biomass 
sampled by the 1984 trawl survey was undersized, compared to 11% in 
1987 and 6% in 1990. The 1984, 1987, and 1990 exploitable biomass 
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estimates were 571,188 t, 558,662 t, and 387,658 t respectively. 
Results of stock reduction analysis project a 1992 exploitable 
biomass level of 369,565 t. Total abundance and exploitable 
biomass of Pacific cod in the gulf appears to have decreased 
considerably since 1987. 

Pacific cod abundance as assessed by the 1990 triennial groundfish 
trawl survey of the Gulf of Alaska is summarized in Table 2.4. The 
table treats both INPFC and NPFMC areas because more localized size 
composition and exploitable biomass differences are better 
demonstrated in a breakdown of the Central management area into the 
Chirikof and Kodiak INPFC areas. The Chirikof INPFC area was the 
most productive area for cod, in terms of abundance per area. 
Forty percent of the total exploitable biomass was detected in 21% 
of the total survey area encompassed by the Chirikof INPFC area. 
Sixty-two percent of the biomass in the NPFMC Central area was 
found in the portion west of Kodiak Island (Table 2.4). 

The largest cod were found in the Shumagin INPFC area, and the 
smallest cod were found in the vicinity of Kodiak Island (Table 2.4 
and Fig. 2.2). 

Exploitable biomass detected during the 1987 Gulf of Alaska 
cooperative trawl survey was distributed by NPFMC regulatory area 
as follows: Western, 19%; Central, 73%; and Eastern, 8%. The 
distribution detected by the 1990 survey was 33%, 62%, and 5%, 
respectively. 

2.4 RECRUITMENT STRENGTHS 

I'n 1990, the Alaska Fisheries Science Center began production 
ageing of Pacific cod, using otoliths as the preferred ageing 
structure (supplemented by scale readings at the younger ages). 
However, all efforts toward ageing Pacific cod were initially 
directed toward samples collected from the eastern Bering Sea. 
Thus, evaluation of relative year class strengths for last year's 
assessment relied on a set of ad hoc assumptions to demarcate year 
class boundaries within observed length frequency distributions 
(see "Length and Weight at Age" section). It is anticipated that 
some direct age information on gulf cod will be available in time 
for the final version of this report. In the interim, the results 
of last year's ad hoc analysis can be reiterated. s14ecifically, it 
was assumed that lengths 1-20 cm correspond to age o fish, lengths 
21-30 cm correspond to age 1+ fish, lengths 31-40 cm c~rrespond to 
age 2+ fish, and lengths 41-50 cm correspond to age 3 fish. 

Length frequency modes presented in Figure 2. 2 show that age o+ cod 
were found in the vicinity of Kodiak Islan~ in 1984 and 1990 and in 
the Chirikof INPFC area in 1987. Age 1 cod were found in the 
Shumagin area during+all three surveys and in the Kodiak area in 
1987 and 1990. Age 2 fish were found farther west in the Shumagin 
INPFC area, and age 3+ fish were relatively common near Kodiak and 
westward. 

What appears to be the 1984 year class frequency mode was detected 
in 1987. It was composed of slightly smaller fish than had been 
anticipated by applying our somewhat subjictive age/size rule of 
thumb described above. Initially the age O mode (1984 year class) 
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from the 1984 survey was viewed as an indicator of a strong year 
class, but that hypothesis has not been supported by later surveys. 

Qualitatively, the 1990 triennial survey s_j.ze compositions are 
somewhat similar to those of 1984 in that O cod were relatively 
abundant. Since the large numbers of young-of-the-year cod 
observed in 1984 did not translate into a large recruitment in 
1987, it would be premature to judge the siccess of the 1990 year 
class on the basis of the numbers of age o fish observed in last 
year's survey. In no case has recent recruitment approached the 
(presumed) levels of the 1977-78 year classes. Furthermore, recent 
recruitment levels have not kept pace with reductions due to 
natural mortality, fishing mortality, and possible significant 
(though as yet unquantified) westward migrations out of the gulf. 
The conjecture of a significant emigration is based on the 
progressively larger mean length found along an east-to-west 
gradient (Table 2.4 and Fig. 2.2). 

2.5 BIOLOGICAL PARAMETERS 

As in previous assessments, some parameter values employed herein 
were based on estimates derived for the eastern Bering Sea stock of 
Pacific cod by Thompson (1988). Exceptions include the weight-at
age parameters described below, which are also ba~ed on eastern 
Bering Sea data but which involve a functional form different than 
that used by Thompson. Parameters specific to Gulf of Alaska cod 
stocks will be estimated as length-at-age data become available. 

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

Thompson (1988) estimated natural mortality Mat 0.29, although he 
noted that this value was lower than most previous estimates. On 
the advice of the Pacific Cod Species Working Group, this value is 
used here as well. Further support for a natural mortality rate 
between O. 2 and O. 3 can be found in the work of Gunderson and 
Dygert (1988), who evaluated the relationship between reproductive 
effort and natural mortality rates in 20 different stocks of fish. 
They found that the wet gonad-somatic weight index (WGSI) could be 
used to predict natural mortality rates better than models that 
employ estimates of von Bertalanffy growth parameters. We 
determined a WGSI for mature female Pacific cod from unpublished 
wet gonad-somatic weight data collected immediately prior to 
spawning in the southeast Bering Sea in February 1982 (WGSI=0.141). 
An estimate of the natural mortality rate was obtained from 
Gunderson and Dygert's equation: 

M • 0, 03 + 1, 6 8 WGSI • 0 , 27 , (1) 

A possible problem with the above regression is that it was fit to 
data that included an independent (and apparently excessive) 
estimate of M for Pacific cod, implying some circularity. We 
therefore fit a new regression by deleting the Pacific cod estimate 
from the data used by Gunderson and Dygert, yielding: 
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H • 0, 005 + l.70WGSI • 0,24, (2) 

. ,, 
with !r=0.89. 

The age of recruitment was set at 3 years. Although Pacific cod in 
the eastern Bering Sea have been aged as old as 18 years, the 
present assessment does not make use of a maximum age parameter. 

2.5.2 Length and Weight at Age 

Using length and age data from the eastern Bering Sea stock, a 
length-at-age relationship was estimated by applying nonlinear 
least squares regression to the individual lengths at age, yielding 

(3) 

where .It=length in cm, and g=age in years. 

Nonlinear least squares was also used to fit the mean weights at 
age (ages 3 through 13) to Schnute•s {1985) parametrization of the 
Brody growth curve (Kimura 1985), giving p=0.99262 and ~=-0.4825. 

2.5.3 Historical Exploitation Rates 

Results of stock reduction analysis with stock-recruitment shape 
parameter A:::0,9 (see "Maximum Sustainable Yield" section) indicate 
the schedule of historical exploitation rates shown in Table 2.5, 
where "exploitation rate" is used in the sense of Baranov•s catch 
equation. The projected exploitation rate for 1991 is 0.149. 

Table 2.5. Historical exploitation rates. 1971-1990. 

Year Rate Year Rate Year Rate Year Rate 
1971 0.001 1976 0.009 1981 0.038 1986 0.040 
1972 0.005 1977 0.003 1982 0.044 1987 0.051 
1973 0.008 1978 0.016 1983 0.056 1988 0.055 
1974 0.007 1979 0.020 1984 0.038 1989 0.071 
1975 0.008 1980 0.048 1985 0.024 1990 0.129 

2.6 MAXIMUM SUSTAINABLE YIELD 

Although an estimate of maximum sustainable yield (MSY) is required 
by the Magnuson Fishery Conservation and Management Act (MFCMA), it 
should be noted that the MSY concept might not be particularly 
useful for managing stocks that exhibit wide fluctuations in 
recruitment, as the Gulf of Alaska Pacific cod stock appears to do. 

MSY for this stock was estimated at 88,000-177,000 t by Low et al. 
(1979) and at 95,000-190,000 t by Zenger and Cummings (1983) based 
on various Gulf of Alaska groundfish surveys that were conducted in 
1980 and 1981. Zenger and Blackburn (1987) used the Alverson and 
Pereyra ( 1969) equation to estimate MSY at 125,000 t, but the 
instantaneous natural mortality rate of 0.45 (Bakkala and Wespestad 
1985) used in this analysis was probably too large. The Alverson-
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Pereyra method is also limited by its strong assumptions that the 
biomass level corresponding to MSY (~Msy)is one-half the pristine 
level and that the fishing mortality rate corresponding to MSY 
(EMsy)is equal to the natural mortality rate. 

To secure an alternate estimate of MSY, the method of stock 
reduction analysis (SRA--Kimura and Tagart 1982, Kimura et al. 
1984, Kimura 1985) has been employed in all assessments since 1988. 
All analyses have assumed a Beverton-Holt (1957) stock-recruitment 
curve, which requires the specification of a shape parameter A 
(Kimura 1988) • The value of A can range from 0 (proportional 
recruitment) to 1 (constant recruitment). The A value used in the 
1988 assessment was 0.923, which corresponded to an MSY value of 
34,200 t and an EMsyvalue of 0.179. The 1989 assessment, using 
different growth parameters and an A value of 0.689, estimated MSY 
at 32,600 t and EMsyat 0.124. 

The dramatic decline in exploitable biomass estimated by the 1990 
trawl survey dictated a change in the procedure used to tune the 
stock reduction analysis for last year's assessment. Previously, 
pristine biomass and the shape parameter A were estimated by 
fitting the SRA biomass trend to the 1984 and 1987 survey biomass 
estimates. However, the sharp decrease between the 1987 and 1990 
surver biomass estimates is best matched with an A value of zero, 
implring in turn that MSY is zero. Since this result is not very 
credible, the tuning procedure was modified by making pristine 
biomass the only estimated parameter (i.e., A was specified 
independently). The SRA biomass trend was then tuned to the survey 
estimates of exploitable biomass from 1984, 1987, and 1990. The 
method used was nonlinear least squares, with the residuals 
weighted inversely by the coefficients of variation from the survey 
biomass estimates (0.1498, 0.1064, and 0.1385, respectively). As 
in 1989, last year's assessment used a correction factor to allow 
both growth and harvest to take place throu9hout the year (Zenger 
and Thompson 1989). The results are shown in Table 2.6. 

Table 2.6. Pristine biomass, MSY, and related SRA results under 
various values of the stock-recruitment parameter A. 

A 
o.o 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

B(l971} 
703,400 
698,700 
694,000 
689,300 
684,500 
679,800 
675,000 
670,300 
665,600 
660,900 
656,200 

fMSY 
0.000 
0.008 
0.017 
0.027 
0.040 
0.054 
0.072 
0.097 
0.130 
0.184 
0.324 

8MSY M§X 
0 

342,400 2,700 
332,800 5,700 
322,000 8,800 
310,100 12,300 
296,900 16,100 
282,100 20,500 
264,000 25,500 
242,600 31,400 
212,900 39,100 
156,800 50,600 

Note: biomass and yield values are in metric tons. 

Since the parameter A could not be estimated from the available 
data, it is impossible to choose objectively between the estimates 
of MSY shown in Table 2.6. In cases where direct estimates of EMSY 
are unavailable, .fo.l (calculated on a yield-per-recruit basis) is 
often used as a surrogate (Clark 1990). Under the parameter values 
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used to produce Table 2.6, .f.o.l is approximately 0.184, which would 
correspond to EMSY under an A value of o. 9. For purposes of 
comparison, then, sustainable yield and equilibrium biomass curves 
are shown in Figures 2.3 and 2.4 using an A value of 0.9 
(MSY=39,100). It should be emphasized, however, that these curves 
are conditional; alternative A values would produce different 
curves. Due to the difficulty of explaining the decline in survey 
biomass observed between 1987 and 1990, it is probably unwise to 
select a single MSY estimate at the present time. 

2.7 ACCEPTABLE BIOLOGICAL CATCH 

2.7.1 Exploitation Strategies 

The NPFMC has demonstrated a preference for using a constant 
exploitation rate strategy to compute ABC. The Council's 
Scientific and Statistical Committee (SSC) has expressed a 
particular interest in exploitation rates corresponding to .f.o.i, 
.EMsY,Emax (i.e., the fishing mortality rate corresponding to the 
maximum yield per recruit), and F=M. In setting ABC for 1991, both 
the SSC and the Council used an .fo.1 harvest strategy. The .fo.1 value 
of 0.184 also corresponds closely to the .E value of 0.187 implicit 
in the ad hoc strategy used by the Council to set ABC for 1990. 

Given the A value of 0.9 corresponding to .fo.1 (Table 2.6) and a 
projected 1991 catch of 77,900 t, SRA was used to project biomass 
forward to 1996 based on the SSC' s spectrum of target fishing 
mortality rates. The results are shown in Table 2. 7. Using the .f.o.l 
exploitation strategy, ABC for 1992 would be 67,900 t. 

Table 2.7. 1991 ABC under alternative harvest strategies (stock
recruitment shape parameter A=0.9}. 

strategy F value 

0.184 
0.290 
0.324 

1991 ABC 

67,900 t 
106,800 t 
119,200 t 

In addition to setting a gulf-wide ABC, the Council has 
traditionally partitioned this amount among the three gulf 
Regulatory Areas (Western, Central, and Eastern) . One way to 
accomplish this would be to partition ABC according to the 
distribution of exploitable biomass observed by the 1990 trawl 
survey. The survey found 33% of the exploitable biomass in the 
Western Area, 62% in the Central Area, and 5% in the Eastern Area. 
Assuming an overall ABC of 67,900 t, these proportions translate 
into an ABC of 22,400 t in the Western Area, 42,100 t in the 
Central Area, and 3,400 tin the Eastern Area. 

2.7.2 Overfishing 

Under the council's newly adopted definition of overfishing, gulf 
cod falls into the category of stocks that are not considered 
overfished so long as the fishing mortality rate remains below the 
level that would result in the equilibrium biomass-per-recruit 
ratio falling to 30% of its pristine value. For the parameter 
values used in here, this definition implies that the fishing 
mortality rate corresponding to overfishing (f:op) is 0.254. Using 
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an A value of 0.9, this fishing mortality rate would result in a 
1992 catch of 93,600 t, which constitutes an absolute upper limit 
on 1992 ABC. 

2.8 BIOMASS PROJECTIONS 

Model projections of exploitable biomass and ABC are given in Table 
2.8 and Figures 2.5 and 2.6 for the years 1991-1996 under each of 
the E values shown in Table 2.7 and .foF(Figure 2.5 also includes 
projections under an assumption of F=0). These results indicate 
that the Pacific cod stock will probably continue to decline in 
abundance under any of the target harvest strategies examined. 
However, it should be emphasized that these projections are based 
on a subjectively chosen stock-recruitment relationship. Other 
assumptions regarding the stock-recruitment relationship could lead 
to different conclusions. 

Table 2.8. Projected biomass and ABC under alternative harvest 
strategies <stock-recruitment shape parameter A=0.9}. 

!'.Q.1 C=0.184) !QF <=0.254) F=:=M <=0.290} EIJlax <=0.324) 
~ B1om. ABC B1om. ABC B1om. ABC B1om. ABC 

1991 
1992 
1993 
1994 
1995 
1996 

Note; 

2.9 

418.0 
369.6 
333.9 
307.6 
288.1 
273.3 

Biomass 

77.9 418.0 77.9 418.0 77.9 418.0 77.9 
67.8 369.6 93.6 369.6 106.8 369.6 119.2 
61.3 311.9 79.0 301.2 87 .,0 291.5 94.0 
56.5 270.9 68.6 253.9 73.4 238.9 77.1 
52.9 242.2 61.3 221.9 64.1 204.4 65.9 
50.2 222.0 56.2 200.1 57.8 181.7 58.6 

and ABC values are in thousands of metric tons. 

REFERENCES 

Alverson, D. L. and w. T. Pereyra. 1969. Demersal fish 
explorations in the northeastern Pacific Ocean - an 
evaluation of exploratory fishing methods and analytical 
approaches to stock size and yield forecasts. J. Fish. Res. 
Bd. Canada, 26:1985-2001. 

Bakkala, R., and V. Wespestad. 1985. Pacific cod. .In R. G. 
Bakkala and L. L. Low (editors), Condition of groundfish 
resources of the eastern Bering Sea and Aleutian Islands 
region in 1984, p. 37-50. U.S. Dep. Commer., NOAA Tech. 
Memo. NMFS F/NWC-83. 

Bakkala, R., s. Westrheim, K. Okada, c. Zhang, and E. Brown. 1981. 
overall distribution of Pacific cod in the North Pacific 
ocean. Unpubl. manuscr., 11 p. Northwest and Alaska Fish. 
Cent., Natl. Mar. Fish. Serv., NOAA, BIN Cl5700, Bld9. 4, 
Sand Point Way NE., Seattle, WA 98115. (Document submitted 
at the 1981 Annual Meeting of the INPFC). 

Beverton, R. J. H. ands. J. Holt. 1957. On the dynamics of 
exploited fish populations. U.K. Minist. Agric. Fish. 
Food, Fish. Invest. Ser. 2, 19:533 p. 

Clark, w. G. 1991. Groundfish exploitation rates based on life 
history parameters. can J. Fish. Aquat. Sci. 48:734-750. 

58 



Grant, w. s., c. I. Zhang, T. Kobayashi, and G. Stahl. 1987. Lack 
of genetic stock discretion in Pacific cod (Gadus 

• macrocephalus). can. J. Fish. Aquat. sci. 44:490-498. 

Gunderson, Donald R. and P.H. Dygert. 1988. Reproductive effort 
as a predictor of natural mortality rate. J. Cons. int. 
Explor. Mer, 44: 200-209. 

Kimura, D. K. 1985. Changes to stock reduction analysis indicated 
by Schnute's general theory. Can. J. Fish. Aquat. Sci. 
42:2059-2060. 

Kimura, D. K. 1988. Stock-recruitment curves as used in the 
stock-reduction analysis model. J. Cons. int. Explor. Mer 
44:253-258. 

Kimura, D. K., J. W. Balsiger, and D. H. Ito. 
stock reduction analysis. Can. J. 
41:1325-1333. 

1984. Generalized 
Fish. Aquat. Sci. 

Kimura, D. K., and J. v. Tagart. 1982. Stock reduction analysis, 
another solution to the catch equations. Can. J. Fish. 
Aquat. Sci. 39:1467-1472. 

Low, L. 

Rigby, 

Sasaki, 

L., M. Alton, V. Wespestad, and E. Brown. 1979. Condition 
of groundfish stocks in the Gulf of Alaska. Unpubl. 
manuscr., 43 p. Northwest and Alaska Fish. Cent., Natl. 
Mar. Fish. Serv., NOAA, 2725 Montlake Blvd. E., Seattle, WA 
98112. (Document submitted to the 1979 Annual Meeting of 
the INPFC). 

P. W. 1984. Alaska domestic groundfish fishery for the 
years 1970 through 1980 with a review of two historic 
fisheries, Pacific cod (Gadus macrocephalus) and sablefish 
(Anoplopoma fimbria). Alaska Dep. Fish Game, Tech. Rep. 
108, 446 p. 

Takahashi and Kazuyuki Teshima. 1988. Stock assessment of 
Pacific cod and sablefish in the eastern Bering Sea, 
Aleutian Islands region and Gulf of Alaska in 1988. 
(Document submitted to the Annual Meeting of the 
International North Pacific Fisheries Commission, Tokyo, 
Japan, 1988 October.) 9 p. Fisheries Agency of Japan, 
Tokyo, Japan 100. 

Schnute, J. 1985. A general theory for analysis of catch and 
effort data. Can. J. Fish. Aquat. Sci. 42:414-429. 

Teshima, K. 1987. Stock assessment of Pacific cod in the eastern 
Bering Sea, Aleutian Islands Region, and the Gulf of Alaska 
in 1987. Unpubl. manuscr. Far Seas Fish. Res. Lab., 
Fisheries Agency of Japan, Shimizu, Japan. 

Thompson, G. G. 1988. Pacific cod . .In Condition of groundfish 
resources of the eastern Bering Sea and Aleutian Islands in 
1988. Unpubl. rep., 219 p. Northwest and Alaska Fish. 
Center, Natl. Mar. Fish. Serv., NOAA, 7600 Sand Point Way 
NE, Seattle, WA 98115 (submitted to the International North 
Pacific Fisheries Commission in September 1988). 

59 



Yoshimura, T. and T. Sasaki. 1987. Preliminary report on Japan
U.S. Joint Longline Survey by Fukuyoshi Maru No. 8 in 1986. 
Unpubl. manuscr. Far Seas Fish. Res. Lab. , Fisheries Agency 
of Japan, Shimizu, Japan. 

Zenger, H. H., Jr. and J. E. Blackburn. 1987. In R. L. Major 
(ed), Condition of groundfish resources in the Gulf of 
Alaska region as assessed in 1985, p. 85-117. U.S. Dep. 
Commer., NOAA Tech. Memo. NMFS F/NWC-106. 

Zenger, 

Zenger, 

Zenger, 

H. H., Jr. and N. Cummings. 1983. Pacific cod • .In o. Ito 
and J. Balsiger (editors), Condition of groundfish 
resources in the Gulf of Alaska in 1982, p. 87-109. U.S. 
Dep. Commer., NOAA Tech. Memo. NMFS F/NWC-52. 

H. H., Jr. and M. F. Sigler. 1990. In prep. 
abundance of Gulf of Alaska sablefish and other 
based on the NMFS longline survey, 1990. 
Commer., NOAA Tech. Memo. NMFS F/NWC-???. 

Relative 
groundfish 
U.S. Dep. 

H. H., Jr. and G. G. Thompson. 1989. Pacific cod • .In T. 
K. Wilderbuer (editor), Condition of groundfish resources 
of the Gulf of Alaska in 1989, p. 111-134. Document 
submitted to the annual meeting of the International North 
Pacific Fisheries Commission, September, 1989.) Alaska 
Fish. Science Cent., 7600 Sand Point Way NE., Seattle, WA, 
98115-0070. 

60 



0 
i:: 

i:: 
0 ·-~ aj -;:j 
0.. 
0 
0.. 
il) 

> ·-~ aj -il) 
t. 0:: 

;·, 

14000 

12000 

10000 

8000 

6000 

4000 

2000 

0 

40 50 60 70 80 90 

Fork length ( cm) 

Figure 2.1.--Pacific cod length frequencies weighted by relative population 
number, for the combined areas sampled during NMFS longline 
surveys of the Gulf of Alaska, 1988 ( ..... ), 1989 (--), and 1990 
(-). Note: In 1988, sample included the upper continental 
slope, Shumagin Gully, Shelikof Trough, Amatuli Gully, and 
Spencer Gu.Uy; in 1989-90, sample included the above plus 
W-grounds, Yakutat Valley, Alsek Strath, Ommaney Trench, 
Iphigenia Gully, and Dixon Entrance. 
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Figure 2.2.--Population-weighled Pacific cod length frequencies from the 1984, 1987, and 1990 Gulf of Alaska groundfish trawl 
surveys; Shumagin, Chirikof, and Kodiak INPFC statistical areas. 
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section 3 FLATFISH 

By 
T. K. Wilderbuer and E. s. Brown 

1) CATCH UPDATED TO INCLUDE 1990 TOTAL FOR THE ENTIRE CALENDAR 
YEAR ANO TO PRESENT 1991 CATCHES THROUGH 11 AUGUST, 1991. 

2) TABLE 2 HAS BEEN UPDATED TO PRESENT THE SPECIES COMPOSITION OF 
THE 1990 GOA FLATFISH CATCH (AS REPORTED FROM PACFIN). 
PREVIOUSLY THIS TABLE CONTAINED THE SPECIES COMPOSITION OF 
THE 1988 FLATFISH FISHERY AS REPORTED FROM AOF&G DOMESTIC 
OBSERVERS. 

3) BIOMASS ESTIMATES FROM THE 1990 TRAWL SURVEY HAVE BEEN RE
ESTIMATED FROM APPLYING A DIFFERENT FISHING POWER COEFFICIENT 
THAN WAS USED IN THE INITIAL ANALYSIS (REPORTED LAST YEAR). 
THIS RESULTED IN THE FOLLOWING CHANGES: 

A) DIFFERENT CPUES IN THE RELATIVE ABUNDANCE SECTION. 
B) FOUR NEW PARAGRAPHS IN THE ABSOLUTE ABUNDANCE SECTION 

DESCRIBING THE REANALYSIS OF FPC. 
C) NEW BIOMASS TABLE. 
D) NEW ABC VALUES AND TABLE. 

4) ABC SECTION NOW CONTAINS A DISCUSSION OF FQVERFISHINGAND ITS' 
EFFECT ON ABC CALCULATIONS, AS WELL AS LISTING THESE VALUES. 
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Section 3 

3.1 

FLATFISH 
by 

Thomas K. Wilderbuer and Eric S. Brown 

INTRODUCTION 

The "flatfish" species complex has been managed as a unit in the 
Gulf of Alaska and includes the major flatfish species inhabiting 
the region with the exception of Pacific halibut (Hippoglossus 
stenolepis). The major species, which comprised 91% of the 1990 
flatfish catch and account for 98% of the current biomass, are 
arrowtooth flounder (Atheresthes stomias), flathead sole 
(Hippoglossoides elassodon), rock sole (Lepidopsetta bilineata), 
rex sole (Glyptocephalus zachirus), Dover sole (Microstomus 
pacificus), yellowfin sole (Limanda aspera), and starry flounder 
(Platichthys stellatus). 

The North Pacific Fisheries Management Council divided the flatfish 
assemblage into four categories for management in 1990; "shallow 
flatfish", "deep flatfish", flathead sole and arrowtooth flounder. 
This classification was made because of the significant difference 
in halibut bycatch rates in directed fisheries targeting on shallow 
and deep water flatfish species. Arrowtooth flounder, because of 
its present high abundance and perceived low commercial value, was 
separated from the group and managed under a separate acceptable 
biological catch (ABC) • Flathead sole are likewise assigned a 
separate ABC since they overlap the depth distributions of the 
shallow and deep water groups. 

The species to be included in each depth category (except 
arrowtooth flounder) were determined from the depth distribution of 
Gulf of Alaska bottom trawl surveys and the species composition of 
the directed commercial catch. Deep-water species include rex 
sole, Greenland turbot, Dover sole and deep sea-sole. The 
principal shallow-water species are rock sole, butter sole, starry 
flounder, yellowfin sole and lemon sole. 

This report describes the catches taken from 1978 through 1991 and 
presents information on the status of these stocks and their 
potential yield from data obtained during the 1987 and 1990 Gulf of 
Alaska trawl surveys. 

3.2 CATCH HISTORY 

In recent years, the fishery for flatfish in the Gulf of Alaska has 
undergone dramatic changes. Until 1981, the fishery took around 
15,000 t per year, almost all of which was taken by foreign vessels 
which were targeting on other species (Table 3-1). Thereafter, the 
catches decreased to a low of 2,552 tin 1986 before increasing to 
10,275 tin 1988, 15,411 tin 1990, and 21,784 t through 11 August, 
1991. 

With the cessation of foreign fishing in 1986, joint venture 
fishing began to account for the majority of the catch. In 1987 
the gulf-wide flatfish catch increased nearly fourfold to 9,925 t 
with the joint venture fisheries accounting for nearly all of the 
increase (73% of the gulf-wide catch). Since 1988, the last year 
of joint venture fishing, domestic fleets dominated the harvest. 
With respect to the total available yield of 449,074 t (estimated 
later in the report), the resource remains lightly harvested. 
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By area, the NPFMC Central Gulf reporting area has generally 
produced the majority of the flatfish catch from the Gulf of 
Alaska, particularly since 1987. In 1988 the transition from joint 
venture to domestic fisheries was completed with intensified shore 
based processing efforts in the Kodiak flatfish fishery with the 
majority of harvest occurring on the continental shelf east of 
Kodiak Island. 

The species composition of the 1990 domestic flatfish catch is 
shown in Table 3-2. The domestic catch was comprised of 34% deep
water species and 30% shallow-water species (PACFin information). 
Since 1988, the Gulf of Alaska domestic flatfish fishery has 
targetted on rock sole, Dover sole and rex sole. 

3.3 CONDITION OF STOCKS 

3.3.1 Relative Abundance 

Because the Gulf of Alaska flatfish species have usually been taken 
incidentally in target fisheries for other species, catch per unit 
of effort (CPUE) from commercial fisheries seldom reflect trends in 
abundance for these species. It is the ref ore necessary to use 
research vessel survey data to asses~ the relative abundance of 
these stocks. Comparative CPUE (kg/km) data between the 1987 and 
1990 Gulf of Alaska triennial bottom trawl survey~ are available 
from catch data obtained from trawl stations completed during both 
surveys, and are as follows: 

Species 1987 1990 

Arrowtooth flounder 3,621 6,024 
Flathead sole 690 811 
Rock sole 1,028 536 
Yellowfin sole 173 207 
Rex sole 371 296 
Dover sole 657 274 

The data that produced these CPUE values were also used in an 
analysis of variance to detect statistically significant 
differences of estimated biomass and population numbers between the 
1987 and the 1990 surveys {pers. comm. Peter Munro; April 1988, 
Alaska Fisheries Science Center, 7600 Sand Point Way N.E., Seattle, 
Wa, 98115). The F tests were performed on data from strata that 
were sampled in 1987 and 1990. Data from areas not common to both 
surveys were excluded from the statistical tests. 

§ioms§§ Pgpuls:tion 
Species F statistic p F statistic p 

Arrowtooth 162.3 0.0* 86.9 0.0* 
Flathead sole 21.4 0.01* 2.3 0.20 
Dover sole 17.3 0.04* 40.6 0.0* 
Rex sole 16.9 0.01* 11.1 0.01* 
Yellowfin sole 0.5 0.47 o.o 0.95 
Rock sole 62.5 o.o• 111.2 o.o• 

indicates statistical significance 
I 95% confidence * using 

intervals. 
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Flathead sole biomass appeared to have a statistically si9nificant 
increase. At the same time no significant population difference 
could be detected. Arrowtooth flounder showed statistically 
significant increases in both biomass and po~ulation. Yellowfin 
sole showed no detectable change in either biomass or population. 
Dover, rex and rock soles appeared to have statistically 
significant decreases in both biomass and population. 

3.3.2 Absolute Abundance 

The principal source of information for evaluating the condition of 
flatfish stocks in the Gulf of Alaska is the triennial bottom trawl 
survey. Estimates of flatfish biomass from the 1990 demersal trawl 
survey are given in Table 3-3. A total of 710 stations were 
sampled over the shelf and upper slope between Dixon Entrance in 
the eastern Gulf and the Islands of Four Mountains in the western 
Gulf. The apportionment of survey sampling stations on the shelf 
and slope followed the methods developed for the shelf portion of 
the 1984 survey (Brown 1986) and the slope portion of the 1987 
survey (Brown, personal communication). Because of limited 
available vessel time there was no sampling deeper than 500 meters 
which is generally outside the depth range of most flatfish species 
except Dover sole and to a lesser extent arrowtooth flounder and 
Rex sole. 

Preliminary biomass estimates made available in the fall of 1990 
standardized survey CPUEs to the vessel most efficient at capturing 
each species taken during the survey. The RACE Division has been 
in the process of re-evaluating the FPC estimator and applications 
of FPCs for several years. Over the last year Dr. Russ Kappenman 
of the AFSC' s REFM Division has developed a new estimator that 
transform CPUE distributions for each of two boats from highly 
skewed to symmetric, using a power function. The new FPC estimator 
is a complex function of these transformed data. 

In 1990, FPC' s derived from the Kappenman method were used to 
adjust the catches from the least efficient vessel to those of the 
most efficient vessel. For flatfish species the apparent FPC's 
between vessels ranged from 1.045 for rock sole to 1.5 for Dover 
sole. For arrowtooth flounder, the most abundant species in the 
Gulf, the FPC was 1.155 with similarly low values for flathead sole 
(1.1), and Pacific halibut (1.04). Sample sizes were too low to 
estimate FPC's for other flatfish species such as starry flounder 
and yellowfin sole. 

Recently, Or. Kappenman has taken advantage of the stratification 
scheme inherent in the survey design to compare CPUEs between 
vessels through random re-sampling to obtain multiple estimates of 
FPC from each strata. Similar to bootstrap estimation strategies, 
the FPC estimate is now a mean of a large number of individual FPC 
estimates. The result of this latest FPC analysis is the reduction 
of apparent differences in efficiencies between the two survey 
vessels used during the 1990 survey. With the exception of Dover 
sole, all the major species encountered during the survey including 
those with highly variable distributions such as walleye pollack 
and Pacific ocean perch had FPC estimates approaching unity. There 
is no immediate explanation why the distribution of Dover sole 
catch rates were markedly different between vessels but it may have 
as much to do with their distribution, swimming behavior or other 
behavioral characteristics which cannot presently be observed or 
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accounted for. Using this application of the Kappenman method, the 
FPC for Dover sole decreased slightly to 1.46 but for all other 
flatfish species was no greater than the 1.13 value for rock sole. 

Since it appears that the two survey vessels were generally fishing 
similarly for all other species, it was decided not to adjust 
catches from the least efficient vessel to the most efficient 
vessel. Fishing power correction factors were deemed necessary in 
1984 and 1987 because a large Japanese trawler participated in both 
of those surveys in addition to two U.S. vessels. In each year the 
Japanese boats provided their own trawl gear which was markedly 
different from the standard U.S. survey gear. Even though trawling 
operations were defined according to strict standards and those 
standards were conscientiously adhered to, it seemed improbable 
that the large differences between Japanese and American gear would 
result in anything other than a sizeable relative fishin~ power 
difference. Accordingly, the 1984 and 1987 surveys are being re
evaluated using the Kappenman method for estimating FPCs and those 
values will most likely be used to adjust the Japanese catches to 
the U.S. catches to more accurately reflect the actual trends in 
abundance between years. 
The 1990 survey results indicate an apparent decline in absolute 
abundance for rock sole, Dover sole, flathead sole and Rex sole, 
but a large increase for arrowtooth flounder (Table 3-3). overall, 
there was an increase in flatfish biomass compared to the 1987 
survey. 

3.3.3 current Exploitable Biomass 

The exploitable biomass is assumed to be the same as the survey 
biomass from 1990 since the non-exploitable component of the survey 
biomass is small and since the survey bottom trawl (90 x 105 ft. 
noreastern trawl with roller gear) is only partialy selected for 
non-exploitable sizes. In the case of Dover sole, the average of 
the 1987 and 1990 estimated biomass is used for exploitable biomass 
since survey sampling indicates a statistically significant decline 
between survey years, but the complete bathymetric range of Dover 
sole was not sampled in 1990. 

For Greenland turbot, the 1987 exploitable biomass is used in this 
assessment. 

3.4 RECRUITMENT STRENGTHS 

Bottom trawl survey size composition data (Fig. 3.1) and age 
determinations made from samples of arrowtooth flounder and 
flathead sole collected during the 1984 survey and for rock sole 
and yellowfin sole collected during the 1987 survey (Fig 3.2) are 
used to discern year class strength. Examination of the size 
composition from the 1984, 1987, and 1990 trawl surveys indicate 
the continued presence of juvenile fish recruiting to the stock. 
Trawl surveys conducted by ADF&G near Kodiak Island in 1988 and 
1989 also suggest continued recruitment to the stock (Watson 1989, 
Jackson 1990). 
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3.5 BIOLOGICAL PARAMETERS 

3.5.1 Natural mortality, Age of recruitment, and Maximum Age 

The estimation of natural mortality rates for Gulf of Alaska 
flatfish species were analyzed using the methods of Alverson and 
Carney (1975), Pauly (1980), and Hoenig (l983)in the 1988 
assessment (Wilderbuer and Brown, 1989). The resulting natural 
mortality values from this analysis, which range from 0.2 to 0.22, 
are summarized with recruitment age in Table 3-4. 

3.5.2 Length and Weight ~t Age 

Values for the parameters in the von Bertalanffy ac;re-length 
relationship were estimated from the latest ageing data (Fig.3-2). 

Species Source ~ K .t() 

Arrowtooth flounder 1984 survey 
males 46.5 0.20 -0.16 
females 73.3 0.15 0.24 
combined 59.6 0.17 0.04 

Flathead sole 1987 survey 
males 31.3 0.39 l.06 
females 42.2 0.17 -0.57 
combined 38.6 0.19 -0.37 

Rock sole 1987 survey 
males 31.7 0.36 0.73 
females 41.6 0.21 0.38 
combined 38.8 0.21 0.02 

Yellowfin sole 1987 survey 
males 32.8 0.19 -2.24 
females 38.2 0.14 -2.18 
combined 34.0 0.18 -1.82 

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

and are shown below. 

Species 

Flathead sole 
Rock sole 
Arrowtooth flounder 
Yellowfin sole 

a 

.004056 

.009984 

.003915 

.006678 

b 

3.2374 
3.0468 
3.2232 
3.1793 

3.6 MAXIMUM SUSTAINABLE YIELD 

The growth, mortality, 
above were used in two 
Gulf flatfish stocks. 
used growth, mortality, 

and age composition estimates described 
analyses to estimate potential yields of 
The initial analysis from Gulland (1971) 
and size-at-capture parameters to estimate 
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the ratio of virgin biomass to maximum sustainable yield (Table 3-
6). In this analysis, the traditional production model concept of 
MSY occurring at half the stock level of virgin biomass (Schaefer 
1957) was adjusted by considering the ratio of the size at first 
capture to maximum size and the ratio of natural mortality to the 
growth coefficient (coefficient from von Bertalanffy growth 
equation). 

With the exception of arrrowtooth flounder, recent flatfish 
abundance is stable and at high levels, and the 1987 triennial 
survey biomass estimates (Table 3-3) are assumed to represent 
virgin biomass. In the case of arrowtooth flounder, the increased 
1990 survey biomass estimates are used for virgin biomass. In 
these calculations, biological parameters for rock sole were used 
to calculate MSY values for the "other flatfish" category. 

This method estimates MSY for deep water flatfish at 30,281 t, 
shallow water flatfish at 28,254 t, and arrowtooth flounder at 
110,042 t. 

3.7 ACCEPTABLE BIOLOGICAL CATCH 

The previously presented biological data were also used in a 
Beverton and Holt (1957) yield per recruit analysis to examine the 
effect of different levels of fishing mortality (F) on yield. This 
analysis projected the yield of a cohort through lts lifetime at 
each value of Fusing the inputs of asymptotic weight, natural 
mortality, age at recruitment, and a growth ~arameter (von 
Bertalanffy k). For this analysis, survey selectivities were used 
to estimate the age at recruitment, which may vary from the size at 
entry in the commercial fishery. A comparison of survey and 
fishe~ size compositions indicated that this was a reasonable 
approximation, although the survey did catch a slightly higher 
proportion of smaller individuals. 

For rock sole and flathead sole, the yield per recruit analysis 
indicates that values of FIT)ax occur at fairly high exploitation 
levels, 0.6 and 0.5, respectively (Fig. 3-3). The fact that these 
species begin reproduction after first entry into the fishery makes 
such high exploitation for rock and flathead sole dangerous from 
the perspective of recruitment. While no spawner-recruit 
information is available to fully evaluate this danger, it is clear 
that if spawners are reduced to a low enough level, recruitment 
will suffer. 

one management alternative to harvesting under conditions of F~ax 
is the F01 approach described by Gulland and Boerema (1973). This 
rule of thumb determines the fishing mortality where the marginal 
yield is one-tenth of the original CPUE in a very lightly exploited 
stock. This represents a compromise between a fishery which would 
maintain a better spawning stock and mean size. These F values are 
also available from the yield per recruit analysis. 

The procedures for choosing an exploitation level for calculating 
an ABC value must now be modified in light of the NPFMC' s new 
"overfishing" 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. This definition contains some flexibility in 
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determining the FoverfishiIJ.lalue 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 FMsyfor 
biomass levels in excess of BMSX· For lower biomass levels, the 
maximum allowable fishing mortality rate will var,: linearly with 
biomass, using a value of zero at the origin and increasing to a 
value of FMsyat BMSY· When the available biological information is 
limited to maturity, growth, and natural mortality (i.e. Gulf of 
Alaska 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 

Arrowtooth flounder 
Flathead sole 
Rock sole 
Yellowfin sole 

Emax Eo.1 Eoverfishing 
0.3 0.17 0.239 
0.6 0.20 0.262 
0.5 0.20 0.263 
0.4 0.19 0.296 

Since little is known about the spawner-recruit relationship for 
Gulf of Alaska flatfish, even though some flatfish species are 
believed to be at or near virgin levels, the overfishing definition 
requires that .the 1992 ABC be calculated using the Fo.l exploitation 
rate. 

The exploitation rates were multiplied by the 1990 biomass 
estimates to determine the acceptable biological catch (except for 
Dover sole and Greenland turbot, see section 3.3.3 and Table 3-7). 
The ABC recommendation is 449,074 t for all flatfish, distributed 
as 303,889 t for arrowtooth flounder, 48,242 for flathead sole, 
46,419 t for deep water flatfish, and 50,484 t for shallow water 
flatfish (Table 3-7). 

Due to the overlapping distributions of these species, it would not 
be possible to fish all at an optimum level simultaneously. Also, 
the fishery is likely to continue to be limited by the potential 
for high by-catches of Pacific halibut. 

3.8 BIOMASS PROJECTIONS 

The exploitable biomass through time 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 (Fig. 3-4). Exploitable 
biomasses are predicted under harvest strategies of F max' Fo 1 and 
F=0. Recruitment biomasses are assumed to be constant auring the 
projected years and were approximated from the 1990 Gulf of Alaska 
trawl survey biomass as follows: 

Arrowtooth flounder 
Rock sole 
Flathead sole 
Yellowfin sole 

fish less than 29 cm 
fish less than 21 cm 
fish less than 24 cm 
fish less than 25 cm 
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21,100 t 
903 t 

2,880 t 
1,950 t. 
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Table 3-1.--catch (t) of flatfish in the Gulf of Alaska, by North 
Pacific Fishery Management Council Regulatory Area, 
1978-1991. 

Fishery 
category 

Foreign 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985a 
1986 

Joint venture 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987b 
1988 

Domestic 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990c 
1991 

Total 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990c 
1991 

Western 

2,538 
2,817 
3,022 
3,224 
1,412 
2,020 

603 
115 
56 

5 
7 

11 
0 
6 

171 
566 
324 
302 

2,073 
tr 

6 
0 
0 
0 
0 
0 
5 

10 
362 
184 
810 
142 

2,272 
4,031 

2,549 
2,824 
3,033 
3,224 
1,418 
2,191 
1,174 

449 
720 

2,257 
811 
142 

2,272 
4,031 

central 

6,312 
5,026 
6,885 
5,759 
7,516 
7,459 
2,430 

55 
15 

0 
62 

198 
18 
12 

2,521 
2,882 
2,123 

659 
5,134 
1,780 

86 
55 
46 
77 
71 
88 

246 
254 
774 

2,001 
7,223 
4,888 

12,969 
17,287 

6,398 
5,143 
7,129 
5,854 
7,599 

10,068 
5,558 
2,432 
1,448 
7,135 
9,003 
4,888 

12,969 
17,287 

Eastern 

5,491 
5,631 
5,590 
5,461 

58 
51 

0 
0 

0 

0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

760 
329 

94 
327 
203 
351 
181 
197 
273 
533 
461 
187 
170 
416 

6,251 
5,961 
5,684 
5,788 

261 
402 
181 
197 
273 
533 
461 
187 
170 
416 

tr= less than 1 metric ton. 
~ast year of foreign fishing in the Gulf of Alaska. 
Last year of joint venture fishing in the Gulf of Alaska. 

cNMFS Region catch report through 11 August, 1991. 
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Total 

14,341 
13,474 
15,497 
14,444 
8,986 
9,530 
3,033 

170 
71 

5 
70 

209 
18 
18 

2,692 
3,448 
2,447 

961 
7,207 
1,781 

852 
384 
140 
404 
274 
439 
432 
461 

1,409 
2,718 
8,494 
5,167 

15,411 
21,784 

15,198 
13,928 
15,846 
14,866 

9,278 
12,661 

6,913 
3,078 
2,441 
9,925 

10,275 
5,167 

15,411 
21,784 



Table 3-2.--Species composition of the 1990 Gulf of Alaska flatfish 
catch, by North Pacific Fishery Management Council regulatory area 
(percentages of the grand total are in parentheses). 

A;t:§a 
Western Central Eastern Total ( g..) 

0 I 

Dee12-w~:te;: s12eg;i,es 

Rex sole 2 1,267 0 1,269 ( 8) 

Dover sole 0 3,098 2 3,100 ( 2 0) 

Greenland turbot 49Q J22 61 ~8Q (6) 

All deep-water 492 4,694 63 5,249 (34) 

Shal,l,ow-watei;: sg~giei 

Rock sole 532 3,696 2 4,230 ( 2 7) 

Yellowfin sole 122 36 0 158 (1) 

Petrale and English sole 58 10 1 69 ( <l) 

Starry flounder 4 45 58 107 (<l) 

Alaska plaice 4 12 Q 2Q ( <1) 

All shallow-water 720 3,803 61 4,584 (30) 

ArrowtoQtb, flQgngei;: 1,023 3,065 44 4,132 (27) 

Flathead sol,ea 38 1,407 2 1,447 (9) 

All flatfish 2,273 12,969 170 15,412 (100) 

3 PacFIN designation "other flatfish" is assummed to be flathead sole. 
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Table 3-3. Biomass estimates (t) for Gulf of Alaska flatfish, based en ~he 
1990 bottom trawl survey, by North Pacific Fishery Management Council 
regulatory area and species (percentages of the grand total are in 
parentheses). 

Deep-water species 

t Rex sole 

Dover sole 

Othersa 

All deep-water 

Shallow-water species 

Rock sole 

~ Yellowf in sole 

Butter sole 

starry flounder 

Othersb 

.11 shallow-water 

Arrowtootn floynger 

• Flathead sole 

All flatfish 

Western 

6,432 

1,644 

0 

8,076 

81,961 

51,411 

1,263 

1,663 

4,024 

140,322 

228,710 

62,923 

440,031 

Area 
Central 

74,507 

69,881 

0 

144,388 

74,665 

9,879 

14,293 

5,755 

3,381 

107,973 

1,490,147 

159,141 

1,901,649 

aGreenland turbot and deep-sea sole. 
bslender sole, english sole, sand sole, and 

• 
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Eastern 

6,839 

9,829 

0 

16,668 

2,351 

0 

910 

3,489 

2,293 

9,043 

68,726 

18,551 

112,988 

Total 

87,778 

81,354 

0 

169,132 

158,977 

61,290 

16,466 

10,907 

9,698 

257,338 

1,787,583 

240,615 

2,454,668 

Alaska plaice. 

( % ) 

(4) 

( 3) 

(0) 

( 7) 

(6) 

(2) 

( <l) 

( <l) 

( <l) 

(10) 

(73) 

(10) 

(100) 



Table 3-4.--Estimates of natural mortality, growth (von Bertalanffy k), 
and age of recruitment for the major Gulf of Alaska flatfish species. 

Natural Age at 
Species mortality Growth recruitment 

Arrowtooth flounder 0.22 0.17 3 

Flathead sole 0.20 0.20 4 

Rock sole 0.20 0.21 4 

Yellowfin sole 0.20 0.18 4 

Table 3-5. Von Bertalanffy parameter estimates for principal flatfish 
species in the Gulf of Alaska. 

Species Data Source Luir(cm) K to 

Flathead sole 1979 Kodiaka 
males 27.3 0.58 0.12 
females 32.5 0.39 -0.36 
combined 29.9 0.49 -0.24 

Rock sole 1987 survey 
males 31.7 0.36 0.73 
females 41.6 0.21 0.38 
combined 38.8 0.21 0.02 

Arrowtooth flounder 1984 survey 
males 46.5 0.20 -0.16 
females 73.3 0.15 0.24 
combined 59.6 0.17 0.04 

Yellowfin sole 1987 survey 

males 32.8 0.19 -2.24 
females 38.2 0.14 -2.18 
combined 34.0 0.18 -1.82 

a Rose 1981, MS Thesis 
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* . Table 3-6.--Maximum sustainable yield estimates (t) for selected Gulf 
of Alaska flatfish, based on the 1987 bottom trawl survey (1990 survey 
estimates for arrowtooth flounder), by North Pacific Fishery Management 
Council regulatory area and species (percentages of the grand total are 
in parentheses). 

Deep-water species 

Dover sole, rex sole 
and others 

All deep-water 

Shallow-water species 

Rock sole 

Yellowfin sole 

Others 

All shallow-water 

Arrowtooth flounder 

Flathead sole 

All flatfish 

* 

Western 

1,207 

1,207 

7,316 

2,123 

740 

10,179 

13,172 

3,439 

27,997 

Area 
Central 

10.774 

10,774 

13,933 

1,613 

1.851 

17,397 

87,609 

10,694 

126,474 

Eastern 

1,691 

1,691 

59 

0 

619 

678 

9,261 

2,456 

14,086 

Calculated from the method of Gulland (1971). 
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Total 

13.692 
13,692 

(%) 

(8) 

(8) 

21,308 (13) 

3,736 (2) 

3.210 (2) 

28,254 (17) 

110,042 (65) 

16,589 (10) 

168,577 (100) 



Table 3-7.--Acceptable biolog~cal catch (ABC) (t) of selected flatfish in thee 
Gulf of Alaska, based on estimates from the 1990 bottom trawl survey with 
stocks at current levels under conditions of an F01 fishery. Presented bv 
North Pacific Fi~hery Management council regulatory·area (percentages of the 
grand total are in parentheses). 

A;c:e~ 
Western Central Eastern 

Diea-wate;r;: sgecies 

Dover solea 1,986 23,306 3,545 

Rex soleb 1,286 14,901 1,368 

Othersc 15 12 0 

All deep-water 3,287 38,219 4,913 

ShalJ.2w-w~te;r;: sgecj.es 

Rock sole 16,392 14,933 470 

Yellowfin sole 9,768 1,877 0 

Othersd 1,321 4.452 1.271 

All shallow-water 27,481 21,262 1,741 

A;r;:;r;:o~oQtb, fJ.oum;I~;i;;: 38,881 253,325 11,683 

Flatbi~g ~Ql~ 12,584 31,988 3,710 

All flatfish 82,233 344,794 22,047 

8calculated using the average of the 1987 and 1990 biomass 
~ole. Flathead sole exploitation rate applied. 
Flathead sole exploitation rate applied. 

Total ( %) 

28,837 (6) 

17,555 (4) 

___ 2 __ 7 ( < 1) 

46,419 (10) 

31,795 (7) 

11,645 ( 3) 

7.044 (2) 

50,484 ( 11) 

303,889 (68) 

48,282 ( 11) 

449,074 (100) 

estimates of Dover ◄ 

cl987 biomass estimate used for Greenland turbot. Flathead sole exploitation 
date applied. 
Includes slender sole, english sole, sand sole, and Alaska Plaice. Yellowfin• 

sole exploitation rate applied. 
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Figure 3-1.--Size composition of Gulf of Alaska flatfish from fish lengths 
obtained from the 1984, 1987, and 1990 Gulf of Alaska triennial 
trawl surveys. 
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Section 4 SABLEFISH 

by 
Jeff Fujioka 

This preliminary version, which is very similar to the 1991 SAFE, 
does not contain results from 1991 longline survey data, which will 
be incorporated into the final version. 

Changes from the 1991 SAFE include: 

1) Discussion of trawl:longline comparisons 
brief mention is made of other methods of 
estimates that are being explored at this 
Exploitable Biomass). 

was reduced, and a 
obtaining biomass 
time (Sec. 4.3.3 

2) Paragraph and figure were added on apparent pre-recruit 
yearclass observed in 1990 trawl survey length frequencies (Sec. 
4.4 Recruitment Strengths). 

3) An estimate is provided of the fishing rate necessary to 
reduce the biomass:recruit ratio to 30% of pristine value (Sec. 
4.7.3 overfishing Definition). 

4) A quantitative estimate is provided of inter-area movement of 
sablefish (Sec. 4.9 Apportionment of Catch). 

87 



Section 4 

4.1 

SABLEFISH 

Jeffrey T. Fujioka 

INTRODUCTION 

The sablefish (Anoplopoma fimbria) resource in the northeastern 
Pacific Ocean extends from northern Mexico to the Gulf of Alaska, 
westward to the Aleutian Islands, and into the Bering Sea. This 
resource has been harvested by U.S. and Canadian fishermen since 
the early 1900's, but catches were relatively small and generally 
limited to areas near fishing ports from California to 
southeastern Alaska until expansion of foreign fleets began in the 
late 1950's. 

4.2 CATCH HISTORY 

Annual catches in the Gulf of Alaska averaged about 1,500 metric 
tons(mt) in 1930-50, and exploitation rates remained low until the 
Japanese longline fleet expanded into the Gulf of Alaska. Catches 
rapidly escalated during the mid 1960 's until the record all
nation catch from the Gulf of Alaska reached 37,500 mt in 1972 and 
averaged about 28,000 mt in 1973-76. 

Evidence of declining stock abundance led to significant fishery 
restrictions from 1977 to 1985, and total catches were reduced 
substantially. Catches in 1978-83 averaged 9,206 mt in the Gulf 
of Alaska and have increased steadily since then to 29,903 mt in 
1988. In 1989, the reported domestic landings totaled 27,699 mt. 

Table 4-1. Annual catch (mt) of sablefish in the Gulf of Alaska 
from 1977-1990. 

DomestJ.g 
year Foreign JVP OAP Total 

1977 15,961 0 1,179 17,140 
1978 7,128 0 1,738 8,886 
1979 6,885 18 3,447 10,350 
1980 6,138 20 2,384 8,542 
1981 7,976 0 1,941 9,917 
1982 5,645 1 2,910 8,556 
1983 4,966 27 3,761 9,002 
1984 1,108 528 8,594 10,230 
1985 38 226 12,215 12,479 
1986 1 45 21,568 21,614 
1987 0 180 26,145 26,325 
1988 0 36 29,867 29,903 
1989 0 0 29,842 29,842 
1990 0 0 25,701 25,701 
1991 0 0 19,580 19,580 
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4.3 CONDITION OF STOCKS 

4.3.1 Relative Abundance 

Since 1978 Japan and the United States have cooperated to survey 
sablefish in the Gulf of Alaska with longlines. The survey area 
is stratified by depth and two indices of population abundance are 
computed: catch per effort in numbers weighted by respective 
strata areas to produce a relative population number (RPN) and 
catch per effort measured in wei~ht multiplied by strata areas, to 
produce a relative population weight (RPW) (Sasaki, 1986). Strata 
areas used by Sasaki (1986) include areas away from the 
continental slope, such as gullies, not actually sampled by the 
survey. RPW's computed by Clausen and Sigler (1989) using only 
strata areas along the continental slope, while more conservative, 
are better substantiated. 

Since 1987 the Alaska Fisheries Science Center has conducted an 
annual longline survey (referred to as the domestic longline 
survey) designed to continue the time series of the Gulf of Alaska 
portion of the Japan-U. s. cooperative survey. In addition to 
sampling the continental slope habitat, the domestic survey also 
conducts sampling in the maJor gully areas of the Gulf. RPW's 
obtained by the two surveys are shown in table 4-2 for depths 201-
l000m. 

Table 4-2. 

Year 

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

Sablefish abundance index values (l,000's) 
for the Gulf of Alaska from the Japan-u.s. 
Cooperative Longline survey as computed by 
Clausen and Sigler (1989) and the domestic 
survey (Zenger and Sigler, 1990). 

Cooperative 

Slope Slope 

Domestic 

Gullies 
RPN RPW 

223 
203 
255 
365 
347 
369 
467 
471 
428 
483 
398 
302 

651 
537 
671 
987 
953 

1,011 
1,456 
1,437 
1,370 
1,503 
1,356 
1,035 

RPN RPW 

420 
346 
416 

1,409 
1,247 
1,448 

RPN RPW 

248 
353 
297 

750 
1,106 

918 

The population has increased significantly since 1979, with major 
increases occurring in 1982 and 1985. These increases have been 
attributed to recruitment and growth of the 1977 and 1980 year 
classes. The indices decreased slightly after 1985, and indicated 
an increase again in 1988. Both surveys indicated a decrease on 
the slope from 1988 to 1989, but the two surveys differ 
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considerably from 1989 to 1990. The cooperative survey indicated 
a decrease in both 1989 and 1990 to pre-1985 levels, while the 
domestic survey indicates a substantial increase in 1990. 

The domestic survey indicates a decrease in the non-slope (gully) 
abundance from 1989 to 1990, primarily in the Central and Western 
Gulf. Zenger and Sigler (1990) note that the decrease in RPW was 
associated with an increase in average size and suggest that 
perhaps a stronger than average year class of young fish moved 
into those areas in 1989 and recruited to the slope by 1990. 

4.3.2 Absolute Abundance 

Estimates of absolute biomass for the Gulf of Alaska have been 
made from data available from the 1984 and 1987 triennial trawl 
surveys. For the 1984 survey the total biomass estimate is 
577,463 mt. In 1987 the survey estimated total biomass at 443,800 
mt. In 1990, because of decreased survey effort available, the 
trawl survey was limited to sampling depths less than 500 m. The 
biomass estimate computed for depths less than 500 min the Gulf 
of Alaska in 1990 is 196,265 mt. 

Because of differences in net types used each year and sampling 
variation, these values are not considered good indicators of the 
relative change from 1984 to 1987. 

4.3.3 Exploitable Biomass 

The biomass in trawl surveys estimated for depths deeper than 200 
m had been considered to be exploitable biomass. In the Gulf of 
Alaska, approximately 42% of total biomass during the 1984 trawl 
survey and 66% of the total during the 1987 survey was estimated 
to be deeper than 200 m. In this analysis exploitable biomass is 
considered to be population in habitat surveyed by the cooperative 
longline survey along the continental slope at depths greater than 
200m in the Gulf of Alaska, Bering Sea and Aleutian Islands, and 
some deep gullies in the Gulf of Alaska and intra-island pass 
areas in the Aleutian Islands. 

In previous analyses (1989 GOA and BSAI SAFE's), estimates of 
exploitable biomass trends were obtained by scaling estimates of 
relative biomass indices from the longline survey (201-1000 m 
RPW's) from 1979 to 1989 to estimates of absolute biomass (201-
l000m). In the Gulf, the RPW time series were scaled to estimates 
of absolute biomass from the 1984 trawl survey, or to the 1987 
trawl survey biomass estimate. In the Bering Sea and Aleutian 
Islands, the RPW's were scaled to 1985 and 1986 trawl survey 
biomass estimates, respectively. Because different net types were 
used in different areas and years, and sampling variation was 
high, the comparability between areas of the resulting estimates 
of exploitable biomass were questionable. 

In 1990 (1990 GOA and BSAI SAFE's) minor corrections were made in 
RPW's to provide a more rational description of sablefish biomass 
between areas. Minor corrections in RPW were to exclude a small 
amount of unsampled area from the RPW calculation in the Aleutian 
Islands and include only RPW from the slope and deep gullies in 
the Gulf of Alaska. 
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An attempt to determine an appropriate scaling factor was made by 
comparing trawl survey gear catch rates with appropriate longline 
survey catch rates. 

It was found (1990 SAFE) that there is a great deal of uncertainty 
and confoundment in the data available to compute trawl:longline 
catch ratios, and it was felt that a comprehensive analysis would 
likely be futile. The best and most appropriate results available 
appeared to be Rose's ( 1986) analysis of the 1984 Trawl and 
Longlines surveys. The Japanese net used during the 1984 trawl 
survey appears to be one of the most efficient and coverage of the 
deeper depths was the most adequate of any other survey. 

Additional studies have been undertaken recently to obtain biomass 
estimates via alternate methods, including analytical techniques, 
such as stock synthesis, and Collie and Sissenwine's (1983) 
regression method, and experimental methods conducted jointly by 
NMFS and ADFG. The experiments involve attempting to calibrate 
the longline survey gear to densities estimated through mark
recapture and proportional removal measurements. Neither the 
analytical nor the experimental studies, have so far produced 
satisfactory results. The problems have been: inability to 
converge to reliable solutions (stock synthesis, personal 
communciations from Mike Sigler, AFSC), inadequacy of available 
data (regression method and probably stock synthesis), and failure 
to meet or confirm assumptions necessary to confidently believe 
results (regression method and experimental methods). It is 
recommended that the 1991 sablefish exploitable biomass be 
computed as in 1990, using the results obtained from Rose's (1986) 
study. 

Using Rose's ( 1986) size specific ratios applied to the size 
distribution estimated in the domestic longline survey (Zenger and 
Sigler (1990)), results in an average ratio of 141. Thus biomass 
in mt would be estimated by multiplying RPW by 0.141. 

4.4 RECRUITMENT STRENGTHS 

Increases in sablefish abundance since the late 1970's have been 
attributed to recruitment occurring mainly from the 1977 and 1980 
year classes. Recruitment to the longline fishery occurred at 
approximately 5 years of age. Recruitment from other year classes 
through 1983 are thought to be of minor significance. 

The length composition of samples taken in the 1986 and 1987 
Japan-u.s cooperative longline surveys suggested that the 1984 
year class may be of above-average strength (Sigler 1989). Also, 
small (30-40 cm FL) sablefish, presumably 1984 year class, were 
more abundant than usual in inside waters of southeastern Alaska 
in 1985. Except for one small isolated bay, large concentrations 
of juvenile sablefish are not regularly seen. In 1981 abundant 
juveniles were observed in Southeast Alaska, ~resumably of the 
1980 year class, to which a significant recruitment in 1985 is 
attributed. Juveniles were also abundant during the summer of 
1978 and 1979, corresponding to probable appearance of juveniles 
from the 1977 year class. Thus, the appearance of large numbers 
of juveniles in these waters may indicate a strong year class. 
However, a strong presence of this year class was not evident in 
1988 and 89 sampling by Alaska Department of Fish and Game in 
southeast Alaska nor was evidence noted in the 1988 and 89 
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Cooperative and Domestic Longline surveys. Sablefish partially 
recruit to the survey area by age four and a strong 1984 year 
class would have been expected to be evident in the survey data by 
then. Zenger and Sigler (1991) did note, however, that a strong 
year class may have been present in the shallow gully areas of the 
Central and Western Gulf during 1988 and 89 and recruited to the 
slope by 1990. The size modes suggest these fish may have been as 
old as the 1983 year class. 

Length frequency distributions from the Center's 1990 trawl survey 
in the Gulf show a mode between 45-50 cm, indicating the presence 
of a cohort approximately 3 years old (personal communication, 
Dave Clausen, AFSC). These fish were found mainly on the shelf 
and the mode was especially distinct in the Yakutat area (fig. 1). 
Although the presence of a yearclass seems certain, it may not be 
particularly large. 

The average weight of fish sampled in the Cooperative longline 
survey has increased over the duration of the survey and is at its 
highest observed value at this time (table 4-2). This suggests 
that the average age of the population has been increasing and 
that recent recruitment has been low. 

4.5 BIOLOGICAL PARAMETERS 

4.5.l Natural Mortality. Age of Recruitment. and Maximum Age 

A natural mortality rate of M=0.10 is used in the yield analyses 
in this report. This compares to M=.22 estimated by Low et al. 
(1976) prior to the latest ageing techniques and M=.112 assumed by 
Funk and Bracken (1984). Johnson and Quinn (1988) used values of 
.10 and .20 in a catch at age analysis and noted that when M=.10 
was used, estimated abundance trends agreed better with survey 
results. 

The avera9e age of recruitment to the Gulf of Alaska slope where 
the longline fishery and survey takes place is considered to be 5 
years. The maximum age of sablefish in the Gulf of Alaska is not 
determined; however ages of 35 years have been read from samples 
from the NMFS southeast Alaska trap survey. Canadian researchers 
report age determinations up to 55 years (McFarlane and Beamish, 
1983) • 

4.5.2 Length and weight at Age 

Von Bertalanffy equations for Gulf of Alaska sablefish (S. Lowe, 
personal communication): 

Linf 
K 
T(O) 

females 
89.28 
0.142 
-3.21 

males 
71.82 
0.200 
-3.23 

are used to express length at age. Following these equations a 5 
year old sablefish would be 61 cm and 58 cm in length for a female 
and male respectively. 
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4.6 MAXIMUM SUSTAINABLE YIELD 

The application of the Schnute (1985) delay-difference equation in 
stock reduction analysis was modified and applied to data from 
1979-90 to explicitly track estimates of exploitable biomass and 
provide an estimate of recruitment. 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 1980 and 1983 in 
the Gulf of Alaska analysis. In a similar analysis done for the 
Berin9 Sea and the Aleutian Islands regions, large negative 
recruitment values resulted when reproducing large declines 
observed in 1987 in the Bering Sea, and 1986 and 1988 in the 
Aleutian Islands. Declines of such magnitude may result from 
either unreported mortality, emigration, an improper expansion of 
relative abundance to absolute abundance, or errors in relative 
abundance measurements. Summaries of tag recovery data suggest 
that emi9ration may not be insignificant whereby tags released in 
one region are recovered in other regions. Of total tag 
recoveries, 25%, 67%, and 26% occur outside the area of release 
in the case of the Bering Sea, Aleutian Is., and Gulf regions, 
respectively. 

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

• analysis. 

The analysis assumes natural mortality rate, M = 0.10, Kimura's 
parameterization of Schnute (1985) growth parameters rho= 0.882 
and omega = o. 7 55, and the age at recruitment, K = 5. The 
analysis assumes a biomass equal to 0.141 times RPW (as explained 
in sec. 4.3.3) applied to all regions. 

Annual recruitment value estimates, R(i), result from the delay
difference equation by e~ating biomass in the model, B(i), to 
annual estimates of exploitable biomass. The R(i) 's obtained in 
this manner (and assumed by the model to be the actual 
recruitment) average 33,656 mt and do not appear to be related to 
biomass. 

Equilibrium yields were computed using the delay-difference 
equation assuming recruitment is independent of biomass. However, 
the results indicate that MSY would occur at 15% of virgin 
biomass. The population has actually never been estimated to be 
that low. The lowest biomass is estimated to have been during the 
years 1977-80, approximately 21% of virgin biomass. 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. 

The maximum sustainable yield for the combined regions is divided 
into regions in proportion to estimated average biomass from 1979-
90 to obtain MSY estimates for the individual regions. The Gulf 
of Alaska MSY estimate is 26,900 mt. 
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Table 4-4. Equilibrium yield estimates for sablef ish in the 
Bering Sea, Aleutian Islands, and the Gulf of Alaska scaled to 
.141 times RPW. 

irgin 
scale R(avg) Biomass p MSY Bmsy Fmsy Umsy 

.141 33,656 698,000 .35 34,000 150,000 .27 .22 

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

Gulf of Alaska (26,600) 
Berinc, Sea (3,600) 
Aleutian Is. (3,800) 

- average recruitment estimated for 1979-90 
B91/virgin biomass, 
maximum sustainable yield 

- biomass at MSY 
- instantaneous fishing rate at MSY 
- exploitation rate at MSY 
- equilibrium yield at F0.1 (=.13), (U=.116) 

EY (F0 .1) 

30,000 
(23,500) 
(3,200) 
(3,300) 

An alternative to managing the population for MSY is to exploit the 
population at a level where the marginal increa'se in yield is 
1/l0th the marginal increase in a newly exploited population (F0.1 
~olicy). For an age of recruitment of 5 years and recruitment 
independent of biomass, this occurs when F = 0.13 (U = 0.116) and 
biomass, B(F0.1), is 37% of virgin biomass. For models estimated 
from the 1979-90 observations, F0.1 management is more conservative 
than the truncated MSY level. Figs. 1 and 2 summarize results from 
the 1979-90 analysis. 

It should be recognized that environmental conditions may have been 
especially favorable during 1977-88, resulting in above average 
recruitment for those years. Also note that the yields are long
term averages and that recruitment is not constant, but apparently 
quite low most of the time with occasional large year-classes. For 
the 11 years from which the estimates are obtained, the model 
estimates that three of the years account for 64% of the total 
recruitment. 

4.7 ACCEPTABLE BIOLOGICAL CATCH 

4.7.1 Rationale and computation 

The analysis indicates that current biomass is above values given 
for Bmsy and using MSY exploitation rates would result in ABC's 
which are well above sustainable levels and would also result in 
rapid declines in the population during periods of below average 
recruitment. Because of the high degree of uncertainty and 
variability in recruitment, and because Bmsy is at the lowest level 
of abundance ever measured, it is recommended that an F0.l policy 
be used in place of Fmsy. 

ABC was computed for 1991 by applying the F0.l exploitation rate to 
the biomass projected to the beginning of 1991 using the combined 
Gulf of Alaska, Bering Sea, and the Aleutian Islands model assuming 
zero recruitment. Using a scale of 0.141 times RPW, biomass for 
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1991 was estimated to be 248,100 mt. The ABC was apportioned to 
regions in proportion to the most current distribution of biomass 
obtained from the longline survey and a value for the Gulf of 
Alaska ABC of 22,500 mt (3,100 mt, 3,200 mt for the Bering Sea and 
Aleutian Islands, respectively) was obtained. It is recommended 
that the ABC for 1992 be computed in a similar manner. At this 
time the 1991 sablefish longline surveys have not been completed. 
These surveys will provide the most up to date information to 
estimate the status of sablefish abundance and will be available in 
the computation of the final recommendation in November. It is 
recommended that the preliminary ABC recommendation be equal to the 
1991 value of 22,500 mt. 

4.7.2 Recommendation and justification 

The approach used to compute sablefish ABC's in the Gulf for the 
1988-90 took into account the uncertainties in biomass estimates 
and future recruitment, by considering population projections under 
conservative biomass and recruitment assumptions. In 1991 the 
method of scaling RPW's to obtain a biomass estimate was revised to 
be more consistent between regions and while a great deal of 
uncertainty remains in determining the correct biomass, the current 
method is conservative in comparison to the previous scale. It is 
recommended that the conservative approach be continued. 

4.7.3 overfishing Definition 

This analysis assumes that sablefish in the Gulf of Alaska, Bering 
Sea, and the Aleutian Islands are of one stock and that recruitment 
is independent of biomass levels so long as biomass stays above the 
level observed in 1980. Consequently, it is assumed that maximum 
sustainable yield would occur at the 1980 biomass level if fished 
at F=0.27. The sablefish population is considered to be above the 
1980 population level, and being fished well below F=0.27, 
therefore sablefish would not be considered to be overfished. 
There may be some concern that MSY is not properly determined for 
sablefish and that overfishing should be defined by the fishing 
rate that results in the biomass to recruit ratio to fall to 30% of 
its pristine level. This fishing rate can be estimated from a 
rield per recruit analysis by Lowe, et al (1991) at F=0.18. This 
is well above the estimated current exploitation rate. 

4.8 BIOMASS PROJECTIONS 

Under a pessimistic recruitment level and constant catch at the 
recommended ABC, the population, as projected by the SRA model, 
would fall below the 1980 biomass level in 1994. 

4.9 APPORTIONMENT OF CATCH 

Recent taggin9 studies demonstrate that movement of sablef ish 
between areas is more significant than previously believed and that 
some size-specific movement may occur (Bracken 1982; Fujioka et al. 
1988). Estimates of movement rates from tagging data indicates 
that, depending on size and release location, 28 to 85 percent of 
fish in an area will move to another area in one year (Heifetz and 
Fujioka, 1991). There has been some concern that an optimal 
apportionment strategy may exist that takes into account fish 
movement, as well as socioeconomic factors and differences in size 
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or growth potential of fish residing in different areas and strata. 
As yet there has been no quantitative evaluation of the effects of 
geographically concentrated harvests or estimates of an optimal 
geographic apportionment of the harvest. The present apportionment 
scheme or moderate variations of it are not cause for concern. For 
1988 and 1989 the Council apportioned the TAC to the NPFMC 
Regulatory Areas in proportion to the distribution of biomass in 
the 401-1,000 m slope and gully areas as estimated from the 1987 
longline survey. The 401-l000m biomass distribution as obtained 
from the 1990 longline survey compares to the 1988-90 TAC 
apportionment as follows: 

Western 
Central 
w. Yakutat 
E. Yak/S.E. 

1990 RPW 
.13 
.47 
.18 
.22 

1989-90 TAC 
.145 
.45 
.175 
.23 
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Figure 4-1.--Length frequency distribution of sablefish obtained 
during the 1990 Gulf of Alaska trawl survey. 
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Section 5 SLOPE ROCKFISH 

by 

Jonathan Heifetz and David M. Clausen 

The final version will include an evaluation of of most appropriate 
fishin9 rate to apply to subgrou~s, given new estimates of natural 
mortality reported here. Final version will include ABC 
recommendations based on updated estimates of exploited biomass and 
species composition. Data from the 1991 longline survey, which is 
still in progress, will be included. 

Changes from last year's slope rockfish final document include: 

1) Changes in species composition of assemblage and subgroup 
classification of the assemblage is noted (Section 5 .1 
Introduction). 

2) The 1990 triennial trawl survey estimates are updated 
(Section 5.3.2.1). 

3) Estimate of current exploitable biomass is now calculated 
as mean of 1987 and 1990 trawl survey estimates, rather than 
projections of poorly fitting model (Section 5.3.3). 

4) New estimate of natural mortality for northern rockfish 
is provided (sec. 5.5.1) and estimates for redstripe and silvergrey 
is added to table 5-8. 

5) Estimate of growth rate based on "break and burn" ageing 
methods for Gulf of Alaska northern rockfish is provided (sec. 
5.5.2). 

6) Discussion of age structure assumptions of population at 
the beginning of historical fishery in 1960 (Sec. 5.6.2). 

7) Summary of 1991 ABC computations based on SSC recommendations 
( sec 5 • 7 • 1) • 

8) Alternative overfishing definitions for POP and rougheye 
rockfish are given (Sec. 5.7.2). 
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section 5 

5.1 

SLOPE ROCKFISH 

Jonathan Heifetz and David M. Clausen 
August 1991 

INTRODUCTION 

At least 30 rockfish species of the genus Sebastes inhabit waters 
of the Gulf of Alaska (Eschmeyer et al. 1983) , and many are 
commercially valuable. Since 1988 in this region, the North 
Pacific Fishery Management Council (NPFMC) has divided these 
species into three management assemblages based on their habitat 
and distribution: demersal shelf rockfish, pelagic shelf rockfish, 
and slope rockfish. 

Slope rockfish are defined as those species of Sebastes that, as 
adults, inhabit waters of the outer continental shelf and 
continental slope of the Gulf of Alaska, generally in depths 
greater than 150-200 m. In contrast, shelf rockfish inhabit 
shallower, more inshore waters of the shelf. Based on these 
criteria, 20 species of rockfish are classified into the slope 
rockfish assemblage (Table 5-1). The assemblage is dominated by 
one species, Pacific ocean perch (Sebastes alutus), which has 
historically been the most abundant rockfish in this region and has 
provided most of the past commercial catch. 

In 1991, the NPFMC enacted new regulations that changed the species 
composition of the slope rockfish assemblage in the Gulf of Alaska. 
Three species that were formerly in the demersal shelf rockfish 
assemblage (redstripe rockfish, silvergrey rockfish, and bocaccio) 
were re-classified into the slope category, and one species 
(redbanded rockfish) was moved from the slope to the demersal shelf 
group. Data in the present document, as much as possible, have 
been revised to include these changes in species composition. 

In addition, the NPFMC also made another major change in 1991 
regarding the slope rockfish assemblage. Based on recommendations 
of the NPFMC' s Scientific and Statistical Committee (SSC) , the 
assemblage in the Gulf of Alaska was divided into three subgroups: 
Pacific ocean perch, shortraker/rougheye rockfish, and all other 
species of slope 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 (total allowable catch) , whereas in 
previous years, a single TAC was assigned to the entire assemblage. 

5.2 CATCH HISTORY 

A Pacific ocean perch trawl fishery by the u.s.s.R. and Japan began 
in the Gulf of Alaska in the early 1960s (Fig. 1). This fishery 
developed rapidly, with massive efforts by the Soviet and Japanese 
fleets. Catches peaked in 1965, when a total of nearly 350,000 
metric tons (mt) was caught. This ap~arent overfishing resulted in 
a precipitous decline in catches in the late 1960s. Catches 
continued to decline in the 1970s, and by 1978 were only 8,000 mt. 

Detailed catch information for slope rockfish for the years 1977-91 
is listed in Table 5-2. The reader is cautioned that actual 
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catches of slope rockfish are only shown for 1988-91; for previous 
years, the catches listed are for the Pacific ocean perch complex 
(a former management grouping consisting of Pacific ocean perch and 
4 other rockfish species), Pacific ocean perch alone, or all 
Sebastes rockfish, depending upon the year (see Footnote in Table 
5-2). The acceptable biological catches and quotas in Table 5-2 
are gulfwide values, but in actual practice the NPFMC has divided 
these into separate, annual apportionments for each of the three 
regulatory areas of the Gulf of Alaska. 

Foreign fishing dominated the fishery from 1977 to 1984, and 
catches generally declined during this period. Most of the catch 
was taken by Japan (Carlson et al. 1986). Catches reached a 
minimum in 1985, after foreign trawling in the Gulf of Alaska was 
prohibited. 

The domestic fishery first became important in 1985, and expanded 
each year until 1991. This fishery is mostly composed of factory
trawlers that process the fish at sea for export to Japan. Much of 
the expansion of the domestic fishery was apparently related to 
increasing annual quotas; quotas increased from 3,702 mt in 1986 to 
20,000 mt in 1989. So far in 1991, most of the gulfwide quota for 
the Pacific ocean perch and shortraker/rougheye subgroups has been 
taken. The catches for "other slope rockfish", however, are much 
less than the assigned TAC, which indicates that this subgroup has 
been underutilized by commercial fishermen. ' 

5.3 CONDITION OF STOCKS 

5.3.1 Relative Abundance 
5.3.1.1 catch Per unit Effort CCPUE} in the Japanese Trawl 

fishery 
The Japanese trawl fishery in the Gulf of Alaska provided detailed 
catch and effort information on Pacific ocean perch for the years 
1964-84. These data indicated a steep decline in stock abundance 
of Pacific ocean perch from 1965 to 1976, and that stocks remained 
severely depressed in the years 1977-84 (Carlson et al. 1986). 
This time series of CPUE data ended in 1984 when Japanese trawl 
fisheries in the Gulf of Alaska were terminated. Similar CPUE data 
have not been available from the domestic trawl fishery. 

s.3.1.2 Longline surveys in the Gulf of Alaska 
Two longline surveys of the continental slope of the Gulf of Alaska 
provide data on the relative abundance of slope rockfish in this 
region: the Japan-u.s. cooperative longline survey, and the NMFS 
domestic longline survey. These surveys compute relative 
population numbers (RPN's) and relative population weights (RPW's) 
of rockfish on the slope as indices of stock abundance. Rougheye 
and shortraker rockfish are the primary rockfish species caught. 

The cooperative longline survey has been conducted annually since 
1979, but RPN's for rockfish are only available for the years 1979-
87 (Sasaki and Teshima 1988). These data are highly variable and 
difficult to interpret, but suggest that abundance of rougheye and 
shortraker rockfish has remained stable in the Gulf of Alaska 
(Clausen and Heifetz 1989). The data also indicate that rougheye 
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and shortraker rockfish are most abundant in the eastern Gulf of 
Alaska. 

The domestic longline survey has been conducted annually since 
1988. Gulfwide rockf ish RPN values increased 35% from 1988 to 
1989, and decreased slightly in 1990 (Table 5-3); neither of these 
changes, however, were statistically significant (Zenger and Sigler 
1990). Annual changes in RPN for each INPFC area, although 
sometimes apparently large, also were not statistically 
significant. Similar to the results of the cooperative longline 
survey, rockfish RPN's in the domestic survey show that abundance 
of rougheye and shortraker rockfish is highest in the eastern Gulf 
of Alaska. The survey's RPW values indicate that rougheye rockfish 
are most abundant in the Southeastern area, and shortraker rockfish 
most abundant in the Yakutat area. Data from the 1991 survey are 
not yet available for inclusion in this report. 

5.3.2 Absolute Abundance 

Comprehensive triennial trawl surveys were conducted in the Gulf of 
Alaska in 1984, 1987, and 1990. These surveys covered all areas of 
the Gulf and provide much information on slope rockfish, including 
estimates of absolute abundance (biomass). 

5.3.2.1 1990 Triennial Trawl survey 

Preliminary biomass estimates from the 1990 survey are listed in 
Table 5-4. The reader should note that the values in this table 
have been somewhat revised from those listed in Table 5-4 in last 
year's stock assessment (Heifetz and Clausen 1990). The new 
species added to the assemblage have been included, and a re
analysis of the fishing power corrections between survey vessels 
has determined that these corrections, which previously had been 
applied to the data, are no longer necessary. 

The 1990 biomass estimates show Pacific ocean perch to be the most 
abundant species in the slope rockfish assemblage, with 35.6% of 
the gulfwide biomass (Table 5-4). Seven other slope species were 
also caught in some abundance. In descending order of gulfwide 
biomass, these included: northern, rougheye, sharpchin, redstri~e, 
harlequin, silvergrey, and shortraker rockfish. All other species 
in the assemblage accounted for only 0.6% of the gulfwide biomass. 
On a regional basis (Table 5-5) , Pacific ocean perch was the 
predominate species in three areas: Chirikof, Yakutat, and 
Southeastern. Northern rockfish predominated in the other two 
areas, Shumagin and Kodiak. 

5.3.2.2 comparison of Trawl surveys in 1984. 1987. and 1990 

Biomass estimates from each of the triennial trawl surveys are 
listed in Table 5-6. The estimates for 1987 and 1990 are 
considered more reliable than those for 1984, because the 1984 
survey had problems concerning both standardization and differences 
in fishing power between vessels. Generally, however, the biomass 
for most species appeared to increase between 1984 and 1987 (for a 
discussion see Heifetz and Clausen 1991). 

Biomass estimates for most species of slope rockf ish declined 
substantially in 1990 when compared with 1987. The biomass for the 
entire assemblage showed a statistically significant decrease of 
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54% during this period, from 816,448 mt in 1987 to 372,046 mt in 
1990. Large, statistically significant decreases were seen for 
Pacific ocean perch, shortraker rockfish, and harlequin rockfish. 
The reductions in biomass for rougheye, northern, sharpchin, and 
redstripe rockfish were not as great, and these changes were not 
statistically significant. Most of the decline in biomass for 
Pacific ocean perch was caused by large decreases in the central 
and western Gulf of Alaska. The 1987 biomass for this region was 
264,991 mt (Clausen and Heifetz 1989), whereas in 1990 the 
corresponding biomass was only 59,044 mt. (Shumagin, Chirikof, and 
Kodiak areas in Table 5-5). 

The reasons for the large declines in slope rockfish biomass in 
1990 are unclear. The species in the assemblage have low rates of 
natural mortality and slow growth, which would make large 
fluctuations in biomass unlikely over a relatively short period of 
time. It is also unlikely that large numbers of the fish emigrated 
from the Gulf of Alaska. Furthermore, after the 1987 survey, stock 
condition of Pacific ocean perch was thought to be improving 
because of the apparent success of a number of identified year 
classes (Clausen and Heifetz 1989). All these factors cast some 
doubt as to the validity of the large decreases in biomass observed 
in 1990 or reported catch as a measure of fishing mortality. A 
reduced availability of slope rockfish to the trawl survey, because 
of some unknown change in their behavior ,or pattern of 
distribution, may be an alternative explanation for the low biomass 
estimates. More research into the biology and interannual 
distribution of slope rockfish is needed to better assess the stock 
condition of these species. 

5.3.3 current Exploitable Biomass 
The most recent estimates of exploitable biomass for slope rockfish 
species are from the 1990 triennial trawl survey (Table 5-7) • 
Exploitable biomass for the entire assemblage in the Gulf of Alaska 
was estimated at 336,129 mt in 1990, with a 95% confidence interval 
of 233,499 - 438,759 mt. Exploitable biomass for each management 
sub9roup, with associated 95% confidence intervals, is as follows: 
Pacific ocean perch, 129,734 mt, 68,051 191,417 mt; 
shortraker/rougheye, 46,243 mt, 28,543 - 63,943 mt; and other slope 
rockfish, 160,152 mt, 80,059 - 240,245 mt. These estimates were 
derived from the gulfwide biomass estimates listed in Table 5-4, 
excluding the biomass in the 1-100 m depth stratum. The 1-100 m 
depth stratum was removed from the estimate because most slope 
rockfish in this stratum are small juvenile fish younger than the 
age of recruitment, and thus are not considered exploitable 
(Clausen and Heifetz 1989). 

Other values for current exploitable biomass, however, may be more 
appropriate than using only the 1990 survey results. This is 
because of the uncertainty concerning the biomass estimates for 
slope rockfish in the 1990 survey ( see previous discussion in 
section 5.3.2.2). We suggest using the average of the exploitable 
biomasses in the 1987 and 1990 surveys to compute alternative 
estimates of current exploitable biomass (1987 estimates of 
exploitable biomass are listed in Table 5-7). These averages yield 
the following values of current exploitable biomass: for the 
entire slope rockfish assemblage, 532,574 mt; for Pacific ocean 
perch, 229,139 mt; for shortraker/rougheye, 72,961 mt; and for 
other slope rockfish, 230,475 mt. 
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5.4 RECRUITMENT STRENGTHS 

I· The only recent information on recruitment strengths of slope 
rockf ish in the Gulf of Alaska is based on the 1987 and 1990 
triennial trawl surveys. These data include length-frequency 
distributions for the major species in the assemblage, and age 
compositions for Pacific ocean perch and northern rockfish. 

Length frequency distributions for Pacific ocean perch in the Gulf 
of Alaska in 1990 show evidence of a distinct mode of small fish at 
approximately 25-28 cm (Figure 5-2). The mode is especially 
prominent in the Shumagin and Southeastern areas, and likely 
corresponds to the 1984 year class (age 6). A stronger than 
average 1984 year class was also noted in the length frequency 
distributions and age compositions for Pacific ocean perch in the 
1987 trawl survey (Clausen and Heifetz 1989). 

Length frequency distributions for six other species of slope 
rockfish from the 1990 survey are shown in Figure 5-3. Distinct 
modes of younger fish are seen for northern rockfish at 
approximately 26 cm and for rougheye rockfish at 37 cm. These 
modes may indicate strong r.ear classes, but there was no 
corresponding evidence of possibly strong year classes in the 1987 
length frequency distributions for these two species (see Clausen 
and Heifetz 1989). For the other species shown in,Figure 5-3, the 
length frequencies show little indication of upcoming strong 
recruitment. 

At present, the only age composition data available from the 1990 
survey is for Pacific ocean perch in the eastern Gulf of Alaska 
(Figure 5-4) . Three distinct year classes are evident which appear 
stronger than those in adjacent years: 1976, 1980, and 1984. The 
1983 year class may also be relatively strong. Each of these four 
year classes was previously identified as strong in age 
compositions from the 1987 trawl survey in the Gulf (Clausen and 
Heifetz 1989), and a strong 1976 year class was also observed in 
1984 off southeastern Alaska (Carlson et al. 1986). The success of 
these cohorts may be an indication of improving stock condition for 
Pacific ocean perch which is not evident in the 1990 biomass 
estimates. 

Age composition of northern rockfish in the Gulf of Alaska, as 
determined from the 1987 trawl survey, was very different than that 
of Pacific ocean perch (Heifetz and Clausen 1991). The northern 
rockfish population was relatively old, and recruitment appeared 
highly variable. Four prominent year classes were seen: 1960, 
1970, 1976, and 1982. Approximately 40% of the northern rockfish 
in the Gulf were estimated to be older than age 15, compared to a 
corresponding value of only 12% for Pacific ocean perch. 
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5.5 BIOLOGICAL PARAMETERS 

5.5.1 Natural Mortality. Maximum Age. and Age of Recruitment 

Estimates of total mortality (Z), maximum age, and recruitment age 
are shown in Table 5-8. Estimates of Z which were based on catch 
curves should be considered as upper bounds for the natural 
mortality rate M. Estimates of Z for Pacific ocean perch in 
Archibald et al. ( 1981) were from populations considered to be 
lightly exploited and thus are considered reasonable estimates of 
M. Previously, no estimates of mortality were available for 
northern rockfish. We use the method of Alverson and Carney (1975) 
to estimate M. Using a maximum age of 49 years and Brody growth 
coefficient Kin Table 5-9, the Alverson-Carney estimate of M for 
Northern rockfish in the Gulf of Alaska is 0.06. Use of the catch 
curve method to estimate mortality for Northern rockfish appears 
quite tenuous based upon the large degree of recruitment variations 
reported in Heifetz and Clausen (1991). 

5.5.2 Length and weight at Age 

Length-weight coefficients and Von Bertalanffy parameters are shown 
in Table 5-9. New estimates of Von Bertalanffy parameters are 
presented for Northern rockfish based the "break and burn" method 
of ageing otoliths. For these estimates, we used a non-linear 
least squares fit to a sample of 853 aged fish from the 1984 and 
1987 Gulf of Alaska trawl surveys. Schnute growth coefficients 
(rho=.870, omega=.892) for Pacific ocean perch have been estimated 
from age samples from the 1984 and 1987 Gulf of Alaska trawl 
surveys. 

5.6 MAXIMUM SUSTAINABLE YIELD 

5.6.1 stock Reduction Analysis CSRAl 

In previous stock assessments, generalized SRA (Kimura et al.1984; 
Kimura 1985) was applied to Pacific ocean perch to determine 
population abundance and potential yield. Pacific ocean perch is 
the only species of slope rockfish for which a long time series of 
catch data is available to permit reconstruction of the population 
dynamics. Input data used in this analysis included: estimated 
annual catches of Pacific ocean perch from 1961 to 1990; rate of 
instantaneous natural mortality (M = 0.05; from Archibald et al.'s 
1981 estimate of total instantaneous mortality (Z) of lightly 
exploited stocks of Pacific ocean perch) ; Schnute growth model 
parameters (rho = 0.870, omega = 0.892, from age-weight data 
collected in the 1984 and 1987 trawl surveys); age of recruitment 
(k = 9 years; from Kimura 1985); and point estimates of exploitable 
biomass for Pacific ocean perch from the 1987 and 1990 triennial 
trawl surveys. 

SRA was performed using three Beverton and Holt stock-recruitment 
scenarios (Kimura 1988). The shape parameters for these scenarios 
were A= 0.889, 0.750, and 0.571 which represent 90, 80, and 70% of 
the recruitment to the unexploited biomass when the stock has been 
reduced to 50% of the unexploited biomass. For each recruitment 
scenario, the best fit to the data was found by minimizing the sum 
of the squared deviations (SSQ) between the observed trawl survey 
biomass estimates in 1987 and 1990 and the biomass predicted by the 
SRA model. The different recruitment scenarios and estimates of 
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exploitable biomass were necessary for the analysis because of the 
uncertainty regarding Pacific ocean perch exploitable biomass and 
recruitment relationships. 

Assuming that the stock was unexploited in 1960, SRA estimated that 
virgin biomass ranged from 1,340,000 mt to 1,527,000 mt, MSY ranges 
from 15,000 mt to 27,700 mt, and fishing mortality at MSY (Fmsy) 
ranges from O. 024 to o. 080 (Table 5-10) • Current biomass predicted 
by the SRA model is 16 to 19 percent of virgin biomass and well 
below that which produces MSY. Maximum allowable fishing mortality 
rate as constrained by the overfishing definition (Fof) is lower 
than Fmsy because current biomass predicted by the SRA model is 
lower than Bmsy. Fof ranged from to 0.009 to 0.055. The least 
productive recruitment scenario (A=0.571) produced the "best fit" 
(smallest SSQ) to the data because of the large decrease in the 
trawl survey biomass estimate in 1990. The trend in biomass from 
the SRA model is in Figure 5-4. The relationship between yield, 
exploitable biomass, and instantaneous rate of fishing mortality 
(F) is shown in Figure 5-5. 

5.6.2 stock synthesis 

The underlying age-structure of the population and other auxiliary 
information are not directly inco~orated in SRA. An assumption 
that has been made in the application of SRA is that in 1960 the 
population was in equilibrium. However, there are some indications 
that when the Pacific ocean perch fishery began in the 1960's the 
age composition of the population was dominated by a few strong 
rear classes (Westrheim 1970). Such information can have important 
implications for stock assessments and should be considered in the 
application of any modeling exercise. Age structured models, such 
as the stock synthesis model of Methot (1990) for eg., can directly 
incorporate age composition information as well as include a wide 
diversity of data types and the degree of uncertainty associated 
with each data type. At the present time, we are exploring the use 
of the stock synthesis approach for application to Pacific ocean 
perch. 

5.7 ACCEPTABLE BIOLOGICAL CATCH 

5.7.1 summary of Rationale for the 1991 ABC's 

5.7.1.1 Pacific ocean Perch 

The ABC for Pacific ocean perch in 1991 was based on an F=M 
exploitation rate constrained by the definition of overfishing 
which decreases the exploitation rate by the percentage that 
current biomass is below than Bmsy. Based on recommendations from 
the SSC, the estimate of current biomass of 238,567 mt was 
determined from SRA by computing the mean of the three projected 
biomasses for 1991. Bmsy of 498,500 mt was determined from the mean 
of the three estimates of Bmsy from SRA. This resulted in a current 
biomass to Bmsy ratio of 0.5. Decreasing F=M=0.05 by 50% resulted 
in an recommended F of 0.025. This F was applied to the mean of 
the 1987 and 1990 triennial trawl survey estimates of exploitable 
biomass for Pacific ocean perch of 231,900 mt to yield an ABC of 
5,800 mt. Thus, ABC was set equal to the estimated level of 
overfishing. 
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5.7.1.2 Shortraker and Rougheye Rockfish 

The ABC for shortraker and rougheye rockfish in 1991 was based on 
on an F=M exploitation rate. The level of overfishin9 was 
determined as F=M. Based on recommendations of the SSC, estimates 
of M were obtained from Table 5-8 in Heifetz and Clausen (1990) 
which listed estimates of total mortality Z based on catch curve 
analyses. The estimate of M=0.025 for rougheye rockfish was based 
on the midpoint of the range of Z (O.Ol-0.04) for British Columbia 
stocks. Because there was no estimate of Mor Z for shortraker 
rockfish, the ratio of maximum age of shortraker to rougheye 
(140/120) multiplied by 0.025 was used to estimate an M of 0.03. 
These F's were applied to the mean of the 1987 and 1990 estimates 
of exploitable biomass for shortraker of 28,358 mt and rougheye of 
44,204 mt which yielded an ABC for the subgroup of 2,000 mt. 

5.7.l.3 other slope rockfish 

The ABC for other slope rockfish in 1991 was based on calculations 
similar to that of shortraker and rougheye. Estimates of F=M=0.05 
were applied to sharpchin, northern, and harlequin rockfish. An 
F=M=O. 07 was applied to all other species in the other slope 
rockf ish subgroup. This resulted in an ABC for other slope 
rockfish of 10,100. 

5.7.2 overfishing definition 

The 1991 ABC's for slope rockfish were set at the defined limit of 
overfishing. The overfishing definition as applied to Pacific ocean 
perch, however, relied heavily on an estimate of Bmsy. There is 
considerable uncertainty in the estimates of Bmsy for Pacific ocean 
perch because of the uncertainty in the stock-recruitment 
parameters and the use of the assumption that the population was at 
a long term pristine level at the beginning of the catch data 
series in 1960. An alternate overfishing definition is specified 
by the fishing rate that results in the exploitable biomass to 
recruit ratio falling to 30% of its pristine level. Based on a 
yield-per-recruit analysis we estimate this fishing rate to be 
0.105. This fishing rate is higher than the F=M rate and thus 
would not constrain an ABC obtained at an F=M rate. The rate 
computed for rougheye rockfish is 0.046, greater than the assumed 
value for rougheye rockfish natural mortality. 

5.7.3 Preliminary ABC Recommendations for 1992 
The most appropriate values of F to apply to the remaining sub
groups are presently being evaluated. We recommend that an F=M 
exploitation policy with separate sub-group ABC's again be used to 
determine preliminary ABC's for slope rockfish. For Pacific ocean 
perch, the 1991 ABC, unconstrained by the overfishing definition, 
would have been 11,600 mt. (F=M=.05 applied to 234,200 mt, average 
of updated estimates from the 1987 and 1990 trawl surveys, results 
in an ABC of 11,460 mt). We recommend that preliminary ABC's be 
equal to the 1991 values of 2,000 mt for shortraker/rougheye, and 
10,100 mt for other slope rockfish. 

5.7.4 Rockfish Work Plan 

Stock assessment of slope rockfish is hampered by limited 
information and considerable uncertainty as to current stock 
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abundance and long-term productivity. The adequacy of current 
trawl survey methodology to assess rockfish biomass, especially 
deeper water species (shortraker/rougheye), is questionable. These 
concerns have prompted the AFSC to develop a comprehensive working 
plan to improve stock assessments for rockfish. The main focus of 
this plan, which is currently under preparation, is to develop and 
prioritize research pro~osals for improving rockfish assessment and 
management. Included in this ~lan are ~roposals for alternative 
survey designs that use the skill and fish-catching ability of a 
commercial fishing operation and e,q>erimental mana9ement schemes 
such as adaptive management designed to provide a better 
understanding of stock dynamics. 
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Table 5-l.--Species comprising the slope rockfish assemblage in 
the Gulf of Alaska. 

Common name 

Pacific ocean perch 
Shortraker rockfish 
Rougheye rockfish 
Northern rockfish 
Sharpchin rockfish 
Redstripe rockfish 
Harlequin rockfish 
Silvergrey rockfish 
Yellowmouth rockfish 
Bocaccio 
Greenstriped rockfish 
Darkblotched rockfish 
Pygmy rockfish 
Splitnose rockfish 
Aurora rockfish 
Blackgill rockfish 
Chilipepper 
Shortbelll rockfish 
Stripetai rockfish 
Vermilion rockfish 

Scientific name 
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Management 
subgroup 

Pacific ocean perch 
Shortraker/rougheye 
Shortraker/rougheye 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other slope rockfish 
Other,slope rockfish 



Table 5·2.·•Catcha (mt) of fish in the slope roekfish assea,lsge in the Gulf of Alaska, with gulfwide 
values of acceptable biological catch (ABC) and fishing quotas (mt), 1977·91. Values listed for 1977· 
88 are landed catches only, whereas values for 1989·91 also include fish discarded at sea. 

Gulfwide 
Fishery Regul1tor;t area Gulfwide Management val~ 

Year category l.lestern Central Eastern Total ABC Quota 

1977 Foreign 6,282 6,166 10,993 23,441 
U.S. 0 0 12 12 
JV 
Total 6,282 6,166 11,005 23,453 50,000 30,000 

1978 Foreign 3,643 2,024 2,504 8,171 
U.S. 0 0 5 5 
JV 
Total 3,643 2,024 2,509 8,176 50,000 25,000 

1979 Foreign 944 2,371 6,434 9,749 
U.S. 0 99 6 105 
JV 1 31 35 61 
Total 945 2,501 6,475 9,921 50,000 25,000 

1980 Foreign 841 3,990 7,616 12,447 
U.S. 0 2 2 4 
JV 0 20 0 20 
Total 841 4,012 7,618 12,471 50,000 25,000 

' 

1981 Foreign 1,233 4,268 6,675 12, 176 
U.S. 0 7 0 1 
JV 1 0 0 1 
Total 1,234 4,275 6,675 12, 184 50,000 29,167 4 

1982 Foreign 1,746 6,223 17 7,986 
U.S. 0 2 0 2 
JV 0 3 0 3 
Total 1,746 6,228 17 7,991 50,000 11,475 

1983 Foreign 671 4,726 18 5,415 
U.S. 7 8 0 15 
JV 1,934 41 0 1,975 
Total 2,612 4,775 18 7,405 50,000 11,475 

1984 Foreign 214 2,385 0 2,599 
U.S. 116 0 3 119 
JV 1,441 293 0 1,734 
Total 1,771 2,678 3 4,452 6,944 11,475 

1985 Foreign 6 2 0 8 
U.S. 631 13 181 825 
JV 211 43 0 254 
Total 848 58 181 1,087 6,500 6,083 

1986 Foreign Tr Tr 0 Tr 
U.S. 642 394 1,908 2,944 
JV 35 2 0 37 
Total 677 396 1,908 2,981 10,500 3,702 

1987 Foreign 0 0 0 0 
U.S. 1,347 1,434 2,088 4,869 
JV 108 4 0 112 
Total 1,455 1,438 2,088 4,981 10,500 5,000 

4 
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Table 5·2.••(Continued). 

Fishery 
category/ Gulfwide 

Management R!Jiulator}:'. area Gulfwide Management valyt; 
Year subgroup Western Central Eastern Total ABC Quota 

1988 Foreign 0 0 0 0 
U.S. 2,586 6,467 4,718 13,771 
JV 4 5 0 8 
Total 2,590 6,471 4,718 13,779 16,800 16,800 

1989 Foreign 0 0 0 0 
U.S. 4,339 8,315 6,348 19,002 
JV 0 0 0 0 
Total 4,339 8,315 6,348 19,002 20,000 20,000 

1990 Foreign 0 0 0 0 
U.S. 5,203 9,973 5,938 21, 114 
JV 0 0 0 0 
Total 5,203 9,973 5,938 21,114 17,700 17,700 

1991c POPd 966 2,518 1,846 5,330 5,800 5,800 
Short raker/ 68 829 402 1,299 2,000 2,000 
Rougheye 
Other slopee 322 2,332 407 3,081 10,100 10,100 

JV= Joint venture. Tr= Trace catches. 

Sources: Catch: 1977·84, Carlson et al. (1986); 1985·88, Pacific Fishery Information Network 
(PaeFIN), Pacific Marine Fisheries Conmission, 305 State Office Building, 1400 s.w. 5th Avenue, 
Portland, OR 97201; 1989·91, National Marine Fisheries Service, Alaska Region, P.O. Box 21668, Juneau, 
AIC 99802. ABC and Quota: 1977-1986 ICarinen and Wing (1987); 1987-90, Heifetz and Clausen (1990); 
1991, North Pacific Fishery Management Council Newsletter, Dec. 13, 1990. P.O. Box 103136, Anchorage, 
Alaska 99510. 

acatch defined as follows: 1977, all Sebastes rockfish for Japanese catch, and Pacific ocean perch for 
catches of other nations; 1978, Pacific ocean perch only; 1979·87, the 5 species c~ising the Pacific 
ocean perch c~lex; 1988·90, the 18 species c~ising the slope rockfish aaseat>lage; 1991, the 20 
species c~ising the slope rockfish assembalge. 

bQuota defined as fol lows: 1977-86, optilll.D yield; 1987, target (lJOta; 1988·91, total allowable catch. 

CThere were no foreign or joint venture catches in 1991; updated as of August 4, 1991. 

dPacific ocean perch management subgroup. 

eOther slope rockf i sh management subgroup. 
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Table 5-3.··Relative population nuicer CRPN) and relative population weight (RPW) of rougheye and shortraker 
rockfish in the Gulf of Alaska, based on results of the NMFS domestic longline survey, 1988-90. Values Listed 
are for the upper continental slope only, 201·1,000 m depth. 

Year 

1988 
1989 
1990 

1988 
1989 
1990 

1988 
1989 
1990 

INPFC Areas 

South· 
Sh.,...gin Chirikof Kodiak Yakutat eastern 

Gulfwide 
Total 

RPN for Rougheye and Shortraker Rockfish COlllbined: 

7,234 2,227 4,855 8,751 5,8n 
8,627 2,783 5,889 10,585 11,294 
7,847 1,807 8,998 12,961 6,793 

RPW for Rougheye Rockfish: 

3,348 1,186 2,786 3,816 5,976 
6,610 2,414 3,752 5, 116 13,068 
5,277 1,136 6,315 4,365 7,303 

RPW for Shortraker Rockfish: 

4,924 2,574 5,010 13,233 2,458 
4,2n 1,441 5,795 13,247 3,362 
4,9n 1,208 6,742 19,382 2,199 

116 

28,939 
39,178 
38,405 

17,112 
30,960 
24,396 

28,199 
28,117 
34,503 



Table 5-4.--Preliminary estimates of biomass for slope rockfish 
species in the Gulf of Alaska, based on results of the 1990 
triennial trawl survey. (Note: this is an updated revision of 
Table 5-4 listed in Heifetz and Clausen (1990)). 

Biomass 95% confidence 
% of total 

SEecies 
biomass for 

{mt~ interval sloEe rockfish 

Pacific ocean perch 132,369 65,874-198,865 35.6 
Shortraker rockfish 9,449 3,992-14,908 2.5 
Rougheye rockfish 44,470 24,740-64,200 12.0 

Subtotal 
shortraker/rougheye 53,919 35,042-72,796 14.5 

Northern rockfish 99,330 19,873-178,787 26.7 

Sharpchin rockfish 33,412 4,909-61,914 9.0 
Redstripe rockfish 22,877 0-47,503 6.1 
Harlequin rockfish 15,040 0-30,354 4.0 
Silvergray rockfish 12,749 688-24,810 3.4 
Yellowmouth rockfish 1,881 0-5,752 0.5 
Bocaccio 176 0-546 tr 
Greenstriped rockfish 120 40-199 tr 
Darkblotched rockfish 116 0-1,424 tr 
Pygmy rockfish 55 0-147 tr 
Splitnose rockfish 2 0-18 tr 

subtotal other 
slope rockfish 185,758 l00,907-270,609 49.9 

Total 372,046 265,409-478,683 100.0 

tr= trace 
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Table S·S.··Distribution of biomass of slope roc:kffsh species in th• Gulf of Alaska, by International North 
Pacific Fisheries C01111ission statistical area, based on results of the 1990 triennial trawl surv!l. 

!NPFC AREA ~mt2 
Species Shunasin Chirikof Kodiak Yakutat Southeastern Total 

Pacific oc:ean perch 24,436 16,204 18,404 34,900 38,425 132,369 
Shortraker roc:kfish 363 1,568 2,317 4,045 1, 156 9,449 
Rougheye roc:kfish 1,578 10,397 26,030 5,317 1, 148 44,470 

S~totak s ortra er/rougheye 1,941 11,965 28,347 9,362 2,304 53,919 
Northern roc:kfish 37,885 5,798 55,296 350 0 99,330 

Sharpchin roc:kfish 2 3 2,752 2,118 28,537 33,412 
Redstripe roc:kffsh 0 0 16 3,350 19,511 22,8n 
Harlequin rockfish 127 556 11,020 1,151 2,186 15,040 

Silvergrey rockfish 0 3 300 5,384 7,062 12,749 

Yellowmouth roc:kfish 5 0 0 0 1,876 1,881 

Bocaccio 0 0 0 0 176 176 

Greenstriped roc:kfish 0 0 0 10 110 120 

Oarkblotched rockffsh 0 0 0 11 105 116 
Pygmy roc:kfish 0 0 3 3 49 55 
Splitnose rockfish 0 0 0 0 2 2 

Sub~1taA other slope roe: 1 s 38,019 6,360 69,387 12,3n 59,614 185,758 
Total 64,396 34,529 116, 138 56,639 ' 100,343 3n1046 
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Table 5-6. --comparison of biomass estimates for slope rockf ish 
species in the Gulf of Alaska in the 1984, 1987, and 1990 triennial 
trawl surveys. For the 1984 and 1987 surveys, biomass estimates 
were adjusted to the most efficient vessel/trawl combination each 
year. No adjustments between vessels were made to the 1990 data. 

Species 
8 Biomass <mt} 

1984 1987 1990 

Pacific ocean perch 370,673 352,736 132,369 

Shortraker rockfish 53,661 47,702 9,449 

Rougheye rockfish 74,368 53,225 44,470 

Northern rockfish 75,731 172,619 99,330 

Sharpchin rockfish 5,989 70,155 33,412 

Redstripe rockfish 

Harlequin rockfish 

Silvergrey rockfish 

Other species 

1,777 

449 

23,706 

90,879 

4,684 

742 

22,877 

15,040 

12,749 

2.350 

% of assemblage 
biomass 

1984 1987 1990 

63.6 43.2 35.6 

9.2 5.8 2.5 

12.8 6.5 12.0 

13.0 21.1 26.7 

1.0 8.6 9.0 

2.9 

0.3 11.1 

0.6 

0.1 0.1 

6.1 

4.0 

3.4 

0.6 

Total 582,648 816,448 372,046 100.0 100.0 100.0 

aBiomass estimates are not available for redstripe and silvergrey 
rockfish and bocaccio in 1984. 
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Table 5-7.--Estimates of exploitable biomass of slope rockfish in 
the Gul~ of .Alaska, by NPFMC-regulatory area, based on the 1987 and 
1990 triennial trawl surveys. 

Exploitable Biomass <mt} 
Species Western Central Eastern Total 

Pacific ocean perch 
Shortraker rockfish 
Rougheye rockfish 

Subtotal 
shortraker/rougheye 

Northern rockfish 
Sharpchin rockfish 
Redstripe rockfish 
Harlequin rockfish 
Silvergray rockfish 
Minor species 

Subtotal other slope 
roc.l\,:t isfi 

Total 
Proportion of total (%) 

Pacific ocean perch 
Shortraker rockfish 
Rougheye rockfish 

Subtotal 
shortraker/rougheye 

Northern rockfish 
Sharpchin rockfish 
Redstripe rockfish 
Harlequin rockfish 
Silvergray rockfish 
Minor species 

Subtotal other slope 
rock:tisfi 

Total 
Proportion of total (%) 

130,261 
3,248 
3,956 

7,204 
19,056 

3,223 
1,207 

10,265 
39 
69 

33,859 
171,324 

23.5 

22,100 
363 

1,165 

1,528 
13,704 

2 

0 

121 
0 

5 

13,832 
37,460 

11.1 

120 

liil 
110,539 

30,488 
28,974 

59,462 
96,999 

50 
1,920 

38,127 
101 
232 

137,429 
307,430 

42.2 

87,744 
13,800 
19,213 

33,013 
1,460 

66,850 
20,571 
35,850 
4,511 

267 

129,509 
250,266 

34.3 

l..2..2..Q. 

34,309 73,325 
5,201 
6,382 

3,885 
29,247 

33,132 
60,577 
2,755 

16 
11,564 

303 
3 

75,218 
142,659 

42.4 

11,583 
345 

30,655 
22,477 
2,844 

12,439 
2,342 

71,102 
156,010 

46.4 

328,544 
47,536 
52,143 

99,679 
117,515 

70,123 
23,698 
84,242 

4,652 
568 

300,798 
729,020 

129,734 
9,449 

36,794 

46,243 
74,626 
33,412 
22,493 
14,529 
12,742 
2,350 

160,152 
336,129 



Table 5-8. Mortality rates, maximum age, and age of recruitment for 
slope rockfish. Area indicates location of study; British Columbia 

~, (BC), Gulf of Alaska (GOA), Aleutians (AL), Bering Sea (BS). All 
mortality rates except for Northern rockfish are for instantaneous 
rate of total mortality (Z) estimated with catch-curves. The 
mortality rate for Northern rockfish is for the instantaneous rate 
of natural mortality (M) estimated by the Alverson-Carney method. 

Species 

Pac. ocean 
perch 

Northern 

Rougheye 

Shortraker 

Sharpchin 

Yellowmouth 

Darkblotched 

Harlequin 

Reds tripe 

Mortality 
rate 

0.02-0.08 

0.06 

0.01-0.04 
0.04 

0.05 

0.06 

0.07 

0.10 

Maximum 
age 

90 
78 
98 

49 
56 
57 

140 
95 

120 

46 

71 

48 

43 

41 

Age of 
recruit

ment 

9 

30 

Area 

BC 
GOA 
AL 

GOA 
AL 
BS 

BC 
GOA 

BC 

BC 

BC 

BC 

BC 

BC 

Refer
ence 

1,2 
3,4 
5 

8 
8 
8 

1,2 
6,7 

2 

1 

1,2 

1 

2 

1,2 

Silvergrey 0.01-0.07 80 BC 1,2 

1) Archibald et al. 1981; 2) Chilton and Beamish 1982; 3) Clausen 
and Heifetz 1989; 4) Kimura et al. 1984; 5) Ito 1987; 
6) Nelson and Quinn 1987; 7) Nelson 1986; 8) this report. 
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Table 5-9. Von Bertalanffy parameters and length-weight 
coefficients for some species of slgpe rockfish. Length-weight 
coefficients are for the formula W=aL where w = weight in kg and 
L = length in cm. 

Species tengtn-wej;gfit coefficienti to k Gn~Refer-
a b (cm ence 

Pacific ocean 1.54 X 10·5 2.96 -8.22 0.088 44.8 1,2 
perch -5.22 0.126 42.6 1 

-0.32 0.207 41.1 3 

Northern 1.63 X 10·5 2.98 -1.51 0.190 35.6 3,5 

Rougheye -4.21 0.050 54.7 4 

Sharpchin -2.12 0.095 34.9 1 

1) Arcnihald et al. 1981; 2) Ito 1982; 3) Clausen and Heifetz 
1989; 4) Nelson 1986; 5) this report. 

Table 5-10. Results of Gulf of Alaska stock reduction analysis 
(SRA) for Pacific ocean perch. 

V1rg1n 
A Bi01118SS P MSY 

0.889 1,340,000 0.19 27,700 
478,100 0.044 0.042 234,500 
0.571 1,527,000 0.16 15,000 

Notation: 

Bmsy Fmsy umay B91 Fof SSQ 
368,600 0.080 0.075 253,100 0.055 2.51E10 0.750 1,405,000 0.17 20,100 
0.022 2.13E10 
648,800 0.024 0.023 228,100 0.009 1.89E10 

A ,. stock-recruitment shape parameter 
P ,. B1991/virgin Biomass. 
Virgin biomass• biomass in 1960. 
Bmsy " Biomass which producn MSY. 
Fmsy" Instantaneous fishing mortality rate at MSY. 
Umsy = Exploitation rate at MSY. 
B91 z Projected biomass in 1991. 
Fof = Maxinu1 allowable level of F that confor1111 with the NPFMC definition of overfishing. 
SSQ = SI.A of the squared deviations between the observed trawl survey biomass estimates and the biomass 

predicted by the SRA model. The lower the nuitler the better the fit. 

122 



--E -0 
en 
0 
0 
0 .... ..... 
.c 
(J -111 
0 

300 

250 

200 

150 

100 

50 

0 ~--,--,,......-.--.....-,---,-"""T-"T""--,.----r--.,-....-,--~~::!:!~~~~--,.----r~ 

60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 

Year 

Figure 5-1.--All-nation catch of Pacific ocean perch and other 
slope rockfish in the Gulf of Alaska, 1960-91. Data 
based on the following sources: 1960-63, Balsiger et 
al. (1985); 1964-84, Carlson et al. (1986); 1985-91, 
Table 5-2, this report. 
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Figure s-2.--Length frequency distributions of the estimated 
population of Pacific ocean perch in the Gulf of 
Alaska, based on results of the 1990 triennial trawl 
survey. The distributions are shown by International 
North Pacific Fisheries Commission statistical areas 
and for the entire Gulf of Alaska. 
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Figure 5-3.--Length frequency distributions of the estimated 
population for six major spec i es of slope rockfish in 
the Gulf of Alaska, based on results of the 1990 
triennial trawl survey. 
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Figure 5-6.--Equilibrium yield and exploitable biomass as a 
function of instantaneous rate of fishing mortality (F) for Pacific 
ocean perch in the Gulf of Alaska based on SRA. 
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Section 6 PELAGIC SHELF ROCKFISH 

by 

David M. Clausen and Jonathan Heifetz 

Changes from last year's final document include: 

1) Updated catches for 1990 and 1991, and new jig fishery for 
black rockfish in central Gulf is discussed (Sec. 6.2). 

2) Results from 1990 triennial trawl survey are slightly revised 
(sec. 6.3.2), resulting in slightly revised estimate of current 
exploitable biomass (sec 6.3.3). 

3) Figure is added showing length frequency distribution of dusky 
rockfish from 1990 trawl survey (sec 6.4, fig. 6.1). 

4) Growth parameters (sec. 6. 5. 2) have been estimated for Gulf of 
Alaska dusky rockfish, and a natural mortality rate estimate 
provided (sec. 6.5.1). 

5) ABC recommendation revised upward because of new natural 
mortality rate (sec. 6.7). 
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Section 6 

6.1 

PELAGIC SHELF ROCKFISH 

S.A.F.E. Document 

by 

David M. Clausen and Jonathan Heifetz 

August 1991 

INTRODUCTION 

The pelagic shelf rockfish assemblage in the Gulf of Alaska 
includes five species of Sebastes rockfish (Table 6-1) • This 
assemblage is one of three management groups for Sebastes in the 
gulf which were implemented in 1988 by the North Pacific Fishery 
Mana9ement Council. Pelagic shelf rockfish can be defined as those 
species of Sebastes that inhabit waters of the continental shelf of 
the Gulf of Alaska, and that typically exhibit a midwater, 
schooling behavior. 

Gulfwide, dusky rockfish is the most important species in the as
semblage. The taxonomy of this species is unclear, and biochemical 
studies (Seeb 1986) indicate that two distinct species of dusky 
rockfish likely occur in the Gulf of Alaska: an inshore, shallow 
water variety; and a lighter-colored variety found in deeper water 
offshore. No formal reclassification of dusky rockfish, however, 
has yet been made. In this report, most of the discussion on dusky 
rockfish will concern the offshore, light-colored variety, since 
most information is available from offshore trawl surveys. 

6.2 CATCH HISTORY 

Catch statistics for pelagic shelf rockfish in the Gulf of Alaska 
are only available for the past four years, 1988-91 (Table 6-2). 
Previous to 1988, these fish were classified into another, larger 
mana9ement group ("other rockfish"; see Table 6-1), and it is not 
possible to separate out catches of the pelagic shelf species. For 
each year listed in Table 6-2, total catches were much less than 
the assigned quotas, indicating the assemblage has been under
utilized by commercial fishermen. During the period 1988-90, 
almost all the catch (>95%) was been taken in bottom trawls. In 
1991, however, a small boat jig fishery for black rockfish 
developed in the central Gulf of Alaska in the Kodiak-Kenai 
Peninsula area. So far this year, this new fishery has accounted 
for 41% of the gulfwide catch of pelagic shelf rockfish. 

6.3 CONDITION OF STOCKS 

There is little information on condition of stocks for pela9ic 
shelf rockfish. Traditional resource assessment surveys using 
bottom trawls have likely underestimated the abundance of these 
midwater fish. Furthermore, no comprehensive off-bottom surveys of 
rockfish in the Gulf of Alaska have been conducted. 
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6.3.l Relative Abundance 

There is no information available on current relative abundance of 
pelagic shelf rockfish. Previous studies using midwater hook-and
line gear (Rosenthal et al. 1982) have indicated that black, 
yellowtail, and dusky rockfish may be a latent, under-utilized 
resource in nearshore waters of Southeastern Alaska. 

6.3.2 Absolute Abundance 

Comprehensive triennial trawl surveys were conducted in the Gulf of 
Alaska in 1984, 1987, and 1990. These surveys provide estimates of 
biomass for pelagic shelf rockfish. However, fish living in 
midwater were not sampled in these surveys because the surveys used 
bottom trawls exclusively. 

Biomass estimates from the 1990 survey are listed in Table 6-3. 
The reader should note that the values in this table have been 
somewhat revised from those listed in Table 6-3 in last year's 
stock assessment (Clausen and Heifetz 1990). In the previous 
assessment, a fishing power correction between survey vessels was 
used to adjust the catch data for dusky rockfish. A recent re
analysis of the 1990 survey has indicated that this correction is 
no longer necessary, and the biomass estimates used in the present 
document are now based on unadjusted catch data. 

Biomass of pelagic shelf rockfish in the 1990 triennial trawl 
survey was estimated at 26,217 mt (Table 6-3), with a 95% 
confidence interval of 11,629-40,805. Dusky rockfish was by far 
the most abundant species in the assemblage, comprising 92% of the 
gulfwide biomass. Most of the dusky rockfish biomass was in the 
Kodiak area. 

Comparative biomass estimates for the three triennial surveys show 
wide fluctuations in the abundance of pelagic shelf rockfish (Table 
6-4). The 1987 and 1990 estimates are considered more reliable 
than those for 1984, because of standardization problems in the 
1984 survey. Dusky rockfish biomass increased from 37,313 mt in 
1984 to 163,188 mt in 1987, and then declined sharply in 1990 to 
only 24,141 mt. The decrease from 1987 to 1990 was statistically 
significant. 

These variations in biomass between surveys seem unreasonably large 
for a species such as dusky rockfish. Althou9h age and growth 
information on dusky rockfish is limited, the fish are relatively 
long-lived (Clausen and Heifetz 1991), and in common with other 
species of Sebastes, are slow growing with low rates of natural 
mortality. Fishing mortality of dusky rockfish in recent years has 
apparently also been low, based on the relatively small catches in 
the commercial fishery. These factors suggest that an extreme 
decrease in abundance over a relatively short period of time, such 
as that seen between the 1987 and 1990 surveys, is unlikely. The 
low biomass estimate in 1990 may have been caused by a reduced 
availability of dusky rockfish to the survey' s bottom trawls, 
rather than by a true decline in abundance. Perhaps in 1990 more 
of the fish were distributed off-bottom, and hence were not 
captured in the trawls. Clearly, more research is needed to 
evaluate the appropriateness of using bottom trawls to survey stock 
condition of dusky rockfish. 
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6.3.3 current Exploitable Biomass 

Previously, exploitable biomass for pelagic shelf rockfish in the 
Gulf of Alaska was estimated at 164,352 mt from results of the 1987 
trawl survey (Clausen and Heifetz 1989). The 1990 trawl survey 
provides an updated estimate of 26,217 mt for exploitable biomass. 
As discussed in the previous section, however, this new estimate 
seems unreasonably low. Because of the uncertainty concerning 
these estimates, we recommend an alternative value for current 
exploitable biomass that is computed based on the average of the 
two surveys: 95,284 mt. 

6.4 RECRUITMENT STRENGTHS 

Length frequency distributions of dusky rockfish from both the 1987 
trawl survey (Clausen and Heifetz 1989) and the 1990 trawl survey 
(Figure 6-1) showed no distinct year classes of young fish. Mean 
length of dusky rockfish increased from 39.8 cm in 1987 to 42.9 cm 
in 1990. 

The age composition of dusky rockfish from the 1987 trawl survey 
indicated two prominent year classes: 1976 and 1980 (Clausen and 
Heifetz 1991) . The 1977 and 1975 year classes also appeared 
relatively strong. Together, these four year classes comprised 
>75% of the dusky rockfish population in the Gulf of Alaska. The 
strong 1980 year class mar have accounted for some of the increase 
in biomass of dusky rockfish seen in the 1987 survey when compared 
with 1984. 

Age data are not yet available from the 1990 trawl survey. 

6.5 BIOLOGICAL PARAMETERS 

6.5.1 Natural Mortality. Age of Recruitment. and Maximum Age 

Information on mortality rates and maximum age for three species of 
pelagic shelf rockfish are shown in Table 6-5. These data are 
based on the currently accepted "break and burn" method of aging 
otoliths. Previously, no estimates of mortality based on the break 
and burn method were available for dusky rockfish; we used the 
method of Alverson and Carney (1975) to compute the natural 
mortality rate (M) for dusky rockfish listed in Table 6-5. 
Necessary ~arameters for this method are maximum age of the fish 
and an estimate of the Brody growth coefficient (K) from the Von 
Bertalanffy growth equation. Based on a maximum age of 49 from 
Table 6-5 and on a value for K of 0.14 (see section 6.5.2 in this 
report), the natural mortality rate for dusky rockfish is estimated 
at 0.09. This mortality rate is an indication that dusky rockfish 
is a faster growing species than most other rockfish. For example, 
mortality rates for slope rockfish species are all <0.09, with the 
exception of redstripe rockfish (see Table 5-8 of slope rockfish 
report in this document). 

There is no information on age of recruitment for any of the 
pelagic shelf species. 
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6.s.2 Length and weight at Age 

Previously, there was no information concerning length-at-age for 
pelagic shelf rockfish in the Gulf of Alaska based on the break and 
burn method. In this report, we provide the first break and burn 
estimates of length-at-age for dusky rockfish. For these 
estimates, we used a sample of 488 fish (sexes combined) collected 
during the 1984 and 1987 triennial trawl surveys that were aged 
using the break and burn method. The computed Von Bertalanffy 
growth parameters, based on a nonlinear least squares fit, are: 1"inf 
= 47.9 cm; K = 0.14; and t 0 = -2.72. 

No information is currently available on weight-at-age for pelagic 
shelf rockfish in the Gulf of Alaska. 

6.6 MAXIMUM SUSTAINABLE YIELD 

Information is not yet available to provide an estimate of maximum 
sustainable yield of pelagic shelf rockfish in the Gulf of Alaska. 

6.7 ACCEPTABLE BIOLOGICAL CATCH 

In previous stock assessments (Clausen and Heifetz 1990; 1991), 
acceptable biological catch (ABC) of pelagic shelf rockfish was 
estimated using an F=M strategy, in which the annual exploitation 
rate was set equal to the rate of natural mortality. Because 
natural mortality was unknown for any of the pelagic shelf species, 
the mortality rate for Pacific ocean perch (0.05) was used as a 
substitute. For this year's stock assessment, however, a 
substitute value is no longer appropriate, as an estimate of 
natural mortality for dusky rockfish (0.09) is now available (see 
section 6.5.1 above). Multiplying the estimate of current 
exploitable biomass for pelagic shelf rockfish {95,284 mt) by a new 
exploitation rate of o. 09 results in a recommended 1992 ABC of 
8,600 mt for the assemblage in the Gulf of Alaska. Because of the 
higher exploitation rate used in the computation, this new ABC 
would represent an increase of 3,800 mt over that recommended in 
1991. 

Biomass of pelagic shelf rockfish was distributed in the following 
proportions (%) in regulatory areas of the Gulf of Alaska in the 
1987 and 1990 trawl surveys: 

survey 
1987 
1990 

average 

Western Central Eastern 
area 
17.3 
17.9 
17.6 

area 
70.9 
56.7 
63.8 

area 
11.7 
25.4 
18.6 

In last year's assessment, the average values listed in the above 
table were used to apportion the gulfwide ABC amongst the areas. 
The average values were considered most appro~riate in order to be 
consistent with the estimate of current exploitable biomass, which 
also was based on an average of the 1987 and 1990 surveys. 
Applying this same strategy to the 1992 recommendations yields the 
following apportionments of ABC for the gulf: 1,500 mt in the 
Western area, 5,500 mt in the Central area, and 1,600 mt in the 
Eastern area. · 
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Table 6-1.--Species comprising the pelagic shelf rockfish 
assemblage in the Gulf of Alaska. 

common name 

Dusky rockfish 
Black rockfish 
Widow rockfish 
Blue rockfish 
Yellowtail rockfish 

Scientific name 

Sebastes ciliatus 
~- melanops 
s. entomelas 
s. mystinus 
~- flavidus 
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Former management 
grouping (1979-87) 

Other rockfish 
Other rockfish 
Other rockfish 
Other rockfish 
Other rockfish 



Table 6·2.-·Catch (mt) of fish in the pelagic shelf rockfish assembl•9JI in the Gulf of Alaska, with 
gulf-wide values of acceptable biological catch (ABC) and fishing quotas (mt), 1988-91. Values listed 
for 1988 are landed catches only, whereas values for 1989-91 also include fish discarded at sea. 

Fishery Regulatory area 
Year category Western Central Eastern 

1988 Foreign 0 0 0 
U.S. 400 517 168 
JV Tr 1 0 
Total 400 518 168 

1989 Foreign 0 0 0 
u.s. 113 888 737 
JV 0 0 0 
Total 113 888 737 

1990 Foreign 0 0 0 
U.S. 165 955 527 
JV 0 0 0 
Total 165 955 527 

Foreign 0 0 0 
U.S. 25 715 210 
JV 0 0 0 
Total 25 715 210 

Gulf-wide 
Gulf-wide Management val!J! 

Total ABC Quota 

0 
1,085 

1 
1,086 3,300 3,300 

0 
1,738 

0 
1,738 6,600 3,300 

0 
1,647 

0 
1,647 8,200 8,200 

0 
950 

0 
950 4,800 4,800 

JV :11 joint venture production. U.S. :11 domestic annual production. Tr• trace catches. 

Sources: Catch: 1988, Pacific Fishery Infonnation Network (PacFIN), Pacific Marine Fisheries 
Conaission, 305 State Office Building, 1400 s.w. 5th. Avenue, Portland, OR 97201; 1989-91, National 
Marine Fisheries Service, Alaska Region, P.O. Box 21668, Jtntau, AK 99802. ABC and Quota: 1988-90, 
Heifetz and Clausen (1990); 1991, North Pacific Fishery Management COU'ICil Newsletter, Dec. 13, 1990. 
P.O. Box 103136, Anchorage, AK 99510. 

aQuota • total allowable catch (TAC). 

bUpdated as of August 4, 1991. 
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Table 6-3. --Biomass estimates for species in the pelagic shelf 
rockfish assemblage, based on preliminary results of the 

t 1990 triennial trawl survey of the Gulf of Alaska. 

~· 

INPFC Areas tmt2 
South· 

Species Shunagin Chirikof Kodiak Yakutat eastern Total 

Dusky rockfish 2,967 1,224 13,618 5,638 694 24,141 
Black rockfish 1,677 14 2 62 0 1,756 
Widow roclcfish 0 0 0 273 0 273 
Blue roclcfish 47 0 0 0 0 47 

Total 4,691 1,238 13,620 5,973 694 26,217 

Table 6-4. --comparison of biomass estimates for pelagic shelf 
rockfish species in the Gulf of Alaska in the 1984, 1987, and 1990 
triennial trawl surveys. 

fliomass (mt) 
Species 1984 1987 1990 

Ouskk rockfish 37,313 163,188 24,141 
Blac rockfish n.a. 1,018 1,756 
Widow rockfish n.a. 143 273 
Blue rockfish n.a. 3 47 

Assemblage total n.a 164,352 26,217 

n.a. = not available 
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Table 6-5.--Instantaneous rate of mortality and maximum age for 
three species of pelagic shelf rockfish. Area indicates location 
of study: Gulf of Alaska (GOA) and British Columbia (BC). 

Mortality Maximum 
Species rate age Area Reference 

Dusky rockfish 0.09a 49 GOA 1, 2 

Yellowtail rockfish 0.06-0.14 b 64 BC 3, 4 

Widow rockfish o. osb 59 BC 3 

~Instantaneous rate of natural mortality (M). 
Instantaneous rate of total mortality (Z). 

References: 1) this report; 2) Clausen and Heifetz (1991); 3) 
Archibald et al. (1981); 4) Chilton and Beamish (1982). 
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Figure 6-1.--Length frequency distribution of the estimated 
population of dusky rockfish in the Gulf of Alaska, 
based on results of the 1990 triennial trawl survey. 
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Section 7 DEMERSAL SHELF ROCKFISH 

By 
V. M. O'Connell and B. E. Bracken 

CHANGES TO GULF OF ALASKA DEMERSAL SHELF ROCKFISH DOCUMENT FROM 
1991 TO 1992 

1. CATCH UPDATED TO SHOW DIRECTED AND BYCATCH HARVEST THROUGH 
AUGUST 12, 1991. 

2. SECTION 7.31 (RELATIVE ABUNDANCE) - STATEMENT INDICATING THAT 
THE DIRECTED FISHERY CPUE HAS STABILIZED AT LOWER LEVELS OF EFFORT. 

3. SECTION 7.7 (ABC CONSIDERATIONS) - STATEMENT INDICATING HOW THE 
1991 ABC AND OVERFISHING THRESHOLD NUMBERS WERE DERIVED AND 
SUGGESTING AN ABC FOR 1992. 

4. SECTION 7. 9 (TAC CONSIDERATIONS) - CONCERN RAISED THAT THE 
CONSTRAINT OF THE DSR FISHERY IN 1990 AND 1991 AS THE RESULT OF 
HALIBUT PSC CLOSURES MAY RESULT IN INAPPROPRIATELY LOW HARVEST 
LEVELS BEING USED TO CALCULATE THE FIVE-YEAR AVERAGE HARVEST. THIS 
REDUCES THE THRESHOLD BIOMASS LEVEL CALCULATED UNDER THE DEFAULT 
DEFINITION BY FACTORING IN REDUCED CATCH LEVELS WHICH WERE 
UNRELATED TO RESOURCE ABUNDANCE. 
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Section 7 

7.1 

DEMERSAL SHELF ROCKFISH 

Victoria M. O'Connell 
Barry E. Bracken 

Alaska Department of Fish and Game 

August 26, 1991 

INTRODUCTION 

Rockfishes of the genus Sebastes are found in nearshore waters and 
waters of the continental slope of the northeast Pacific Ocean. 
For 1991 the assemblage groupings for Gulf of Alaska rockfishes was 
modified slightly and the demersal shelf rockfish (DSR) assemblage 
currently includes eight species of nearshore rockfishes (table 7-
1) • 

Table 7-1. Rockfishes which are included in the demersal shelf 
rockfish assemblage in the Gulf of Alaska. 

Common Name 

canary 
China 
copper 

quillback 

redbanded 
rosethorn 
tiger 

yelloweye 

Scientific name 

Sebastes pinniger 
s. nebulosus 

s. caurinus 
s. maliger 
s. babcocki 
S. helvomaculatus 
s. nigrocinctus 

s. ruberrimus 

These fishes have been landed incidental to other groundfish and 
halibut fisheries in Southeastern Alaska since the turn of the 
century. Some bycatch was also landed by foreign trawlers 
targeting on slope rockfish in the eastern Gulf during the 1960's 
and through the mid-1970's. In 1979 a small shore based rockfish 
fishery began in Southeast Alaska. This fishery targeted primarily 
on the nearshore bottom-dwelling component of the rockfish complex. 
This directed fishery expanded from 160 mt landed in 1982 to a peak 
of 1,225 mt landed for all S.E. Alaska waters in 1987 and from 106 
mt in 1982 to a peak of 726 mt in the Southeast outside District in 
1987. 

Prior to 1987 OSR were grouped with the "other rockfish" complex 
for federal fisheries management. However in 1987 the other 
rockfish category was split into three components. The DSR group 
was se~arated from the other components based primarily on catch 
composition data from the nearshore longline fishery. In 1990, as 
a result of additional information collected from the commercial 
fisheries and from surveys the Alaska Department of Fish and Game 
(AOF&G) is recommended that the DSR group be modified by removing 
bocaccio (S. paucispinis), silvergray (S. brevisp1nis) and 
redstripe (S. proriger) rockfishes and adding rebanded rockfish (.5..:.. 
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babcocki). Bocaccio, silvergray and redstripe were placed in the 
slope assemblage. 

This report summarizes the available information on the shore-based 
rockfish fishery in the southeast outside District of the Gulf of 
Alaska.and the .biol?gy of the key species, yelloweye rockfish (S. 
ruberrimus) which is also commonly referred to by the misnomer 
"Pacific red snapper". 

7.2 CATCH HISTORY 

The ADF&G has divided Southeast Alaska into five areas for rockfish 
management {figure 7-1). These areas represent the general 
geographic separation of the fleets from the various Southeast 
Alaska ports, although ranges of vessels from these ports began to 
overlaJ? as the fishery expanded. Harvest guidelines have been 
established for the directed fishery within each of the five 
management areas. The two inside areas are managed entirely by the 
state of Alaska while the three outside areas are managed jointly 
by the state and federal governments. Under the federal FMP the 
three state outside management areas are combined into a single 
southeast Outside District. 

This history of domestic catches of demersal shelf rockfish are 
shown in table 7-2. 

Table 7-2. Reported landings of demersal shelf rockfish {mt round 
weight) from domestic fisheries in the Southeast outside District, 
1982-1990. 

Glllf cf Alaska (East cf 1JZ0 ) 

Year Directed Incidental Total 
I,andi ngs I,and i ngs T,and i ngs 

1982 106 14 120 
1983 161 15 176 
1984 543 20 563 
1985 388 100 488 
1986 449 41 491 
1987 726 47 773 
1988 505 53 558 
1989 310 103 413 
1990 189 134 323 
l~~l* 192 26 223 

Source ADF&G fish ticket database. 

*Preliminary harvest reported through August 12, 1991. 

The directed DSR harvest reported from the Southeast outside 
District peaked in 1987 at 726 mt. Catches declined in 1988 to 505 
mt and further to 310 mt in 1989. Much of the decline in harvest 
can be attributed to closures of the directed fishery for 
conservation. Landings are listed by calendar year to be 
consistent with the NPFMC report format; however, the state manages 
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the DSR fishery based on a season which begins October l. Landings 
from internal waters of southeast are not included in table 7-2. 

The total allowable catch (TAC) for DSR in the Southeast outside 
District was reduced from 660 mt in 1988 to 420 mt in 1989 and then 
increased to 470 mt in 1990 to allow for an increase in bycatch. 
For 1991 the ABC was set at 445 mt and the TAC was set at 425 mt. 

It should be noted that the entire Gulf of Alaska was closed to 
groundfish fishing on July 8, 1991 when the PSC for halibut was 
reached. No exemption for the DSR longline fishery was granted 
this year. Trawling for groundfish was closed in the Southeast 
Outside District on July 26 to prevent overfishing of DSR. These 
closures impacted the harvest levels of DSR in the Southeast 
Outside District during 1991. 

7.3 CONDITION OF STOCKS 

Commercial catch and effort data is difficult to interpret because 
of the dynamic nature of the fishery including changes in market 
demand, gear technology, skipper proficiency and rapid turnover in 
the fleet. Additionally, since DSR are reef-oriented and the 
longline fleet very mobile, using CPUE data as an indicator of 
stock condition tends to underestimate the true level of stock 
decline (Francis 1985, Bracken and O'Connell 1986a). In 1989 the 
Alaska Board of Fisheries passed a mandatory lo9book regulation for 
the directed fishery. Data from this program is in the process of 
being edited and entered and should be available for analysis in 
l.ate 1991. 

7.31 Relative Abundance 

No new information is available on relative abundance. In past 
years shifts in effort to grounds further from port of landing have 
been noted in all five management areas. Given most Southeast 
Alaska processors' four day limit on delivery from the first day of 
fishing and the additional cost associated with fishing further 
from port, this progressive expansion to more distant fishing 
grounds is considered to be a strong indication that productive 
fishing near the major ports has declined. During 1987 and 1988 an 
increase in effort by the Sitka fleet on the Fairweather Ground was 
notable since this offshore band is 140 miles from port. over the 
past two years, the expansion of fishin~ ground has slowed with the 
decrease in number of active participants in the fishery. 
Fisheries effort appears to have continued to decline in 1991 with 
fewer vessels and fewer total landings in the first quarter of 1991 
compared to the first quarter of 1990 (table 7-7). However, 
fishing was good during the first quarter of 1991; the avera9e 
catch per landing increased 45% over the first quarter statistic 
for 1990. 
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Table 7-7. Comparison of some SEO district fisheries performance 
data from the first quarter of 1989 and the first quarter 1990. 

number of vessels 

number of landings 

pounds/landings 
(average) 

1/90-3/90 

60 
161 

1,604 

1/91-3/91 

37 

125 
2,333 

Catch per unit effort (pounds per hook) is difficult to quantify in 
this fishery and is complicated by the high turnover rate of 
participants. Onl¥ 14% of the vessels that landed OSR in 1987 had 
also participated in the 1982 fishery. In prior years significant 
declines in average CPUE has been observed in there previously 
productive management areas (Bracken and O'Connell 1986b). 
Preliminary information for 1991 suggests that at the current low 
levels of participation in the CSEO area CPUE (in terms of pounds 
~er hook) has begun to stabilize although this does not necessarily 
imply a stabilization of stock levels (O'Connell and Carlile, in 
prep. for publ.). 

7.32 Absolute Abundance 

No information is currently available on the absolute abundance of 
DSR stocks. AOF&G is continuing to conduct research to develop a 
stock assessment method for these fishes since traditional stock 
assessment methods (ie area-swept, mark recapture, VPA) are not 
considered useful for these fishes given their life history, 
physiology, and habitat, and the relatively short time series of 
catch history and biological information. 

7.33 current Exploitable Biomass 
No biomass estimates are available for OSR in the Gulf of Alaska. 
All DSR are considered to be highly "k" selective, exhibition both 
slow growth and extreme longevity (Adams 1980; Archibald, Shaw and 
Leaman 1981; Gunderson 1980). Estimates of natural mortality are 
very low (see section 7. 5). These types of fishes are very 
susceptible to over-exploitation and are slow to recover once 
driven below the level of sustainable yield (Francis 1985; Leaman 
and Beamish 1984). The appropriate rate of exploitation is assumed 
to be very low. 

7.4 RECRUITMENT STRENGTHS 

Length frequency distributions are not considered to be useful for 
identifying individual strong year classes in the commercial catch. 
This is because the growth rate levels off for yelloweye rockfish 
at about 30 years of age which is approximately the age of full 
recruitment (see section 7.5). The a9e distribution from the 1984 
commercial catch in a lightly exploited area show several peaks 
with full recruitment to the fishery occurring at between 30 and 35 
years of age (O'Connell and Funk 1986). Other strong modes 
occurred at 45-50 years and 65-70 years. Age distributions from 
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1987 and 1988 survey data collected in an 
exploitation show strong modes at 18-20 years 
secondary node at 35 years. 

7.5 BIOLOGICAL PARAMETERS 

area of heavy 
followed by a 

Biological information is collected from the commercial catch 
through a port sampling program and from resource assessment 
survers. Species composition and len~th, sex, and stage of 
maturity information is recorded and otoliths taken when possible. 
Many DSR are stratified by depth in terms of species composition 
and size/age distribution within species (Rosenthal et al. 1982). 
Analysis of species characteristics by depth from the commercial 
landings is not possible since each trip is generally prosecuted 
over a variety of depths. Evaluation of the logbook set 
information may provide further information on species composition 
by depth. 

Yelloweye rockfish is the primary target species for this fishery, 
accounting for 78% of the lander weight of all DSR in 1989. 
Quillback rockfish (5. maliger) is also important in terms of 
numbers of fish landed, accounting for 18% of the landed weight in 
1989. 

Sagittal otoliths are collected for aging. The break and burn 
technique is used for distinguishing annuli (Chilton and Beamish 
1983). Yelloweye otoliths collected from the commercial fishery in 
the two southern management areas of Southeast in 1984 represent 
fish aged 13 to 114 years with the first strong mode at about 35 
years of age. In 1984 the fishery in that area was relatively new 
and stocks were considered to be "lightly" exploited by the 
directed fleet. Fish sampled during research surveys of the CSEO 
area in 1987 and 1988 show a distinctly different distribution with 
the first strong mode occurring around 18 to 20 years followed by 
a secondary mode at 35 years. This area has been the site of an 
intensive directed fishery for DSR since 1982. 

Von Bertalanffy growth parameters calculated from the 1984 
commercial catch data are shown in tables 7-8 and length-weight 
relationship by sex is listed in table 7. 9. Additional information 
on age and growth of yelloweye is available in O'Connell and Funk 
(1986). 

Table 7-8. Growth parameters for s. [YJ2e.:.:imy§ in Southeast 
Alaska. 

Sex L k to n 

Male 64.628 .04798 -2.9985 257 

Female 62.145 .05892 -3.3101 310 
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Table 7-9. Length-weigh!orelationships (cm-kg) for s, ruberrimus 
in Southeast Alaska (w=aL ) . 

Sex a b n 

Male .000023827 2.93289 169 

Female .000015348 3.05619 108 

gravid female .000004348 3.39621 63 

Mortality estimates were calculated using catch curve analysis 
(Ricker 1975). Data collected in 1984 from the two Southern 
Southeast areas was used to estimate natural mortality as this 
stock was considered to be "lightly" exploited. If this assumption 
is correct, then this estimate of "Z" will be approximately equal 
to natural mortality. This estimate was compared to an estimate 
derived from data collected during a research survey in the CSEO 
area during 1981. In 1981 the central area was also considered 
"li9htly" exploited. Table 7-10 show these two estimates in 
addition to an estimate of "Z" from the central area from data 
collected during a survey in 1988. By 1988 the central area was 
considered to be "heavily exploited" and the estimate of "Z" has 
doubled. 

Table 7-10. Mortality estimates for s. ;c:yberr;imus in Southeast 
Alaska. 

AREA YEAR SOURCE z n 

SSEO 1984 commercial: .024* 1051 
longline 

CSEO 1981 Research Jig .020* 196 

CSEO 1988 Survey:longlin .042 600 
e 

*Z=M 

◄ 

◄ 

Demersal shelf rockfish are classified as ovoviviparous although 
some species of Sebastes may be viviparous (Boehlert and Yoklavich 
1984, Boehlert et al 1986) • Rockfishes have internal fertilization 
with several months separating copulation, fertilization, and d 
parturition. Within this species complex, parturition occurs from 
February through September with the majority of fish extruding 
larvae in late winter and spring. Yelloweye rockf ish extrude 
larvae over an extended time period, with the peak period of 
parturition occurring in April and May (O'Connell 1987). Although 
some species of Sebastes in other areas have been reported to spawn 
more than once per year, no incidence of multiple brooding has been 
noted in Southeast Alaska (Love et al 1990). 

7.6 MAXIMUM SUSTAINABLE YIELD 

Information is not available to provide a direct estimate of 
maximum sustainable yield (MSY) for demersal shelf rockf ish in 
Southeast Alaska. 
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7.7 ACCEPTABLE BIOLOGICAL CATCH 

Fi Information is not available to provide a direct estimate of 
acceptable biological catch for DSR using conventional analytical 
methods. For 1988, 1989, and 1990 the TAC for DSR was set to 
accommodate the seasonal harvest objective for the directed fishery 
set by the state plus an allowance for the estimated bycatch in 
fisheries for other species. The TAC derived in this manner was 
presumed to be equal to ABC. The directed fishery harvest has been 
declining since 1987 while the reported bycatch in other fisheries, 
particularly the halibut longline fishery, has increased during 
that same period (Table 7-2). 

For 1991 the Council adopted an ABC of 445 mt for DSR in the 
Southeast outside District. This was derived from the average 
reported landings during the previous five years. The ABC was set 
e91-1al to the default overfishin9 definition which is used when 
biological parameters are not available. Using this same method of 
calculating ABC equal to the average landings over the previous 
five years would result in an ABC of 512 mt for 1992. This is 
based on the reported landings from 1986 through 1990 shown in 
Table 7. 2. The 1991 harvest was not used in this calculation since 
the catch data is preliminary and additional harvests are expected. 

7.8 BIOMASS PROJECTIONS 

No new information is available at this time to determine if the 
current level of catch is sustainable. The Alaska Department of 
Fish and Game manages this fishery under a provision in the Gulf of 
Alaska Groundfish FMP. They will continue to monitor the fishery 
closely and continue stock assessment research in an attempt to 
ascertain stock status. 

7.9 TAC CONSIDERATIONS 

For much of 1990 and the last half of 1991 the directed DSR fishery 
was closed because the hook and line halibut PSC limit had been 
reached. The total annual landings of DSR would very likely have 
been much greater during both years if the directed fisheries had 
not been closed for much of the summer or if DSR had been allowed 
as a bycatch species during the June 1990 halibut opening. Since 
the reduction in the harvest of DSR in the directed fishery has 
been caused by management action to protect another species and not 
in a reduction in availability of DSR, the resultant reduction in 
ABC and TAC for DSR derived by averaging the landings over the 
previous five year period according to the default overfishing 
definition may not be totally justifiable. 
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section a THORNYHEADS 

By 
Pierre K. Dawson 

Relative to last year's final SAFE, this section differs only by 
listing 1991 catches in Table 1. 
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THORNYHEADS 
by 

Pierre K. Dawson 

INTRODUCTION 

The shortspine thornyhead (Sebastolobus alascanus) inhabits 
deeJ? waters from 92 to l, 460 m from the Bering Sea to Baja 
California. Thornyheads are abundant throughout the Gulf of Alaska 
and are commonly taken in bottom trawls in resource assessment 
surveys. Since 1980, the shortspine thornyhead resource has been 
managed as a unit in the Gulf of Alaska. 

While in the past the species was not ordinarily the target of 
fisheries, today thornyheads are one of the most valuable and 
sought after of the rockf ish species. However, they are also taken 
in trawl and long line fisheries aiming at other species. According 
to Alverson et al. (1964), fishes commonly associated with 
thornyheads are arrowtooth flounder (AtReresthes stomFrs}, Pacific 
ocean perch (Sebastes alutus), sablefis (Anoplopoma __ IDQria), rex 
sole (Glyptocephalus zachirus) , Dover sole (Microstomus pac1f1cus), 
shortraker rockfish (Sebastes borealis), rougheye rockfish 
(Sebastes aleutianus), and grenadiers (family Macrouridae). 

CATCH HISTORY 

As an element of the deepwater community of demersal fishes, 
thornyheads have been fished in the northeastern Pacific Ocean 
since the late 19th century, when commercial trawling by U.S. and 
Canadian fishermen began. In the mid-l960s Soviet fleets arrived 
in the eastern Gulf of Alaska (Chitwood 1969), where they were soon 
joined by vessels from Japan and the Republic of Korea. 

Thornyhead catches have been reported in a variety of ways. 
There are no records of the catches of thornyheads in these early 
fisheries. The first data began to accrue as part of the u. s. 
Foreign Fisheries Observer Program in 1977, when the catch in the 
Gulf of Alaska (as a whole) was estimated at 1,163 t (Wall et al. 
1978). From 1980 on, the observer program has generated annual 
estimates of the foreign catch of thornyheads by International 
North Pacific Fisheries Commission (INPFC) statistical area. Since 
1983 the observer program has also estimated the catches of 
thornyheads in the joint venture fisheries. Finally (in 1984 for 
the first time), thornyheads were identified as a separate entity 
in the U.S. domestic catch statistics (Table 1). 

The catches of thornyheads in the Gulf of Alaska declined 
markedly in 1984 and 1985 because of restrictions on foreign 
fisheries imposed by U.S. management policies. In 1985 the U.S. 
catch surpassed the foreign catch for tbe first time. U.S. catches 
of thornyheads have increased with the 1989 catch being the highest 
on recora. However, the 1990 catch was onll 53% of the 1989 total 
catch and the 1991 catch to date is even ower. These last two 
catches have been well below the quota set in each of those 
respective years. Not represented in the catches are thornyheads 
that are discarded as bycatch in the U.S. long line fishery, a 
fishery that has rapidly expanded since 1983. In recent years the 
high price of thornyheaas may have reduced that discard. 
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CONDITION OF THE STOCKS 

Relative Abundance 

Several factors complicate the management of thornyheads. 
First, the population structure of the thornyheads has not been 
defined. As a matter of practical convenience, thornyheads 
inhabiting the Gulf of Alaska are managed as a sin9le stock, 
independent of those in the Bering Sea-Aleutian region or the 
region to the south. Second, because of the incidental nature of 
some of the thornyhead harvest, catch and catch per unit effort 
(CPUE) of thornyheads are often functions of fisheries directed at ◄ 
other target species rather than at thornyheads themselves. 

Longline surveys 
Longline surveys have been conducted jointly by the United 

States and Japan in the Gulf of Alaska each year since 1979 to 
ascertain the abundance level and length composition of important 
groundfish species in the depths from 101 to 1,000 m. Since 1987 
a U.S. longline survey has also been conducted using similar 
methodology to the cooperative survey. For each species, the catch 
rate, the area, and the size composition of samples from each depth 
stratum were used to determine the relative population number (RPN) 
and weight (RPW) for the depth stratum. The RPNs and RPWs for the 
various depth strata (201-11 000 m for thornyheads) were summed to 
obtain the following gulfwide totals (Sasaki and Teshima, 1988; 
Zenger and Sigler, 1990): 

COOPERATIVE SURVEY 
Year RPN RPW 
1979 9875 5696 
1980 11823 6726 
1981 12723 6793 
1982 6840 4254 
1983 6893 4148 
1984 5291 3115 
1985 7532 4362 
1986 5411 3401 
1987 5071 3294 

DOMESTIC SURVEY 
RPN RPW 

1988 4327 20,442 11,139 
1989 2449 36,268 18,812 
1990 2893 31,880 17,097 

The data since 1988 are not strictly comparable to earlier data. 
For the cooperative survey the size of the stratum is calculated 
differently since 1988. The units used in the analysis of the 
domestic survey are different from the cooperative survey, hence 
the difference in magnitudes. The stratum sizes are the same 
between the domestic and post-1988 cooperative survey data. 
Differences between the cooperative and domestic surveys include up 
to 2 weeks difference in timing in a particular area, and different 
hook type. In general, the stock has declined by 1987 to less than 
one-hal~ of wha~ it had been in the plateau years of 1980-81. The 
recent trends since 1987 are confusing. The preliminary analysis 
of the cooperative survey points to a decrease of 33% since 1988 
while the domestic results indicate a 53% increase over the same 
period. It is surprising that the two longline surveys would have 
such different trends for thornyheads. This may indicate that 
longline surveys are not a particularly good means to assess 
changes in thornyhead abundance if small changes in how the surveys 
are carried out, such as the difference between the domestic and 
the cooperative surveys, result in large changes in the results. 
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Possible interaction between sablefish and thornyheads is another 
possible area affecting thornyhead abundance in the longline 
survey. Sigler and Zenger (1990) found that thornyheads increased 
in areas where sablefish abundance decreased in the domestic 
longline survey. They suggested that the increased availability of 
baited hooks as a result of a decline in sablefish abundance may 
have been res~onsible for the increase in thornyheads in the 
domestic longline survey between 1988 and 1988. 

The mean length of thornyheads caught in the longline survey 
is several centimeters larger than the average length of 
thornyheads caught in trawl surveys. The longline gear probably 
selects for larger fish. 

Trawl surveys 
Resource assessment surveys provide some information about 

changes in relative abundance of thornyheads over time. Results of 
bottom trawl surveys in 1979, 1981, and 1984 are summarized in 
Dawson and Shippen 1989. There were no well-defined trends in the 
relative abundance of thornyheads. 

Comparisons between the 1984, 1987, and 1990 bottom trawl 
surveys yield a different pattern. Comparisons standardized to the 
same vessel/gear type present in all three year~ are portrayed in· 
Figure 1. Ttie Gulf -of Alaska region west of 144 30' W is the area 
of comparison. overall, the ~an CPUE for the e~tire region 
increased four fold from 75 kg/km in 198~ to 311 ~g/km in 1987 and 
then decreased to approximately 35 kg/km in 1990. Depths below 
500 m were not sampled in 1990 so the 1990 figure is not strictly 
comparable to the earlier years. 

To standardize to a single vessel/gear type requires the 
application of a fishing power correction term to adjust the other 
vessel/gear-type catches to the standard vessel/gear-type catches. 
In 1987 a separate experiment to calculate fishing power correction 
(FPC) terms was carried out. However small sample sizes of 
thornrheads in that experiment may have made the FPC that year 
unreliable and that may be the reason why 1987 stands out so 
dramatically in this comparison. 

A large amount of recruitment between 1984 and 1987 would also be 
expected to increase the trawl CPUE. However, such a pulse of 
recruitment does not appear to have occurred. There was been no 
shift in the length frequency distribution to indicate that the 
CPUE increase between 1984 and 1987 was due to high recruitment. 
In fact, the mean length of thornyheads in the area of comparison 
increased slightly over the 3 years from 29.3 cm in 1984 to 30.1 cm 
in 1987. Strong year-classes coming in would be expected to lower 
the mean length not raise it. 

If the 1987 trawl CPUE is iqnored for the moment due to potential 
problems with how it was derived, then a comparison of the 1984 and 
1990 CPUEs for the strata that were sampled in 1990 still shows a 
decline of 29%. This is less of a decline than would be suggested 
by CPUEs unadjusted for stratum actually sampled in 1990. Both the 
cooperative longline survey and the trawl survey suggest that 
thornyhead relative abundance has declined in recent years. The 
mean length of thornyheads in the trawl survey has decreased 
several centimeters between 1987 and 1990, which coupled with the 
decline in CPUE, points to reduced abundance of larger thornyheads 
in the sampled area. 
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Absolute Abundance 

1984 Biomass survey 
The 1984 u.s.-Japan cooperative bottom trawl survey of the 

central and western Gulf of Alaska and the complementary National 
Marine Fisheries Service bottom trawl survey in the eastern Gulf of 
Alaska yielded the first information about the standing stock of 
thornyheads in the region. Most tows were in waters where bottom 
depths were less than 700 m, although there were some tows at 
depths over 700 m. Standing stock within the areas surveyed was 
estimated at 123,005 t; 75,350 tin the central and western portion 
of the gulf and 47,655 tin the eastern gulf (Table 2). The 95% 
confidence interval on this biomass is 105,277 to 140,728 t. This 
is an increased level from that reported in Shippen (1987), and 
represents finalized results from the Yakutat and Southeastern 
regions provided by D. Clausen, (Alaska Fisheries Science Center, 
Nat. Mar. Fish. Serv., NOAA, P.O. Box 210155, Auke Bay, AK 99821). 

1987 Biomass survey 
The 1987 biomass estimate is presented in Table 3. In both the 

1984 and 1987 biomass estimates, the catch rate is multiplied by 
the area swept to generate catch per unit area of the bottom. That 
fi~re is then extrapolated to tne area of the bottom within the 
region. Relative catch rates at similar stations are compared 
between the different vessels and gears involved in the survey. 
The vessel/gear with the highest relative catch rate is the most 
efficient gear and coefficients are derived that adjust the 
relative catches of the other vessel/gears to match the most 
efficient. Unfortunately the most efficient vessel/gear in 1984 
was not present in 1987 so the biomass estimates of the two years 
are not airectly comparable. 

1990 Biomass survey 
The 1990 biomass survey results are shown in Figure 4. No 

stations were sampled in depths deeper than 500 m where 26% of the 
1987 biomass was found and 40% of the 1984 biomass was found. To 
adjust the 1990 estimate for the unsampled depths, the average 
proportion of the total biomass found deeper than 500 min 1987 and 
1984 (33%) was assumed to be the same proportion of the total that 
would have been found in 1990. The adjusted 1990 biomass is 25,697 
t. 

The areas of greatest abundance changed between 1987 and 1990. In 
1987 the largest biomass was in the western area and decreased to 
the east across the gulf while in 1990 the opposite pattern 
existed. Another change between the two years was a decrease in 
the average size of the thornyheads by several centimeters. 

The 1990 biomass represents a large change from the 1987 biomass 
estimate. The determination of fishing power correction terms 
between vessels is one area that has a large influence over the 
biomass estimates. Those determinations are very difficult to make 
and probably have low precision. In 1987 small sample sizes of 
thornyheads in the comparison stations for the FPC determination 
may have led to an FPC value of poorer than average reliability. 
Thus, while the vessel/gear types used in 1990 were the same as the 
most efficient vessel/gear in 1987 on paper, the potential problems 
with the FPC term in 1987 makes any comparison between biomass 
levels for the two years uncertain. 

154 



Current Exploitable Biomass 

Des~ite all its uncertainty the 1990 trawl survey provides the only 
estimate available of current exploitable biomass at 25,697 t when 
adjusted for the depths not sampled. 

RECRUITMENT STRENGTHS 

There are no data on this to9ic. Miller (1985) su9gests that 
there is substantial variation in year class success in her aged 
sample from the southeastern region taken in 1982. 

BIOLOGICAL PARAMETERS 

Natural Mortality, Age of Recruitment and Maximum Age 

Miller (1985) estimated thornyhead natural mortality by the 
Ricker (1975) procedure to be 0.07. Miller (1985) also determined 
the age at recruitment to be 16 years old and the oldest thornyhead 
found was 62 years old. 

Length and Weight at Age 

Samples collected in 1982 in the southeastern region of the 
gulf have provided the only age information available on 
thornyheads. Parameters estimated from this collection are given 
below: 

Von Bertalanffy Growth Equation: 

length (cm standard length) = L., (1-exp(-k(Age-to))) 
L., = 48.3 

k = .025 
t 0 = -6.94 

Length to weight conversion: 

weight (kg) = a(lengSf(cm))b 
a= l.6xl0 
b = 3.29 

MAXIMUM SUSTAINABLE YIELD 

From the time the first fishery management plan for groundfish 
in the Gulf of Alaska went into effect in 1979 b maximum sustainable 
yield (MSY) for thornyheads has arbitrarily een set at 3,750 t. 
That MSY figure is 14.5% of the 1990 total estimated biomass in the 
Gulf of Alaska. 

Yield per Recruit Analysis 

Based on data from Miller (1985), a yield per recruit analysis 
was undertaken. This technique uses the Beverton-Holt yield 
equation to calculate the yield available from a given cohort over 
its fishable lifespan as a function of mortality, ~rowth, and size 
at recruitment to the fishery (Ricker 1975). Since nothing is 
known about the stock-recruitment relationship of thornyheads, a 
conservative approach was taken and an Fo 1 value was calculated 
(Gulland and Boerema 1973). Rather than maximizing the yield per 
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recruit, the Fo 1 figure represents a fishing mortality for which the 
corresponding marginal yield is 10% of the marginal yield at the 
origin. The analysis is shown in Figure l. The calculated Foi 
value equals 0.075 (whereas the Fmax value equals 0.29). This 
fishing mortality rate reduces the e~ilibrium biomass to 35% of 
the unexploited biomass. The analysis is relatively insensitive to 
changes in the age at recruitment. Reducing the age at recruitment 
from 16 to 10 does not change the Fo.t level. 

Yield per Recruit with Constraints 
on the Biomass Level 

Using a combination of yield per recruit analysis and an 
assumption from the parabolic surplus yield model (Schaefer 1954), 
an Fmsv level can be determined. The assumptions are as follows: 
l. Recruitment is constant. 
2. The biomass of the recruited portion of the po~ulation at MSY 

equals one-half of the virgin biomass of the fish of 
recruitment age. 

3. F and Mare both independent of year and age. 

Then the following equations can be solved for Fmsy: 

B = cW 
ft1 

R 

(2) 

Bmsy/B., = .5 (3) 

where: R = number of recruits to the population 

wt = weight-at-age 

tr = age-at-recruitment 

ti = oldest age in the fishery 

M = instantaneous rate of natural mortality 

F = instantaneous rate of fishing mortality 

B., = unexploited biomass 

Using data from Miller (1985) of M = o. 07, t = 16 and Wt, the 
calculated Fmsv value equals o. 05. The effect of changing the age
at-recruitment is shown in Figure 2. Lowering the age at 
recruitment lowers the Fmsv level. An age-at-recruitment of 10 
results in a decrease in Foisy to 0.035. 

A current annual potential yield can be determined by 
multiplying the MSY fishing mortality by the mean exploitable 
biomass. If the 1990 biomass estimate is assumed to be the mean 
exploitable biomass for the year then the range of F from 0.035 
to 0.05 results in potential yields ranging from 900 t~l,280 tons. 
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Maximum Sustainable Yield Assuming Various 
Stock-Recruitment Relationships 

Even if the stock-recruitment relationship for thornyheads is 
unknown, a range of possible MSYs can be calculated given a range 
of possible stock-recruitment relationships. Two possible 
relationships were chosen: a Beverton-Holt stock-recruitment 
relationship in which the relative recruitment is 90% of virgin 
recruitment when the parent biomass has been reduced to 50% of 
virgin levels, and a Beverton-Hol t relationship in which the 
recruitment is reduced to 80% of virgin recruitment when the parent 
biomass has been reduced to 50% of the virgin level 
(Fig. 3) (Kimura 1988). Those two relationships represent 
relatively robust and nonrobust stock-recruitment scenarios. Where 
the actual relationship for thornyheads lies is unknown. Combining 
the Beverton-Holt yield equation with the stock-recruitment 
relationship results in portraits of equilibrium biomass and yield 
levels {Fig. 4). The analysis was run again with an age-at
recruitment of 10 years instead of 16 years to investigate the 
sensitivity of the model to a different age-at-recruitment (Fig. 
5) • 

The results show that yields are quite sensitive to the stock
recruitment relationship and less sensitive to the age-at
recruitment. Under the Beverton-Holt 50-90 relationship, the 
maximum sustainable yield occurs at an F of 0.065 and 0.05 for an 
age-at-recruitment of 16 and 10 years, respectively. F values of 
0.30 and 0.21 drive the population to zero. With the 50-80 stock
recruitment relationship, maximum sustainable yields are obtained 
at an F of 0. 04 and 0. 03 for the two recruitment ages. The 
population is driven to extinction at F values of 0.12 and 0.1. 

The range of current annual potential yields is quite similar 
to that derived from the constrained biomass model above. In this 
case the range is from 770 to 1,670 tons • 

Biomass Projections 

Thornyhead eX!)loitable biomass is projected to the year 1992 
assuming no recruitment in Figure 7. Two F levels are portrayed 
F = 0.035 and 0.05. The final mean biomass in 1992 is 59% and 53% 
respectively of the 1987 level. This scenario would represent the 
effect of fishing and natural mortality during a 5 year recruitment 
failure. 

ACCEPTABLE BIOLOGICAL CATCH 

Given the large change in the estimated current biomass level 
the ABC should be reduced. Applying the range of fishing mortality 
rates from the above models to tbe estimate of exploitable biomass 
derived from the 1990 trawl survey results in a range of ABC's from 
800 to 1,700 t. 
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re 
Table 1.--catch (t) of thornyheads in the Gulf of Alaska by International North 
Pacific Fisheries commission statistical area and fishery category, 1981-91. 

DYear 

1981 

1982 
t 

1983 

• 1984 

1986 
•• 

1987 

,1988 

1989 

1990 

* 

Nation 

Japan 
ROK 

Total 

Japan 
ROK 

Total 

Japan 
ROK 
JV 

Total 

Japan 
ROI< 
Poland 
JV 
U.S. 

Total 

Japan 
JV 
U.S. 

Total 

JV 
U.S. 

Total 

JV 
U.S. 

Total 

u. s. 
U.S. 

U.S. 

shumagin 

203 
1.2.! 
357 

134 
_ll 
166 

148 
10 

_ll 
170 

47 
3 

18 
9 

77 

4 
2 

__2. 
12 

1 
....dll 

323 

20 
~ 
546 

792 

1050 

375 

1991 U.S. 85 

• * catches through July. 

Chirikof 

138 
_l.1 
165 

135 
_ll 
147 

191 
3 

_o 
194 

53 
2 
0 
0 
0 

55 

0 
3 
5 

-8 

-21. 
91 

444 

492 

357 

111 

Area 
Kodiak 

235 
_l.1 
262 

326 
_li 

345 

287 
20 

_j. 
308 

59 

1 
1 

_j. 
62 

0 
4 

_l1. 
21 

_2.ll 
274 

880 
880 

633 

950 

447 

338 

Yakutat 

365 
_ll 
377 

64 
_22 

129 

53 
4 -

57 

_ll 
29 

~ 
85 

1.il 
344 

801 

399 

311 

160 

South
eastern 

179 

_ll 
12 

_u 
12 

_li 
24 

~ 
102 

117 

188 

156 

75 

Total 

1,120 
220 

1,340 

659 
--12...§. 

787 

679 
37 

...J..l 
729 

159 
5 
1 

19 
24 

208 

4 
9 

_.§.i 
82 

1 
713 
714 

20 
1943 
1963 

2787 

3079 

1646 

769 

Sources: Foreign and joint venture catches: personal communication with Jerald 
Berger, U.S. Forei~ 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. catches: Pacific Fishery Information Network (PacFIN), Pacific 
Marine Fisheries Commission, Portland, OR 97201. 
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Table 2.--Estimated standing stock (t) of thorn¥heads in the Gulf of Alaska 
in 1984< by International North Pacific Fisheries Commission 
statistical area and depth stratum. (Based on bottom trawl sur·eys 
by U.S. and Japanese research vessels.) 

Depth 
(m) 

1-100 

101-200 

201-300 

301-500 

501-700 

701-900 

Total 

Grand 
Total 

Shumagin Chirikof Kodiak Yakutat 
South

eastern 

Number of stations (top) and standing stock (bottom) 

106 
0 

76 
362 

23 
7,399 

17 
5,916 

15 
4,387 

5 
2.013 

242 
20,077 

123,005 t 

43 
0 

83 
1,047 

44 
6,169 

11 
5,016 

10 
3,989 

6 
9.231 

197 
25,452 

70 
0 

136 
3,191 

40 
9,622 

20 
6,975 

15 
2,711 

6 
7.322 

287 
29,821 

11 
11 

55 
455 

32 
3,417 

12 
8,877 

3 
3,376 

1 
3.147 

114 
19,283 

0 

37 
595 

39 
6,609 

11 
7,067 

1 
14,101 

0 

88 
28,372 

95% confidence interval= 105,277-140,728 t 
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Table 3.--Estimated standing stock (t) of thorn¥heads in the Gulf of Alask~ 
in 1987, by International North Pacific Fisheries Commission 
statistical area and depth stratum. (Based on preliminary res~l~s 
from bottom trawl surveys by U.S. and Japanese research vessels. 

Biomass is scaled to the most efficient trawl.) Results are not 
directly comparable with 1984 (see text for explanation). 

A a 
Depth South-

(m) Shumagin Chirikof Kodiak Yakutat eastern 

Number of stations (top) and standing stock (bottom) 

1-100 106 55 58 14 1 
0 0 0 0 0 

101-200 55 118 149 63 20 
301 109 680 335 78 

201-300 7 17 22 21 15 
7,463 8,100 7,039 2,905 2,666 

301-500 5 5 8 11 10 
15,309 7,936 6,311 4,313 4,371 

501-700 3 4 6 3 2 
5,962 8,210 2,034 3,029 1,904 

701-1000 2 4 1 0 0 
l,349 6,716 l,~2Q 

Total 178 203 244 112 48 
30,384 31,071 17,614 10,582 9,019 

Grand 
Total 98,670 t 

95% confidence interval = 72,232-125,110 t 
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rable 4.-- Estimated standing stock (t) of thornyheads in the Gulf of Ala.3ka 
in 1990, by International North Pacific Fisheries Commiss~on 
statistical area and depth stratum. Adjustment is made for the 
biomass below 500 m, which was not sampled in 1990, by assuming ~h~ 
same relative proportion of the biomass is below 500 mas occurre· 
in the average of the 1987 and 1984 surveys (33%). (Preliminar_. · 
results from bottom trawl surveys by U.S. vessels.) 

Depth 
(m) 

1-100 

101-200 

201-300 

301-500 

501-700 

701-1000 

Survey Total 

Estimated Deep 
Additional Biomass 

Adjusted Total 

survey Grand 
Total 

71.djusted Grand 
Total 

Shumagin Chirikof Kodiak Yakutat 
South

eastern 

Number of stations (top) and standing stock (bottom) 

75 30 51 17 0 
0 0 0 0 

46 104 129 56 23 
5 0 108 1,281 1,127 

8 18 29 36 27 
731 551 2,142 1,271 2,280 

4 4 7 24 18 
999 1,411 1,646 1,270 2,394 

0 0 0 0 0 

0 0 0 0 0 

137 156 216 133 68 
1,735 1,962 3,896 3,821 5,802 

854 966 1,920 1,883 2,858 

2,589 2,928 5,816 5,704 8,660 

17,217 t 
95% confidence interval= 13,384-21,050 t 

25,697 t 
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Figure 1.--Plot of thornyhead catch per unit effort (kg/km2) by area and 
depth in resource assessment surveys in the Shumagin, Chirikof, 
Kodiak and a portion of the Yakutat I.N.P.F.C. region (west of 
144"30' W) of the Gulf of Alaska in 1984, 1987 and 1990. The 
values are standardized to the same net. Depth codes are: 
l=0-100 m depth, 2=101-200 m, 3=201-300 m, 4=301-500 m, 5-501-
700 m, 6=701-1000 m and 9=0-1000 m. 
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Figure 2.--Plot of shortspine thornyhead yield per recruit versus F for 
thornyheads in the Gulf of Alaska .. The Fo.1 value corresponds to 
the point on the curve whose slope is 10% of the slope al the 
origin. (In this case~ .l - 0.075). Age at recruitment is 16 
years. 
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Figure 4.--The relationship between shortspine thornyhead biomass and 
recruitment. Shown is a Beverton-Holt stock-recruitment 
relationship of 90% of maximum recruitment at 50% of maximum 
biomass, and a Beverton-Holt relationship of 80% of maximum 
recruitment at 50% of u imum biomass. 
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Figure 5.--Plot of thornyhead equilibrium yield and biomass versus F for 
constant recruitment (con rec), a Beverton-Holt stock-recruitment 
relationship of 90% of maximum recruitment at 50% of maximum 
biomass (bh 90), and a Beverton-Holt relationship of 80% of 
maximum recruitment at 50% of maximum biomass (bh 80). The age 
at-recruitment is 16 years. 
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PART B: INFORMATION ON HALIBUT PROHIBITED SPECIES CATCH LIMITS 

This chapter presents information on halibut bycatch in the 
groundfish fisheries conducted in the Gulf of Alaska (GOA). It is 
intended for use by the Council in its utilization of the halibut 
species bycatch framework measures. 

In preparing this report the Plan Team discussed problems 
associated with bycatch in the Gulf of Alaska. Domestic groundfish 
fisheries for halibut, sablefish, pollock, flounder, rockfish, and 
Pacific cod are all currently managed by species or complex, and 
yet most species are caught together to some extent. This is true 
for all gear types. Under the current management scheme, fisheries 
directed at one species often discard the other species resulting 
in some, as yet undetermined, discard mortality. Investigations 
into potential brcatch suggest that discard mortality of several 
species may be significant. Of principal concern in the Gulf is 
the incidental catch and mortality of halibut in bottom trawl and 
longline groundfish fisheries. Bycatch has in the past been 
controlled by reducing the total allowable catch (TAC) of the other 
species, the use of Prohibited Species Catch (PSC) limits, or a 
combination of both measures. 

The Team is concerned over discard of all fully u.s.-utilized 
species in all groundfish fisheries and notes that such bycatch may 
in some cases be significant. However, with the single species 
rule now in effect for Gulf groundfish fisheries (i.e. , the 
authority to close a directed groundfish fishery prior to achieving 
its TAC in order to provide sufficient quantities for bycatch 
purposes) , this can be controlled to some extent. The Team 
recommends close monitoring of all bycatch in the Gulf in 1992. 

The Framework Process 

Regulations re~ire the Secretary of Commerce, after consultation 
with the Council, to propose the PSC limits as soon as practical 
after October 1 of a current fishing year. Thus, when the Council 
meets during September, it must decide what recommendations it will 
provide to the Secretary. 

The Council can make recommendations for PSC mortality limits as 
follows: 

1. Between OAP and JVP fisheries. (Note: JVP fisheries are 
not likely; the Council could stipulate that all of the 
PSC be allocated to OAP unless it recommends a JVP 
groundfish specification). 

2. Among trawl, hook-and-line, and pot gear. 

3. By season, which may be quarterly, semiannually, or any 
other reasonably configured period. 

4. Gulfwide or between the Western and Central Regulatory 
Areas and among the Districts of the Eastern Regulatory 
Area. (Note: For 1986-1991, the Council has recommended 
that the PSC should be allocated Gulfwide, rather than 
among the management areas.] 
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The Secretary will propose the PSC mortality limits in the FEDERAL 
REGISTER and request comment for 30 days from the date of filing 
with the Office of the Federal Register. The Council will review 
comments and will make final recommendations on PSC mortality 
limits at its December 1991 meeting. Should the Secretary a~prove 
the Council recommendations, they will be published again in the 
FEDERAL REGISTER and will be used to manage halibut bycatch 
mortality in the bottom trawl, hook-and-line, and/or pot fisheries 
in the Gulf of Alaska during 1992. 

The Council is not constrained to any particular PSC limit. The 
International Pacific Halibut Commission (IPHC) recommends that 
halibut bycatch mortality not exceed 6,000 mt in the North Pacific, 
and has further recommended that halibut bycatch mortality in the 
Bering Sea and Aleutian Islands Area and the GOA be limited to 
4,000 mt and 2,000 mt, respectively. During each year from 1986 
through 1989, the Council has recommended a 2,000 mt bycatch 
mortality limit in the GOA. Only fishing with bottom trawls would 
have been affected if this limit had been reached in those years. 
In 1990, however, the Council recommended an additional bycatch 
mortality limit of 750 mt for fixed gear. This 750 mt limit for 
fixed gear was also adopted for 1991, but pot gear was exempted 
from closures under this cap. Accordingly, all of the 750 mt was 
allocated to hook-and-line gear. 

Establishing PSC limits for the Gulf of Alaska 

Bycatch mortalitr of Pacific halibut in the Gulf of Alaska 
groundfish fisheries is shown below for the last 12 years (based on 
IPHC estimates). 

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

4,596 mt 
4,096 mt 
3,785 mt 
3,134 mt 
2,382 mt 
1,134 mt 
935 mt 
2,061 mt 
2,243 mt 
2,646 mt 
3,143 mt 
2,356 mt (through August 18) 

The amounts of halibut bycatch mortality shown for 1980-1986 
reflect estimates of halibut bycatch and mortality from a pre
domesticated fishery. Except in the most recent years, the 
fisheries which produced these bycatch mortality rates were 
primarily foreign and joint-venture fisheries. The fishing 
practices currently in use by the fully domesticated fishery may 
produce a very different situation in terms of bycatch estimation. 
Therefore, data gathered under the domestic observer program 
beginning in 1990 probably present a more current and realistic 
picture of today's groundfish fishery in the Gulf of Alaska. The 
Plan Team feels that this is the best information available upon 
which to base decisions regarding the setting of PSC limits for 
halibut in the Gulf of Alaska. A description of the relevant data 
from the domestic observer program in 1991 is provided in the 
subsequent section of this document. 
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Halibut Bycatch Management in the Gulf of Alaska During 1991 

Definition of terms used: 

• Bycatch rate - kg/mt of halibut caught in total groundfish 
catch. 

• Mortality rate - that% of halibut bycatch which die after 
being caught. 

• Bycatch mortality rate kg/mt of halibut which are killed in 
total groundfish catch. 

NOTE: kg/mt can be converted to% by movin9 the decimal place to 
the left one place; for example 21.3 kg/mt is equivalent to 2.13% 
bycatch per groundfish catch. 

Such that, 

Bycatch rate X mortality rate= bycatch mortality rate (which 
can be expressed as either kg/mt or as a percentage) 

During 1991 the Alaska Region managed the groundfish fisheries 
using halibut bycatch rates from the Alaska Fishery Science 
Center's Observer Program Office. The Alaska Region also used 
assumed mortality rates, which were approved by the Secretary 
(January 1991) after being recommended by the Council at its 
December 1990 meeting and subsequently modified by the Secretary. 
Assumed mortality rates were the following: 

Trawl gear 

Hook-and-line gear 
Pot gear 

0.50 (i.e. 50% of 
halibut bycatch were 
die) 
0.16 
0.12 

the total 
assumed to 

The assumed mortality rates for trawl gear and hook-and-line 9ear 
were taken from reports by the International Pacific Halibut 
Commission. The rate for pot gear is from preliminary data 
generated by the ADF&G Observer Program from 1987-1989. These data 
show that, of 62 halibut recovered from 397 cod pots, 88% were 
released in good condition, 8% were dead, and the remaining 4% were 
in poor condition and not expected to survive. 

During 1991 halibut PSC mortality applied only to the bottom trawl 
fisheries and to the hook-and-line fisheries. The midwater trawl 
fishery (targeting on pollock) has been exempt from bycatch related 
closures. The developing pot fishery (primarily for Pacific cod), 
was exempted from the 1991 fixed gear PSC limit due to minimal 
bycatch mortality in that fishery. Descriptions of halibut bycatch 
management in the trawl and hook-and-line fisheries during 1991 
follow. 

The 1991 Gulf of Alaska Trawl Fisheries 

Throu9h August 18, 1991, trawl gear was used to harvest pollock, 
flatfish, rockfish, Pacific cod, sablefish, and arrowtooth 
flounder. The 2,000 mt PSC bycatch mortality limit was apportioned 
quarterly such that 30%, 30%, 20%, and 20% (or 600 mt, 600 mt, 400 
mt, and 400 mt) were apportioned during the first, second, third, 
and fourth quarters, respectively. 
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Trawling with bottom trawls was prohibited on May a when the 
available data indicated that the cumulative first and second 
quarter allowances of 1,200 mt had been reached. The fishery 
reo~ened on July 1, when the third quarter apportionment became 
available. 

Through August 18, total halibut bycatch mortality from trawl gear 
1,523 mt. The following bycatch mortality totals were calculated 
from observer data from the trawl fisheries, using 50% assumed 
mortality: 

Fishery 
Pollock (bottom) 

(pelagic) 
Deepwater flatfish 
Shallow flatfish 
Rockfish, including 
Pacific cod 

Bycatch Mortality 
76. 3 mt 
6.58 mt 

374.2 mt 
10.47 mt 

thornyheads 540 mt 
490 mt 

A summary of halibut bycatch in the Gulf of Alaska through AUCf.,ISt 
25 is provided in Table 1. This provides a breakdown of halibut 
bycatch rates by target fishery, reporting zone, and processing· 
mode. Bycatch of chinook salmon is also included in this Table. 
A breakdown of bycatch rates by target fishery and week is shown in 
Table 2. 

The 1991 Gulf of Alaska Hook-and-Line Fisheries 
The hook-and-line fisheries are directed primarily at sablefish and 
Pacific cod, with some effort on rockfish. In 1991, the PSC 
mortality limit of 750 mt for the hook-and-line fisheries was 
apportioned seasonally by trimester, primarily to apportion bycatch 
needed for the sablefish fisheries. For the first trimester, 
January 1 to May 14, 200 mt was allocated. For the second 
trimester, May 15 to August 31, 700 mt was allocated (the sablefish 
fishing season was change to begin on May 15 starting in 1991). 
The remaining 50 mt was allocated to the rest of the fishing year. 
Fishing with hook-and-line gear was prohibited on July 8 for the 
remainder of the fishing year when available data indicated that 
the entire 750 mt of halibut PSC bycatch mortality had been 
reached. 

Through August 18, 1991, total calculated halibut bycatch mortality 
from hook-and-line gear is 833 mt. The following bycatch mortality 
totals were calculated from observer data for the hook and line 
fisheries, using 16% assumed mortality rate. 

Fishep: 
Pacific cod 
Sablefish 
Rockfish 

aycatch Mortality 
133.35 mt 
664.82 mt 
15.20 mt 

The breakdown of hook and line halibut bycatch rates by target 
fishery, zone, and processing mode is provided in Table 3. A 
breakdown of these bycatch rates by target fishery and week is 
shown in Table 4. A look at seasonal rates of halibut bycatch in 
the 1990 fisheries, for all gear types is provided in Table 5 for 
comparison purposes. In 1990, the directed hook and line sablefish 
fisheries opened on April 1. In order to help reduce halibut 
bycatch rates in this fishery, the Council changed the season 
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opening date for the 1991 sablefish fishery to May 15. A look at 
bycatch rates from the 1991 fishery (Table 4) shows that these 
rates are well below those experienced in the 1990 fisheries (Table 
5) during the months of April and early May. 

The Gulf of Alaska Pot Fishery 
Throu9h August 18, 1991, pot gear was used to harvest mostly 
Pacific cod. Total mortality attributed to pot gear is 4.4 mt. 
Pot gear was exempt from any PSC mortality limit for the 1991 
fishing year. Halibut bycatch in the pot fishery by target 
fishery, zone, and processing mode for 1991 is shown in Table 6. 
Table 7 provides a weekly breakdown of halibut bycatch rates in 
that fishery. 

Harvests Foregone During 1991 
As of August 18, only the hook-and-line fisheries have been closed 
for the remainder of the year as a result of reaching the halibut 
PSC mortality allowance. Because the hook-and-line fisheries for 
sablefish harvested all the amounts available to hook-and-line gear 
in the Eastern and Central Regulatory Areas prior to the PSC for 
hook-and-line gear being achieved, no sablefish was foregone in 
those areas. In the Western Regulatory Area, however, about 750 mt 
of sablefish remain unharvested. Expressed in pounds of round 
weight, the resulting shortfall is 1.65 million pounds. At $.69 
per pound, fishermen might have lost about $1.1 million in gross 
revenue. 

Directed hook and line fishing for demersal shelf rockfish has also 
been affected by the 1991 PSC closure. Approximately 100 mt of 
this species remains to be taken as of the time of the hook and 
line closure. Total allowable catches of Pacific cod in the 
Western and Central regulatory areas were already taken at the time 
of the closure, so no foregone harvests have resulted for this 
species in these areas. ◄ 

Expected changes in Groundfish and Halibut stocks for 1992 
Given the preceding review of the bycatch situation in the Gulf for 
1991, it may be useful to look now at possible changes in the 
levels of biomass for target groundfish species and Pacific 
halibut. 

While detailed stock assessments for each species are provided in 
other sections of this SAFE report, a brief overview for each 
species is provided here. Triennial trawl surveys recently 
comJ?leted in the Gulf of Alaska indicate a total biomass for 
Pacific cod of 410,949 mt a 35% decrease from the 1987 surveys. 
Based on a 45 cm length at recruitment, this survey shows that 6% 
of the Pacific cod would be undersized, resulting in an exploitable 
biomass of 369,565 mt. compared to a 1989 estimate of 498,044 mt. 
The new estimate is slightly different from that in last year's 
SAFE because the model was run with an additional year's catch 
data. This exploitable biomass (for 1991) was distributed by NPFMC 
regulatory area as follows: Western, 33%; Central, 62%; and 
Eastern, 5%. 

For thornyhead rockfish, the data from the triennial trawl survey 
( from 1990) indicate an exploitable biomass of 25,696 mt, a 
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significant decrease when compared to the estimates of 123,005 mt 
and 98,670 mt for 1984 and 1987 respectively. The survey also 
noted a change in the areas of greatest abundance between 1987 and 
1990. In 1987, the largest biomass was in the Western area and 
decreased to the east across the Gulf while in 1990, the opposite 
pattern existed. Another change between the 2 surveys was a 
decrease in the average size of thornyheads by several centimeters. 

For the deep-water flatfish species, the triennial survey estimates 
an exploitable biomass of 169,132 mt. with the following breakdown 
by NPFMC regulatory area: Western, 8,076 mt; Central, 144,388 mt; 
and Eastern, 16,668 mt. This is a decrease fromthe previous year's 
estimates; however, a large part of the decrease stems from the 
fact that flathead weree se~arated from this category and are now 
given a biomass and ABC estimate of their own. 

Exploitable biomass for shallow-water flatfish species was 
estimated to be 257,338 mt with the following breakdown by area: 
Western, 140,332 mt; Central, 107,973 mt; and Eastern, 9,043 mt. 

The absolute abundance of rock sole, the predominant species in 
this category, declined by 27% over the estimates from the 1987 
survey. 

Arrowtooth flounder have an exploitable biomass of 1,787,583 mt, a 
decrease of over 200,000 mt from the previous year's estimate. By 
area, this biomass is broken down as follows: Western, 228,710 mt; 
Central, 1,490,147 mt; and Eastern, 68,726 mt. Overall, the 
exploitable biomass for all flatfish categories is assumed to be 
the same as the total survey biomass since the non-exploitable 
component of the survey biomass is small and since the survey 
bottom trawl gear is only partially selective for non-exploitable 
sizes. 

The estimate of flathead sole abundance in the Gulf of Alaska is 
240,615 mt distributed as follows: Western, 62,923 mt; Central, 
159,141 mt; Eastern, 18,551 mt. 

Biomass and ABC estimates for slope rockfish are now divided into 
three separate categories and will be managed as separate 
categories during the upcoming fishing year. The three categories 
are Pacific Ocean Perch (POP), shortraker/rougheye, and •other' 
rockfish. Biomass estimates for the three groups are 129,734 mt, 
46,243 mt, and 95,284 mt respectively. 

The absolute biomass estimates for sablefish in the Gulf from the 
last 3 triennial surveys are as follows: 1984 - 577,463 mt; 1987 -

443, 800 mt; 1990 - 196,265 mt. Because the 1990 survey was 
limited to depths of less than 500 m, the biomass estimates for 
1990 are not considered a good indicator of the relative changes 
from 1987 to 1990. Exploitable biomass for 1992 is estimated to 
be 194,000 mt in the Gulf of Alaska. 

Preliminary estimates of pollack abundance in the Gulf show a mid
year biomass estimate of 846,000 mt. 

Triennial trawl survey data estimate a biomass of 28,309 mt of 
pelagic shelf rockfish (95% confidence interval of 12,764- 48,854 
mt). Dusky rockfish was the most abundant, comprising 93% of the 
Gulfwide biomass. most of which was in the Kodiak area. Dusky 
rockfish biomass increased from 37,313 mt in 1984 to 163,188 mt in 
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1987, and then declined to 26,254 mt in 1990. Because of 
uncertainty concerning these seemingly low estimates, the Plan Team 
recognizes an exploitable biomass of 96,330 mt that is computed 
based on the averages of the 1987 and 1990 surveys. Biomass 
estimates for the 1992 fishing year are slightly revised because 
the fishing power corrections previously used have been abandoned. 
The new biomass estimate for this species assemblage is 95,284 

Any changes in the expected catch of groundfish for the upcoming 
fishing year will follow from these biomass estimates in the form 
of TAC's established by the council. It can be assumed that the 
groundfish catch for most species will equal the TAC's, tempered 
only by the PSC limits imposed by the Council. Lack of interest by 
industry in harvesting particular species, such as flatfish, may 
temper this assumption to some degree. In general, it is apparent 
that changes in groundfish catch can have no effect on halibut 
bycatch once a PSC is established; rather, the PSC is the driver in 
the formula and dictates the catch of groundfish. This assumes 
that the Council does not want to revert to setting TAC's lower to 
accommodate the halibut bycatch. 

The most current IPHC stock assessment results indicate that the 
total exploitable biomass of Pacific halibut available for 1991 was 
235.0 million pounds. This represents a decline of 8% from the 
previous year, a rate which is slightly higher than the 5-6% annual 
decline observed in recent years. A substantial drop in 
recruitment (abundance of 8 year olds) is also noted for 1991, an 
observation that is consistent with cyclical patterns of 
recruitment that have occurred over the last 50 years. This 
year's 13 year old age class continues to make up a large part of 
the catch and should continue to influence the catch for several 
more years. The low recruitment exhibited in recent years in 
conjunction with exploitation above the recommended 0.35 level can 
be expected to contribute to a continued decline in the overall 
stock at a rate of 5-15% over the next several years. ◄ 

Again, the impacts of the expected fishing for groundfish on the 
halibut stocks will be limited by the PSC limits imposed on the 
groundfish fishery. Barring a significant alteration of fishing 
practices which results in substantial reductions in the bycatch 
rates of the various fisheries, the groundfish fisheries will 
likely utilize the entire PSC apportionments in pursuit of the 
target fisheries TAC's. This is almost certainly the case in the 
longline fisheries. Therefore, the impact of groundfish fisheries 
on the halibut resource will be equal to the amount of the PSC 
limits imposed on each gear type. According to the formula now 
used by the IPHC to account for bycatch compensation, the 1991 PSC 
limit of 2,750 mt would result in an equal amount (2,750 mt) being 
deducted from the directed halibut fishery quotas. How this 
affects the directed halibut fishery depends on the constant 
exploitable yield (CEY) determined by the IPHC. Based on an 
optimal exploitation rate of 0.35, this yield represents roughly 
one third of the exploitable biomass. The allowable directed 
commercial catch is determined by accounting for all other removals 
(recreational catch, wastage, and bycatch) and then giving the 
remainder to the directed fishery. Therefore, if the current PSC 
limit of 2,750 mt is instituted for the 1992 fishery, the results 
could be either positive or negative to the directed halibut 
fishery depending on whether the CEY is higher or lower than it was 
in the previous year's fishery. 
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Potential methods for bycatch reduction 

Several possible methods exist which could contribute to a 
reduction in halibut bycatch by the groundfish fisheries. One 
method would be to set the TAC's for groundfish at a level which 
would preclude excessive bycatch. Based on prevailing bycatch 
rates and mortality rates for each gear group, TAC's can be back 
calculated and set at levels to attain the desired level of 
brcatch. The economic tradeoffs associated with this method are 
discussed in the EA/RIR which was prepared for the Amendment 18 
package to the Gulf of Alaska FMP. As an example, with assumed 
brcatch rates and discard mortality rates in the bottom trawl 
fishery of 4.5% and 50% respectively, each one mt increase in the 
bottom trawl PSC limit allows a 44. 4 mt increase in groundfish 
catch. Operating under the assumption that the bottom trawl 
fishery cannot reduce its bycatch rate, this implies that a 2,000 
mt PSC limit would constrain the bottom trawl groundfish catch to 
about 89,000 mt. Under this constraint, each mt increase in the 
PSC limit would permit a $7,250 to $14,500 increase in gross 
ex-vessel value of the groundfish catch, depending on a ~rice per 
pound of $.074 for round weight pollack to $.148 for Pacific cod. 
This increase in catch and value would be at the expense of 2,600 
pounds of halibut catch with an exvessel value of $3,200 (2,600 X 
$1.23/lb). 

If the bottom trawl fishery can reduce its bycatch'rate, the value 
of a one mt increase in the PSC limit is equal to whichever is 
lower, the cost of reducing bycatch mortality by one mt or the 
value of 44.4 mt of groundfish. While some of the bycatch rates 
and halibut bycatch compensation ratios in this example may chan9e 
with new information, the results will be similar and the economic 
implications of reducing groundfish TAC's to accommodate halibut 
bycatch are clear. It becomes a tradeoff between the value of 
halibut as bycatch and the value of halibut in the directed 
fishery. 

Comparisons were also made for the longline fisheries and, again, 
point to the much greater value of halibut as bycatch when compared 
to the value as directed fishery catch. Ideally, fishermen could 
reduce their bycatch rates to the point where they could catch all 
of the TAC's of the target groundfish species (set independently of 
PSC concerns) and still not exceed the PSC limits established by 
the Council. It is probably useful at this point to note the 
results of the latest Gulf of Alaska bycatch model simulation which 
incorporates the latest bycatch and discard mortality rates from 
the domestic observer program. In order to achieve the 1990 TAC's 
for all groundfish, the total PSC limit would have to be set at 
3,460 mt, apportioned as follows: 2, 412 mt to the bottom trawl 
fishery; 3 mt to the midwater trawl fishery; 1,013 mt to the 
longline fisheries (based on 13% assumed discard mortality rate); 
and 13 mt to the pot fishery. To reduce the PSC catch to a level 
below 3,000 mt would require either a substantial reduction in the 
groundfish TAC's or a significant reduction in bycatch rates, 
particularly for the sablefish longline fisheries. This ignores 
the fact that a large part of the quota for the flatfish categories 
remains unharvested due to factors unrelated to bycatch; accounting 
for this fact would reduce the amount of PSC necessary to execute 
the bottom trawl fisheries. 
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NOTE: The paragraph above refers to 1990 bycatch rates, TACs, and 
assumed mortalities. However, for 1992, the amount of halibut 
bycatch required to execute all TACs would again be significantly 
above the current overall 2,750 mt bycatch PSC caps. 

While gear modifications are a potential method of reducing the 
brcatch rates in the groundfish fisheries, this solution is not 
likely to provide results in the short term. In the interim, 
managerial options such as bycatch incentive programs, timing of 
groundfish seasons, and seasonal apportionments of the halibut PSC 
limits probably represent the most realistic methods of reducing 
halibut bycatch. License limitation programs, designed to reduce 
the derby style of fishing which is predominant in today's 
fisheries, would serve to reduce halibut bycatch by altering the 
amounts and deployment of certain types of gear which are currently 
contributing to high bycatch rates of halibut. Any of these 
options would impose some kind of costs to the fishery which may or 
may not be offset by the potential benefits of the option chosen. 

seasonal Apportionments of the Halibut Psc Limit 

Under authority of Amendment 21 the halibut PSC limits can be· 
apportioned on a seasonal basis. As discussed above, halibut PSC 
mortality limits were apportioned quarterly to trawl gear and hook
and-line gear during 1991. The Council could consider seasonal 
allocations to some or all gear types for 1992. Halibut are 
expected to be in shallow water during summer months (June through 
September). Fisheries for Pacific cod and shallow water flatfish 
will need lar9er shares of the PSC mortality limit during this 
time. Fisheries for sablefish and deepwater flatfish will need 
larger shares of the PSC mortality limit during January through May 
and during October through December. 

In recommending any seasonal allocations, the Council will consider 
objectives to be accomplished. One ob~ ecti ve is to promote harvest 
of as much of the groundfish optimum yield as possible with a given 
amount of halibut PSC. If some gear types have excessively high 
brcatch rates during a given season, the council may consider 
withholding halibut PSC in order to promote other gear types, which 
otherwise might be closed prematurely, thereby promoting harvest of 
the OY. Presently, regulations do not authorize allocating PSC by 
fisheries, although the Council has requested a regulatory 
amendment be implemented to provide this authority. 

Halibut bycatch rates observed during 1991 varied, possibly as a 
result of the seasonal distribution of halibut. Calculating 
bycatch rates for four-week periods for trawl, hook-and-line, and 
pot gear provide results shown below. 

Gulf of Alaska Trawl Fisheries 

Pacific cod - bycatch rates appear to be low during 
February through mid April and are high during late April 
through early August (and likely later). 

Pollock - Bycatch rates are low during the roe fishery 
when pelagic gear is used. 
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Flatfish - Bycatch rates appear to be low during February 
and high during late March through mid May. However, 
differences in rate may be due to species composition. 
Dover sole, rex sole, and flathead sole are considered 
deep water flatfish species. Others are considered to be 
shallow water flatfish species. High rates show during 
March through mid May might be the result of trawling in 
shallower water. 

Rockfish - Bycatch rates appear to be high during March 
through mid May and lower during late May through mid 
August. If trawling for rockfish were directed at slope 
species, then the lower rates during summer may be the 
result of halibut moving into shallower water, thereby 
escaping the deep water rockfish fishery. 

Sablefish - No conclusions are made. Sablefish was 
intended to be a bycatch species for trawl gear. NMFS 
assumes that any catches occurred as a result of 
bycatches with other groundfish species. 

Arrowtooth flounder - This species is considered to be a 
shallow water flatfish species, although they may occur 
in deep water, also. Few data exist to indicate a trend. 
High bycatch rates shown for late June through mid August 
may be the result of trawling for arrowtooth in shallow 
water. 

Gulf of Alaska Hook-and-Line Fisheries 

Pacific cod - bycatch rates appeared to be low during 
January - throu9h mid April and were relatively high 
during late April through May, likely as a result of 
halibut moving into shallow water where Pacific cod are 
found. 

Sablefish - bycatch rates remained high during the 
fishery, which started May 15 and continued through most 
of June. However, the bycatch rates during this period 
were substantially lower than the rates observed during 
April and the first half of May in the 1990 fishery. 
Therefore, the season delay instituted for the 1991 
fisherr has resulterd in lower overall halibut bycatch 
rates in this fishery. 

Gulf of Alaska Pot Fishery 

Pacific cod - bycatch rates were low during January 
through mid-March but were relatively high during mid
March through May, likely as a result of Pacific halibut 
moving into shallow water where Pacific cod are found. 

Also relevant to the setting of the PSC's would be the gear share 
assumptions and distribution of midwater pollack in the Gulf of 
Alaska. Table 8 outlines these assumptions based on domestic 
observer data through October 31, 1990. Of particular interest to 
the Council, would be comments addressing the overall role of pot 
gear to be expected in the 1992 fishery. 
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seasonal distribution of halibut and target groundfish 

Much of the information on the seasonal distribution of halibut can 
be drawn from the commercial fishery and research surveys. These 
sources indicate that adult halibut undertake a seasonal migration 
related to a winter spawning period and a summer feeding period. 
Spawning generally takes place from 230 to 450 meters during 
November through March, but is heaviest during December and 
January. During April and May, the fish can be found moving up 
through the gullies and onto the offshore banks, typically 135 to 
270 meters. During the summer months of June through August, 
halibut are found shallow, up to 45 meters or less in some cases, 
but generally less than 135 meters. Halibut are occasionally found 
in bays feeding on salmon and other fish. In September and 
October, halibut begin their movement back to deeper water for 
spawning. Thus, the spring months of April/May and fall months of 
September/October can be considered as transition periods. 

Trawl surveys have yielded information on the distribution of. 
juvenile halibut (ages 2 through 4). Fish of this size are 
distributed throughout the entire Gulf during the year out to a 
depth of 180 meters and occasionally deeper. However, abundance is 
greatest at depths of 100 meters or less. Little, is any, seasonal 
migration is observed in halibut of this size. 

The seasonal distribution of the major groundfish species in the 
Gulf should be considered relevant to the distribution of halibut 
in efforts to minimize the brcatch of halibut. Walleye pollack, 
a pelagic species in all life stages, have probably the least 
interaction with halibut, in terms of physical location, of all the 
target 9roundfish species in the Gulf. Seasonal movements do 
occur with the fish moving to shallower water in the spring and 
summer. In the fall and winter months they return to dee~er water. 
There may be vertical movement in the water column associated with 
feeding and diurnal patterns. Typically, they are found throughout 
the water column from shallow to deep water, frequently forming 
large schools at depths of 100 - 400 m along the outer continental 
shelf and slope. 

Pacific cod are a widespread demersal species found along the 
continental shelf from inshore waters to the upper slope with 
adults commonly found at depths of 50-200 m. During the winter and 
spring cod appear to concentrate in the canyons that cut across the 
shelf and along the shelf edge and upper slope between at depths of 
100-200 m where they overwinter and spawn. Most spawning occurs in 
the spring at depths of 150-200 m along the outer continental shelf 
off Kodiak Island and in the Shelikof Strait area as well as Prince 
William Sound. In the summer, they shift to shallower depths, 
usually less than 100 m. 

The flatfish group, which are all demersal but have varying depth 
ranges, includes arrowtooth flounder, starry flounder, flathead 
sole, rock sole, Dover sole, yellowfin sole, and rex sole. 
Arrowtooth flounders are abundant over a depth range of 100-500 m 
and aggregate in the deeper portion of that range during the winter 
months. High densities have been indicated by resource surveys in 
the waters off southeastern Alaska at depths of 200-400 m. Most 
occurrences of starry flounder in the Gulf have been at depths less 
than 150 m while flathead sole are typically found at depths less 
than 250 m. Rock sole are more of a shallow water species and are 
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most abundant in the Kodiak and Shumagin areas at depths of less 
than 100 m. Dover sole and rex sole are found throughout the 
northeastern Pacific and Bering Sea at depths usually less than 275 
m. Yellowfin sole are a relatively abundant species in Cook Inlet 
and are also found in Prince William Sound. 

The rockfish group includes 4 assemblages separated on the basis of 
habitat and behavioral characteristics - slope rockfish, pelagic 
shelf rockfish, demersal shelf rockfish, and thornyhead rockfish. 
Little information is available on life history and distribution 
patterns of demersal and pelagic shelf rockfish. 

The same is true for the slope assemblage except for the species 
commonly known as Pacific ocean perch (POP). POP are found over a 
wide range of depths, usually between 100 and 450 m, with the 
adults performing seasonal bathymetric migrations associated with 
reproduction and feeding. They apparently migrate into deep water 
during fall and winter to spawn and then move to shallower depths 
to feed in the spring and summer. Separate schools of males and 
females have been observed migrating from feeding grounds at depths 
of 150-185 min the Unimak Pass region to spawning areas at depths 
of 350-400 min the Yakutat Bay area. Thornyhead rockfish are 
benthic and seldom venture off the bottom where they occur at 
depths of 100-1,500 m. 

Sablefish occur in the outer shelf, slope, and abyssal habitats 
over a depth range of 200-1,200 m with the centers of abundance 
occurring from 400-1,000 m along the continental slope, especially 
in or near submarine canyons. Sablefish spawn during late winter 
to early spring along the continental slope at depths exceeding 
400. Sablefish spend their first year in estuarine areas, after 
which their depth distribution increases with age and some fish 
reach depths of 300 m by their third year. Some research evidence 
points to migratory movements by sablefish durin9 different life 
stages, while other research indicates that sablefish remain in the 
same general bottom area where they settle as subadults. 

Bycatch needs and groundfish seasons 

As previously noted, the Gulf of Alaska bycatch spreadsheet model 
predicts a halibut bycatch requirement of 3,460 mt based on TAC's 
for the 1990 fishing year and the most recent data concerning 
bycatch rates, mortality rates of bycaught halibut, and gear share 
assumptions in the fishery. Within this total, the model predicts 
a requirement of 1,013 mt for the long line fisheries (based on 
assumed discard mortality rate of 13% for longline fisheries) . 
Throu9h AU9USt of 1991 total halibut mortality attributed to the 
pot fisheries is less than 5 mt. 

For 1992, the Council is considering changes in groundfish seasons 
which may affect the seasonal distribution of halibut PSC 
apportionments. A general season delay for both the Gulf of Alaska 
and the Bering Sea/Aleutian Islands from January 1 to either 
January 15, February 1, or February 15 is likely to be in place for 
1992. This season delay, for all fisheries, would reduce the first 
quarter PSC requirements in the Gulf and allow some of that amount 
to be pushed into the later parts of the fishing year. Another 
season change under consideration is to delay the Gulf of Alaska 
directed trawl rockfish fishery until either July 1 or July 15. 
Given the relatively high halibut bycatch rates observed in this 
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fishery, such a season delay would substantially alter the seasonal 
halibut PSC requirements for trawl fisheries. Some of the first 
and second quarter PSC apportionments could be reapportioned into 
the third and fourth quarters to support that fishery. While the 
above mentioned season changes are being considered primarily to 
reduce the by catch of chinook salmon, they would affect the 
seasonal distributions of halibut PSC limits. 

Also relevant to the setting of PSC limits for the 1991 fishing 
year is a review of the methods which resulted in the PSC limits 
established for the 1990 fishing year. From 1985 through 1989, the 
overall, Gulfwide PSC limit was set at 2,000 mt for all gear groups 
combined. Because of the inequities involved in this method (for 
example, early season fisheries, especially if they exhibited high 
bycatch rates, could preclude other fisheries from ever taking 
place), the Council adopted a provision in Amendment 18 to the FMP 
which established separate PSC limits for trawl and fixed gear 
groups in the amounts of 2,000 mt and 750 mt respectively for 1990. 
The figure of 750 mt was a result of a recommendation from the 
Bycatch Committee which assumed that the Gulf longline fleet could 
potentially harvest 75,000 mt of Pacific cod but was still a few 
years away from that harvest level. Bycatch and mortality rates 
which were current at the time were applied which resulted in an 
estimated total halibut mortality of about 1,500 mt. The Committee 
then recommended that half of this number, or 750 mt, be allocated 
to the 1990 lon9line fishery. At the time, the data available for 
the sablefish fishery were from foreign and JV fisheries which were 
heavily restricted in terms of gear and depths at which they could 
fish. The data, therefore, did not indicate a high bycatch 
mortality problem in the sablefish fishery. Primarily because of 
high bycatch in the sablef ish fishery, the 1990 Pacific cod 
longline fishery harvested only 5,512 mt of cod while the trawl 
fishery harvested 69,761 mt of cod as of October 31, 1990. It 
should be noted that, in 1991, the majority of the Pacific cod TACs 
in the Gulf were harvested by trawl gear prior to the start of the 
sablefish season. Therefore, in 1991, the execution of the Pacific 
cod fisheries was not a function of halibut bycatch in other 
fisheries, but rather a function of one gear type harvesting the 
majority of the quota early in the fishing year. 

Economic effects of groundfish seasons and seasonal halibut PSC's 
An alteration of any species/gear type fishing season, will impose 
some types of costs on certain segments of the fishing industry as 
well as result in benefits to the same or other segments of the 
industry. A delay in the season opening could impose costs in the 
form of foregone revenues. For instance, a delay in the season may 
shift effort, resulting in less of the PSC limit being available to 
a higher valued fishery. This was a concern to sablefish fishermen 
prior to the 1990 fishing season when they feared that the PSC 
limits would be depleted by the Pacific cod longline fishery, 
thereby resulting in a situation where the sablefish TAC would go 
partially unharvested. The reverse situation, in fact, occurred 
with the sablefish longline fishery using up the available PSC 
limits early in the year, resulting in the foregone harvest of a 
large amount of Pacific cod and some sablefish. 

A potential benefit of a delayed season for sablefish in 1991 would 
be the opportunity to harvest a greater amount of species other 
than sablefish before the start of the sablefish season. If the 
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bycatch rate in the sablefish fishery is reduced due to a delayed 
season, then additional benefits accrue to several segments of the 
industry. Sablefish, Pacific cod, and other longline fisheries 
would be able to operate throughout much, or all, of the year and 
realize all of their groundf ish harvesting potential. Reduced 
brcatch rates could result in benefits to the directed halibut 
fishery as well, perhaps in the long run, by allowing more of the 
exploitable yield to be apportioned to the directed fishery for 
halibut; i.e., the halibut PSC limits could be reduced, thereby 
allowing the reduction in PSC to be reallocated to the directed 
fishery. A definitive economic analysis of this or any other 
season delay (such as a delay until July 1 of the trawl rockfish 
fisheries), which includes potential cost/benefit comparisons, 
would require more information than is available to fisheries 
managers. Detailed financial information such as debt structure 
and variable costs of fishing would be required for all longline 
vessels operating in the fishery. Knowledge of the redistribution 
of effort in response to the delayed season, and the costs of that 
redistributed effort are also necessary information. By catch rates 
and groundfish catch resulting from that effort would also be 
relevant. Processing, pricing, and marketing sectors may be 
affected by an alteration in the timing of the groundfish harvests.· 
Lacking such detailed information on the fishery, fisheries 
managers can predict the broad, directional implications of such a 
season change in order to promote a more orde~ly and efficient 
fishery. 

Seasonal allocations of the PSC limits will likely have the same 
potential effects on the fishery as outlined above. The setting 
of the seasonal apportionments of the PSC limits will be directly 
related to any season changes adopted by the Council. The way in 
which these PSC limits are seasonally apportioned will affect the 
character of the fisheries for each major gear group throughout the 
year. A change in fishing seasons would require a corresponding 
shift in the PSC apportionments to accommodate the new season. The 
result is tradeoff situation which must consider the relative 
values of the different groundf ish species harvested and the 
relative values of halibut bycatch to those fisheries. Ideally, 
the seasonal apportionment of halibut PSC limits will provide the 
mechanism for each fishery to fully exploit the available resource 
without exceeding the PSC limits for each gear group. Fishermen 
and other industry representatives may be in the best position to 
provide the relevant information upon which to base the decisions 
regarding the seasonal apportionment of these halibut PSC limits. 

NOTE: The following section is unchanged trom the 1991 SAFE 
document: 
For pu~oses of evaluating existing PSC cap levels, estimates of 
the halibut mortality associated with anticipated groundfish TACs 
were made for longline and trawl gear. Due to the relatively small 
amount of bycatch attributed to the pot fishery, pot gear was not 
included in this analysis. Two scenarios were used to assess 
longline catch; one based on 1990's bycatch mortality rate of 13%, 
and one based on the value of 16% recommended by the Gulf 
Groundfish Team. Only one scenario is considered for the trawl 
fishery. Because the TACs for Gulf flatfish have been set below 
ABC, the projected catch for 1990 is set equal to last year's TAC 
in the analysis. For all other species, the Plan Team's 
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recommendations for 1991 ABCs are used as estimates of projected 
landings. 

In each case, the halibut mortality that would be incurred by 
allowing all of the allowable groundfish catch is higher than the 
existing PSC caps. As shown in Table A below, estimated halibut 
mortality in the trawl case is 2,440 mt. For the longline fishery, 
estimated halibut mortality is 845 mt in the low mortality case and 
1,040 using the high mortality assumption. Also in Table A, an 
estimate is provided of 1) the "cost" to the groundfish fishe:Y of 
not exceeding the existing cap, and 2) the "cost" to the halibut 
fishery of allowing the additional halibut mortality to occur. It 
should be noted that a reduction in the bycatch rates would reduce 
the costs imposed on the groundfish industry. 

Although gross ex-vessel revenue provides an incomplete measure of 
the cost impacts upon the various fisheries, it is a readily 
available measure, and one which provides considerably more 
information than no measure at all. The lost ex-vessel revenue in 
the groundfish fishery is calculated as the ex-vessel price times 
the quantity of fish that could not be landed because of the cap. 
In both the longline and trawl fisheries, the reduction in 
groundfish catch which would be necessary to avoid exceeding the 
cap is assumed to be distributed proportionately among all species 
fished by that gear group. 

The lost revenue in the halibut fishery is comprised of two 
components: the immediate pound for pound reduction in the current 
directed halibut TAC, and the future stream of lost reproductive 
potential resulting from removal of the fish. As developed in 
documents for Amendments 16 and 16a, the present value of the lost 
future earnings (discounted at a 5% rate) produces an additional 
cost equal to 32% of the current value of the lost poundage. Thus, 
the amount of bycatch mortality is multiplied by 1.32 and then by 
the ex-vessel price for halibut. 

If the trawl fishery is not allowed to exceed the current 2,000 mt 
cap, it would lose roughly $16 million in ex-vessel revenue from 
foregone ABC. If the full ABC were allowed, halibut fishermen 
would lose roughly $1.5 million. Under the low longline mortality 
assumption, imposition of a 700 mt cap would reduce groundfish 
revenue by $5.6 million, as opposed to $500,000 that would be saved 
for the halibut fishery by not allowing more than 700 mt of 
mortality. Under the high mortality assumption, the groundfish 
fishery would lose $10. 6 million with a 700 mt cap, while the 
halibut fishery would gain $1.1 million by not allowing full 
harvest of the longline ABCs. 

Additional information on the bycatch mortality rates for each gear 
and species, and an assessment of the value of a metric ton of 
groundfish and the value of the associated halibut bycatch are 
provided in Table B below. Only in the trawl fishery for 
arrowtooth flounder is the cost of foregone halibut higher than the 
value of the groundfish. 

Further explanation of Table A 
This section provides a more detailed explanation of the 
methodology utilized to arrive at the numbers shown in Table A 
below. If bycatch mortality rates remain the same during 1991, the 
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trawl fishery would require 2,440 mt of halibut mortality to 
harvest the entire ABC of all non-flatfish species along with the 
1990 TAC for flatfish. This amount would have to be reduced by 18% 
in order not to exceed the current 2, ooo mt limit. Using the 
simplifying assumption that the catch of all species would be 
reduced proportionately, the total amount of groundfish that would 
remain unharvested would be 18% of 287,690 mt, or 51,879 mt. 
Multipl¥ing this amount by the average trawl ex-vessel price for 
groundfish in the Gulf, $0.14/lb ($308.64/mt) round weight, 
produces an estimated loss in revenue of roughly $16 million. The 
estimated value of 440 mt of halibut in the directed 

I 
longline 

fishery is calculated by multiplying this amount by the round 
weight price of $2,520/mt and by 1.32, a factor which incorporates 
the IPHC's immediate reduction of the TAC, as well as the 
discounted present value of the future loss of reproduction. 
Accordingly, the loss to the halibut fishery which would be 
associated with allowing the additional 440 mt to be taken in 
excess of the limit would be $1.46 million. Thus, the revenue 
saved for the halibut fishery by closing the trawl fishery after 
2,000 mt of mortality is less than one-tenth of the revenue lost in 
the groundfish fishery by enforcing this limit. 

If the mortality rate for discarded halibut in the longline 
fisheries is assumed to be 13% and the bycatch rate remains 
unchanged, an estimated 845 mt of halibut would be killed, assuming 
that the longline fishery harvests 9% of the available Pacific cod 
ABC along with its allocation of sablefish. This amount would need 
to be reduced by 17% for the fishery to remain under a 700 mt 
limit. Assuming, once again, a proportionate reduction in the 
species landed with this gear, 3,320 mt of sablefish and 1,203 mt 
of Pacific cod would be foregone by imposing the 700 mt limit. 
With round-weight equivalent ex-vessel prices of $0.69/lb 
($1,521/mt) and $0.20/lb ($441/mt) for these species, respectively, 
the loss of groundfish revenue from this cap is estimated to be 
$5.58 million. In the same manner as previously calculated, the 
loss of halibut revenue for 145 mt would be $0.48 million. Once 
again, the revenue saved for the halibut fishery by imposing a 700 
mt cap is less than 10% of that which is lost by the groundfish 
fishery by doing so. 

If a higher rate of discard mortality (16%) is assumed for the 
longline fisheries, the level of halibut mortality that would 
accompany expected levels of longline catch would rise to 1,040 mt. 
Thus, assuming no change in bycatch rates, imposin9 a 700 mt limit 
on halibut mortality would require a 33% reduction in longline 
catch. The 6.326 mt of sablefish and 2,292 mt of Pacific cod that 
would be foregone represent a loss of $10.63 million. The 340 mt 
of halibut at issue have an estimated value of $1.13 million within 
the directed halibut fishery. 
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Table A.··Esti•ted bycatch 1110rtality associated full utilization of projected 1991 TACs. 

Anticipated Cost to the Cost to the halibut 
1991 bycatch groundfish fishery fishery of exceeding the 

Gear scenario mortality <mt) of inposing the cap existing caps for PSC 

Trawl Flatfish catch• 2,440 $16,011,990 $1,463,616 
1990 TAC 

Longl ine Mortality• 0.13 845 S 5,580,725 s 482,328 

Longl fne Mortality• 0.16 1,040 $10,633,536 S1, 130,976 

Table 8.··Bycatch Mortality Rates (kg of halibut/mt of groundfish) and ex-vessel value of species ($/mt of groundfish) 

Value of Groundfish revenue 
Bycatch Value of foregone minus the lost value 

Gear£T1rset ili!!S:iU Mort1lity rite !l!:S!S hal ibyt of h1lfbut !!!9rt1lity 

(kg/mt) (S/11t of the target groundfish species) 

Trawl 

Pollock (bottOIII) 1.01 154 3 151 
Pollock (pelagic) 0.02 154 0.1 154 
Flatfish (deep & shallow water) 17. 71 243 59 184 
Rockfish (including thomyheads) 19.61 441 65 376 
Pacific cod 9.72 331 32 299 
Arrowtooth flounder 38.42 101 128 ·27 

Longl ine ◄ 
Pacific cod 9.74 441 32 409 
Sablefish 37.63 1,521 125 1,396 

Pot 

Pacific cod 6.28 397 21 376 
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Halibut bycatch discard mortality rates for 1992 

t - The Plan Team heard a report from the IPHC regarding an analysis of 1990 
observer data and possible revisions of halibut discard mortality rates. 
The analysis is examining differences in these rates among fisheries and 
processing modes (shore based versus at sea processors). The results 
will be presented at the November Team meetings. 
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TA3LE l 

1991 Halibut and Chinook Salmon Bycatch by target fi.shery, zone and mode 
in the Gulf of Ala.ska 

Trawl Gear 

Groundfi.sh Halibut Halibut Chinook Chinook.s 
KEY Ton.s Tons kg/mt Bycatch per mt 

----------------------------------------------------------------------B 610 M 30.72 0.39 12. 72 20.28 0.66 
B 610 P 1901. 33 14.24 7.49 138. 02 0.07 
More (Y,n]'? 
B 610 S 1045.91 9.48 9.07 115.44 0 .11 
B 620 p 37.40 2.84 75.83 4.49 0.12 
B 620 s 288.46 3.55 12. 30 86.54 0.30 
B 621 p l. 72 0.20 115 .15 0.00 0.00 
B 621 s 713. 00 14.16 19.86 563.27 0.79 
B 630 M 9.61 0.07 7.51 0. 77 0.08 
B 630 p 914.84 34.97 38.23 452.67 0.49 
B 630 s 8846.94 72. 44 8.19 1593.56 0.18 
B 640 P 46.49 0.25 5.29 0.75 0.02 

C 610 M 6484.24 72.53 11.19 178.32 0.03 
C 610 p 3501. so 73.07 20.87 628.37 0.18 
C 610 s 19445.94 224.46 ll.54 532.63 0.03 
C 620 M 1386.49 15.03 10.84 27.89 0.02 
C 620 p 2222.07 76.21 34.30 1162 .'52 0.52 
C 620 s 7307.12 82.78 11.33 110. 08 0.02 
C 621 M 30.62 0.22 7.13 l.84 0.06 
C 621 p 29. 42 0.83 28.06 0.00 0.00 
C 621 s 148.99 l.16 7.81 9.97 0.07 
C 630 M 45.96 1.02 22.24 4.14 0.09 
C 630 p 343.94 14.10 40.99 72 .84 0.21 
C 630 s 15595.56 418. 79 26.85 2004.72 0.13 
C 640 s 2.40 0.03 13.65 0.12 0.05 
More (Y,n]? ◄ 
0 610 p 1165. 79 32.47 27.85 129.28 0.11 
0 620 p 2464.60 153.01 62. 08 1077. ll 0.44 
0 620 s 332.22 9.48 28.54 0.00 0.00 
0 630 p 5860.35 379.72 64.79 1690.58 0.29 
0 630 s 3470.82 173.66 50.04 509.18 0.15 
0 640 p 0.72 0.01 19.81 0.00 0.00 

H 610 M 449.66 0.82 l.83 0.00 0.00 
H 610 p 21.78 0.04 l.83 0.00 0.00 
H 620 S 5.97 0.15 24.89 0.24 0.04 
H 630 S 750.60 19. 94 26.56 18. 65 0.02 

K 610 p 2233.65 26.52 ll.87 338.55 0.15 
K 620 p 2556.45 213.16 83.38 20561.41 8. 04 
K 630 p 7908.42 648.91 82.05 1008.41 0.13 
K 630 s 269.88 37.09 137.42 14.13 0.05 
K 640 p 1553.36 91.83 59.12 109.09 0.07 
K 650 p ·1532.13 43.79 28.58 6. 48 0.00 
K 680 p 408.93 18.56 45.38 6.77 0.02 

0 610 M 130.40 2.17 16.65 0.00 0.00 
0 610 p 23.74 0.26 11.13 0.00 0.00 
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More (Y,n]? 

t l? 610 M 3577.01 0.88 0.24 0.58 0.00 
l? 610 l? 20.40 0.00 0.00 0.00 0.00 
l? 610 s 21321. 51 9.03 0.42 9.31 o.oo 
l? 620 l? 297.17 0.04 0.14 11. 73 0.04 
l? 620 s 333.36 a.cs 0.15 13.33 0.04 
l? 621 s 6039.91 0.88 0.15 751.35 0.12 
l? 630 l? 917.42 0.02 0.02 6.48 0.01 

~ l? 630 s 25451.94 2.26 0.09 1761.08 0.07 
p 640 p 3406.10 0.00 0.00 0.00 0.00 

s 620 s 10. 68 0.35 32.93 0.00 0.00 
s 630 p 148.85 5.21 35.03 0.00 0.00 

Groundfish tons is total of all allocated groundfish species harvested 
in the target fishery. 

The KEY is composed of a target fishery, the zone (subarea), 
and the processing mode. Targets and modes are defined below. 

1991 Groundfish Targets 

A Atka Mackerel BSAI 
More [Y,n]? 

a Pollock BSAI,GOA 
C Pacific Cod BSAI,GOA 
0 Deep Water Flatfish GOA 
F Flatfish BSAI 
H Shallow Water Flatfish GOA 
K Rockfish BSAI,GOA 
0 'Other' BSAI,GOA 
p Pollock - Pelagic Trawl BSAI,GOA 
R Rock Sole BSAI 

► 
s Sable fish BSAI,GOA 
T Greenland Turbot BSAI 
w Arrowtooth Flounder BSAI 

Modes 
M Mother ship 
p Catcher/Processor • s Shore Plant 
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T.\BLE 2 

1991 Halibut and Chinook Salmon Bycatch by target fishery and week 
in the Gulf of Alaska 

Trawl Gear 

Groundfi.,h Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 
----------------------------------------------------------------------B 01/06/91 6.93 0.06 8.40 1. 94 0.28 
B 01/13/91 1547.76 8 .11 5.24 176.81 0 .11 
B 01/20/91 1167. 98 10.23 8.76 209.22 0.18 
B 01/27/91 1198. 67 9.46 7.89 355.60 0.30 
B 02/03/91 663.17 2.58 3.89 83.71 0.13 
B 02/10/91 662.36 11. 67 17.62 315.20 0.48 
B 02/17/91 533.00 9.45 17.74 170.56 0.32 
B 03/03/91 l. 72 0.20 115 .15 0.00 0.00 
B 03/10/91 176.66 12.39 70.14 95.12 0.54 
B 03/17/91 984.65 9.59 9. 74 35.10 0.04 
B 03/24/91 95.30 3.31 34.73 2.86 0.03 
B 04/07/91 0.96 0.01 12.29 0.29 0.30 
B 04/14/91 45.53 0.23 5.14 0.46 0.01 
B 04/21/91 346.54 4.24 12.23 252.97 0.73 
More [Y,n]'? 
a 04/28/91 471.85 21. 75 46.09 157.90 0.33 
a 05/05/91 81. 74 1.31 16.00 58.96 0.72 
a 05/19/91 14. 99 0.18 12 .29 4.50 0.30 
a 05/26/91 31.06 0.38 12 .29 9.32 0.30 
a 01101191 992.15 12.20 12.30 297.64 0.30 
a 07/14/91 1410.73 16.32 11.57 397.14 0.28 
a 01121191 1588.63 4.39 2.76 122.37 0.08 
a 07/28/91 806.49 8.88 11.01 169.97 0.21 
B 08/04/91 423.90 3.27 7.71 49.33 0.12 
B 08/05/91 143.99 0.38 2.67 0.00 0.00 
a 08/11/91 176.45 1.28 7.25 8.82 0.05 
a 08/18/91 263.21 0.70 2.67 0.00 0.00 

C 01/06/91 271.33 3.09 11.38 13.46 0.05 
C 01/13/91 125.64 2.27 18.06 6.14 0.05 
C 01/20/91 126.27 2.63 20.84 12.71 0.10 
C 01/27/91 977. 64 21.39 21.87 42.80 0.04 
C 02/03/91 3374.56 46. 97 13.92 112. 70 0.03 
C 02/10/ 9l 1088.67 14.28 13.ll 71.86 0.07 
C 02/17/91 3264.37 38.00 11. 64 93.03 0.03 
C 02/24/91 3731.77 72.60 19.45 503. 88 0.14 
C 03/03/91 6016.99 94.64 15.73 812.23 0.13 
C 03/10/91 6506.90 139.21 21.39 1540.15 0.24 
More [Y,n]? 
C 03/17/91 7960.39 105.70 13.28 219.66 0.03 
C 03/24/91 9297.82 140.08 15.07 195.00 0.02 
C 03/31/91 7572.68 113 .30 14.96 230.35 0.03 
C 04/07/91 2102.60 39.70 18.88 176.53 0.08 
C 04/14/91 1764.88 55.82 31.63 306.66 0.17 
C 04/21/91 1655.22 67.87 41.00 239.81 0.14 
C 04/28/91 660.44 21.12 31. 97 145.61 0.22 
C 05/05/91 45.06 1.54 34.26 10.81 0.24 
C 08/25/91 1.02 0.01 13.65 0.05 0.05 

D 01/13/91 228.08 5.76 25.27 41.05 0.18 
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O 01/20/91 96.89 2.45 25.27 17. 44 0.18 
0 01/27/91 54.66 l.38 25.27 9.84 0.18 
D 02/03/91 25.07 0.87 34.59 25.82 1. 03 
D 02/10/91 8. ll 0.28 34.59 8.35 l.03 
D 02/17/91 5.09 0.18 34.59 5 .24 1. 03 
D 02/24/91 29.25 1.01 34.59 30 .13 l. 03 
D 03/03/91 33.33 1. 92 57. 74 18.64 0.56 
D 03/10/91 10.12 0.25 25.08 1.01 0.10 
D 03/17/91 75.16 3.12 41.54 56.37 0.75 
D 03/24/91 267.06 10.64 39.84 3.58 0.01 
D 03/31/ 91 384.50 0.57 1. 49 0.00 0.00 
D 04/07 /91 263.40 10.08 38.27 0.00 0.00 
More (Y,n]'? 
D 04/14/91 955.79 70.87 74 .15 453.62 0.47 
D 04/21/ 91 663.69 46.02 69.34 641.86 0.97 
D 04/28/91 3413.03 242.52 71.06 995.80 0.29 
D 05/05/91 2848.59 140.15 49.20 822.91 0.29 
D 05/12/91 1184.44 104.69 88.39 200.04 0.17 
D 07/21/91 65.85 l.10 16.69 0.00 0.00 
D 07 /28/91 260.17 14.34 55.12 55.13 0.21 
D 08/04/91 723.57 30.28 41.85 19.32 0.03 
D 08/11/91 728.13 29.69 40.78 0.00 0.00 
D 08/18/91 418. 69 13.02 31.09 0.00 0.00 
D 08/25/91 551.83 17.15 31.09 0.00 0.00 

H 02/03/91 18.38 0.03 1.83 O. tlO 0.00 
H 02/10/91 108.53 3.64 33.52 9.77 0.09 
H 02/17/91 76.81 2.57 33.52 6.91 0.09 
H 02/24/91 3.40 0.01 1.83 0.00 0.00 
H 03/10/91 449.66 0.82 1.83 0.00 0.00 
H 04/28/91 35.55 0 .88 24.89 l.42 0 .04, 
H 05/05/91 13.82 0.34 24.89 0.55 0.04 
H 08/11/91 144.98 3.34 23.03 0.24 0.00 
H 08/18/91 161. 62 3.99 24.69 0.00 o.oo 
H 08/25/91 215.26 5.31 24. 68 0.00 0.00 

► More [Y,n]'? 
K 03/03/91 34.16 l.28 37.44 17.09 0.50 
K 03/10/91 263.66 13.47 51.ll 1636.86 6.21 
K 03/17/91 979.17 47.78 48.80 8117.47 8.29 
K 03/24/91 2678.34 184.09 68.73 7411.32 2.77 
K 03/31/91 2516.66 272.05 108.10 4184.95 l.66 
K 04/07/91 1708.02 208.16 121.87 92.76 0.05 
K 04/14/91 849.31 75.89 89.36 42.29 0.05 
K 04/21/91 2307.29 162.34 70.36 305.50 0.13 
K 04/28/91 1038.21 75.17 72.40 233.26 0.22 
K 05/05/91 66.23 3.59 54.22 1.32 0.02 
K 05/12/91 34.57 1.92 55.54 0.72 0.02 
K 07/07/91 112.08 1.47 13.15 0.00 0.00 
K 07/14/91 439.68 4.53 10.31 0.00 0.00 
K 07/21/91 322.82 3.57 11.05 0.00 0.00 
K 07/28/91 721.76 3. 61 5.01 1.30 0.00 
K 08/04/91 820.94 10.75 13.10 0.00 0.00 
K 08/11/91 151.29 0.45 2.97 0.00 0.00 
K 08/18/91 777.23 6.35 8.17 0.00 0.00 
K 08/25/91 641.40 3.37 5.25 0.00 0.00 

0 03/24/91 130.40 2.17 16.65 0.00 0.00 
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1991 Kalibut and Chinook Salmon Bycatch by target fishery, zone and mode 
in the Gulf of Ala~ka 

Kook & Line Gear 

Ground!ish Kalibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 

----------------------------------------------------------------------B 610 s 0.85 0.08 98.75 0.00 0.00 
B 630 s 31.52 3. ll 98.75 0.00 0.00 

C 610 p 1055.90 192.18 182.01 0.00 0.00 
C 610 s 127 .11 15.24 119.90 0.00 0.00 
C 620 p 802.34 57.90 72 .17 0.00 0.00 
More [Y,n]'? 
C 620 S 344.10 38.94 113 .17 0.00 0.00 
C 621 S 529.55 59.93 113 .17 0.00 0.00 
C 630 M 3.66 0.41 113 .17 0.00 0.00 
C 630 S 3946.78 446. 50 113 .13 0.00 0.00 
C 640 S 29.35 3.32 113 .17 0.00 0.00 
C 650 S 138.91 15.72 113.17 0.00 0.00 
C 680 S 28.74 3.25 113 .17 0.00 0.00 

0 610 s 5.10 0.50 98.75 0.00 0.00 
O 630 s 93.76 9.26 98.75 0.00 0.00 

K 620 s 1.28 0.13 98.76 0.00 0.00 
K 630 s 118 .22 11. 67 98.75 0.00 0.00 
K 640 p 6.21 0.61 98.75 0.00 0.00 
K 640 s 3.67 0.36 98.75 0.00 0.00 
K 650 s 343.70 33.94 98.75 0.00 0.00 
K 680 s 58.13 5.74 98.75 0.00 0.00 

0 610 s 24 .32 2.40 98.75 0.00 0.00 
0 621 s 72.14 7.12 98.75 0.00 0.00 
0 630 s 302.89 29.91 98.75 0.00 0.00 
0 650 s 31.99 3.16 98.75 0.00 0.00 

◄ 
More (Y,n]'? 
l? 630 S 0.27 0.03 98.78 0.00 0.00 

s 610 p 374.80 37.00 98.71 0.00 0.00 
s 610 s 1419.51 154.40 108.77 0.00 0.00 
s 620 p 90.17 12.06 133.70 0.00 0.00 
s 620 s 1115 .42 117. 94 105.73 0.00 0.00 
s 621 S 0.32 0.05 170.13 0.00 0.00 
s 630 M 363.78 90.20 247.95 0.00 0.00 
s 630 P 233.62 80.01 342.46 0.00 0.00 
s 630 S 7769.89 2032.60 261.60 0.00 0.00 
s 640 P 573.62 63. 98 111. 54 0.00 0.00 
s 640 S 2952.00 349.38 118. 35 0.00 0.00 
s 650 P 62.29 l8 .05 289.80 0.00 0.00 
s 650 S 3484.68 1009.46 289.69 0.00 0.00 
s 680 P 14.51 2.47 170.ll 0.00 0.00 
s 680 S 1102. 43 187.54 170 .11 0.00 0.00 

Groundfish tons is total of all allocated groundfish species harvested 
in the target fishery. 
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:. 

0 03/31/91 23.74 0.26 ll.13 0.00 0.00 

More ('t',n]'? 
P Ol/06/91 1047.61 0.01 0.06 258. 99 0.25 
P 01/13/91 2383.22 0. 74 0.31 657.48 0.28 
P 01/20/91 978.64 0.02 0.02 303.38 0.31 
P 01/27/91 861.48 0 .ll 0.13 136.08 0.16 
p 02/03/91 4119. 85 0.02 0.01 524.04 0 .13 
p 02/10/91 2152.22 0.01 0.00 185.53 0.09 
p 02/17/91 1203.03 0.70 0.59 82.16 0.07 
p 03/31/91 958.80 0.00 0.00 0.00 0.00 
p 04/07/91 2283.30 0.00 0.00 0.00 0.00 
p 04/14/91 164.00 0.00 0.00 0.00 0.00 
p 06/16/91 567.14 0.02 0.04 20.93 0.04 
p 06/23/91 3545.55 O.ll 0.03 70.91 0.02 
P 06/30/91 3805.38 0.23 0.06 49.93 0.01 
p 07/07/91 5033.98 0.69 0.14 28.41 0.01 
p 07/14/91 5591.96 0.49 0.09 56.73 0.01 
p 07/21/91 12918.23 4.35 0.34 149.83 0.01 
p 07/28/91 13750.43 5.58 0.4l 29.46 0.00 

s 08/04/91 10.68 0.35 32.93 0.00 0.00 
s 08/ll/91 148.85 5.21 35.03 0.00 0.00 

Groundfish tons is total of all allocated groundfish species harvested 
in the target fishery. 
More [Y,n]'? 
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The KEY is composed of a target fishery, the zone (subarea), 
and the processing mode. Targets and modes are defined below. 

More (Y,n]'? 
1991 Groundtish Targets 

A 
B 
C 
0 
F 
H 
K 
0 
l? 
R 
s 
T 
w 

Modes 
M 
l? 
s 

Atka Mackerel 
Pollock 
Pacific Cod 
Deep Water Flatfish 
Flat.fish 
Shallow Water Flat.fish 
Rockfish 
'Other' 
Pollock - l?elagic Trawl 
Rock Sole 
Sablefish 
Greenland Turbot 
Arrowt.oot.h Flounder 

Mothers hip 
Catcher/Processor 
Shore Plant 

BSAI 
BSAI,GOA 
BSAI,GOA 
GOA 
BSAI 
GOA 
BSAI,GOA 
BSAI,GOA 
BSAI,GOA 
BSAI 
BSAI,GOA 
BSAI 
BSAI 
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TABLE 4 

1991 Halibut and Chinook Salmon Bycatch by target fi.,hery and week 
in the Gulf of Ala.,ka 

t Hook & Line Gear 

Groundfish Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 
----------------------------------------------------------------------B 02/03/91 0.85 0.08 98.75 0.00 0.00 
B 02/10/91 31.20 3.08 98.75 0.00 0.00 
B 02/24/91 0.32 0.03 98.75 0.00 0.00 

C 01/06/91 118. 88 105.16 884.61 0.00 0.00 
C 01/13/91 51.03 6.00 ll 7. 50 0.00 0.00 
C 01/20/91 28.66 2.99 104.23 0.00 0.00 
C 01/27/91 61.ll 12.46 203.91 0.00 0.00 
C 02/03/91 196.87 21.90 111. 22 0.00 0.00 
C 02/10/91 47.97 4.48 93.33 0.00 0.00 
C 02/17/91 251. 33 27.58 109.75 0.00 0.00 
C 02/24/91 433.96 47.17 108.70 0.00 0.00 
C 03/03/91 482.51 50.71 105.10 0.00 0.00 
C 03/10/91 890.20 72.77 81. 74 0.00 0.00 
C 03/17/91 657.46 57.35 87.23 0.00 0.00 
C 03/24/91 950.68 100.94 106.17 0.00 0.00 
C 03/31/91 704.54 79.72 113 .15 0.00 0.00 
More (Y,n]? 
C 04/07/91 414. 69 46.87 113. 03 0.00 0.00 
C 04/14/91 378.27 42.81 113 .17 0.00 0.00 
C 04/21/91 704.14 79.65 113 .12 0.00 0.00 
C 04/28/91 398.51 45.08 113 .13 0.00 0.00 
C 05/05/91 96.53 10.92 113 .17 0.00 0.00 
C 05/12/91 93.42 10.57 113 .17 0.00 0.00 
C 05/19/91 8.00 0.91 113 .17 0.00 o.oo 
C 05/26/91 0.51 0.05 98.75 0.00 0.00 
C 06/02/91 5.80 0. 66 113 .17 0.00 0.00 
C 06/09/91 19.74 2.23 113 .17 0.00 0.00 
C 06/23/91 0.30 0.03 113.17 0.00 0.00 
C 06/30/91 2.32 0.26 113 .17 0.00 0.00 
C 07/07/91 4.46 2.43 545.53 0.00 o.oo 
C 07/21/91 0.34 0.19 545.53 0.00 o .oa 
C 07/28/91 l.84 0.18 98.75 0.00 0.00 
C 08/25/91 2.37 1.32 557.53 o.oo 0.00 

D 05/26/91 5.10 0.50 98.75 0.00 0. 00 
D 08/11/91 67.70 6.69 98.75 0.00 0 .oo 
D 08/18/91 26.06 2.57 98.75 0.00 0.00 

K 01/06/91 2.81 0.28 98.75 0.00 0.00 
K 01/13/91 24.32 2 .40 98.75 0.00 0.00 
More [Y,nJ? 
K 01/20/91 2. 68 0.26 98.75 0.00 0.00 
K 01/27/91 12.99 1.28 98.75 0.00 o.oo 
K 02/03/91 9.28 0.92 98.75 0.00 0.00 
K 02/10/91 0.29 0.03 98.76 0.00 0.00 
K 02/17/91 4.99 0.49 98.75 0.00 0.00 
K 02/24/91 13.43 1.33 98.75 0.00 0.00 
K 03/03/91 11.26 l.11 98.75 0.00 0.00 
K 03/10/91 18. 99 1.88 98.75 0.00 0.00 
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K 03/17/91 24.49 2.42 98.75 0.00 0.00 
K 03/24/91 25.39 2.Sl 98.75 0.00 0.00 
K 03/31/91 36.40 3.59 98.75 0.00 0.00 
K 04/07/91 3.38 0.33 98.75 O.JO 0.00 
K 04/14/91 22.03 2.18 98.75 0.00 0.00 
K 04/21/91 l. 96 0.19 98.76 0.00 0.00 
K 04/28/91 42.21 4.17 98.75 0.00 0.00 
K 05/05/91 7.13 0.70 98.75 0.00 0.00 
K 05/12/91 70.89 7.00 98.75 0.00 0.00 
K 05/26/91 0.71 0.07 98.75 0.00 0.00 
K 06/02/91 ll.23 l.ll 98.75 0.00 0.00 
K 06/09/91 10.30 l. 02 98.75 0.00 0.00 
K 06/16/91 74.73 7.38 98.75 0.00 0.00 
K 06/23/91 10.91 l.08 98.75 0.00 0.00 
K 06/30/91 6.47 0.64 98.75 0.00 0.00 
More [Y,n]'? 
K 07/07/91 ll .10 l. lO 98.75 0.00 0.00 
K 07/14/91 13.90 l. 37 98.75 0.00 0.00 
K 07/21/91 6.10 0.60 98.75 0.00 0.00 
K 07/28/91 l0.11 1.00 98.75 0.00 0.00 
K 08/04/91 15.54 1.53 98.75 0.00 0.00 
K 08/11/91 9.97 0.98 98.75 0.00 0.00 
K 08/18/91 ll. 72 1.16 98.75 0.00 0.00 
K 08/25/91 3.50 0.35 98.75 0.00 0.00 

0 01/06/91 0.32 0.03 98.75 0.00 0.00 
0 01/13/91 0.01 0.00 99.00 0.00 0.00 
0 01/27/91 8.23 0.81 98.75 0.00 0.00 
0 02/03/91 4.41 0.44 98.75 0.00 0.00 
0 02/10/91 4.35 0.43 98.75 0.00 0.00 
0 02/17/91 22.13 2.19 98.75 0.00 0.00 
0 02/24/91 8.20 0.81 98.75 0.00 0.00 
0 03/03/91 6.75 0.67 98.75 0.00 0.00 
0 03/17/91 11. 92 1.18 98.75 0.00 0.00 
0 03/24/91 8.01 0.79 98.75 0.00 0.00 
0 03/31/91 15.07 1.49 98.75 0.00 0.00 
0 04/07/91 1.88 0.19 98.76 0.00 0.00 
0 04/14/91 25.00 2.47 98.75 0.00 0.00 
0 04/21/91 23.08 2.28 98.75 0.00 0.00 
More [Y,n]? 
0 04/28/91 13.25 l.31 98.75 0.00 0.00 
0 05/12/91 0.20 0.02 98.75 0.00 0.00 
0 05/19/91 2.90 0.29 98.75 0.00 0.00 
o 05/26/91 23.47 2.32 98.75 0.00 0.00 
0 06/02/91 19.31 1. 91 98.75 0.00 0.00 
0 06/09/91 31.28 3.09 98.75 0.00 0.00 
0 06/16/91 7.78 0.77 98.75 o.oo 0.00 
0 06/23/91 26.90 2.66 98.75 0.00 0.00 
0 06/30/91 26.43 2.61 98.75 0.00 0.00 
0 07/07/91 19.53 1.93 98.75 0.00 0.00 
0 07/14/91 33.89 3.35 98.75 0.00 0.00 
0 07/21/91 27.87 2.75 98.75 0.00 0.00 
0 07/28/91 28.06 2.77 98.75 0.00 0.00 
0 08/04/91 10.88 1.07 98.75 0.00 0.00 
0 08/11/91 6.39 0.63 98.75 0.00 0.00 
0 08/18/91 7.42 0.73 98.75 0.00 0.00 
0 08/25/91 6.42 0.63 98.75 0.00 0.00 
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P 02/17/91 0.14 0.01 98.79 0.00 0.00 
p 02/24/91 0.09 O.Ol 98.78 0.00 0.00 
p 03/17/91 0.04 0.00 98.75 0.00 0.00 

D 
S 05/05/91 3.33 0.15 44.18 0.00 0.00 
More ['!,n]'? 
S 05/12/91 348.46 61. 59 176.75 0.00 0.00 
S 05/19/91 2056.28 400.51 194. 77 0.00 0.00 
S 05/26/91 6879.47 1110. 90 161.48 0.00 0.00 
S 06/02/91 2548.86 494.38 193.96 0.00 0.00 
S 06/09/91 2669.50 684.71 256.49 0.00 0.00 
S 06/16/91 2584.15 780.79 302.15 0.00 0.00 
S 06/23/91 1522.33 449.00 294.94 0.00 0.00 
S 06/30/91 397 .16 7l.l4 179.13 0.00 0.00 
S 07/07/91 342.84 60.92 177. 68 0.00 0.00 
S 07/14/91 185.38 37.28 201. 08 0.00 0.00 
S 08/11/91 15.83 3.18 201.08 0.00 0.00 
S 08/18/91 3.45 0.59 170. ll 0.00 0.00 

Groundfish tons is total of all allocated groundfish species harvested 
in the target fishery. 
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TABLE 5. Seasonal (4-week periods) distribution of halibut bycatch =a~~s 
in the trawl, hook-and-line, and pot fisheries, Gulf of AlasK~
wide. 

Trawl Gear Bycatch rate (kg halibut/mt ground~ish) 

4-Week Period Target Fishery 

Pacific Pollock Flatfish Rockfish Arrowtooth 
Cod Flounder 

JAN 6- 27 0.000 0.000 0.000 0.000 0.000 
FEB 3- 24 6.142 0.000 10.004 0.000 0.000 
MAR 3- 24 9.354 0.000 57.072 158.153 0.000 
MAR 31-APR 21 11.469 5.913 32.041 41.389 0.000 
APR 28-MAY 19 44.609 0.000 42.927 32.061 0.000 
MAY 26-JUN 16 51.500 0.000 16.400 17.496 0.000 
JUN 23-JUL 14 22.926 0.000 12.354 17.533 246.454 
JUL 21-AUG 11 22.159 0.000 17.932 16.008 23.055 
AUG 18- SEP 8 0.000 0.000 0.000 0.000' 0.000 

Example: During the time period July 21-August 11, vessels targeting 
Pacific cod in the trawl fishery experienced a bycatch rate of 22.159 kg 
per metric ton of groundfish caught. This rate must be multiplied by the 
assumed mortality for the trawl fisheries (50% of trawl caught halibut 
die) to arrive at the halibut mortality rate - 22.159 kg/mt X .50 = 11.08 
kg/mt or, 1.1%. 

Bycatch rate (kg/mt) Hook-and-line Gear Pot Gear 

4-Week Period Target fishery Target Fishery 

Pacific Cod Sablefish Pacific Cod 

JAN 6- 27 63.027 0.000 0.000 
FEB 3- 24 43.056 0.000 0.000 
MAR 3- 24 86.360 0.000 0.527 
MAR 31-APR 21 67.662 307.193 3.637 
APR 28-MAY 19 535.260 405.259 11.404 
MAY 26-JUN 16 199.943 153.745 55.203 
JUN 23-JUL 14 86.341 0.000 53.635 
JUL 21-AUG 11 0.000 0.000 164.205 
AUG 18- SEP 8 0.000 0.000 62.803 
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TABLE r-, 

1991 Halibut and Chinook Salmon Bycatch by target fishery, zone and mode 
in the Gulf of Alaska 

KEY 
Groundfish 

Ton.s 

Pot Gear 

Halibut 
Tons 

Halibut 
kg/mt 

Chinook 
Bycatch 

Chinooks 
per mt 

----------------------------------------------------------------------B 620 S 112. 83 0.00 0.00 0.00 0.00 
More [Y,n]'? 
B 630 S 77.39 0.00 0.00 0.00 0.00 

C 610 s 765.83 3.06 4.00 0.00 0.00 
C 620 s 823.81 3.30 4.00 0.00 0.00 
C 621 s 1988.65 4.80 2.41 0.00 0.00 
C 630 s 5774.39 25.50 4.42 0.00 0.00 
C 640 s 3.88 0.02 4.00 0.00 0.00 

H 630 s 4.03 0.00 0.00 0.00 0.00 

0 621 s 0.72 0.00 0.00 0.00 0.00 
0 630 s 0.05 0.00 0.00 0.00 0.00 
0 650 s 0.17 0.00 0.00 0.00 0.00 

Groundfish ton.sis total of all allocated groundfish species harvested 
in the target fishery. 

The KEY is composed of a target fishery, the zone (subarea), 
and the processing mode. Targets and modes are defined below. 

1991 Groundfish Targets 

A 
More 

a 
C 
D 
F 
H 
K 
0 
p 
R 
s 
T 
w 

Modes 
M 
p 

s 

Atka Mackerel 
(Y,n]? 
Pollock 
Pacific Cod 
Deep Water Flatfish 
Flatfish 
Shallow Water Flatfish 
Rockfish 
'Other' 
Pollock - Pelagic Trawl 
Rock Sole 
Sal:>lefish 
Greenland Tur!:)ot 
Arrowtooth Flounder 

Mother.ship 
Catcher/Processor 
Shore Plant 

BSAI 

BSAI,GOA 
BSAI,GOA 
GOA 
BSAI 
GOA 
BSAI,GOA 
BSAI,GOA 
BSAI,GOA 
BSAI 
BSAI,GOA 
BSAI 
BSAI 
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TABLE 7 

1991 Halibut and Chinook Salmon Bycatch by target fishery and week 
in the Gulf o:f Ala.ska 

Pot Gear 

Ground:fi.sh Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 

----------------------------------------------------------------------8 01/13/91 77.39 0.00 0.00 0.00 0.00 
8 02/24/91 112. 83 0.00 0.00 0.00 0.00 

C 01/06/91 91.21 0.16 1. 76 0.00 0.00 
C 01/13/91 272.40 0.54 1.96 0.00 0.00 
More [Y,nJ? 
C 01/20/91 136.75 0.35 2.58 0.00 0.00 
C 01/27/91 284.36 0.62 2.18 0.00 0.00 
C 02/03/91 254.18 0.43 l. 70 0.00 0.00 
C 02/10/91 257.54 0.51 2.00 0.00 0.00 
C 02/17/91 373.13 0.82 2.19 0.00 o.oo 
C 02/24/91 615.49 1.13 1. 84 0.00 0.00 
C 03/03/91 397.19 0.54 1.36 0.00 0.00 
C 03/10/91 652.93 1.22 1.87 0.00 0.00 
C 03/17/91 649.50 2.01 3.09 0.00 0.00 
C 03/24/91 916. 02 2.21 2.41 0.00 0.00 
C 03/31/91 1155. 42 2.26 1. 96 0.00 0.00 
C 04/07/91 601.85 1.56 2.59 0.00 0.00 
C 04/14/91 712.58 4.65 6.52 0.00 0.00 
C 04/21/91 996.79 9.13 9.15 0.00 0.00 
C 04/28/91 807.01 6.72 8.33 0.00 0.00 
C 05/05/91 182.21 l.83 10.04 0.00 0.00 

H 03/10/91 4.03 0.00 0.00 0.00 0.00 

0 01/13/91 0.72 0.00 0.00 o.oo 0.00 
0 02/24/91 0.05 0.00 0.00 0.00 0.00 
0 03/10/91 0.04 0.00 0.00 0.00 0.00 
0 03/24/91 0.02 0.00 0.00 0.00 0.00 
More (Y,n]? 
0 04/07/91 0.01 0.00 0.00 0.00 0.00 
0 04/14/91 0.02 0.00 0.00 0.00 o.oo 
0 04/28/91 0.04 o.oo 0.00 0.00 0.00 
0 06/09/91 0.04 0.00 0.00 o.oo 0.00 

Ground.fish tons is total of all allocated ground.fish .species harvested 
in the target fishezy. 
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TABLE 8. Gear share assumptions and midwater pollack distribu~~=~ 
in the Gulf of Alaska for 1990. 

Target Species Gear Shares (%) 

Bottom Midwater 
Trawl Trawl 

Pollock 11 

Pacific cod 85 

Flatfish 99 

Sable fish 8 

Rockfish 97 

Midwater Pollock Distribution: 

.western Regulatory Area: 18% 

Central Regulatory Area: 82% 

89 

1 

0 

0 

0 
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Longline Pot 

0 0 

9 5 

1 0 

92 0 

3 0 
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1.0 Abstract 

The document reviews the 1990 commercial fishery for Pacific halibut (Hippoglossu.s stenoiepis) 
and the research and stock assessment conducted by the International Pacific Halibut Commission 
(lPHC) on behalf of the United States and Canada. Catches of halibut by the 1990 directed 
fishery totalled 56.4 million pounds in the northeast Pacific Ocean and 5.4 million pounds in the 
Bering Sea-Aleutian Islands region. Catch per unit cffon (CPUE) was highest in the 

t Chirikof/Shumagin arc~ 355 lbs/skate. Coastwide, CPUE decreased from 1989 by 43 lbs/skate. 
14,375 otoliths were aged to determine the age and size composition of the catch: average length 
was estimated to be 109.7 cm, average age was 11.6 years, and the average weight was 19.1 kg. 
No tagging was done by the IPHC in 1990. Tag recoveries totalled 1,017. Exploitable biomass 
was estimated at 234.7 million pounds in 1990, a decline of 8% percent from 1989, which is a 
higher rate than observed in previous years. This was the fifth year that biomass declined and 
is consistent with long term cycles observed in the halibut resource. Constant exploitation yield 
(CEY) for the directed setline fishery was estimated to be 82.15 million pounds net weight and 
was determined using a constant exploitation fraction of 0.35 and subtracting out other removals. 
Incidental monality increased in 1990, reaching 18 million pounds. Over half of the incidental 
monality occurs in the Bering Sea. During 1990 and 1991, IPHC continued to collect detailed 
fishery statistics from fishermen and processors, and sampled the commercial catch. In addition, 
at-sea research included collection of otoliths from juvenile halibut across all areas of the coast 
and gear research related to hook competition and halibut bycatch in bottem trawls. · 
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2.0 Introduction 

The International Pacific Halibut Commission (IPHC) was established in 1923 by a convention 
between Canada and the United States for the preservation of the Pacific halibut (Hippoglossus 
stenolepis) fishery of the Nonh Pacific Ocean and the Bering Sea. The convention was the first 
international agreement providing for the joint management of a marine resource. The 
Commission's authority was expanded by several subsequent conventions, the most recent being 
signed in 1953 and amended by the protocol of 1979. 

1bree IPHC commissioners arc appointed by the governor general of Canada and three by the 
president of the United States. Each country pays one-half of the Commission's annual expenses, 
as required by the Halibut Convention. The commissioners appoint the director who supervises 
the scientific and administrative staff. The scientific staff collects and analyzes the statistical and 
biological data needed to manage the halibut fishery. The IPHC headquarters and laboratory are 
located on the campus of the University of Washington in Seattle, Washington. 

The Commission meets annually to review all regulatory proposals, including those made by the 
scientific staff and the Conference Board, which represents vessel owners and fishermen .. · · 
Regulatory proposals arc discussed with the Advisory Group composed of fishennen, vessel 
owners, and processors. The measures recommended by the Commissi9n arc submitted to the 
two governments for approval. Upon approval, the regulations arc enforced by the appropriate 
agencies of both governments. 

Halibut data arc generally reported as pounds, dressed weigh~ and most investigators are familiar 
with halibut data in this fonn. The fishery is managed in these units, which represent pounds 
in a "head-off, eviscerated" form. The conversion from round weight to dressed weight is 0.75. 

3.0 Commission Authority 

The Commission may only recommend regulations to the respective governments and in that 
sense has no regulatory authority. The Commission is, however, directed by the protocol 
amending the 1953 Halibut treaty between United States and Canada to: 

(1) The Commission shall make such investigations as arc necessary into the life 
history of the halibut and may conduct or authorize fishing operations to C31Tj' out 
such investigations; 

(2) For the purpose of developing the stocks of halibut of the Northern Pacific Ocean 
and Bering Sea to levels which will pennit the optimum yield from that fishery, 
and of maintaining the stocks at those levels, the Commission, with the approval 
of the Parties and consistent with the Annex to this Convention, may, after 
investigation has indicated such action to be neces~ary. with respect to the 
nationals and fishing vessels of, and fishing vessels licensed by, Canada or the 
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United States, and with respect to halibut: 
(a) divide the Convention waters into areas; 
(b) establish one or more open or closed seasons as to each area; 
(c) limit the size of the fish and the quantity of the catch to be taken 

from each area within any season during which fishing is allowed; 
(d) during both open and closed seasons, permit, limit, regulate or 

prohibit the incidental catch of halibut that may be taken, retained. 
possessed. or landed from each area or portion of an area, by 
vessels fishing for other species of fish; 

(e) fix the size and character of halibut fishing appliances to be used 
in any area; 

(0 make such regulations for the licensing of vessels and for the 
collection of statistics on the catch of halibut as it shall find 
necessary to determine the condition and trend of the halibut 
fishery and to cmy out the other provisions of this Convention; 

(g) close to all taking of halibut any area or portion of an area that the 
Commission finds to be populated by small, immature halibut and 
designates as nursery grounds. 

Since the Commission is directed to recommend catch limits from stocks maintained to produce 
"optimum yield", it seems implied that the Commission take social and economic conditions in'to 
account when setting those catch limits. While the Commission has done this on occasion, 
particularly when allocating between subareas of Arca 2, the staff recommendations to the 
Commission arc based on equal exploitation rates for each management area. Minor 
modifications of the staff's recommendation arc sometimes made. 

The Convention funhcr provides for the U.S. and Canada to develop regulations for Pacific 
halibut (sec Protocol Article I, 2): 

"However, it is understood that nothing contained in this Convention shall prohibit 
either pany from establishing additional regulations, applicable to its own 
nationals and fishing vessels, and to fishing vessels licensed by that Party, 
governing the taking of halibut which are more restrictive than those adopted by 
the International Pacific Halibut Commission." 

The U.S. enabling legislation (Nonh4rn Pacific Halibut Act of 1982) funher states: 

"The Regional Fishery Management Council having authority for the geographic 
area concerned may develop regulations governing the United States portion of the 
Convention waters, including limited access regulations, applicable to nationals or 
vessels of the United States, or both, which arc in addition to, and not in conflict 
with regulations adopted by the Commission." 
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4.0 Catch-Effort Statistics on Halibut by 
IPHC Regulatory Areas 

The halibut catch, number of vessels, and number of days fished by Canadian and United States 
vessels1 in the northeast Pacific Ocean and the Bering Sea from 1986 through 1990 is shown 
in Table 1 by IPHC regulatory area (Figure 1). 

By agreement between the Canadian and United States governments, vessels fished only in their 
own national waters in 1990. The national boundaries between the Canadian and Uruted Scates 
national zcnes have not yet been precisely determined. 

Catch per unit effort data by groups of IPHC regulatory areas for 1986 through 1990 is given in 
Table 2. However, detailed information on the number of skates fished by statistical area and 
fishing period is not available. 

5.0 Size and Age Composition Data on Halibut Caught in the 
North American Halibut Fishery by INPFC Statistical Area 

Number of samples, measurements, and average age, weight, and length of halibut sampled _in 
1990 are summarized by INPFC statistical area in Table 3. Fork length in cm and round weight 
in kg were calculated from the weight of all otoliths collected and ages were determined from 
samples of IPHC statistical regions from each fishing period. Age group distribution and average 
round weight of halibut used for size composition studies is summarized for 1990 for all areas 
combined in Table 4. 

Halibut landings from the Columbia, V ancouvcr, Charlotte, Southeastern, Yakutat, Kodiak, 
Chirikof, and Shumagin regions were sampled during 1990. Average weight at age and length 
distribution of halibut in Nonh American setline landings used for size composition are 
summarized by INPFC statistical areas in Tables 5 and 6. 

Halibut landings from the Bering Sea/Aleutians region were sampled during 1990. Average 
weight at age and length distribution of halibut in North American setline landings used for size 
composition are summarized by INPFC statistical areas in Tables 5 and 6. 

1The statistics provided are for North American vessels without regard to nationality, which 
is consistent with past formats used in response to this request. 
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6.0 Summary Information on IPHC 
Tagging Experiments 

Halibut tag releases in 1990 occurred only in Cook Inlet (Kodiak region) as pa.rt of the 
recreational fishery. A total of only 38 tagged fish were released. Tag recoveries in 1990 
totalled 1,017. The three Alaska halibut openings in May, June, and August produced 378 tags. 
In British Columbia 327 tags were collected. The 1989 tagging experiment off Newport, Oregon 
(Columbia region) now has a recovery rate of 13% (274 recoveries from 2,118 releases). The 
majority of these tags were recovered in the trawl and recreational fisheries off Newport. Some 
of the fish in this experiment have been recovered in nonhcrn British Columbia. Two fish 
moved into Southeast Alaska: one was recovered off Cape Spencer and one in Frederick Sound. 
The final analysis of this experiment is presently being prepared. In British Columbia, we have 
recovered 894 tags of 2,652 releases from a 1988 tagging experiment. This is a recovery rate 
of 34%. Most of these fish did not move from their area of release, but several recoveries 
occurred in Southeast Alaska and one fish was recovered near Seward. Alaska. It is likely these 
fish were caught during their migration to spawning grounds in Alaska. We also anticipate an 
analysis of this experiment to be available soon. 

7.0 Population ~ent 

Introduction 

The Paci.fie halibut stock assessment for 1990 is an area by area catch-at-age analysis applied to 
data from Areas 2A, 2B, 2C 3A. 3B, and 4. It uses information compiled from catch, catch per 
unit effort (CPUE), age composition, and average weight data to determine the exploitable 
biomass; the stock biomass available for harvest. Once the exploitable biomass has been 
estimated then the constant exploitation yield (CEY) is determined as a fraction of this estimate. 
Based on an optimal exploitation rate of 0.35, this yield represents a little over a third of the 
exploitable biomass. The recommended allowable catch is finally detennined by accounting for 

► the removals from other sources (spon catch, wastage, and bycatch). This procedure is outlined 
in Figure 2. 

Stock Assessment 

Results from the stock assessment indicate that the total exploitable biomass of Pacific halibut 
in 1990 was 234.7 million pounds. This represents a decline in biomass this year of 8%, a higher 
rate than the 5-6% decline observed in previous years. Figure 3 gives the coastwide trends in 
exploitable biomass, recruitment, and CPUE. Declines in exploitable biomass range from highs 
of 11-12% per year in Areas 2B, 2C and 4 to a 6-7% decline in Areas 3A and 3B. Area 2A 
shows a slight increase due to the higher CPUE observed in that area this year. The exploitation 
rate shown in the figure is a setline exploitation rate, that is the commercial setline catch divided 
by the exploitable biomass. The total exploitation rates include the harvest from other sources 
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(sport. waste. and bycatch) in addition to the commercial setline catch. 

Recruitment has dropped off dramatically again this year in all areas. This observation is 
consistent with cyclical patterns of recruitment that have occurred over the last 30 years. This 
year's thineen-year-old year class. which recruited strongly as eight-year-olds in 1985 is 
contributing less and less to the current fishery in terms of yield. The lower recruitment shown 
in later years indicates that the stock will continue its decline at a rate of about 5-10% per year 
over the next several years. 

The overall commercial CPUE has declined from last year, although higher CPUE's can be noted 
in the southern areas 2A, 2B, and 2C. 

One should also note that in addition to estimating this year's stock levels previous year's stock 
levels are re-estimated using updated information. Changes in the level of bycatch, waste, and 
sport catch coupled with the inherent variability observed in the stock dynamics and the 
measurement process may result in adjustments to previous abundance estimates. This may cause 
the allowable catch to go up in some areas where stock abundance indicates a decline. The 
recommended allowable catch estimates are always based on the most current available 
information. 

Recommended Allowable Catch 

The results from the stock assessment are used in determining the recommended allowable catch. 
The overall CEY is obtained by multiplying the area specific exploitable biomass by the constant 
exploitation yield ratio of 0.35. Once the exploitation rate is applied equally to all areas the 
biomass removal from other sources is subttacted out to determine the allowable setline catch. 
The recommended setline allowable catch levels indicate the harvest that should be taken by the 
setline commercial fishery in order to maintain optimal yields and viability of the stock. 

8.0 Bycatch of Halibut 

Pacific halibut are caught inadvertently in fisheries targeting on various ground.fish and shellfish 
species. IPHC has been supplied with estimates of the incidental catch in foreign and joint 
venture fisheries by the U.S. National Marine Fisheries Service (NMFS) based on data collected 
by the Observer Program. In 1990, the U.S. domestic ground.fish fishery operating off Alaska 
was added to the program. Estimates of bycatch in other fisheries are generated by IPHC staff 
from information collected on research surveys or through predictive models. 

Bycatch Mortality 

Most halibut that are incidentally caught are injured to some degree during the capture process. 
However, not all fish which are returned to the sea die, so the incidental monality is less than 
the actual catch. The likelihood of a halibut being killed during incidental capture depends upon 
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the fishing operation. Monality in trawls with long tows (> 1 hr), large catches (> 5000 pounds) 
and slow sorting (> 30 minutes on deck] is very high. approaching 100 percent. Trawling 
operations that transfer the trawl codends to a mothership for processing also exhibit mortality 
rates close to 100 percent. as the sorting process is very slow and the catches are usually large 
(> 5 pounds). Monality in short trawl tows ( < l hr) with small catches ( < 5 pounds) and quick 
sorting ( < 30 minutes on deck) has been estimated at 50 percent (sec IPHC Scientific Report 57). 
Bycatch mortality associated with longline gear is believed to be about 13 percent, as the fish 
are usually released with minimal damage to the jaw. However, the recent introduction of hook 
strippers into the longline fisheries for sablefish (Anoplopoma fimbn'a) and Pacific cod (Gadus 
macrocephalus) may result in a higher monality rate for longline fisheries. Mortality in crab pots 
is high, approaching 100 perccn~ according to research cruise data (sec IPHC Technical Repon 
19). Groundfish pot fisheries have been assumed by the Gulf of Alaska Plan Team to possess 
a 12 percent mortality rate, based on limited data from 1987-1989 ADF&G observers. 

Historically, halibut incidental mortality was relatively small until the 1960s, when it increased 
rapidly due to the sudden influx of foreign fishing vessels off the North American coast. Total 
estimated bycatch monality peaked in 1962 at about 25 million pounds. Incidental mortality 
declined during the 1960s, but increased to about 20 million pounds in the early 1970s. ·. 
Incidental monality dropped to a 13 million pound level during the late 1970s and early 1980s. 
By 1985, the incidental monality declined to 7.2 million pounds, the;,_ lowest level in recent 
history. However, incidental mortality has increased since 1986, reaching 18 million pounds· in 
1990. Incidental monality in 1990 was estimated at 1.94 million pounds in Area 2 (Southeast 
Alaska. British Columbia, and the Pacific coast), 5.57 million pounds in Area 3 (central and 
western Gulf of Alaska), and 10.52 million pounds in Area 4 (the Bering Sea and Aleutian 
Islands). Estimates of the incidental monality for 1980-1990 are shown in Table 8. 

Impact of Bycatch and Bycatch Compensation 

It is very difficult to make precise estimates of the effects of bycatch on commercial-sized 
component of the halibut stocks because bycatch is largely made up of younger migrating halibut. 
Growth, mortality, and migration greatly complicate the estimation procedures. If the same age 
composition occurred in both fisheries one could consider the bycatch removals as merely 

► increasing the directed removals. Migration rates of juvenile halibut are not well known, so the 
impact of bycatch of juvenile halibut from specific areas on adult populations in those or other 
areas must be made estimated indirectly. 

Bycaught halibut are generally smaller than those harvested by the directed fishery. 
Consequently, factors such as maturity, reproductive capacity, survivorship, and growth 
substantially affect stock productivity. By allowing small halibut to remain at large for a longer 
period of time, a net gain in stock biomass occurs due to the greater cumulative gain in 
individual weight relative to losses incmred due to mortality. Smaller fish are less likely to be 
reproductively mature, and have less reproductive capacity. Those harvested earlier in their life 
history not only contribute less in terms of short term yield. but they also contribute less to the 
maintenance of future stock biomass or to future yields. Bycatch losses affect recruitmen~ future 
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catch, and future reproductive potential of the stock. 

In 1990, the IPHC staff improved its method of compensating for bycatch. The new approach 
is to reduce harvest in the directed fishery such that the reproductive potential of the exploitable 
component of the s·tock would be the same after bycatch as it would have been if bycatch had 
not occurred. The compensation factor was determined to be one pound of catch limit reduction 
for each pound of by catch mon.ality. 

Impact on the directed halibut fishery consists of two parts: ( 1) the catch limit reduction to 
maintain reproduction, and (2) reduced recruitment to the directed halibut fishery from bycatch 
of pre-recruits. 

(1) Reproductive compensation for bycatch immediately deprives the directed fishery 
of one pound of yield for each pound of bycatch the previous year. But this 
amounts to leaving fish in the stock rather than catching them right away, and 
some are caught later. On the average, about 0.6 pounds of the one pound 
bycatch compensation is eventually caught, so the net impact of reproductive 
compensation is 0.4 pounds per pound of bycatch. 

(2) Bycatch eventually reduces recruitment to the directed fishery, and amounts to 1.2 
pound of lost yield for each pound of bycatch. 

The combined effects of reproductive compensation and lost recruitment shows a net loss to the 
directed fishery of 1.6 pounds for each pound of bycatch: 0.4 pounds from reproduction 
compensation and 1.2 pounds from reduced recruitment. 

If the reproductive compensation is done correctly and if the bycatch is estimated correctly, the 
halibut spawning stock size will remain in the same condition whether bycatch occurs or not 
The directed halibut fishery pays for maintenance of the resource through lower catches. 
Therefore, changes of ± 50 percent in the bycatch limits will be felt in the directed halibut 
fishery, but should not affect the condition of the resource. 

9.0 Value of the Commercial Catch 

The coast-wide ex-vessel price ($ U.S.) in 1990 averaged approximately $1.88 per pound, 
resulting in a total catch value of $114.9 million, the highest value recorded in the history of the 
fishery. In comparison, the coast-wide ex-vessel price in 1989 averaged $1.53 per pound for a 
total catch value of $102 million. The 1990 United States halibut catch of 52.7 million pounds 
had a landed value of $95.9 million, whereas the Canadian halibut catch of 8.5 million pounds 
was valued at $19.0 million ($ U.S.) to fishermen. United States fishermen received a season 
average price of $1.82 per pound compared to $2.24 ($ U.S.) for Canadian fishermen. As usual, 
halibut landed in the southern ports continued to receive higher prices than those landed in 
Alaskan ports. 
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10.0 Field Research Activities in the Bering Sea and Northeast Pacific 

Research Activities During 1990 

During 1990, Commission staff continued collecting fishery and catch statistics from fishermen 
and processors. At-sea research involved several major projects. IPHC participated on a 
cooperative basis with the U.S. National Marine Fisheries Service (NMFS) in their Gulf of 
Alaska survey. The primary objective was the collecting of size data to provide estimates of 
growth. A total of 6,551 halibut were captured during the project. In addition, 121 halibut were 
collected for a parasite study and 40 blood samples for DNA typing were taken. The Commission 
purchased an underwater video camera and used the equipment in two separate operations: (1) 
observe net avoidance responses by halibut in bottom trawls, and (2) observe the response of 
halibut dogfish and other species to baited halibut hooks. Another project involved the use of 
hook timers to study the relationship between CPUE and fish density. The hook timers provide 
infonnacion on shen each hook is attacked. Live halibut were also provided to the University of 
Washington and the Canadian Depamnent of Fisheries and Oceans. 

Research Activities During 1991 

As in 1990, Commission staff collected fishery and catch statistics from (ishennen and proccss~rs 
during 1991. At-sea research focused on collecting size and age data from juvenile halibut'by 
stationing IPHC personnel aboard NMFS trawl survey vessels. Additionally, smaller projects 
included (1) the use of hook timers to examine competition between halibut and other species 
for baited hooks, and (2) use of an underwater video camera to identify halibut behavior around 
bottom trawls which can be utilized to reduce halibut bycatch rates. 
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Table 1. 

Ye3r 

1986 

1987 

1888 

1989 

1990 

Year 

1986 

1987 

1988 

1989 

1990 

Year 

1986 

1987 

1988 

1989 

1990 

YCM. 

1986 

1987 

1988 

1989 

1990 

Commercial catch, number of vessels, and season length by IPHC regulatory 
area and year, 1986 througn 1990. 

AREA 2A AREA 2B 

Catch No. of Season Length Catch No. of Season Length 
(000s lbs) Vessels (Days) (000s lbs) Vessels (Days) 

581 373 19 11.225 420 15 

596 444 12 12,246 442 16 

486 373 5 12.858 447 14 

472 303 2 10,431 428 11 

325 233 2 8,571 434 10 

AREA lC AREA 3A 

Catch No. of Season Length Catch No. of Season Length 
(000s lbs) Vessels (Days) (000s lbs) Vessels (Days) 

10,608 1,339 31.t 32,802 1,567 4 

10,679 1,481 3 31,021 1,865 3 

11,372 1,678 4 37,864 1,986 4 

9,506 1,590 3 33,735 1,781 4 

9,695 1,487 2 29,054 2,347 3 

AREA 3B AREA 4A 

Catch No. of Season Length Catch No. of Season Length 
(000s lbs) Vessels (Days) (000s lbs) Vessels (Days) 

8,792 568 5 3,369 133 7 

7,700 582 4 3,700 176 4 

7,082 28S 4 1,930 131 6 

7,843 273 4~ 1,025 87 4 

8,752 387 2 2,517 153 3 

AREA48 AREA 4C 

Caleb No. of Season Length Catch No. of Season Length 
(000s lbs) Vessels (Days) (000s lbs) Vessels (Days) 

261 21 6 686 29 18 

l,SOO 61 6 878 39 6 

1,593 60 16 707 28 17 

2,651 84 14 571 35 13 

1,333 61 11 529 51 5 



Table 1. (continued) Commercial catch, number of vessels, and season length by IPHC 
regulatory area and year, 1986 through 1990. 

AREA 40 AREA 4E 

Catch No. of Season Length Catch No. of Season Length 
Year (OOOs lbs) Vessels (Days) ( 000s lbs) Vessels (Days) 

1986 1,223 44 8 43 62 48 

1987 703 12 7 90 104 30 

1988 453 13 12 9 21 102 

1989 674 11 6 13 17 132 

1990 1,005 24 3 60 129 1331 

· 1The 1990 season in Area 4E was composed of 126 days in the nonhwest portion of the area and 7 days in the 
southeast portion. 

Table 2. CPUE in pounds per skate and by IPHC regulatory area ror the years 1986 through 1990. 

CPUE (pounds/skate) by Regulatory Area 

Year 2A 2B 2C 3A 3B 4 Overall 

1986 132.40 154.70 296.40 411.90 322.40 304.60 330.53 
1987 62.90 157.90 244.50 437.00 329.90 276.40 327.14 
1988 111.60 151.10 229.60 357.80 478.90 191.30 301.85 
1989 131.40 157.20 232.10 336.90 446.20 293.40 302.06 
1990 219.50 218.60 240.90 249.30 355.00 269.10 259.30 
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;:~!'FC Areas 

Colum.bia 
Vancouver 
Charlott• 
Southeastern 
Yakut.it 
Kodi.ik 
Chirikof 
Shumagin 
Bering Sea 

All Areas 

UBIJI 4. 

Age 

!lumber of •ample•, -••ur-nt•. age, ••Lqbt:, &Dd. lenqtb of b&l.LlNt: in Moz:tb Amari= 
Set:lJ.n• luicUnq• uaect tor aize compoaitioa atucU.•• tor l990. 

Average Average 
Average Round Fork 

Samples Num.bers Age Weight tengt:h 

6 599 10.6 12.2 97.4 
7 824 10.4 ll.3 95.2 

189 3178 10.8 14.0 100.1 
276 1971 12.1 19.3 110. 4 

7l 228 12.7 24.9 119. 7 
376 2080 11.6 24.l 117. 9 

49 1810 12.2 21.7 115.3 
51 1264 ll.5 22.8 116. 7 
40 2421 12.5 21.5 114.1 

1065 14375 11. 6 l9.l 109.7 

Ag9 group diat:r~t:ioo &Dd. average rouacl nJ.gbt: (Jtq) of h&l.ilNt: 1A lfortb Amaric:&n 
••Cline l~• uaeci tor aize compoait:ioo at:udie• tor 1990 (lll. A.Au Combined) • 

Average Age Average 
Group Number (I) Weight Group Number (I) Weight 

4 3 ( 0.0) 4.6 16 381 ( 2. 7) 34.3 
5 46 ( O.J) 6.J 17 222 ( 1.5) 32.4 
6 102 ( o. 7) 7.2 18 136 C o. 91 36.J 
7 337 ( 2.J) 8.0 l9 101 ( o. 7) 36. 1 
8 706 ( 4. 9) 9,5 20 64 ( 0.41 36.2 
9 1501 (10.4) ll.8 21 54 ( 0.4) 45.9 

10 2528 (17. 61 14.J 22 24 ( 0.21 47.7 
11 2592 (18.01 16. 8 23 25 ( 0.21 44.8 
12 2189 (15.2) 20.2 24 9 < O. ll 54.8 
13 1865 (13.0) 23.0 25 20 ( O. l) 49.3 
14 849 ( 5. 9) 26. 4 26 50 ( 0.31 64. 6 
15 571 ( 4.0) 30.2 
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TABLZ 5. Aq• group d.iatril:)ution uid average round weigQt (~g) of huibut in Noz:tQ American 
••Cline luiding• uaed for aiz• compoaition atudi•• for l990 ( continued) . 

Col •.;r.-.bia Va!"'\.couve=- C~arloc.::.e 

Age Average Average Average 
Group ~umber ( \) Weight ~umbet' (\) ,ieignt ~um.oet' (') ,ieight 

4 :J 0. 0) o.o 0 0.0) 0.0 3 0 .1) 4. 6 
5 2 0. 3 l 7 .1 l 0 .1) 5. l 4 0. 1. 3) 5. 4 
6 2 0. 3 l 7 .1 3 0. 4 l 7.3 79 2.5) 7.2 
7 15 2.5) 7.3 26 3. 2) 6.7 l 62 5. l) 7. 6 

8 39 ( 6.5) 8.9 60 { 7. 3) 7.8 251 { 7. 9) 8.6 
9 93 (15 .5) 9.1 163 (19. 8) 9.4 415 (13. l) 10. 4 

10 129 (21.5) 10.5 205 (24. 9) 10.5 550 (17. 3) 12.l 
11 146 (24. 4 I 12.4 175 (21.21 12.2 568 (17. 9) 14.3 

12 91 (15 .2) 14.9 92 (ll.21 13. 7 424 (13. 3) 15.9 
13 58 ( 9. 7) 16.8 67 { 8. ll 15.l 321 (10. l l l 7. 9 
14 13 ( 2 .2) 19.9 20 ( 2. 4 l 16.6 161 ( S .1) 19.S 
15 8 ( l.3) 17.6 7 ( 0. 8) 18.8 86 { 2. 7) 22.3 

16 l 0.2) 50.l 3 0. 4) 15.5 50 l. 6) 28.0 
17 2 0. 3) 25.2 0 0. 0) 0.0 28 0. 9) 22.0 
18 0 0.0) o.o l 0 .1) 13.l 12 0. 4) 37.2 
19 0 0.0) o.o 0 0. 0) 0.0 13 0. 4) 29.3 

20 0 0.0) o.o 0 0.0) 0.0 5 0.2) 37.0 
21 0 0.0) o.o 0 0. 0) 0.0 4 0. l l 50.6 
22 0 0.0) 0.0 0 0. 0) o.o l 0.0) 46.0 
23 0 0.0) a.a 0 0.0) o.o l 0.0) 89.5 

24 0 0.0) o.a 0 0.0) o.o 1 0. OJ 88.2 
25 0 0. 0) a.a l O.ll 31.8 3 0.1) 43.3 
26 0 0.0) a.a a 0.0) 0.0 0 0.0) a.a 

Southeastern Yakut.1.t Kodiak 

Age Average Aver.1.ge Average 
Group Number (\) Weight Number {ll Weight Number (II Weight 

4 0 0.0) a.a 0 0.0) a.a 0 0.0) 0.0 
5 2 0.1) 3.7 0 0. 0) a.a l a. 01 s.a 
6 7 0. 4 I 5.2 l 0. 4) 9.4 6 0.3) 8.7 
7 51 2. 6) 6.9 2 o. 9) 8.5 39 l. 9) 10.7 

8 106 5.4) 9.4 4 1.8) 19.2 78 ( 3. 8) 11.4 
9 155 ( 7. 9) ll.4 6 ( 2. 6) 13.4 220 (10. 6) 14. 6 

10 266 (13 .5) 13.5 26 (11.41 15.l 464 (22.3) 17.5 
11 294 (14. 9) 16.2 35 (15. 4 l 18.2 335 (16. ll 21.0 

12 314 (15. 9) 19.2 37 (16.2) 21.9 278 (13. 4 I 25.9 
13 273 (13. 9) 20.9 44 (19. 3) 24.0 277 (13. 3) 27.8 
14 176 ( 8. 9) 25.2 24 (10.5) 31.2 143 ( 6. 9) 33.l 
15 123 ( 6.2) 29.5 20 ( 8. 8) 35.4 81 ( 3. 9) 36.l 

16 68 3.5) 32.1 19 8.3) 37.3 75 3. 6) 44. 9 
17 53 2. 7) 28.l 4 1.8) JJ.O 44 2.1) 43.2 
l8 25 1.3) 37.l 2 a. 91 JO.O 16 0.8) 54.7 
19 23 1.2) 40.7 3 1.J) 48.5 7 0.3) 42.0 

20 17 o. 9) 33.5 0 0.0) o.o 5 0.2) 50.0 
21 2 0.1) 34.4 l a. 41 86.l 2 0. l I 88.4 
22 6 0.3) 36.0 0 0. 0) o.o 4 0.2) 87.l 
23 3 0.2) 37.7 a 0.0) o.o 0 0.0) o.o 
24 0 0 • .0) o.o 0 a. 01 o.o l 0.0) 138.4 
25 3 0.2) 40.3 0 0.0) a.a 2 0.1) 91.5 
26 4 0.2) 37.9 0 0.0) o.o 2 0.1) 119.S 

c:ontinuect. 
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'hble 5. (eontinu~) 

Chirikof Shumaqin aerinq Sea 

Age Average Average Average 
Group Number <') Weight:: Number (\) Weigne Number {\) Weight:: 

4 0 o. 0) a.a 0 0.0) a.a 0 0.0) a.a 
5 0 0.0) a.a 0 0.0) 0.0 0 0.0) 0.0 
6 0 0. 0) o.o 3 0 .2) 5.2 l 0. 0) 7. 8 
7 6 0. 3) 9.8 9 0. 7) 10.1 27 1.1) 8.8 

8 38 2.1) 11.4 43 ( 3. 4) 10.9 87 3. 6) 9. 9 
9 132 ( 7.3) 13.6 133 (10.5) 14.0 184 ( 7. 6) 12.l 

10 371 (20.5) 15.6 226 (17. 9) 16.2 291 (12.0) 15.l 
11 266 (14. 7) 17.9 246 (19.5) 21.0 527 (21.8) 17.4 

12 294 (16. 2) 22.0 230 (18.2) 24.2 429 (l 7. 7) 20.4 
13 245 (13. 5) 24.5 212 (16. 8) 28.5 368 (15. 2) 23.4 
14 149 ( 8.2) 25.9 68 ( 5.4) 33.1 95 C 3. 9) 27.9 
15 111 ( 6.1) 28.6 52 ( 4.1) 37.4 83 ( 3.4) 32.l 

l 6 88 4. 9) 31.7 20 1.6) 44.0 57 2. 4) 28.9 
17 38 2.l) 35.9 13 1.0) 41.3 40 1.7) 27.4 
18 30 1. 7) 37.0 4 o. 3) 29.6 46 1.9) 30.2 
19 15 0.8) 32.4 3 0.2) 31. 6 37 1.5) 35.4 

20 11 0. 6) 31.8 0 0. 0) 0.0 26 1.1) 37.0 
21 10 0. 6) 43.7 0 0.0) 0.0 35 1.4) 43.0 
22 2 O.ll 42.8 0 0.0) 0.0 11 0.5) 40.7 
23 0 0.0) o.o 2 0 .2) 59.3 19 0.8) 42.0 

24 0 0.0) a.a 0 0.0) 0.0 7 0.3) 38.0 
25 0 0.0) 0.0 0 0.0) 0.0 11 0.5) 47.3 
26 4 0.21 72.9 0 0 .0) 0.0 40 1.7) 63. 7 
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TASLZ 6. tAnqtb cl.a•• diatr~tion of b.aJ.ibut in North .lmeric.an ••tlin• l.anding• uaed for dza 
com:poaition atud.1•• for 1990. 

Mid-point. All Areas 
of 5 cm Combined Columbia Vancouver Charlot.Ce SE: Alaska 
Lengch 
Class !'lumber (') Number (I) Number (I) Number (I) Number ( .. ) 

------------ ------------ ------------ ------------ -----------82.5 1065 ( 7. 4) 81 (13 .5) 144 ( l 7. 5 I 546 (17.2) 144 ( 7. J) 
87.5 956 ( 6. 7) 95 (15. 9) 133 (16.1) 353 (11.1) 110 ( 5. 6) 
92.5 1438 (10. 0) 110 (18. 4 l 171 (20. 8) 467 (14. 7) 162 ( 8. 2) 
97.5 15 90 (ll.ll 89 (14. 9) 132 ( 16. 0) 440 (13. 8) 239 (12.l) 

102.5 1580 (ll.O) 73 (12.2) 106 (12. 9) 345 (10. 9) 206 (10. 5 l 

107.5 1524 ( 10. 6) 68 (ll. 4) 58 7.0) 312 9.8) 211 (10. 7) 
112.5 1243 < 0. 6l 36 ( 6. 0) 35 4. 2) 196 6.2) 161 ( 8. 2) 
117.5 1104 ( 7. 7) 19 ( 3.2) 19 2.3) 162 5. l) 183 ( 9.3) 
122.5 923 ( 6.4) ll ( 1.8) 14 l.7) 92 2. 9) 135 ( 6. 8) 
127.5 747 ( 5.2) 8 ( 1.3) 4 0.5) 78 2.5) 113 ( 5. 7) 

132.5 617 4. 3) 6 1.0) 4 0. 51 68 2 .1) 80 4 .1) 
137 .5 467 3.2) 0 0.0) 2 0.2) 44 l.4) 80 4.1) 
142.5 344 2. 4 l 1 0.2) 1 0.1) 23 0. 7) 47 2. 4 l 
147.5 251 l.7) 1 0.2) 1 0.1) 19 o. 6) 4l 2 .1 l 
152.5 185 l.3) l 0.2) 0 0.0) 12 0.4) 23 l.2) 

157.5 119 0. 8) 0 0.0) 0 0.0) 6 0.2) 15 0. 8) 
162.5 66 0.5) 0 0.0) 0 0. 0) 3 0.1) 7 0. 4) 
167.5 62 0. 4 l 0 0.0) 0 0.0) 7 0.2) 8 0. 4) 
172.5 27 0.2) 0 0.0) 0 0.0) l 0.0) 2 0.1) 
177.5 25 0.2) 0 0. 0) 0 0.0) 2 0.1) l 0.1) 

182.5 19 0.1) 0 0.0) 0 0.0) 2 0.1) 1 0. l) 
187.S 23 0.2) 0 0.0) 0 0.0) 0 0.0) 2 0 .l) 

Mid.-poine 
of 5 cm Yakueat Kodiak Chirikof ShUIMgin Bering Se.a 
Length 
Cl,us Number (\) Number (\) Number (\) Number (\) Number <') 

------------ ------------ ------------ ------------ -----------82.5 3 l.3) 32 ( l.Sl 14 ( 0.8) 18 ( l. 4) 83 ( 3. 4) 
87.5 5 2.2) 57 ( 2.7) 46 ( 2.5) 40 ( 3. 2) 117 ( 4. 8 l 
92.5 l3 s. 7) 137 ( 6. 6) 122 ( 6. 7) 74 ( 5. 9) 182 ( 7. 5) 
97.5 15 6. 6) 185 < 0. 91 156 ( 8. 6) 108 ( 8.5) 226 ( 9.3) 

102.5 20 8.8) 245 (ll.81 204 (11.31 133 (10.5) 248 (10. 2) 

107.S 27 (11.8) 209 (10.0) 241 (13.3) 145 (11.51 253 (10. SI 
112.s 23 (10.11 196 ( 9.4) 204 (11.3) 138 (10. 9) 254 (10 .5) 
117.5 17 ( 7.5) 167 ( 8.0) 198 (10. 9) 114 ( 9.0) 225 ( 9. 3) 
122.5 19 < 0. 3> 162 ( 7.8) 166 ( 9.2) 113 ( 8. 9) 211 ( 8. 7) 
127.5 19 ( 8.3) 154 ( 7. 4 l 121 ( 6. 7) 83 ( 6. 6) 167 ( 6. 9) 

132.5 22 9. 6) 126 6.1) 102 5. 6) 86 6.8) 123 5 .1 I 
137.5 9 3. 9) 104 5.0) 73 4.0) 65 5. ll 90 3. 7) 

► 
142.5 ll 4. 8) 75 3. 6) 51 2. 8) 47 3. 7) 88 3. 6) 
147.5 4 l.8) 70 3.4) 43 2.4) 27 ( 2.1) 45 l.9) 
152.5 9 3. 9) 56 2. 7) 23 1.3) 31 ( 2.5) 30 l.2) 

157.5 5 2.2) 35 1.7) 20 l.ll 18 l.4) 20 0.8) 
162.5 4 l.8) 18 0. 9) 9 0.5) 10 0.8) 15 0. 6) 
167.5 l o. 4) 17 0.8) 7 0. 4) 6 0.5) 16 0. 7) 
172.5 0 0. 0) 14 o. 7) l 0.l) 2 0.2) 7 0. 3) 
l 77 .s l 0. 4) 6 0.3) 4 0. 2) 3 0.2) 8 0.3) 

182.5 l ( 0.4) 4 ( 0.21 2 0.11 2 0.21 7 0,3) 
187.S 0 ( 0.0) ll ( 0.5) 3 0.2) l 0,ll 6 0.21 
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Table 7. Swnmary of IPHC tagged halibut recovered in 1990 by region of rele.ase and recovery. 

Recovery Region 

Release Bering Shum Chir Kod Yak South- Chari Van Col Unkn Total 
Area Sea east 

Bering Se.a 56 1 5 10 1 s 15 93 I 
Shurnagin 1 2 3 12 1 2 1 l 1 24 

Chirilcof 1 6 13 5 4 1 l 31 

Kodiak 1 7 193 3 8 7 4 31 254 

Yakutat 4 8 1 2 l 16 

Southeast 1 2 82 8 15 108 

·Charloae 2 40 283 36 361 

Vancouver 

Columbia 1 9 3 115 2 130 

Total I 57 5 21 235 14 140 319 5 119 102 1017 
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~ Table 8. Estimates, in thousands or pounds (net weight), or bycatch mortality or Pacific halibut (Hippoglossus 
sunol.epis) by IPHC regulatory area for 1962 through 1990. 

Year Arca 2 Arca 3 Arca 4 Total 

1980 I.893 7,099 9.235 18.227 

1981 1,694 6,282 6,408 14,384 

1982 1,169 5,972 4,756 11,898 

1983 1,248 4,892 4,269 10,408 

1984 1,376 3,647 4,692 9,714 

• 1985 1,440 1,578 4,207 7.225 

~ 1986 1,465 1,246 5,576 8,286 

1987 1,952 3,113 5,738 10,803 

1988 1,913 3,415 8,858 14,186 

1989 1,803 4,086 7,282 13,171 

1990 1,935 5,571 1-0,524 18,030 

► 
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APPENDIX II 

DEFINITIONS OF COMMON ACRONYMS 

The following acronrros are commonly used in this Stock Assessment 
and Fishery Evaluation Document and/or other Council documents: 

ABC Acceptable biological catch (ABC) is a seasonally 
determined catch or range of catches that may differ from 
MSY for biological reasons. It mar be lower or higher 
than MSY in some years for species with fluctuating 
recruitment. 

AP 

ABOF 

ADF&G 

AFSC 

DAH 

OAP 

EA 

EIS 

Given suitable biological data and justification by the 
plan team and/or SSC, ABC may be set anywhere between 
zero and the current biomass less the threshold value. 
The ABC may be modified to incorporate safety factors and 
risk assessment due to uncertainty. Lacking other 
biological justification, the ABC is defined as the 
maximum sustainable yield exploitation rate multiplied by 
the size of the biomass for the relevant time period. 
The ABC is defined as zero when the stock is at or below 
its threshold. 

Advisory Panel 

Alaska Board of Fisheries 

Alaska Department of Fish and Game 

Alaska Fisheries Science Center, formerly called the 
Northwest and Alaska Fisheries Center (NWAFC). 

Domestic annual harvest (DAH) is the estimated portion of 
the U.S. groundfish harvest which will be utilized by 
domestic processors (OAP) and the estimated portion, if 
any, delivered to foreign processors (JVP) which are 
permitted to receive U.S. harvested groundfish in the 
exclusive economic zone. 

Domestic annual processed catch (OAP) is the estimated 
portion of DAH that is expected to be processed by U.S. 
processors. It also includes estimates of the quantities 
and species of groundfish that will enter nonprocessed 
fish markets such as those for bait in crab and longline 
fisheries. It includes catches by U.S. factory trawlers. 

Environmental Assessment 

Environmental Impact Statement 

EEZ Exclusive Economic Zone, formerly called the Fishery 
Conservation Zone (FCZ). 

FMP 

INPFC 

Fishery Management Plan 

International North Pacific Fisheries Commission 

1 



IPHC 

IRFA 

JVP 

MFCMA 

MMPA 

MSY 

mt 

NMFS 

NOAA 

NPFMC 

OY 

PAAG 

PT 

PMP 

International Pacific Halibut commission 

Initial Regulatory Flexibility Analysis 

Joint venture processed catch (JVP) is the estimated 
portion of DAH that exceeds the capacity and intent of 
U.S. processors to utilize, or for which domestic markets 
are not available, that is expected to be delivered to 
foreign processors in the Exclusive Economic Zone. 

Magnuson Fishery Conservation and Management Act 

Marine Mammal Protection Act 

Maximum sustainable yield {MSY) is an average over a 
reasonable length of time of the largest catch which can 
be taken continuously from a stock under current 
environmental conditions. It should normally be 
presented with a range of values around its point 
estimate. 

Where sufficient scientific data as to the biological 
characteristics of the stock do not exist or the period 
of exploitation or investigation has not been long enough 
for adequate understanding of stock dynamics, a 
~reliminary MSY will be estimated 'from the best 
information available. 1 

Metric tons are equivalent to 1,000 kilograms or 2,205 
pounds. 

National Marine Fisheries Service {also known as NOAA 
Fisheries) 

National Oceanic and Atmospheric Administration 

North Pacific Fishery Management Council 

Optimum yield {OY) is the amount of fish {a) which will 
provide the greatest overall benefit to the nation; {b) 
which is prescribed as such on the basis of the MSY from 
such fishery, as modified by any relevant economic, 
social, or ecological factor; specifically, for Gulf of 
Alaska groundfish resources as a whole, the OY is 
specified as a range {116,ooo-soo,ooo metric tons) 
established from historical fishery performance and 
estimates of MSY for each species. 

Plan Amendment Advisory Group 

Plan Team 

Preliminary Management Plan 
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PSC 

RAAG 

RFA 

RIR 

RPN 

RPW 

SAFE 

SSC 

t 

TAC 

TALFF 

Prohibited species catch (PSC) is nonretainable catch. 
It can take the form of a prohibited or nongroundfish 
species and/or as a fully utilized groundf ish species 
captured incidentally in groundfish fisheries. Such 
catch must be recorded and returned to the sea with a 
minimum of injury. A PSC limit is an ap:portioned, 
nonretainable amount of fish provided to a fishery for 
bycatch purposes. PSC limits of groundfish may be 
provided to JVP and TALFF when the species is fully 
utilized by the wholly domestic fishery (i.e., DAP = 
TAC). 

Regulatory Amendment Advisory Group (Halibut} 

Regulatory Flexibility Analysis 

Regulatory Impact Review 

Relative population number is an index used to compare 
estimates of population size, in numbers, from year to 
year and among surveys. 

Relative population weight is an index used to compare 
estimates of population size, in biomass, from year to 
year and among surveys. 

Stock Assessment and Fishery Evaluation Document (SAFE) 
is an annually prepared document that presents both 
biological and economic fishery information. 

Scientific and Statistical Committee 

Metric tons are equivalent to 1,000 kilograms or 2,205 
pounds. 

Total allowable catch (TAC} is the harvest quota for a 
species or species group; the retainable catch. TAC will 
be apportioned to DAP, JVP, and possibly TALFF, and 
reserves by area. 

Total allowable level of foreign fishing (TALFF} is 
determined by deducting the DAH and RESERVE from the TAC 
and is the amount surplus to domestic requirements. 
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