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INTRODUCTION 

This Preliminary Stock Assessment and Fishery Evaluation (SAFE) report for the Gulf of Alaska 
groundfish resources is applicable for management of the 1994 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 recommendations for acceptable biological 
catches (ABCs), and calculated levels of overfishing for each target species category. As required by the 
Magnuson 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 (T ACs) and other management strategies for the 1993 groundfish fisheries in the Gulf of Alaska. 

The SAFE report 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 Fishery Management Plan for Groundfish of the Gulf of Alaska met in Seattle on 
September 7-10. 1993 to review the status of stocks of thirteen species or species groups that are managed 
under the FMP. The Plan Team also reviewed the status of Gulf Atka mackerel. which will become a 
target category 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 1992 longline surveys. the 1993 Shelikof Strait 
hydroacoustic survey. and presentations by NMFS scientists. Attendance at the November Plan Team 
meeting included: 

Plan Team Members: 

AFSC scientists: 

Public Attendance: 

'" Chair 

David Witherell, Jessie Gharrett. Sam Wright. Victoria O'Connell (for 
Barry Bracken), Jim Hastie, Rich Ferrero, Lew Haldorsen, Jon Heifetz 
(for Jeff Fujioka), Sandra Lowe'" 

Anne Hollowed. Jim Ianelli, Chris Wilson, Jim Traynor, Joe Terry, 
Lowell Fritz. Michiyo Shima. Sue Mello, Tom Wilderbuer 

Chris Blackburn (Alaska Groundfish Databank), Penny Pagels 
(Greenpeace), Jack Tagart (WDf), Dave Benson (Arctic Alaska). Mike 
Szymanski (Fishing Company of Alaska), Kate Graham (American High 
Seas) 
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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 species occurs in the targeted catch. In the Gulf of Alaska, Pacific cod, pollock, 
sablefish, Pacific ocean perch, northern rockfish, flathead sole and anowtooth 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, o~er 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, te., 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 Altematjve management 
strategies can be imposed to limit the risk including removing a species from a complex and managing 
as a single species. or reducmg 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 management 
units and made recommendations for adjustments as required. 

Except where the State of Alaska manages separate groundfish harvests quotas specified in 5 Alaska 
Administrative Code (AAC) 28.160. all groundfish catches in waters of the State of Alaska, including 
internal waters. are managed against T AC specifications. The exceptions pertain to guideline harvest 
ranges for sablefish and demersal shelf rockfish in the inside subdistricts of the southeast subdistrict as 
defined at 5 AAC 28.105 Description of Districts. Subdistricts. and Sections. 

NEW INFORMATION 

Since the 1993 Stock Assessment and Fishery Evaluation Report (SAFE) was issued (NPFMC 1992). the 
following new infonnation has become available: 

1. For pollock: data from the 1993 spring hydro acoustic survey in Shelikof Strait conducted by the 
Alaska Fisheries Science Center; egg production estimates of spawning biomass; estimates of 
catch-at-age from the 1992 fishery; updated estimates of catch. Length frequency data from the 
1993 hydroaccoustic survey and the first quarter 1993 fishery. 

2. For groundfish. generally: data from the NMFS Observer Program Office for 1993. 
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MARINE MAMMAL CONSIDERATIONS 

STELLER SEA LIONS 

Administrative Actions 

The final version of the Steller Sea Lion Recovery Plan was released in December 1992. The overall goal 
of the Recovery Plan is to promote recovery of the Steller sea lion population to a level appropriate to 
justify removal from ESA listings. Immediate objectives are: 

- To identify factors that are limiting the population, 
- To propose a set of actions that will minimize human 

interactions with the species detrimental to survimor-
recovery of the population, and 

- To propose actions necessary to increase the population. 

Copies of the Plan are available from NMFS Headquarters in Washington, D.C., NMFS Regional Office 
in Juneau, and from the National Marine Mammal LaboJ'3tory Library, Seattle. 

A draft designation of critical habitat was published in the Federal Register on 1 April 1993 (50 CFR Part 
226). A final version of the critical habitat with responses to comments received was released on 26 
August 1993. Designated critical habit2t includes: 

- All Steller sea lion rookeries and major haul-outs (i.e. 
>200 Steller sea lions) located within state and 
Federally managed waters off Alaska, including a zone 
that extends 3,000 feet (0.9 km) landward and vertical of 
each rookery and major haul-out boundary, and a zone that 
extends either 3,000 feet (0.9 km) seaward from the site 
boundary for Alaskan sites located east of 144° W. 
longitude, or 20-nrn (37 km) seawardfrom~the site-for. 
sites west of 144° W. longitude; 

- All rookeries within the state and Federally managed 
waters off Oregon and California. including the zone that 
extends 3.000 feet (0.9 km) vertical and seaward from . 
each rookery; 

- U.S. waters and food resources in three aquatic foraging 
habitats within the core of the Steller sea Iion's 
geographic range, one aquatic zone located exclusively in 
the Gulf of Alaska (Shelikof Strait). and two aquatic 
zones in the Bering Sea/Aleutian Islands area (Seguarn 
Pass and an area from Bogoslof District to the EBS 
shelf). 

The primary benefit of this designation of critical habitat is that it provides notice to Federal agencies that 
_ a listed species is dependent on these areas for its continued existence and that any Federal action that may 
affect these areas is subject to the consultation requirements of Section 7 of the ESA. 
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Population Assessment 

March 1993 Aerial SUlvey 

NMFS and ADF&G conducted an aerial survey (using similar protocols.to past summer surveys) during 
the period of 9-20 March 1993 in the area from SE Alaska westward through Attu Island in the western 
Aleutian Islands. nus was a survey designed to detennine winter distribution of sea lions and not to 
estimate the population size. In summary, we observed: 

1. There were 41 % fewer animals hauled out in March 1993 than in June 1992. 

2. Numbers of animals on haul-outs were somewhat greater in March than in June, but 
rookery numbers were much lower in March. 

3. A number of rookery sites were either empty or nearly empty in Marc~: 

4. A larger proportion of animals were observed in the western Gulf of Alaska and central 
Aleutian Islands in March than in June. 

We surveyed 274 sites (39 rookery sites and 235 haul-outs) in the area between Forrester Island and Attu 
Island. Of these, 250 sites on 210 islands (including all 39 rookeries) are used in the analysis. The 
remaining 24 sites were all haul-outs and contained 354 animals. 

We obseJVed 26.669 animals at the sites, compared to 45,329 in the summer 1992 survey (Table 1). As 
such. 58.8% of the summer number was observed. The difference has been noted in previous surveys, 
and is a result of animals spending more time at-sea in March than in June. 

0;- the" 26.669 animals. 8.787 (32.9% of the surVey total) were obseJVed on rookery sites and 17,882 
(67.1 %) on haul-out sites. This compares with June numbers of 29,242 (64.5%) animals on rookeries and 
16.087 (35.5%) on haul-outs. Haul-outs retained their populations better between June and March 
(between 83.7% and 153.6% of the June count was observed in March). Rookery numbers, on the other 
hand. always fell considerably (lIII1ge was between 17.7% and 73.8% of the June number). In four of the 
seven regions. March haul-out numbers were greater than on the rookeries, and only in the western 
Aleutian Islands were there consid~rably more animals on rookery sites in Marchl,han in June (Table I). 

Of 210 islands. 94 (44.8%) had fewer animals in March than in June. Twenty-five of these islands were 
completely vacant in March. Another 49 (23.3%) of the 210 had the same count in both suJVeys (most 
of these were empty in both sUJVeys). The remaining 67 (31.9%) had more animals in March. nus 
included 17 iSlands which contained animals in March but not in June. Nine of these were in Southeast 
Alaska. 

Islands with rookeries and haul-outs typically showed a redistribution from the rookery site to the haul
outs. For example. at Seguam Island the Saddleridge rookery site was almost empty while the four haul
outs on the island all showed increases. Marmot Island showed a large decrease, while nearby haul-outs 
(Latax Rocks. Sea Otter Island, and Sea Lion Rock) all showed large increases between June and March. 

Three rookery sites were completely empty--Cape Morgan (Akutan), Bogoslof. and Yunaska. The rookery 
area on Atkins was also empty but we located a small group elsewhere on the island. Four rookeries had 
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1-50 animals--Ayugadak (all adult males), Column Rocks (all adult males), Olirikof (though there were 
many animals on neaIby Nagai Rocks), and Sugarloaf. Fmally, there were four rookeries with between 
SO and 100 animals-Adugak, AgUgadak, Ogchul, and Saddleridge (although there were numerous animals 
elsewhere on Seguam Island). 

We identified 49 sites with 200 or more animals (Table 2). Seventeen. of these were summer rookery 
sites. Clubbing Rocks had the largest count, with 1,167 animals. Average size of the 17 rookeries in this 
group was 398 animals while the average size of the 32 haul-outs was 363 animals. 

During the June 1992 survey the largest proportion of animals observed by region (Table 3) was in 
Southeast Alaska (22.1%) and the smallest was in the eastern Gulf of Alaska (9.6%). In March four 
regions showed increases in their share of Alaska's population. The most notable increases were in 
southeast Alaska (to 26.4%) and the eastern Gulf of Alaska (to 13.0%). Smaller increases were seen in 
the central Aleutian Islands and the western Gulf of Alaska. It is also notable that the two regions with 
the Jargest population's historically (the central Gulf and eastern Aleutians) both decreased. 

Summer 1993 Pup Surveys 

NMFS and ADF&G have now completed the first four-year cycle (1990-93) of biennial pup counts at 
Steller sea lion rookeries in Alaska, by the general protocol set forth in the Steller sea lion Reco~ery Plan 
(Plan item 322). Fifteen of the 17 sites recommended to be counted by the Recovery Team have now 
been counted twice at two year intervals. since 1990 (Table 4). The exceptions are Clubbing Rocks 
(counted only in 1992), the Forrester Island complex (not counted since 1991), and Fish Island (counted 
for the first time in recent history in 1993). 

1991-93 Trends 

Pup numbers at eight Kenai-Eastern Aleutian Island (EAI) rookeries declined 25.8% (± 4.3%) between 
1991 and 1993. The count in 1991 (5,104 ± 278 pups) was significantly greater (p < 0.05) than the 1993 
count (3,787 ± 116 pups). 

Addition of three SE Alaska sites counted in 1991-93 results in a decline of 20.4% (± 4.3%). Again the 
1991 (6,569 ± 337 pups) and 1993 (5,227 ± 151 pups) were significantly different 

1990-92 Trends 

Only four rookeries have comparable data for the 1990-92 period. Numbers at these four sites (Table 4) 
declined by 20.2% (± 4.3%) from 3,012 (± 134 pups) in 1990 to 2,405 (± 130 pups) in 1992. The 1992 
count was significantly lower than the 1990 count (P < 0.05). 

General Trends 

Declines in Alaskan pup numbers during 1990-92 and 1991-93 appear to have been essentially the same. 
During the four-year period, pup numbers declined at a rate of 10.7% per year in the SE Alaska to EAI 
area, and 12.7% per year in the Kenai to EAI area. Most of the decline occurred in the Kodiak area 
(Sugarloaf. Marmot, and Chirikof Islands), and in the eastern Aleutian Islands (particularly at Bogoslof 
Island). Pup numbers in SE Alaska and in Prince William Sound appeared relatively stable. Numbers 
in the area from west of Chirikof to the eastern Aleutians showed no obvious pattern (one site was up and 
two were down). . 
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Population Viability Analysis 

A population viability analysis was prepared to evaluate the potential for extinction of the Alaskan Steller 
sea lion population. Three models were developed based on the 1985-92 population trend. Two (an all 
Alaska model and a Kenai Peninsula-Kiska Island model) were based on the trajectory of the sum of the 
rookery populations within their respective areas. A third was based o~ a simulation of the population 
trajectories of individual rookeries in the Kenai-Kiska area. All tIu:ee models predicted the Alaska 
population will be reduced to levels approaching extinction within 100 years from the present. if the 1985-
92 trend persists into the future. Both the all Alaska and Kenai-Kiska models predicted the probability 
of extinction approached 1.0 at 100 years. Mean times to extinction were 75 and 60 years, respectively. 
The individual rookery simulation predicted a longer time to extinction due to the persistence of small 
populations on several rookeries; however, the probability of extinction was still greater than 0.10 at 100 
years. Results indicated that. ift!te 1985-92 trend persists, the next 20 years may be crucial to the survival 
of the Alaska population. Though the population will not go extinct within 20 years, populations on 
tndividual rookeries may be reduced to low levels (mean size may be less than 100 adult females). After 
20 years, rookeries may rapidly begin to disappear as the population contracts to the core of the range in 
the western Gulf of Alaska and easter •• Aleutian Islands. At about the time most rookeries have -been 
vacated, extinction probabilities will increase rapidly. Thus, if the 1985-92 trend persists, in 100 years 
the only Steller sea lions remaining in the U.S. may be in the area between southeastern Alaska and 
northern California. 

These analyses were also performed using three other trends: 1970's-1992, 1985-89, and 1989-92. The 
first two predicted extinction at least as soon as predicted by the 1985-92 trend. However, should the 
more moderate recent (1989-92) trend continue mean times to extinction would be significantly longer 
(Le., 207 for Alaska and 148 years for Kenai-Kiska). 

Genetic Studies 

, Stock differentiation studies using mitochondrial and nuclear DNA analysis continued during 1993. Tissue 
samples were collected from flippers of adults and pups at sites in SE Alaska, Prince William Sound, Gulf 
of Alaska, Aleutian Islands, and Russian waters. Analysis of these samples and those collected in 1991-92 
continue. Initial results, however, indicate SteUer sea lions in the area from Oregon through SE Alaska 
can be differentiated genetically from animals to the west. 

.tf 

Juvenile Survival 

During 1987-88. a total of 800 Steller sea lion pups (424 females and 376 males) were marked at Marmot 
Island in a long term study of Steller sea lion dispersal, survival. and reproduction. Based on the results 
of Calkins and Pitcher (1982), York (NMFS unpub\. data) estimated that even with a 10% per year 
tag/brand loss that close to 100 females should be resighted at Marmot Island in 1993 out of the original 
400 female pups. A field team was placed on the island during June-July 1993 to count these returnees. 
A maximum of nine marked females were resighted during June-July 1993 at the island. These and the 
similar results from 1991-92 support the hypothesis that increases in juvenile mortality during the 1980's 
may be a major cause of the declines observed at Marmot Island in the past decade. 

Changes in the physical condition of Steller sea lion pups do not appear to provide an explanation for this 
decline in juvenile survival. During 1987-93 611 Steller sea lion pups were weighed at seven rookeries 
in the area of Alaska presently experiencing a population decline. Average mass for 293 female pups was 

a 
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26.9 kg and for 318 male pups was 325 kg. Pups were also weighed at rookeries in areas not 
experiencing population declines. At Forrester Island, Alaska in 1990 average mass of 120 female pups 
was 25.0 kg and for 119 male pups was 28.8 kg. Another 198 female pups (:1 = 20.7 kg) and 202 males 
pups (:1 = 24.8 kg) were weighed at Rogue Reef, Oregon during 1985-88. Data was also available from 
37 female pups (:1 = 24.7 kg) and 64 male pupS (:1 = 28.9 kg) weighed in the decline area in 1975 (prior 
to the onset of the decline). An analysis of covariance was performed ~ determine if pup mass in the 
decline area was significantly different from pup mass in areas not expeliencing declines. After removing 
the effects of weighing date and pup sex, it was found that pup mass in the decline area was equal to or 
greater than mass in other areas. As such, the cause of the decline does not appear related to reduced pup 
condition during the first month postpartum. 

1992-93 Foraging 'Studies 

Gulf of Alaska Food Habits 

Food habits data collected in the Gulf of Alaska during the 1970's and 1980's are presently being 
reanalyzed. These analyses indicate that walleye pollock constituted the major prey of Steller sea lions 
in the Gulf of Alaska, in 5 of 6 subareas analyzed, and for both juvenile (S4 years old) and adult sea lions 
(Tables 5-6). Walleye pollock was the most common prey even if only stomachs containing only pollock 
are considered (Table 7). 

Prerecruit pollock constituted a major part of the pollock preyed upon in both the 1975-78 (mean fork: 
length = 29.8 em) and 1985-86 (mean = 25.4 cm) sea lion collections. Small pollock appeared to have 
been more important for juvenile sea lions, who in 1985-86 consumed smaller fish (mean = 24.0 cm) than 
adult sea lions (mean = 27.9 cm). Pollock consumption increased in the Kodiak area from the 1970's to 
the 1980's. This increase was most apparent in juvenile sea lions where the proportion of animals 
consuming pollock doubled--from 38.2% to 75.0% of all juveniles collected with stomach contents. This 
growth in pollock consumption may have resulted both from increased abundance of small pollock in 
1985-86 (due to the large 1984 year class), and documented decreases in abundance of other small forage 
fish (notably capelin). Between 1975-78 and 1985-86 the number of fish species found consumed by 
Kodiak area juvenile sea lions fell from 8 to 4, and the proportion of juvenile animals consuming 
nongadid species (mostly small schooling and demersal fish) fell from 44.0% to 25.0%. The apparent 
decline of alternative fish prey coupled with the generally low abundance of prerecruit pollock throughout 
most of the 1980's may explain part of the decline in sea lion abundance observed in the Gulf of Alaska 
inthe 1980·s. 

Aleutian Islands Food Habits 

Steller sea lion scats have been collected annually (>100 per year) during 1990-1993 by NMFS and 
USF&WS at rookeries and haul-outs in the area between Ugamak Island (in the eastern AI) and Agattu 
Island (in the western AI) during both summer and winter. For the summers of 1990-91, 163 samples 
were analyzed which contained identifiable contents. Of these samples, 149 (91.4%) contained Atka 
mackerel (pleurogrammus monopterygius) of which 114 (69.9%) contained only Atka mackerel. The only 
.other species commonly found were walleye pollock CTheragra chalcogramma; 12.3%) and salmon 
(OncorhynCUS sp.; 12.8%). The dominance of Atka mackerel in the diet was common throughout the AI 
and increased from 69.6% (16 of 23 samples) in the eastern AI to 91.0% (61 of 67 samples) in the central 
AI and 98.6% (72 of 73 samples) in the western AI. The proportion of scats containing pollock remains 
decreased in a similar fashion from 17.3% in the east to 8.2% in the west There is little data on the 
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historical importance of Atka mackerel as a prey item. The one AI site where comparable data exists prior 
to 1990 (Ugamak Island in the eastern AI) had no Atka mackerel remains in 11 scats collected in 1985, 
although all contained gadid remains. By 1991 mackerel was found in all 10 scats collected, but only 1 
had gadid remains. This shift parallels changes in Atka mackerel and pollock biomass which occurred 
during 1983-91. 

Prey Surveys 

NMFS conducted echo integration-midwater trawl surveys to assess Steller sea lion prey availability within 
10 nm of rookeries and haul-outs during winter and summer. Three rookeries (Marmot. Atkins, and Ak:un 
Islands) and one haul-out (Cape Serichef as a control site) were surveyed during 1993. 

Incidental Take 

Three Steller sea lions were reported killed in groundfish fisheries through August 199?: 

NORTHERN FUR SEALS 

Northern Fur seal popUlation trends in the Pribilof Islands are assessed through biennial pups counts. In 
1992 the number of fur seal pups born at both St Paul and St George Islands were not statistically 
different from the numbers counted in 1?90 (NMFS unpubJ. data; Kajimura and Sinclair 1992). A total 
of 210.305 (sd=3.724)and 182,437 (sd=8,918) pups were born at Sl Paul Island in 1990 and 1992. 
respectively. At St. George Island. 24.820 (sd=827) and 25.160 (sd=707) pups were born in 1990 and 
1992. respectively. Overall the Alaskan population is considered to be depleted but stable. 
One northern fur seal was reponed killed in groundfish fisheries through August 1993. 

PACIFIC HARBOR SEALS 

NMFS. in cooperation with ADF&G. is conducting a statewide population assessment of harbor seals in 
Alaska. Surveys during the first year. 1991. concentrated on Bristol Bay westward along the north side 
of the Alaska Peninsula. Prince William Sound and the Copper River Delta. The counts suggested that 
the number of seals in Bristol Bay has remained somewhat steady at around)O.OOO animals despite some 
increases in the mid 1970's, and decreases in the late 1960's. The Bristol Bay/SW Bering Sea count was 
9.324 in 1991. The minimum estimate for Prince William Sound was 2.503 and 3,491 for the Copper 
River Delta. The trend site counts in Prince William Sound were lower than previous years suggesting 
a decline. No previous comparison counts are available for the Copper River area. 

Surveys during 1992 were completed in the northern Gulf of Alaska, including Cook Inlet, the Kodiak 
Archipelago and the south side of the Alaska Peninsula. The counts indicated that a significant decline 
in harbor seal abundance in the central and western GOA is continuing. At over 50 sites encompassing 
the entire Kodiak Archipelago 90% fewer seals were counted in 1992 compared to ADF&G counts at the 
same locations during 1978 (2.899 and 22.808 in 1992 and 1978, respectively). On Tugidak Island, once 
the largest harbor seal rookery in North America, the counts were 92% lower than in 1976 and 40% lower 
than in 1990. 

:a 
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During 1993 the study area will include all of Southeast Alaska. north to yakatat Bay and Icy Bay. As 
in previous years. the counts will be conducted during the molt period throughout a 10 day period of 
exceptionally low tides (12-21 September). The survey area includes two trend routes previously 
established by ADF&G which will provide some infonnation on population changes over time. 
Preliminary counts should be available by the December Council meeting. 

The causes of the harbor seal decline in the central and western GOA are unknown. but research over the 
coming years, by ADF&G and NMFS will study possible mechanisms. Through 1994. NMFS will 
continue to estimate population abundance and begin to examine stock structure. SUlveys in the Aleutian 
Islands are planned for fall 1994. Although there is no current listing of harbor seals as depleted under 
the MMP A, a Conservation Plan is being drafted. 

One harbor seal was reported killed in groundfish fisheries through August 1993. 

K.n..LER WHALE 

In 1992 NMFS began surVeys of killer whale abundanCe in the Gulf of Alaska and the Bering Sea using 
photo-identification techniques. Analyses of photographs taken in the southeastern Bering Sea, central and 
eastern Aleutian Islands, along the south side of the Alaska Peninsula and off Kodiak Island resulted in 
an estimate of 182 animals for that area; 183 others were identified in southeast Alaska. Including an 
additional 352 animals previ(lusly identifip-<J in Prince William Sound, a preliminary estimate of 717 killer 
whales in Alaska results. Nine animals showed evidence of bullet wounds suggesting a concern relative 
to the impact of additive mortality in a relatively small population of animals with an inherent low 
reproductive rate. 

A second year of surveys were conducted during summer 1993. The photographs have not been examined 
yet. but preliminary results suggest that killer whales were again encountered in low densities. 

HARBOR PORPOISE 

NMFS continued a three year assessment of the Alaskan harbor porpoise population begun during 1991. 
During 1993. vessel surveys were conducted in Southeast Alaska in spring, summer, and fall, and in the 
Gulf of Alaska and Bering Sea during summer. 
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Table 1.--Number of Steller sea lion adults and juveniles counted 
in June 1992 and March 1993 aerial surveys at 210 islands between 
Forrester and Attu Islands. June numbers exclude pups, while March 
numbers include them. 

June 1992 March 1993 
Region Rookery Haul-out Sum Rookery Haul-out Sum 

SEAR 5,945 4,058 10,003 818 6,234 7,052 

EGOA 1,789 2,571 4,360 1,320 2,151 3,471 

CGOA 4,549 2,781 7,330 805 2,332 3,317 

WGOA 3,313 1,803 5,116 1,829 1,773 3,602 

EAI 3,712 1,968 5,680 797 1,859 2,656 

CAr 5,987 2,320 8,307 2,159 3,020 5,179 

WAr 3,947 586 4,533 1, 059 513 1,572 

Sum 29,242 16,087 45,329 8,787 17,882 26,669 

n 39 126 165 39 126 165 

Mean 750 128 275 225 142 162 
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Table 2.--Sites with approximately 200 or more animals recorded 
during March 1993 Steller sea lion aerial survey. Multiple 
counts shown when more than one made. 

Island/site Count 

Western Aleutian Islands 

Attu - Cape Wrangell 450 

Alaid 437 
~ 

Central Aleutian Islab.ds 

Kiska - Cape St. Stephens 196 

Little Sitkin - Patterson 244 

Ulak - Hasgox Point 276 

Kanaga - North Cape 210 

Eastern Aleutian Islands 

Unalaska - Cape Izigan 211 

Amak 534, 762 

Western Gulf of Alaska 

South Rock 236, 320 

Pinnacle Rock 197, 250 

Jude 340 

Central Gulf of Alaska 

Nagai Rocks 736 

Long 209, 249 

Latax 242 

Eastern Gulf of Alaska 

Chiswells 263 

Rugged 368 

Pt. Elrington 513 

Island/Site Count 

Agattu - Gillon Point 364 

Segula - Gula Point . 222 

-Amatignak - Nitrof Point 196 . 

Gramp 221 

Adak - Lake Point 346 

Akutan - Reef/Lava 228 

Sea Lion Rock 

Clubbing Rock 

Whaleback 

Chernabura 

Two Headed 

Marmot 

Outer 

Fish 

The Needle 

Glacier 

327, 380 

1,167 

286, 348 

334, 405 

533 

114, 249, 398 

254 

882 

258 

194 
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Table 2.--Cont. 

Island/site Count Island/Site Count 

Seal Rocks 438 C. St. Elias 542 

Southeast Alaska 

C. Fairweather 263 White Sisters 392 

Benjamin 372 Brothers 378 

c. Omaney 223 Hazy 216 

Timbered 597 C. Addington 689 

Grindle 239 Biali Rock 555 

Forrester 210 Biorka 849 

C. Cross 468 Stevens Pass 341 
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Table 3.--Ranking of regions by percentage of animals observed 
and by mean number of animals per site for June 1992 and March 
1993 surveys. 

Percent of all animals Mean grou12 size 
Rank June March June March 

1 SEAk (22.1%) SEAk (26.4%) WAl (907) WAl (314 ) 

2 CAl (18.3%) CAl (19.4%) SEAk (313 } SEAk (220) 

3 CGOA (16.2%1 WGOA (13.5%) WGOA (301 ) EGOA (217 ) 

4 EAl (12.5%) EGOA (13.0%) EGOA (273) ... WGOA (212 ) 

5 WGOA (11.3%) CGOA (12.4%) EAl (247) CAl (129) 

6 WAl (10.0%) EAl 9.4%) CGOA (229 ) EAl (115) 
';"'t 

7 EGOA ( 9.6%) WAl 5.9%) CAl (208 ) CGOA (104) 
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Table 4.--Steller sea lion pup counts for 1990-93 for rookeries 
from SE Alaska through the eastern Aleutian Islands, 
excluding Clubbing Rocks, Fish Island, and Forrester 
Island. 

Survey year 
Site 1990 1991 1992 1993" 

SB Alaska and Prince William Sound 

Hazy 
White Sisters 
Seal Rock 

Subtotal 

808 
95 

562 

1,465 

Kenai to Bastern Aleutian Islands 

Central Gulf of Alaska 

180 Outer 
Sugarloaf 
Marmot 
Chirikof 
Chowiet 

1,638 1,000 
1,611 

656 
583 636 

Western Gulf of Alaska 

Atkins 
Chernabura 
Pinnacle 

197 

Eastern Aleutian Islands 

Ugamak 
Akutan 
Akun 
Bogoslof 

594 

485 

794 

813 

64 
501 

211 

558 

759 
115 
566 

1,440 

181 

986 
344 

419 

773 

711 

51 
322 

Subtotal 

Total 

3,012 5,104 2,405 3,787 

3,012 6,569 2,405 5,227 

Percent change 
1990-92 1991-93 

-39.0 

9.1 

7.1 

-6.1 

-20.2 

-20.2 

-6.1 
21.1 

0.7 

-1.7 

0.6 

-38.8 
-47.6 

-13.6 

- 2.6 

-12.6 

-20.3 
-35.7 

-25.8 

-20.4 
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Table 5.--Percentage of Steller sea lion stomachs with contents by ecological taxon from Gulf 
of Alaska subareas for the 1970's and 1980's. Gadid includes walleye pollock and Pacific 
cod; small schooling fish includes herring, capelin and sandlancei and other demersal fish 
includes flatfish, rockfish, sculpins, and so on. GOA summary includes additional samples 
from the eastern GOA, Middleton Island, and the Alaska Peninsula. 

Area Period 

Kodiak 1970's 

1980's 

n 

64 

68 

SE Alaska 1970's 0 

1980's 14 

PW Sound 1970's 65 

1980's 0 

Kenai 1970's 38 

1980's 0 

GOA Sum 1970's 179 

1980's 86 

Gadid Salmon 

50.0% 7.8% 

73.5% 2.9% 

71. 4% 7.1% 

84.6% 0.0% 

86.8% 0.0% 

69.3% 3.4% 

74.4% 4.7% 

Prey items 

Small 
schoolinq 

fish 

28.1% 

10.3% 

14.3% 

23.1% 

7.9% 

22.9% 

11. 6% 

Other 
demersal 
fish 

,I 
.'1" 

14.1% 

16.1% 

28.6% 

10.8% 

15.7% 

13.4% 

17.4% 

.. 

4",,4.1:1 

:All 
fish 

89.1% 

85.2% 

92.9% 

98.5% 

94.7% 

94.4% 
I 

87.2% 

Squid Fish 
and and 

octopus ceph. 

21. 9% 

39.7% 

28.6% 

43.1% 

15.8% 

29.1% 

36.0% 

12.5% 

25.0% 

21.4% 

41. 5% 

13.2% 

24.6% 

23.3% 



16 

Table 6. --Percentage of adult and juvenile Steller sea lion stomachs with contents by 
ecological ,taxon from the Kodiak subarea for the 1970's and 1980's. Gadid includes 
walleye pollock and Pacific cod; small schooling fish includes herring, capelin and 
sandlance; and other demersal fish includes flatfish, rockfish, sculpins, and so 
on. 

Age Period 

Juvenile 1970's 

1980's 

Adult 1970's 

1980's 

All 1970's 

1980's 

n 

34 

16 

30 

52 

64 

68 

Gadid 

47.1% 

81. 3% 

56.7% 

71.1% 

50.0% 

73.5% 

'f, 

Salmon 

2.9% 

0.0% 

13.3% 

3.8% 

7.8% , 

2.9% 

Prey items 

Small 
schoofing 

fish 

32.2% 

25.0% 

23.3% 

5.7% 

28.1% 

10.3% 

Other 
demersal 
fish 

11. 8% 

0.0% 

16.7% 

21.1% 

14.1% 

16.1% 

All 
fish 

88.2% 

100.0% 

90.0% 

80.8% 

89.1% 

85.2% 

Squid Fish 
and and 

octopus ceph. 

17.6% 

18.8% 

26.7% 

46.1% 

21. 9% 

5.9% 

18.8% 

20.0% 

26.9% 

12.5% 

39.7% 25.0% 
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Table 7. --Percentage of adult and juvenile Steller sea lion 
stomachs with contents containing walleye pollock and 
those containing only walleye pollock from Gulf of Alaska 
subareas for the 1970's and 1980's. GOA summary includes 
additional samples from the eastern GOA, Middleton 
Island, and the Alaska Peninsula. 

1975-78 

With 
Area Age n pollock 

Kodiak JuvenJle 34 44.1% 

Adult 

All 

30 

64 

SE Alaska Juvenile o 

Adult o 

All o 

PW Sound Juvenile 32 

Kenai 

GOA Sum 

Adults 

All 

33 

65 

Juvenile 28 

Adult 

All 

10 

38 

Juvenile 99 

Adult 80 

All 179 

53.3% 

48.4% 

87.5% 

81. 8% 

84.6% 

82.1% 

90.0% 

84.2% 

65.6% 

70.0% 

67.6% 

Only 
pollock 

23.5% 

20.0% 

21. 8% 

37.5% 

12.1% 

24.6% 

60.7% 

30.0% 

52.6% 

37.3% 

18.3% 

29.1% 

1985-86 

With 
n pollock 

+ 

16 75.0% 

52' 67.3%' 

68 69.1% 

1 0.0% 

13 69.2% 

14 64.3% 

o 

o 

o 

o 

o 

o 

21 71. 4% 

65 67.7% 

86 68.6% 

Only 
pollock 

50.0% 

30.8% 

35.3% 

0.0% 

23.1% 

21. 4% 

47.6% 

29.2% 

33.7% 
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ECOSYSTEM CONSIDERATIONS 

MANAGING NORTH PACIFIC ECOSYSTEMS 

In the Ecosystem Considerations sections of the 1993 SAFE docwnents, the Plan Teams suggested to the 
NPFMC and industry that they be aware that: 

1. NMFS's basic resource management philosophy is evolving from one focused on a single
species exploitation strategy to a broader ecosystem management approach. 

2. The GOA and BS/AI ecosystems have changed from their pristine states. 
3. Resource allocation issues will continue to arise from conflicts between the FCMA and 

the ESA/MMP A/NEPA. 

The Plan Teams suggested to the NPFMC that they remain aware of the potential ecological implications 
of decisions made during the current vlan and amendment cycles. Where uncertaintY exists, the Plan 
Teams suggest that the NPFMC follow the NMFS strategy of erring toward conservation. 

The need for such a cautious approach to resource management was echoed in a recent article published 
in the journal Science (Ludwig et al. 1993). At the least the article fueled public debate about the way 
fisheries stocks are managed. It has also generated some controversy because it has been construed (Aron 
et al. 1993) to unjustly criticize resource managers (especially fisheries managers) for being "incapable 
of estimating a sustainable yield for fish stocks and, even if they could, the demands of the fishing 
industry would block implementation of suitable exploitation regimes". Aron et al. (1993) in their rebuttal 
to the article point out that the recent history of northeastern Pacific fisheries management has been a 
healthy one because of conservative management. Examples of this approach included the 2.0 mt cap on 
the Bering Sea groundfish harvest; the conservative TAC's set for Bogoslof District walleye pollock, GOA 
walleye pollock. and BSAI Atka mackerel; and the no-trawl zones around Steller sea lion rookeries 

Still. the article reflects the uncertainty some individuals and .groups have expressed over the condition 
of the Bering Sea and Gulf of Alaska ecosystems. These concerns have induced two groups to consider 
the status of these esosystems. The U.S. National Research Council, has formed a Committee on the 
Bering Sea Ecosystem which will review the available information on this ecosystem in an attempt to 
explain the causes in the changes in abundance of marine mammal. lreabird. and fish populations there. 

't'* 

The North Pacific Marine Sciences Organization (PlCES). has also formed a Bering Sea working group. 
Their research agenda includes the: 

1. Review of present knowledge of the atmospheric and oceanic circulation of the Bering 
Sea and their variability; 

2. Review of present knowledge of the Bering Sea Ecosystem and its response to 
environmental variability; 

3. Identification of major gaps in present knowledge and proposed methods and approaches 
for reducing them. 

PICES is considering a Bering Sea ecosystem symposiwn as part of their 1994 meeting. 
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Efforts such as these coupled with ongoing research of NMFS, ADF&G. INPHC. and cooperating 
institutions will provide a better understanding of large marine ecosystems such as the Bering Sea and 
Gulf of Alaska. But how this scientific knowledge can be translated into decision making by the NPFMC 
remains unclear. 

What exactly marine ecosystem management is remains iU defined. The FCMA. MMPA. and ESA all 
contain ecosystem considerations. but the ecosystem objectives of. these acts are not necessarily 
synonymous. clear. nor achievable. For that matter the objectives of ecosystem management do not 
necessarily agree between resource managers and scientists. nor do they agree between the overlapping 
political jurisdictions and agencies. Consequently. a crucial first step in developing ecosystem 
management in the North Pacific will be a set of agreed upon objectives. which in themselves define what 
ecosystem management is to be there. The FCMA. MMPA. and ESA as they are reauthorized may 
provide some guidance helt. However. it can be expected that the NPFMC will worK with NMFS in 
setting and achieving objectives specific to management of the BSAI and GOA. 

How whole marine ecosystems (rather tran their parts) are to be managed alSo remains problematic--it is 
a relatively new concept and will involve an evolution of methods. . The techniques available for 
management of terrestrial ecosystems have developed over several decades. Examples include the U.S. 
Fish and Wildlife Service's Gap Analysis. and the landscape ecology approach applied by the U.S. Forest 
Service. Analogues to these practices are rare in marine ecosystems. 

One approach would be to develop a decision frameworK based on a "comprehensive and dynamic model 
of the ecosystem" (Nicol and de la Mare 1993). Such an approach is being implemented in the Southern 
Ocean. where the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) 
proposes to hold harvested stocks from dropping below threshold levels which ensure stable recruitment. 
The CCAMLR approach also proposes to maintain ecological relationships between target stocks and 
dependent or related populations. Management decisions are to avoid changes in the ecosystem which 
can not be reversed in twenty to thirty years. These objectives are not dissimilar from those of NMFS 
and NPFMC. Where the CCAMLR regime differs is that they propose to manipulate the ecosystem 
through "feedback management" using krill harvests as the control mechanism (Nicol and de la Mare 
1993). The Southern Ocean is a simple ecosystem. and an ideal location for a test of such a management 
regime. How such an approach can be applied to the far more complex North Pacific ecosystems remains 
to be determined. 

An alternative approach is adaptive management. Rather than focus on a model of the entire ecosystem 
(as CCAMLR has). adaptive management can be used with individual projects or actions. Actions are 
evaluated against a set of conservation objectives. with each action treated as an experiment with an 
expected outcome. Complete knowledge of the action's impacts are not required a priori. but knowledge 
is expected to be gained as part of the implementation of the action. Outcomes can then be evaluated 
based on the knowledge gained and the action modified as necessary. Adaptive management may provide 
a tool more appropriate to complex systems like the North Pacific. at least until a more comprehensive 
approach can be developed. 

The NPFMC and NMFS are currently using an approach similar to adaptive management with the no-trawl 
zones around SteUer sea lion rookeries. The objective in implementing these zones is to reverse declines 

. should they be due to nearby trawling efforts. Thus. the expected outcome is that sea lion declines will 
abate if trawling near the rookeries has historically effected the sea lion population. After implementation 
of the zones. sea lions and fish data must continue to be collected and analyzed for the zones to determine 
the effect of the zones. If the sea lion declines do not abate over time then the data and analyses may 
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indicate why the zones have not been effective, and how they should be modified (i.e., eliminated or 
expanded). A recent article in Endangered Species Update (Meslow 1993) describes how spotted owl 
protection fostered the unintentional evolution of ecosystem management in the Pacific Northwest forests. 
Development of protective measures for the Steller sea lion may be stimulating an analogous evolution 
of ecosystem management in the North Pacific. 

The NPFMC should realize that ecosystem management will eventually become a reality for North Pacific 
fisheries. What form this management will assume remains unclear, and fOlmidable obstacles remain to 
be overcome (Broches and Miller In prep.) However, the NPFMC can to a certain extent seize the 
initiative by beginning now to view their actions in an ecosystem context, and to support efforts of NMFS 
to develop adaptive management strategies to deal with ecosystem concerns. 

ECOLOGICAL CONSIDERATIONS FOR TIlE 1994 PLAN AND AMENDMENT CYCLES 

During the development of the 1994 SAFE documents, the Plan Teams discussed ecosystem changes 
and/or interactions observed during the past year, and the ecological implications of proposed halVest 
regimes for several commercial groundfish species. Significant items disclosed included: 

Gulf of Alaska 

Walleye Pollock TAC 

The recomme,nded ABC Of 172,000 mt, while biologically defensible, may not be a(fequately conservative 
from an ecosystem perspective. The strongest argument is that differences in pollock recruitment patterns 
between the 1970s and 1980s are due to changes in the carrying capacity of the GOA. Simultaneously 
there have been significant changes in the abundance of other marine species in the area, The Plan Team 
suggest that a lower exploitation rate than used in setting the 172,000 mt ABC cOllld have benefits: 

- Maintaining the pollock popUlation above threshold levels; 
- Increasing the'iikelihood of higher long term yields; and 
- Limiting r,;moval of forage fish important to sea bird and 

declining marine mammal's diets. 

The Team feels limiting removals of pollock below the ABC level may be appropriate. 

Species chan!:!es in Pavlof Bay, 1972-92 

Anafysis of a long term time series from fisheries surveys in Pavlof Bay by NMFS, Kodiak has found that 
a pronounced shift in species composition occurred there in the late 1970's (p. Anderson pers. comm.). 
The bay changed abruptly from an ecosystem characterized by invertebrates (mostly Pandalid shrimps) 
to one now characterized mostly by flatfish and pollock. Between 1972-80 and 1981·92, shrimp fell from 
71.7% to 2.7% of the biomass, while flatfish rose from 2.3% to 39.1% and pollock rose from 18.0% to 

. 51.4%. Capelin abundance fell from 1.9% to 0.1 % of the biomass. Overall biomass in the upper trophic 
levels (as measured by a shrimp trawl) declined roughly one-half during the period. 
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Arrowtooth Flounder Predation 

Analysis of predation on herring, capelin, and juvenile walleye pollock by various groundfish predators 
in the Gulf of Alaska during 1990 indicated that arrowtooth flounder was the dominant groundfish 
predator on these species during that year (p. Livingston, pers. comm.) Of five predators (arrowtooth 
flounder, pollock, sablefish, Pacific cod, and Pacific halibut), arrowtooth flounder predation accounted for 
98.5% of the herring consumed and 68.5% of the capelin. Arrowtooth"consumed 41.5% of all pollock 
consumed by the 5 predators and >81 % of juvenile pollock «40 em). 

Common Murre Die-off 

During January-May 1993 an estimated 25,000-100,000 common murres died in the area between western 
Prince William Sound an4 the Kodiak Archipelago (of an estimated 1. 8 'common murres int he GOA). 
This die-off is less than the number of murres which died during the "Exxon Valdez" spill in 1989 
(74,000-222,000 birds), but is similar to the mortalities which occurred in 197j.> along the Alaska Peninsula 
(100,000 birds). • 

Most dead birds examined in 1993 were extremely emaciated (ca. 40% underweight), and necropsies 
suggested that starvation was the proximate cause of death. Reduced food availability could be related 
to anomalously warm sea water (+1_2° C above average) during winter and spring (piatt and van Pelt"In 
prep.). 

General 

Estimation Of M (Natural Mortality) In Fishery Models 

The Teams remain concerned that the components of M (natural mortality) are not well understood, nor 
are they necessarily supported by empirical evidence. A reasonably. accurate estimate of the biological 
components of M is central to any understanding of the ecological consequences of harvest schedules. 
Thus. the Team recommends that additional research in this area be supported. 

Stock identitv 

The relationship between eastern Bering Sea. Aleutian Island, and western Gulf of Alaska pollock, cod, 
and Atka mackerel stocks remain unclear. Although abundance may be accurately assessed if surveys in 
the two areas occur at the same time. seasonal movements combined with intense localized fisheries could 
produce localized depletions. The Teams recommend that the relationship between these stocks be 
detennined. 

Assemblage Management 

A number of species groups, such as flatfish and rockfish. are managed as a single complex. The 
exploitable biomass for the complex is generally accepted as the cumulative total of the biomass estimates 
of the component parts. The exploitation rate is then often set as an average of the range of values for 
the species involved. However, trophic interactions amongst species and potential overharvesting of 
species within a complex are usually not considered. The current approaches to assemblage management 
need to be evaluated in view of these considerations. 
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Accounting of Killer Whale Longline Depredation Against M or TAC 

Killer whale depredation on longline fisheries for Greenland turbot, sablefish, Pacific cod, and Pacific 
halibut accounts for an additional source of mortality which may not be suffiCiently provided for in either 
the estimation of M or in setting of TAC's. The amount of this take should be detennined, and M or the 
TAC adjusted accordingly. 

Steller Sea Lion And Harbor Seal Declines 

Steller sea lions and harbor seals continue to decline in much of Alaska. Declines since the early 1980's 
appears related to reduced juvenile survival, at least for Steller sea lions. Cause(s) of this reduced survival 
remain unknown, but a change in trophic relationships is the most likely explanation. 
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PROmBITED SPECIES CATCH SUMMARY FOR HALmUT 

[Detailed information on halibut PSC considerations is contained in Appendix I of this SAFE document] 

The Team heard an IPHC report on the results of an analysis of halibut discard condition and discard 
mortality rates for individual target fisheries in 1993. Analysis of in-season viability data of halibut 
bycatch collected by observers in 1993 groundfish fisheries off Alaska shows that discard mortality rates 
are relatively unchanged from preseason estimates in trawl and pot fisheries. Hook and line fisheries 
exhibited some differences. however. For the BSAI and GOA Pacific cod fisheries, data indicated lower 
discard mortality rates were experienced in 1993 (8% for the GOA fishery) than was determined 
preseason. In the GOA ipok and line sablefishfishery,- the- 1993 discard mortality rate on observed 
vessels (18%) was higher than the preseason rates (14% for observed). Details are contained in Appendix 
III. 

The availability of viability data during the fishing season and the ability to determine a discard mortality 
rate for that season in the current year represents a substantial change in the manner in which discard 
mortality rates are determined. For the past few years, data which were almost 2 years old provided the 
basis for assuming a discard mortality rate in an upcoming years' fishery. For example, the discard 
mortality rates used to manage halibut bycatch during 1993 were based on 1990 and 1991 data. 

The Team discussed how these results could be implemented by NMFS managers. both for the current 
year and for use in the upcoming year. In addition, the Team suggested that the in-season data be 
compared to NORPAC data, which has been used in the past This comparison cannot be made until 
summer. 1994. when 1993 NORPAC data become available. and reported to the Team next September. 
The Team made no recommendation for 1994 halibut bycatch rates based on the new analYSis. However. 
the Team recommends continued evaluation of both bycatch rates and mortality estimates for incidentally 
caught and released halibut from all Gulf of Alaska groundfish fisheries. 
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ECONOMIC DEVELOPMENTS IN THE GULF OF ALASKA (GOA) GROUNDFISH FISHERY 

Landings data presented in the economic section are based on PacFIN data, extracted on August 27, 1993 
and on fishticket data from the Alaska Department of Fish and Game, which were last updated on June 
12, 1993. These data may differ from catch data presented elsewhe~ in the SAFE, due to lags in 
processing fishtickets and the absence of discards reported in this section. Caution should be used in 
judging reductions in harvest during 1993 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 167,400 mt in 1989 to 250,700 mt in 1992. Year-to-date GOA landings for 
1993 are 123,300 mt Longline landings were relatively stable between 1987 and 1991, fluctuating in the 
32-33,000 mt range. However, 10ngJine landings in 1992 rose to'38,300mt Longline sabJefish landings 
have fallen by about 2-3,000 mt each year since 1989. Pacific cod landings, on the other hand, rose by 
about 4.000 mt (108%) from 1989 to 1991, and by another 7,300 mt (92%) in 1992. Domestic trawl 
landings in the GOA have increased steadily throughout the past decade. Landings of all -groundfish rose 
from 183,200 mt in 1991 to 201,800 mt:n 1992. Most of this increase occurred in what have traditionally 
been lower volume fisheries: While 1992 pollock landings remained basically unchanged from the 1991 
level and Pacific cod production dropped by 11,000 mt, flatfish and rockfish landings each increased by 
50%. and Atka mackerel increased by a factor of 3. 

After declining slightly from 1988 through 1990, the ex-vessel value of domestic GOA landings 
(excluding the value added by at-sea processing) increased by 41 % during 1991, and another 10% in 1992 
(Table 1). Of the $147 million generated by GOA landings, $87 million was earned in the trawl fishery. 
and $54 million in the longline fishery. Trawl landings rose by $17 million in 1992. with most of the 
increase occurri!1g in the pollock and rockfish fisheries. Longline earnings were down about $1 million 
in 1992. with a $3 million gain in Pacific cod being more than offset by $5 million reduction in sablefish 
revenue. 

The average price of all GOA groundfish (weighted by landings. unadjusted for inflation) remained 
unchanged in 1992. at $0.26/1b. However, the average long line price dropped from $0.78/1b to $0.65/1b. 
reflecting lower Pacific cod prices and a reduction in the percentage of landings comprised by sablefish. 
The average trawl price rose by roughly 12%. driven by SO.D4/1b increases in pollock and Pacific cod 
prices. and an increaseJrom $0.23/1b to $0.31/1b in rockfish prices. Year-to-date 1993 trawl prices have 
dropped from $0.15/1b to $0.08/1b for pollock. from $0.89/1b to $0.59/10 for sablefish. and from $0.26/1b 
to $0. I 6/1b for Pacific cod. ~~ 
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Table 1.--Ex-vessel groundfish value and average price (weighted by landings) for the Gulf of Alaska 

Ex-vessel value (S millions) Ex-vessel ,rice !2!1b) 
RooltZ:Llne raw I AII 

seecies Year liooK"Llne 'l'rawI 
AU __ 

All Groundfish 

1984 7.2 1.2 8.9 0.338 0.120 0.273 

1985 15.5 3.5 21.0 0.612 0.078 0.287 

1986 25.0 9.6 37.4 0.556 0.125 0.285 

1987 41.7 23.9 66.7 0.567 0.142 0.272 

1988 60.7 36.5 98.9 0.851 0.152 0.312 

1989 53.8 43.2 97.2 0.769 0.145 0.263 

1990 42.4 48.8 94.4 0.586 0.123 0.195 

1991 55.4 70.6 133.2 0.778 0.175 0.265 

1992 54.2 87.2 147.0 0.649 0.196 0.266 

1993 • 31. 5 28.1 63.8 0.650 0.138 0.235 

Notes: Domestic prices and values do not include the value added by at-sea processing; therefore, they 
reflect prices prior;to processing. Prices do reflect the value addeq by dressing fish at sea, 
where the fish have'~ot been frozen. For unfrozen landings price is calculated as landed value 
divided by estimated or actual round weight • 

• Preliminary data, extracted from catch data base on 26 August 1993. '" . 
Source: National Marine Fisheries service office of the Pacific Marine Fisheries commission, 7600 Sand 

Point Way N.E., BIN C15700, Seattle, WA 98115-0070. 
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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. 1993 TACs. final ABCs for 1993. and recommendations for 
ABCs for 1994. Catch statistics, 1993 TACs. and ABCs are divided among the Gulf of Alaska regulatory 
areas. These areas are illustrated in Figure 1. Table 3 provides historical groundfish catches in the GOA. 
1956-1992. 

The abundances of deep-water flatfish. shallow-water flatfish (except rock sole). flathead sole. and 
arrowtooth flounder are high. The abundances of pollock. sablefish and Pacific cod are medium. The 
abundances of slope rockfish. demersal shelf rockfish. Pacific ocean perch, thornyheads and Atka mackerel 
are low. The relative abundance of northern rockfish and Pelagic shelf rockfish is unknown. 

The sum of the 1994 ABCs is 738,543 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 1994 will be considerably under 
this upper limit. For perspective. the sum of the TACs was 306.651 mt in 1993. 

w 



Figure 1 
Regulatory and reporting areas of the Gulf of Alaska 
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Table 1. Groundfish maximum sustainable yields (MSYs), 1993 and 1994 
ABCs, 1993 TACs, and 1993 catches through August 21, 1993. 

Species 

Pollock 

Pacific cod 

Flatfish! 
(deep water) 

Rex sole" 

MSY (mt) 

Unknown 

Unknown 

7,940 

5,750 

Flatfish) 28,254 
(shallow water) 

Flathead sole 16,589 

Arrowtooth 110,042 
flounder 

(continued on next page) 

ABC (mt) 

W(61) 
C(62) 
C(63) 
E 
Total 

W 
C 
E 
Total 

w 
C 
E 
Total 

1993 

34,068 
36,737 
86,195 
3,400 

160,400 

18,700 
35,200 
2,800 

56,700 

2,020 
35,580 
7,930 

45,530 

W included 
C in 
E deepwater 
Total flatfish 

W 
C 
E 
Total 

27,480 
21,260 

1,740 
50,480 

W 12,580 
C 31. 830 
E 5,040 
Total 49,450 

W 38,880 
C 253,330 
E 29,080 
Total 321,290 

1994 

37,320 
40,250 
94,430 
12,250 

184,250 

17,400 
32,700 
2,600 

52,700 

740 
20,680 

4,490 
26,410 

1,280 
14,900 
2,940 

19,120 

27,480 
21,260 

1,740 
50,480 

12,580 
31,830 

5,040 
49,450 

38,880 
253,330 

29,080 
321,290 

1993 
TAC 

24,087 
25,974 
60,939 
3,400 

114,400 

18,700 
35,200 

2,800 
56,700 

1,740 
15,000 
3,000 

19,740 

included 
in 

deepwater 
flatfish 

4,500 
10,000 
1,740 

16,240 

2,000 
5,000 
3,000 

10,000 

5,000 
20,000 

5,000 
30,000 

1993 
Catch 

20,540 
20,603 
45,649 

427 
87,219 

18,356 
33,152 

1,555 
53,063 

. 
324 

5,917 
124 

6,365 

380 
4,820 

5 
5,205 

607 
1,803 

7 
2,417 

1,852 
15,656 

813 
18,321 
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Table 1 (cont. ) Groundfish maximum sustainable yields (MSYs) , 1993 and 
1994 ABCs, 1993 TACs, and 1993 catches through August 21, 1993. 

Species ABC (mt) 
1993 1993 

MSY (mt) 1993 1994 TAC Catch 

Sablefish 23,700 W 2,030 2,030 2,030 726 
C 9,610 9,610 9,610 11,945 
WYK 3,830 3,830 3,830 4,561 
SEO 5,430 5,430 5,430 5,367 

Total 20,900 20,900 20,900 22,599 

Slope rockfish W 330 330 214 444 
(other) Unknown C 1,640 1,640 1,064 1,541 

E 6,330 6,330 4,105 1,455 
Total 8,300 8,300 5,383 3,440 

Northern Rockfish W 1, 000 1,000 1,000 198 
Unknown C 4,720 4,720 4,720 3,822 

E 40 40 40 61 
Total 5,760 5,760 5,760 4,681 

Pacific Ocean Perch W 753 760 341 492 
Unknown C 949 950 949 1,177 

E 1,676 1,670 1,270 511 
Total 3,378 3,380 2,560 2,180 

Shortraker/Rougheye W 100 100 90 135 
Unknown C 1,290 1,290 1,161 1,190 

E 570 570 513 538 
Total 1,960 1,960 1,764 1,863 

Pelagic shelf W 1, 010 1,010 1,010 260 
rockfish Unknown C 4,450 4,450 4,450 1, 773 

E 1, 280 1,280 1,280 1,058 
Total 6,740 6,740 6,740 3,091 

Demersal shelf SEO 800 943 800 524 4 

rockfish Unknown 

(continued on next page) 
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Table 1 (cont.) Groundfish maximum sustainable yields (MSYs), 1993 and 
1994 ABCs, 1993 TACs, and 1993 catches through August 21, 1993. 

Species 

MSY (mt) 

Atka mackerel Unknown GW 

Thornyhead 
rockfish 

Other species 

Unknown GW 

W 

C 

E 
Total 

ABC 

1993 

included 
in 

other 

1,180 

NA 

NA 

NA 

(mt) 
1993 1993 

1994 TAC Catch 

4,800 included 3,258 5 

in 
other 

1,180 1,062 1,395 

NA 3,053 5,645 

NA 9,721 2,990 

NA 1,828 664 
14,602 9,299 

Totals 732,868 738,543 306,651 221,662 

II Shelikof Strait pollock is included within the 
W/C ABC range. 

21 ·Deep water flatfish" means rex sole, Dover sole, 
and Greenland turbot in 1993. In 1994 included 
rex sole is a separate target category. 

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

41 Catch of Atka mackerel is 3,258 mt. 
5/ Demersal Shelf rockfish catch includes 103 mt of 

unreported mortality from halibut fisheries. 

NOTE: GW means Gulfwide 
ABCs are rounded to nearest 10. 
Catch data source: NMFS Blend Reports. 
Northern Rockfish were separated from Slope Rockfish in 1993. 
Atka macke~el may be separated from ·other species· in 1994. 

1111 
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Table 2. Exploitable biomasses, 1994 ABCs, and estimated trends 
and abundances of groundfish. 

Exploitable ------------ 1994 -------------
Species Biomass (mt) . ABC Overfishing Abundance, 

Level Trend 

Pollock W(61) 37,320 } Low, 
726,000 C(62) 40,250 } 230,000 stable 

C(63) 94,430 } 
E 12,250 16,400 
Total 184,250 246,400 

Pacific cod 324,000 W 17,400 Medium, 
C 32,700 declining 
E 2,600 
Total 52,700 68,400 

Flatfish 132,030 W 740 High, 
(deep water) C 20,680 stable 

E 4,490 
Total 26,410 34,590 

Rex sole 95,630 W 1,280 High c 

C 14,900 25,060 
E 2,940 
Total 19,120 

Flatfish 261, 724 W 27,480 High, 
(shallow water) C 21,260 stable 

E 1,740 
Total 50,480 70,860 

Flathead sole 247,247 W 12,580 High, 
C 31,830 stable 
E 5,040 
Total 49,450 64,780 

Arrowtooth 1,889,922 W 38,880 High, 
flounder C 253,330 stable 

E 29,080 
Total 321,290 451,690 

Sablefish 190,400 W 2,030 Medium, 
C 9,610 decreasing 
WYK 3,830 slightly 
SEO 5,430 
Total 20,900 27,750 

(Continued on next page) 
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Table 2. (cont.) Exploitable biomasses, 1994 ABCs, overfishing levels, 
and estimated abundances and trends of groundfish. 

Exploitable 
Biomass (rot) 

--------------- 1994 -------------
Species ABC Overfishing Abundance, 

Level Trend 

Slope rockfish 134,400 W 330 Low, 
(Other) C 1,640 unknown 

E 6,330 
Total 8,300 9,850 

Northern 96,070 W 1,000 Relative 
Rockfish C 4,720 abundance 

E 40 unknown 
Total 5,760 10,360 

Pacific ocean 156,400 W 760 Low, 
Perch C 950 stable 

E 1,670 
'rotal 3,380 3,380 

Shortrakerl 72,961 W 100 Low, 
Rougheye C 1,290 unknown 

E 570 
'rotal 1,960 2,900 

Pelagic shelf 74,900 W 1,010 Relative 
rockfish C 4,450 abundance 

E; 1,280 unknown 
'rotal 6,740 11,300 

Demersal shelf 49,277 SEO 970 1, 680 LoW, 
rockfish stable 
(SE Outside district) 

Atka mackerel 32,100 GW 4,800 19,040 Low, 
unknown 

Thornyhead 26,207 Gulfwide 1,180 1-,440 Low, 
rockfish decreasing 

Other species ..rNA W NA TAC = 5% of 
C NA the sum of TACs 
E NA 

Note: ABCs and Overfishing are rounded to nearest 10. 
Overfishing is defined Gulf-wide. 
Northern Rockfish were separated from Slope Rockfish in 1993. 
Atka mackerel may be separate from 'other species' in 1994. 
Rex sole was part of deepwater flatfish until 1994. 
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_Table 3 -- Groundfish (metric tons) in the Gulf of Alaska, 1954-1992. 

Year 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 
1989 
1990 
1991 
1992 

Pollock 
Pacific 

Cod 

681 
3,592 
6,044 
5,232 
5,933 

6,508 
2,257 

12,162 
14,870 
35,323 

36,088 
29,380 
36,401 
23,217 
14,307 

Flat 
fish 

1,028 
4,727 

4,937 
4,552 
3,393 
2,630 
3,772 

2,370 
8,954 

20,013 
9,766 
5,532 

6,089 
16,722 
15,198 
13,928 
15,846 

14,864 
9,278 

12,662 
6,914 
3,078 

2,551 
9,925 

10,275 
11,111 
15,411 
20,068 
28,009 

Sable 
Fish 

1,391 
2,759 

797 
1,10'1 
2,142 

897 
731 

2,809 
2,457 
3,458 

5,178 
6,143 

15,049 
19,376 
25,145 

25,630 
37,502 
28,693 
28,335 
26,095 

27,733 
17,140 
8,866 

10,350 
8,543 

9,917 
8,556 
9,002 

10,230 
12,479 

21,614 
26,325 
29,903 
29,842 
25,701 
19,580 
20,451 

Slope 
Rock 

Fish-

16,000 
65,000 

136,300 
243,385 
348,598 

200,749 
120,010 

,.. 100,17~' 
72,439 
44,918 

77,777 
74,718 
52,973 
47,980 
44,131 

46,968 
23,453 

8,176 
9,921 

12,471 

12,184 
7,991 
7,405 
4,452 
1,087 

2,981 
4,981 

13,779 
19,002 
21,114 
13,994 
16,910 

Pelagic 
Shelf 

Rockfish 

1,086 
1,739 
1,647 
2,342 
3,440 

a/ Catch defined as follows: (1) 1961-78, Pacific ocean perch (S alutus) only; (2) 1979-
87, the 5 species of the Pacific ocean perch complex; 1988-90, the 18 species of the 
slope rockfish assemblage; 1991-92, the 20 species of the slope rockfish assemblage. 

bl Catches from Southeast Outside District. 
c/ Thornyhead were included in the other species category, these are foreign catches only. 
d/ After numerous changes, the other species category was stabilized in 1981 to include 

sharks, skates, sculpins, eulachon, capelin (and other smelts in the family Osmeridae) 
and octopus. Atka mackerel and squid were added in 1989. 



.Table 3 -- Continued. 

Year 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

1976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 
J,984 
1985 

1986 
1987 
1988 
1989 
1990 
1991 
1992 

Demersal 
Shelf 

Rockfishb 

120 
176 
563 
489 

491 
778 
508 
43}.c 
360 
323 
511 

Thorny 
heads c 

° o 

° 1,351c 

1,340c 
788 C 

730 c 

207 
81 

862 
1,965 
2,786 
3,055 
1, 575 
2,018 
2,020 

34 

Atka 
Mackerel 

1,416 
3,258 

13,834 

Other 
Speciesd 

4,642 
5,990 
4,115 
5,604 

7,145 
2,350 
2,646 
1,844 
2,343 

401 
253 
647 

1,560 

Total 
(All 

Species) 

a/ Catch defined as follows: (1) 1961-78, Pacific ocean perch (S alutus) only; (2) 1979-
87, the 5 species of the Pacific ocean perch complex; 1988-90, the 18 species of the 
slope rockfish assemblage; 1991-92, the 20 species of the slope rockfish assemblage. 

bl Catches from Southeast Outside District. 
c/ Thornyhead were included in the other species category, these are foreign catches only. 
d/ After numerous changes, the other species category was stabilized in 1981 to include 

sharks, skates, sculpins, eulachon, capelin (and other smelts in the family Osmeridae) 
and octopus. Atka mackerel and squid were added in 1989. 



POLLOCK. 

1992 
1993 
1994 

ABC 
99,400 

160,400 
184,248 

*1993 catch through August 21, 1993. 
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EXPLOITABLE 
BIOMASS 

838,000 
1,062,000 

726,000 

CATCH 
93,794 

87.219* 

The exploitable biomass estimates from 1992 and 1993 are from the stock synthesis (SS) model as 
detennined in those years. The 1994 biomass is estimated at 726,000 mt from the current SS analysis. 
Comparisons of the 1994 biomass to previous years' levels should be made with biomass levels from the 
revised rundcast in the current assessment. 

Relative to the 1993 SAFE, new sources of infonnation include: a) egg production estimates of spawning 
biomass b) the 1993 Shelikof Strait hydroacoustic biomass estimate; b) length-frequency data from the 
1992 and 1993 hydroacoustic surveys; c) length frequency data from the 1992 and 1st quarter of the 1993 
fisheries; d) estim~tes of catch-at-age from the 1992 fishery; and e) updated estimates of discard and catch. 

The 1993 hydro acoustic survey again utilized new equipment as in 1992 with improved detectibility of 
pollock in low density situations, and improved measurements from the near-bottom region. The 1993 
Shelikof Strait biomass estimate based on the new system is 408,000 mt (down from 680,000 mt in 1992). 
A value of 296,000 mt is the best estimate of biomass that would have been obtained had the old system 
been utilized in 1993, and should be used for comparison to previous hydro acoustic estimates. 

Length frequency data from the 1993 hydroacoustic survey indicate that the 1988 year class is 
comparatively strong, while the 1989 -1992 year classes are relatively weak. The 1992 fishery age 
composition data are dominated by the strong 1984 and 1988 year classes. In addition, the 1987 year 
class showed up strongly, although all previous infonnation regarding this year class had indicated it was 
below average. 

The Team evaluated three SS models that differed as follows: Model A provides a comparison to the 
1992 model configuration, Model B is similar to A but includes the 1981,and 1985-1990 egg production 
biomass estimates, Model C is similar to B but several years with similar selectivity curves have been 
combined to reduce the number of parameters used in the model. Based on the exploratory runs and the 
data presented to the Team, the Team agreed that Model C was more appropriate relative to models A 
andB. 

Estimates of various fishing mortality rates based on biological reference points were detennined from a 
dynamic pool model and an age-structured model developed to explore the risks associated with adopting 
different fishing strategies. The Fo.!",' Fm " and FlO'" full-selection fiShing mortality rates were 0.41, 0.43, 
and 0.51. respectively. An estimate of F msy equal to 0.45 was detennined assuming a fonn of the 
Beverton-Holt stock-recruitment relationship with 90% of virgin recruitment when the stock has been 
reduced to 50% of virgin levels. 

Given these fishing mortality rates, the long tenn productive potential of the pollock stock was explored 
with a stochastic age structured simulation with different recruitment scenarios. Projections were made 
over a 70-year time horizon with 30 bootstrap replications. The risk associated with a given fishing 
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strategy was measured by monitoring the number of times out of the bootstrnp total, that the spawner 
biomass fell below the threshold level during the last 50- year segment of the 70- year projection. The 
threshold level was defined as 20% of the unfished spawner biomass level. Stochastic variation was 
incorporated into the model through process error associated with recruibnent variability and measurement 
error in the assessment 

The simulations were made under 2 different recruibnent assumptions. Under 1 option the probability of 
high or low recruibnent was assumed to be equal at high or low spawner biomass levels. and the 
probability of a strong year class was assumed to be 0.4. A second recruibnent option was considered 
because the observed data showed that the majority of strong year classes occurred during the 1970s. In 
the most recent decade. only 2 year classes were above the mean recruibnent level. To simulate recent 
recruitment conditions. the probability of a strong year class at high or low spawner biomass levels was 
set at 0.2. The Team concurred with the stock assessment that-runs made under the later assumption of 
a low probability of a strong year class. provide a better approximation of current pollock production in 
the Gulf. 

In order to estimate an optimal fiShing mortality rate, the tradeoffs between increased yleld and the risk 
of falling below the threshold were evaluated. The optimal fishing mortality rate that simultaneously 
maximized yield llDd minimized risk under recruitment scenario 2 was determined to be 0.36 (full-selection 
value). 

Model C was then utilized to project biomass and yield under the full-recruibnent fishing mortality rate 
of 0.36. and two different scenarios regarding the magnitude of the 1992-1993 year classes at age 3. In 
the first scenario both year classes were below average. in the second scenario the 1992 year class was 
below average and the 1993 year class was average. With the below average recruitment pattern (option 
1) the 1994 yield was projected to be 172,000 mt which is the recommended ABC for the 
Western/Central area. All indications suggest that the 1988 year class will be larger than the 1984 and 
1985 year classes. Funhermore. the exploitation rate is considered to be conservative since it is was 
determined by simulation results based on recent recruitment trends and assumes below average 
recruitment from the 1992 and 1993 year classes. The ABC should be apportioned according to the 
distribution of biomass from the 1990 bottom trawl survey: 2l.7%-in the Shumagin area (37.324 mt). 
23.4% in the Chirikof area (40.248 mt). and 54.9% in the Kodiak area (90.428 mt). 

The fishing mortality rate that results in the biomass to recruit ratio falling. to 30% of the pristine level 
is 0.51 which corresponds to a harvest of 230.000 mt. The recommended AaC is 172.000 mt, therefore. 
pollock are not considered overfished at the ABC level. 

The Team discussed the lack of any new data with which to set an ABC for the Eastern Gulf. Lack of 
age composition data has precluded any age-structured analysis similar to that conducted for the W/C 
areas. However. preliminary analysis of Eastern Gulf length frequency data show that recruitment patterns 
appear similar to that observed in the Western/Central Gulf. Thus. the Team agreed that it would be 
appropriate to apply the current ABC to 1990 trawl survey biomass ratio utilized in the Western/Central 
Gulf to the Eastern Gulf 1990 biomass estimate (54.615 mt). The recommended Eastern Gulf ABC is 
12.248 mt. Similarly. the overfishing level for the Eastern Gulf is estimated at 16,400 mt. 

T AC considerations 

The team recommends an ABC of 172.000 mt for the W IC area based on an analYSis of pollock fisheries 
and survey data. The model results are believed to provide a reasonable characterization of these data and 
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the anticipated trend of the Gulf pollock population. While the team agreed that this ABC is biologically 
defensible given the assumptions used in the model, the vote was not unanimous, reflecting concerns that 
the ABC may not be adequately conservative. Consensus was not reached on whether these concerns 
should be addressed at the ABC or TAC levels. The team agreed, however, that a lower exploitation rate 
could have benefits for the fishery by: 

- maintaining the pollock population above threshold levels, 

- limiting forage fish removals important to marine mammals and seabirds, 

- increasing the likelihood of higher long term yields. 

The team acknowledged that application of a lower exploitation rate would result in forgone catch. For 
example, at the 10% exploitatio~ rate currently used, the estimated ex-vessel value of the foregone catch 
would be $17,000,000 in 1994 (based on average price of whole landings in 1993). Specific concerns are 
as follows: 

1) ReslJlts of the stock synthesis model runs (Models A, B and C) indicate that the Gulf pollock 
biomass has been declining since the mid-1980s. Projections for 1994-96 based on model C (used 
in computing ABC) show declines in both mid-year and spawning biomass levels which are 
among the lowest ever observed. Spawning biomass for 1995 is predicted to approach historic 
lows and to drop below threshold level in 1996. Stock synthesis model runs using lower 
exploitation rates (Table 16) suggest that such severe stock reductions can be avoided. The Plan 
team recommended that several alternative methods for estimating harvest rates should be explored 
including: a) the fishing mortality value that minimized the risk of falling below the threshold 
spawner biomass value, b) the fishing mortality value that maintained spawner biomass above the 
lowest observed spawner biomass level, c) the fishing mortality rate that maintained the spawner 
biomass above a level that produced at least three strong year classes, d) F3s'l> scaled by the ratio 
of Be / Bm ,· 

2) Our current knowledge of this stock suggests that a single above average year class (1988) will 
be supporting the stock for the next few years, given that the older portion of the population (age 
6+ years) is declining and the 1991 and 1992 year classes are not expected to be strong. 

3) One interpretation of the differences in pollock recruitment patterns between the 1970s and 19805 
shown by model C is that the Gulf of Alaska ecosystem is undergoing changes which influence 
carrying capacity for pollock. Declines in some upper trophic level predators, such as Steller sea 
lions. harbor seals and marine birds. and increases in others, such as arrowtooth flounder and 
halibut. over this period further suggest that unexplained large scale changes are occurring. While 
the pollock fishery/sea lion relationship is uncertain. the team feels that limiting removals of 
pollock may be appropriate given the current low pollock stock level and continued sea lion 
population decline. 



PACIFIC COD 

1992 
1993 
1994 

ABC 
63.500 
56.700 
52.700 

* 1993 catch through August 21. 1993 
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EXPLOITABLE 
BIOMASS 

363,000 
324,000 
294.000 

CATCH 
75,197 

53,063* 

The 1990 bottom trawl survey of the Gulf of Alaska provided data for estimation of biomass of Pacific 
cod by management area. The SRA model introduced last year was used to make projections of catch 
and biomass in 1993. however. the SRA model was not returned; Ineorporating the bottom trawl results 
from 1984, 1987. and 1990, a natural mortality rate of 0.27, and a discard rate of 3%, the SRA model 
estimated exploitable biomass for 1994 at 294,000 t This is a decline in biomass from previous years 
and the projection model estimates that the decline may continue. 

The FO.I rate (0.177) applied to the projected 1994 exploitable biomass of 324,000 t provides an estimated 
1994 ABC of 52,700 t This should be distributed by management area approximately as the biomass is 
distributed: 33% (17,400 1) in the western area, 62% (32,700 t) in the central area, and 5% (2,600 t) in 
the eastern area. 

The fishing mortality rate that would cor.stitute overfishing is 0.245. This is the fishing mortality rate that 
would result in the equilibrium· biomass-per-recruit ratio falling below 30% of its pristine value. The 
estimated 1994 catch corresponding to this fishing mortality rate is 68,400 t Hence, the recommended 
ABC. with an associated fishing mortality rate of 0.177, does not violate the Council's overfishing policy. 

A new length-based Stock Synthesis model was presented as an appendix to the Pacific cod stock 
assessment. The model was highly preliminary and provided a considerably higher estimate of stock 
biomass than the existing SRA model. The Plan Team encouraged continued efforts to develop the Stock 
Synthesis model. However. the Plan Team did not advocate using the results of the preliminary model 
in calculating the 1994 ABC recommendation. Several suggestions were made regarding potential 
improvements to the model for future applications. 

FLATFISH 
EXPLOITABLE 

1992 FisheD: ABC BIOMASS CATCH 
Deep Water 39.282 196.289 7,748 
Shallow Water 50,484 257,338 7,157 
Arrowtooth 303.889 1.787,583 14.968 
Flathead sole 48.282 240.615 2.034 

TOTAL 441.937 2,481.825 31.907 
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EXPLOIT ABLE 
1993 Fisheo: ~ BIOMASS CATCH 
Deep Water 45,530 227,660 6,365* 
Shallow Water 50,480 261,720 5,205* 
Arrowtooth 321,290 1,889,920 18,321 * 
Flathead sole 49,450 247,250 2,417* 

TOTAL 466,750 2,626,550 32,308* 

EXPLOIT ABLE 
1994 Fishery ABC BIOMASS 
Deep Water 26,410 132,030 
Shallow Water 50,4SQ 261,720 
Rex sole 19,120 95,630 
Arrowtooth 321,290 1,889,920 
Flathead sole 49,450 247,250 

TOTAL 466.750 2.626,550 

* catches through August 21. 1993 

No new analyses were presented. The 1994 exploitable biomass for each category is based on abundance 
estimated from the 1990 triennial trawl survey. These estimates have changed slightly from the values 
presented in the 1992 SAFE document as the result of re-editing the 1990 trawl survey results. 

The major change in flatfish ABC recommendations is that rex sole has been separated from the deepwater 
species and is now recommended to be managed as a separate category. The plan team did not consider 
this action a conservation issue for flatfish. but intended to address management concerns about bycatch 
of other species. Establishing rex sole as a separate target category improves management flexibility in 
addressing bycatches of rockfishes in flatfish fisheries. 

The ABCs for the five flatfish categories were determined by applying the Fo.l fishing mortality rates. 
determined from yield-per-recruit analysis, to the exploitable biomass estimates. The 1994 ABCs were 
calculated using the same fishing mortality rates as 1992. 

The plan team recommends that ABCs for each group be apportioned among the three regulatory areas 
in proportion to biomass distributions in the 1990 trawl survey. The resulting distributions are: 

WEST CENTRAL EAST TOTAL 
Deep Water 740 20.680 4,490 26,410 
Shallow Water 27,480 21.260 1,740 50,480 
Rex sole 1.280 14.900 2940 19.120 
Arrowtooth 38.880 253.330 29.080 321.290 
Flathead sole 12.580 31.830 5.040 49,450 

TOTAL 80,960 342.000 43,790 466,750 
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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: deepwater - 0.262; shallow water - 0.262 for flathead sole, 0.269 for 
yellowfin sole and other species; arrowtooth - 0.239; flathead sole - 0.262. The catches corresponding 
to these rates are: deep water - 34.590, shallow water - 70,860, rex sole - 25,060, arrowtooth - 451,690, 
flathead sole - 64,780. Therefore, the recommended ABCs, based on fi$hing mortality rates at or below 
0.20, do not violate the Council's overfishing policy. 

SABLEFISH 

1990 
1991 
1992 
1993 
1994 

ABC 
26.200 
22,500 
20,800 
20.900 
20.900 

* Catch through August 21, 1993 

EXPLOITABLE 
BIOMASS 

226.000 
194,000 
179,000 
190.400 
190.400 

CATCH 
26,600 
23,258 
20,813 

22.599* 

A new analysis of sablefish was not presented. Results of the 1993 sablefish 10ngIine surveys for the 
GOA. BS. and AI have not been completed. Last year an estimated recruitment value of 22,680 mt is used 
to make the projection. whereas in the past, zero recruitment was assumed. The estimated exploitable 
biomass for 1994 is 227,400 mt for the GOA and BSAI combined (190.400 mt for the GOA). 

In the 1993 assessment. a new option for a fishing rate policy was recommended for determining ABC 
for sablefish. In the past. the FO.I fiShing rate policy was adopted for Gulf of Alaska sablefish when it 
corresponded with an acceptable fishing rate that took into account the risk of the population dropping 
below 149.000 mt. the all time measured low. Since then. the population has continued to decrease and 
the risk has increased. Also. recent simulation studies of sablefish have been conducted to examine 
harvest strategies that reduce the risk of overfishing. One of the strategies that reduce this risk. in 
comparison to a constant fishing rate strategy. is a variable rate that decreases proportionately as the 
current biomass decreases below a reference level judged to be desirable. Such a policy reduced risk 
without appreciably reducing average catch levels. Another study (Clark. 1991) has found that 
maintaining spawning biomass between 20-60% of the unfished level will provide a high proportion of 
MSY for a wide range of groundfish life history types. and that fishing at F35% tends to achieve this 
range. Combining the biomass based strategy with the fishing rate strategy results in a variable rate 
strategy that responds to information on current abundance and provides the increased caution needed 
when the stock is at low levels. It is recommended that such a strategy be adopted for sablefish. At this 
time the recommended fishing rate and reference level biomass is the F35% fishing .rate and the 
corresponding B(F35%). which are currently estimated at F=O.l37 and B=253.000 mt (for the GOA, BSAI 
combined) respectively. 

Adjusting the F35% fishing rate by B9)I'B(F35%) results in the recommended ABC for the Gulf of Alaska 
of 20,900 mt (and 1.470 and 2.590 mt for the Bering Sea and Aleutian Islands, respectively). 

Overfishing should be defined by the fishing rate that results in the spawning biomass per recruit ratio to 
fall to 30% of its pristine level. This fishing rate is F=O.166. The stock assessment author recommended 
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that an overfishing level, OFL, be obtained by adjusting downward in the proportion to which the current 
biomass is below B(F35%) so that the magnitude of OFL relative to ABC will be unaffected. Because 
this method of detennining OFL is not consistent with the Councils definition of overfishing the Plan 
Team recommends that the unadjusted F30% be used to calculate OFL. This results in an OFL of 27,750 
mt 

Apportioning of TAC has approximated the RPW (relative population weight estimates from the long line 
sulVeys) distribution in the past The Team is not concerned about minor departures from this scheme. 
However. the Team discussed the potential problems of apportioning the T A C under an area specific ITQ 
system. which could be highly contentious as result of the immediate financial impact There is concern 
that any changes in the sulVey methodology would be met with inordinate scrutiny, because of the 
fmandal interest involved in minor changes in the distribution. The Team recommends that some scheme 
be established in advance of the implementation of ITQ's. Using an average of past sUlVey results could 
reduce some of the impact of altual changes in distribution, but may not be able to respond to rapid 
changes, resulting in short tenn localized depletions and reduced catch rates. The corresponding RPW 
distribution obtained from the 1992 sUlVey compares to the average 1988-92 RPW proportions and the 
1992 TAC apportionments~ follows: ... 

- 1992 RPW 1988-92 RPW 1992 TAC wt'd ave 
Western .05 .11 .12 .097 
Central .46 .46 .46 .460 
W. Yakutat .19 . 18 .18 .183 
E Yak/S.E. .30 .25 .24 .260 

Note that the 5 year average (2nd column) changed only slightly from the 4 year average (1992 TAC) as 
a result of the change in RPW's in the EGOA and WGOA in 1992. Placing increased emphasis in the 
latest year's obselVation. would increase response to changes. The five year running average of past 
apportionments with a doubling of emphasis of the current (1992) RPW apportionment is recommended 
by the Plan Team (shown above in 4th column). Heifetz et aI. (1993) evaluated alternative apportionment 
strategies for sablefish. This analysis concluded that compared to other policies the current strategy of 
apportionment based on weighted moving average of areal estimates of biomass is insensitive to 
uncertainties about movement rates. adapts to current information about distribution of biomass. and 
reduces the effects of annual fluctuations in biomass due to measurement error. 

SLOPE ROCKFISH 

1992 Pacific ocean perch 
shortraker/rougheye 
other slope species 

1993 Pacific ocean perch 
shortrake~rougheye 

northern rockfish 
other slope species 

ABC 
5.730 
1.960 

14,060 

~ 
3.378 
1.960 
5.760 
8.300 

EXPLOIT ABLE 
BIOMASS CATCH 

140.700 5.975 
72.960 2,148 

230.480 8.787 

EXPLOITABLE 
BIOMASS CATCH 

153,500 2.180* 
72.960 1.863* 
96.070 4.681 * 

134.400 3,440* 

:;.\ . 



1994 Pacific ocean perch 
shonraker/rougheye 
northern rockfish 
other slope species 

* Catch through August 21, 1993 

PACIFIC OCEAN PERCH 
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ABC 
3.378 
1.960 
5.760 
8.300 

EXPLOITABLE 
BIOMASS 

153,500 
72.960 
96.070 

.134.400 

A new analysis has provided estimates of an optimal fishing mortality rate of 0.08 and optimal target 
spawner biomass level of 150,000 mt of female spawning biomass. These values were based on an 
analysis by Ianelli et aI. (1993) of spawner recruit data generated by the stock synthesis model. In this 
analysis a full recruitment F value of 0.08 was slightly greater than the maxi-min F va~ile for monetary 
yield and slightly less than the maxi-n.in F value for biological yield. The maxi-min value was defined 
by Clark (1991) as that which maximizes the minimum yield over a range of plausible stock recruitment 
relationships. COIllpared to the commonly used F35% rate. the value ofF=0.08 corresponds to the fiShing 
monality rate that would reduce the spawning biomass per recruit to 43.8% of its pristine level. The 
Team recommends that the value of optimal F and target biomass provide reasonable estimates of Fmsy 
and Bmsy. Reducing the Fmsy value by the ratio of current biomass to Bmsy required by the Councils 
harvest guidelines and applying this adjusted F value to the current exploitable biomass of 153,500 mt 
results in an preliminary ABC of 3.378 mt for Pacific ocean perch. Applying the Councils overfishing 
definition results in an overfishing catch limit set equal to the ABC. The estimate of current spawning 
biomass, Be, is 70,800 mt. Using the average apportionments of the 1987 and 1990 trawl surveys results 
in ABCs of 753 mt for the Western area. 949 mt for the Central area, and 1,676 mt for the Eastern area. 

The Plan Team discussed implications of exceeding the ABC within a management area and whether 
overfishing catch limits should be allocated by area. The bycatch needs of existing Central Gulf of Alaska 
fisheries surpassed the available Pacific ocean perch TAC and ABC for the Central Gulf during 1993. 
Because the GOA overfishing level is almost 4 times the Central areas TACIABC, under current 
management the Central area may accrue substantial deadloss mortality in excess of the TAC/ABC before 
fishing activity is cunailed. Having a Gulf-wide ABC for species such as rockfish which are thought to 
be sedentary as adults was considered undesirable because of possible 10caJi+ed depletion. The Plan Team 
strongly recommends that ABC within an area not be exceeded and also recommends investigating ways 
of reducing Pacific ocean perch mortality in existing fisheries. The Team voted on whether the 
overfishing catch limit should be allocated by area. It was recommended that overfishing catch limits 
should not be allocated by area (5 to 4 vote). The discussion and close vote concerning allocation of 
overfishing catch limits indicates a lack of consensus about the biological implications of localized 
depletion and ave rfi shing. 

SHORTRAKER/ROUGHEYE 

A new analysis of the shortraker/rougheye component of the assemblage was not presented. The ABC 
. for shonraker/rougheye component of the complex is 1,960 mt (100 mt, 1290 mt, and 570 mt for the 
Western, Central, and Eastern areas, respectively) based on an F=M strategy and an average of the 1987 
and 1990 trawl survey biomass estimates. Some concern for unobserved bycatch mortality in other 
fisheries and targeting on shortraker rockfish should be considered in setting of T AC for this group. 
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An F30% value of 0.046 was calculated for rougheye rockfish, which if applied to the rougheye rockfish 
biomass estimate of 44,468 mt results in an overfishing level of 2,050 mt An F30% for shortraker has 
not been computed because of a lack of growth data, therefore F=M of 0.03 was applied to the biomass 
estimate of 28,493 mt to give an overfishing catch limit of 850 mt The two overfishing levels were 
summed to obtain an overfishing limit for shortraker and rougheye of 2,900 mt 

NORTHERN ROCKFISH 

A new analysis of northern rockfish comIXment of the assemblage was not presented. Last year it was 
noted that northern rockfish made up a disproportionately high percentage of the species catch composition 
of the remaining slope rockfish and the Team recommended a separate ABC for northern rockfish to keep 
their catch from exceeding the intended level. This recommendation was accepted by the Council. The 
recommended ABC for northern rockfish is 5,760 mt (1000 mt, 4720 mt, and 40 mt for the Western, 
Central. and Eastern areas. respectively). The OFL for northern rockfish is based on F30% and is equal 
to 10.360 mt. 

OTHER SLOPE ROCKFISH 

A new analysis of other slope rockfish component of the assemblage was not presented. The ABC for 
other slope rockfish is obtained by applying F=M fishing rates to the biomass estimates for each species 
and summing to obtain a value of 8.300 mt (330 mt, 1,640 mt. and 6,330 mt for the Western, Central, and 
Eastern areas. respectively). For the other slope rockfish, the rate of overfishing is detennined by applying 
F30% values of .080 for sharpchin rockfish and natural mortality rates for the remaining species. This 
results in an OfL of 9.850 mt for the other slope rockfish. 

The Team expressed concern about setting quotas for a complex at the sum of individual ABC's, rather 
than based on the most vulnerable or desirable species in the comple]'. Significant portions of quotas 
represented by lightly exploited species could allow overfishing of desirable species through targeting or 
misreporting. Targeting on shortraker rockfish should be considered in setting of TAC for the shortrakerl 
rougheye group. In setting ofTAC for the other slope rockfish. consideration should be given to potential 
misreponing or misidentification of species. the high degree of uncertainty about biomass trends for these 
species. and targeting on individual species in the group. 

The Team is not comfortable with the capability of the present methods used to survey rockfish and 
recommends that new approaches be attempted to better detennine the distribution and abundance of slope 
rockfish. The AFSC Rockfish Working Group is developing a plan to implement a new survey approach 
and experiment to better assess rockfish utilizing the capabilities of commercial rockfish operations. 

PELAGIC SHELF ROCKFISH 

1992 
1993 
1994 

ABC 
6.7(jJ 
6.740 
6.740 

* 1993 catch through August 21. 1993. 

EXPLOIT ABLE 
BIOMASS 

75.110 
74.900 
74,900 

CATCH 
3.269 

3,091 * 
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The assessment for pelagic shelf rockfish was not updated from that presented in November, 1992. The 
trawl survey biomass estimates in 1984,87, and 90 for dusky rockfish were averaged to represent current 
exploitable biomass of the pelagic shelf rockfish. Applying the F=M fishing rate for dusky rockfish 
resulted in an ABC of 6,740 mt The recommended distribution of the ABC was: 1,010 mt in the 
Western area, 4,450 mt in the Central area, and 1.280 mt in the Eastern area. The Team notes that very 
little of the Eastern area biomass was from the Southeast INPFC area. 

The overfishing definition for this complex was based on the fishing rate that would reduce the Dusky 
rockfish exploitable biomass per recruit ratio to 30% of its unexploited value. This was estimated to be 
0.151, resulting in an OFL of 11,300. 

The Plan Team recommended separating black rockfish from the pelagic shelf complex for 1993 because 
of indications that a target fishery had developed for that ·species;However, the SSC recommended 
against this action pending improved biomass estimates and catch data. Additionally, because a 1993 mid-

, year fishery has not materialized as of late August, the Plan Team recommended leaving black rockfish 
in the pelagic shelf rockfish complex for 1994. 

DEMERSAL SHELF ROCKFISH 

1990 
1991 
1992 
1993 
1994 

ABC 
470 
445 
550 
800 
968 

EXPLOITABLE 
BIOMASS 

YELLOWEYE 
? 
? 

7.0861 

4O,05<Y 
42.0875 

1. For the East Yakutat portion onJy _ 

CATCH 
323 
284 

5532 

5244 

2 Beginning in 1992 catch and ABC are for East Yakutat and Southeast Outside (expanded area for 
Southeast Outside District). 
3 Beginning in 1993 exploitable biomass estimate is for expanded SEO 
4 Includes estimated unrePiJrted mortality from June halibut fishery 
5 No new biomass data, difference between 1993 and 1994 are due to updated software and the use otlog
based confidence intervals. 

Harvest of demersal shelf rockfish (DSR) in the Southeast Outside (SEO) District through August 31. 
1993 totalled 524 mt. 66% of the annual T AC of 800 mt. This harvest includes the estimated unreported 
mortality of DSR incurred during the June halibut fishery. Fish ticket records indicate 57 mt of DSR was 
landed during the June halibut fishery. The estimated total mortality for the June fishery is 160 mt 

Information was presented on the estimated biomass in the SEO district of four DSR species: yelloweye 
rockfish, quillback rockfish. rosethom rockfish, and tiger rockfish. No information is available on the 
biomass of the remaining 4 species in the assemblage. Density estimates using in situ line transect 
methods were used to estimate biomass (O'Connell and Carlile, 1993). Density estimates from the Central 

. Southeast management section were used to estimate density in the remainder of the SEO District east of 
137" W longitude. Biomass was then derived using area- specific weight information from port sampling 
data and an areal estimate of rocky habitat within the 100 fin contour. That information, combined with 
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similarly derived estimates from the East Yakutat district resulted in a mid-point biomass estimate for the 
entire SEO district of 49277 mt for yelloweye and 46603 mt for the other three species. Although 
yelloweye constitute 51 % of the biomass of DSR they comprise 88% of the DSR catch (based on the past 
five year catch average). 

Because of DSR longevity and other life history parameters, it was not considered appropriate to apply 
yield per recruit methods to estimate ABC. Because of uncertainty surroUnding the expansion of the data 
collected in one area to other areas, and problems inherent in estimating the area of rocky habitat, the 
Plan Team recommends applying F=M to the lower bound of the 90% confidence interval of the biomass 
range to define ABC. Further, given the species composition of the catch, the team recommends using 
the yelloweye estimate plus 15% for setting an ABC of 943 mt This is recommended to prevent the 
harvest of yelloweye in excess of the single species ABC (842 mt) while allowing the natural bycatch of 
other DSR species to continue. The team recognizes that this approach differs for that applied to other 
rockfish assemblages, but is justified given the uncertainty in data (i.e. no way to estimate variance of 
areal estimate, the use of density estimate from one area being applied to unsurveyed areas) and the nature 
in which the fishery is prosecuted. Overfishing is defined as FlO'{, = .04, which results in an overfishing 
definition of 1683 mt (using the yelloweye biomass estimate only). " 

The bycatch information from the June 1993 halibut fishery (applied to the 1992 SEO halibut catch) 
indicate a DSR mortality equal to 13% of the halibut catch (weight), up from 10% estimated from the 
1992 halibut interview data. The September halibut interview data will be included in the 1993 analysis 
and a final mortality rate will be set based on these data. Estimated total halibut fishery DSR mortality 
will be taken off the 1994 TAC once the 1994 halibut quotas are set. This number will be adjusted in
season to account for reported bycatch. 

THORNYHEADS 

1992 
1993 
1994 

*Through August 21. 1993 

ABC 
1.798 
1.180 
1,180 

EXPLOIT ABLE 
BIOMASS 

25.697 
26.207 
26.207 

CATCH 
1.660 

1,395* 

A new analysis for thomyheads was not available. Based on results of the 1990 trawl survey, the best 
estimate of current exploitable biomass is 26.207 t. The estimate has been adjusted upward to account 
for the lack of survey stations in 1990 at depths greater than 500 mt. To adjust the 1990 estimate for the 
unsampled depths. the average proportion of the total biomass found deeper than 500 mt in 1987 and 1984 
(33%) was assumed to be the same proportion of the total that would have been found in 1990. The 
estimated 1990 trawl survey CPUE represents a large decrease from that of 1987. The 1987 survey 
biomass estimate was not used because of extremely high CPUE's observed. These high CPUE's may 
have been caused by fishing power corrections applied to the deepwater observations. 

Also. the cooperative longline survey shows that thomyhead relative abundance has declined since 1988. 
Therefore. the 1990 trawl survey biomass estimate was considered to be the best indicator of current 
biomass. Length-frequency distributions from the 1984 and 1987 surveys do not indicate any incoming 
strong year classes. 
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Previous natural mortality rates of M=.07 were replaced with M=.OS. 1bis rate was deteIDlined by 
averaging the previously assumed M (.07) with the value applied to the Pacific coast shortspine thornyhead 
stocks (M=.03). The choice of the M value has a large impact on the optimal F strategy to apply to this 
species. With an M=.OS and an F3S .. ' the F at which the spawning biomass per recruit is reduced to 35% 
of the unfished level, the resulting ABC value is 1,180 mt for 1994. This F value results in an 
exploitation rate of .045. 

Assuming an M=.OS, the overfishing rate for thornyheads, that F which reduces the spawning biomass per 
recruit to 30% of its unfished level, is .055. Application of this strategy to the biomass estimate results 
in an overfishing level of 1,441 mt 

Although not a target species, thornyheads are taken as bycatch in sablefish, deepwater flatfish, and 
rockfish fisheries. The NMFS Regional Office is in the process of evaluating 1991-1993 GOA thornyhead 
catches using Best Blend estimates and expansion of discards for shore delivery vessels. Preliminary 
results of this analysis suggested that thornyheads may have been overfished during the past three years. 
Given current bycatch rates in target fisheries, overfishing of thomyheads may occur e~en if the species 
were managed as bycatch only. The Team is concerned about continued overfishing of this species and 
recommends that any new information be included in future stock assessments. 

ATKA MACKEREL 

1992 
1993 
1994 4.800 

, *1993 calch through August 21.1993. 

EXPLOITABLE 
BIOMASS 

32,000 
32,000 
32,000 

CATCH 
13,834 
3,258* 

In 1988. Gulf Atka mackerel were combined in the other species category due to low abundance and lack 
of a directed fishery. Atka mackerel has recently become a targeted species once again in the western Gulf 
of Alaska (GOA). This species will become a target category in the GOA pending approval of 
Amendment 31 to the Fishery Management Plan for the groundfish fishery of Pte Gulf of Alaska. Catches 
of other species in the GOA were dominated by a fishery targeting on Atka mackerel in the Western 
regulatory area since 1990. Catches were minimal until 1992, when approximately 14,000 mt were taken 
in the Shumagin area 

The most recent biomass estimate comes from the 1990 Gulf of Alaska trawl survey (32,100 mt). It is 
notable that in the past 10 years, Atka mackerel biomass in the Gulf of Alaska (Shumagin area) has only 
ranged from 32.000 to 36,000 mt. This indicates a fairly stable biomass in this area in the summer months 
when the surveys are conducted. However. it is unknown how the stock may have been impacted in 1992 
when the fishery harvested approximately 14.000 mt. The 1993 survey (to be conducted in the summer) 
should provide more insight 

There is relatively little information to calculate biological parameters to assess Gulf Atka mackerel. 
However. given the most recent estimate of Gulf of Alaska biomass, and applying the recommended 1994 
ABC to biomass ratio for Aleutian Islands Atka mackerel (0.15). the recommended Gulfwide ABC for 
Gulf Atka mackerel is 4.800 mt Similarly. the Gulf Atka mackerel overfishing level was calculated as 
19.044 mt. The Team endorsed combining the Aleutian and Gulf assessments for the future. 
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WALLEYE POLLOCK: 

By 

Anne B. Hollowed, Bernard A. Megrey. and Eric Brown 

1.1 INTRODUCTION 

'This report contains current findings on the Central and Western Gulf of Alaska walleye pollock (Theragra 
chalcogramma) resource. Stock,,,1'rojections for establishing 1994 ABC are estimated from the stock 
synthesis catch-at-age model. Thi; assessment contains six main sections. First, the results of the spring 
1993 hydroacoustic survey are described. Second. catch statistics from the 1992 and 199rfishing seasons 
are summarized. 'Third. estimates of spawner biomass based on egg production e$imates are described. 
Fourth, the status of the resource is updated on the basis of an age-structured analysis. Fifth, the risk of 
adopting a given fishing strategy is evaluated and an optimal fishing strategy is defmed. Finally. a series 
of forecasts of stock abundance and composition are presented. 

2.0 1992-1993 HYDROACOUSTIC SURVEY 

2.1 Genera] Description of 1993 Spring Hydroacoustic Survey 

Scientists from the Alaska Fisheries Science Center (AFSC) conducted an echo integration trawl survey 
of walleye pollock in the Gulf of Alaska during the second half of March, 1993. 'This was the latest in 
a series of annual assessments of spawning pollock biomass that have been conducted since 1981 (with 
the exception of 1982). The key aspects of the survey that influence the 1993-94 stock assessment are 
the 1993 biomass estimate. the 1992 age composition and the 1992 and 1993 length frequency data. A 
more complete description of the survey is provided by Wilson (1993). 

The preliminary biomass estimates for the 1993 Shelikof Strait pollock assessment are 408.200 t and 
295.800 t. The rugher estimate is our most accurate preliminary estimate; the lower estimate is considered 
to be similar to an estimate that would have been obtained with the old acoustic system. The lower 
estimate of 295,800 t compares with estimates of 380,000 1. 380.000 t and 580,000 t in 1990, 1991 and 
1992. 

Age determinations were completed on otoliths collected during the 1992 hydroacoustic survey. The age 
distributions showed evidence of aging error. The dominant age group was at age 5 representing the 1987 
year class (Figure 1). All previous indications suggested that the 1987 year class was poor (Hollowed et 
al. 1991, Hollowed et al. 1992). Examination of the size distributions of age collections made in 1991 
and 1992 also produced unusual results; the modal length for the 1992 age 5 fish was similar to the modal 

. length for the 1992 age 4 fish collected in 1991 (Figure 2). A similar phenomena was observed in the 
age composition data based on 1992 fisheries data (see section 3.5.2). These observations indicated that 
the 1992 hydroacoustic age data requires further evaluation before it is incorporated into the current stock 
assessment. 
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The length distribution of the 1992 and 1993 hydroacoustic surveys can be substituted into the stock 
assessment model to obtain an approximate age composition of the stock. Length frequency histograms 
from both surveys are shown in Figures 3a and 3b. The 1992 numeric size composition shows a strong 
mode of 30-4Ocm fish (Figure 3a). The 1993 numeric size composition shows a single dominant mode 
between 40 and 50 em (Figure 3b). These patterns are consistent with trends observed in recent years 
which indicate that the 1988 year class was comparatively strong and the ~o subsequent year classes were 
relatively weak. The absence of significant modes of small fish in the 1993 data suggests that the relative 
strength of recent year classes are below average. 

3.0 CATCH HISTORY 

The 1992 and 1993 pollock quotas allocated for the Western- and Central Gulf of Alaska were 87,400 t 
and 110,000 t respectively. 

3.1 1992 Fishery 

In 1992, the Total Allowable Catch (fAC) of walleye pollock in the Western and Central regulatory areas 
was 84.000 t. The T AC was divided by four quarters and three INPFC areas. The area divisions were 
estimated based on the percentage of the total biomass of pollock observed in the Shumagin (23%), 
Chirikof (22%) and Kodiak (55%) areas during the 1990 summer bottom trawl survey. The NPFMC 
passed an emergency rule to delay the second quarter Gulf of Alaska pollock trawl fishery from April 1 
to June 1, concurrent with the Bering Sea. Aleutian Island "B" season. On March 4, 1992 the Commerce 
Department accepted portions of the inshore-offshore allocation amendment 18/23 to the NPFMC Fisheries 
Management Plan. This amendment provided that 100% of the pollock quota will be processed by 
shoreside processors in the Gulf of Alaska 

The Regional Office reported that a total of 93,794 t of pollock was harvested in 1992 (fable l). A total 
82.962 t (retained + discard) of pollock was harvested in the pollock fishery. 15,574 t of pollock was 
discarded in 1992. 

3.2 199~ Fishery 

The TAC for 1993 was 110.000 1. The pollock TAC was well below the ABC recommendation of 
156.000 t made by the Scientific and Statistical Committee. As in 1992, the{f AC was divided into four 
quarters and three INPFC areas. The opening days for the four temporal allocations were January, 20th. 
June 1st. July 1st and October 1st. In general. the pollock seasons last approximately 3 weeks (fable 2). 
As of August 7, 1993 the Regional Office reported that a total of 84,008 t of pollock was harvested in 

1993 (Table 3). 

3.3 Estimates of Discard 

Information on discard is recorded by domestic observers and the Regional Office. Observer data is based 
on weekJy catch composition reports. Regional Office data is based on "Blend" data. except for 1990, 
which is based on WeekJy Production Reports submitted by processing operations. The discard totals from 
the observer group can not be directly compared with the Regional Office data because observer coverage 

. on catcher boats is not complete for the pollock fishery in the Gulf of Alaska Total discards were 
estimated by multiplying the total catch of the target fishery by the observer discard rate for the target 
fishery. If the regional office discard rate exceeded the observer estimate, the regional office value was 
used. 
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In this analysis. target species were defined using the 1992 target fishery definitions for all three years. 
The target was defined by the species or species group containing the largest amount of retained catch. 
except for pollock in the Gulf of Alaska. For pollock. if retained plus discarded catch was equal to or 
greater than 95% of the total catch of all allocated species, the target was "P" (for pelagic pollock) 
otherwise the target was "B" (for bottom pollock). This target definition was applied when worldng with 
the obseIVer data and the weekly processor reports. The percent pollock discard in pollock fisheries was 
15.9%, 14.8%, 7.8%, and 0.05% for bottom pollock targets in 1990, 1991, 1992 and 1993 respectively 
(Table 4). Pelagic fisheries targeting on pollock discarded 8.6%, 3.3%, 8.0% and 2.4% in 1990, 1991, 
1992 and 1993 respectively (Table 4). The principal sources of pollock discard were the boats targeting 
on Pacific cod, mid-water pollock and deep water flatfish fisheries (fable 4). 

3.4 Fisheries Length Frequency 

Recent information on length ffiQuency was available from the 1992 and 1993 fisheries._ Length 
distributions of pollock landed by fisheries in the Gulf of Alaska were based on data collected by port 
samplers and domestic obseIVers. Nel<:on et aI. (1981) described the sampling procedure used by 
obseIVers to obtain length frequency data. '" ' 

3.4.1 1992 Domestic Fishery Length Frequency 

Comparison of length frequency histograms from the 1992 domestic fishery show a bimodal distribution 
with the mode on the right representing the 1988 year class (Figure 4). The majority of length 
measurements collected in 1992 were from the Shelikof regions (621 and 631) (Figure 4). Smaller fish 
(32-36 cm) were more common in the Shelikof Strait regions than in other areas (Figure 4). The 
parameters of the length weight relationship for samples collected during the summer of 1993 were 
estimated using least squares minimization a=5.62E-05, b=2.S05: 

3.4.2 1993 Domestic Fisherv Length Frequency 

Preliminary length frequency data was available from the first quarter fishery in 1993. The catch was 
comprised of large fish in the Shumagin area (Figure Sa). A bimodal length distribution was obselVed 
in the Chirikof region with modes at 41 em and 52 cm (Figure 5b). In the Kodiak area the majority of 
fish measured were between 39 and 47 em (Figure 5c). 

3.5.0 Fisheries A~e Composition 

Recent information on the age composition of the Gulf of Alaska pollock stock was available from the 
1992 fishery. In addition. the 1976-1985 age data was re-analyzed using a common method. The revised 
estimates include data from all areas and quarters and are more representative of the arumal catch history. 
As in previous years. age structures were collected from the fishery by port samplers and domestic 
observers. LaLanne (1979) described the procedures for determining the age of pollock from otoliths. and 
Kimura (1987) described the procedure for estimating the age composition of pollock catch. 
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3.5.1 1992 Fishery Catch-at-Age 

A total of 2,264 otoliths were collected by port samplers and domestic observers during the winter and 
summer pollock seasons in 1992 (Table 5). Age determinations were made on these otoliths at the Alaska 
Fisheries Science Center. Length frequency data collected by port samplers and domestic observers were 
applied to the age length key developed from the age estimates to estimate the age composition. Age 
length keys were developed for two time strata: winter and summer. The number of otoliths and length 
frequencies available for each strata are shown in Table S. Female pollock were more abundant than male 
pollock during the first three quarters of 1992. The sex ratio of male to female pollock was 0.8:1.0. 

The estimated age composition for all areas combined in 1992 continued to show a strong 1988 year class 
(age 4) and a strong 1987 year class (age 5) (Figure 6). All previous infonnation regarding the 1987 year 
class has indicated this year class was below average. Close inspection of the size distribution of the four 
and five year old fish indicated that some of the five year old fish may have been mis-aged four year olds 
(Figure 7). 

3.5.2 Historical Fisheries Age Composition 

Estimates of catch at age were re-evaluated in this assessment using a common method. In general the 
estimates were similar to those presented in previous status of stocks reports. Marked differences were 
noted in 1978 and 1980 (Figure 8). In the case of 1978, close examination revealed that the old estimate 
was based on information from the first quarter. The revised estimate included data from all areas and 
quarters and is more representative of th..! annual catch history. 

4.0 EGG PRODUCTION ESTIMATES OF SPAWNING BIOMASS 

Estimates of spawning biomass in Shelikof Strait derived from egg production methods were included in 
this assessment. The following provides a brief description of the estimation process. For a more detailed 
description of the analysis see Picquelle and Megrey (In Press). 

The egg production method requires an estimate of total egg production which is then converted to total 
spa\lming biomass by computing the amount of biomass required to have produced the observed total egg 
production. This conversion is a two step process. Total egg production is first converted into biomass 
of spawning females by dividing total egg production (# eggs) by relative. fecundity (# eggs / gram of 
mature female). This biomass is then expanded to include males by dividing by sex ratio (biomass of 
females / biomass of males and females) (Saville. 1963). 

The annual egg production method of estimating spawning biomass may be applied to walleye pollock 
because the females are determinate spawners (Hinckley. 1987). meaning that all eggs that will be released 
during a spawning season appear as advanced yolked oocytes in the ovary prior to the onset of spawning. 
This allows total annual fecundity to be measured directly (Hunter et al., 1985; Hunter et aI., 1992). and 
relative fecundity to be estimated by relating total fecundity to body weight of mature females. Total 
fecundity and body weight were estimated from a sample of mature females collected by trawls 
immediately preceding the beginning of spawning when the advanced yolked oocytes are most easily 
counted in the ovaries. but before any have been spawned (Picquelle and Megrey, In Press). 

The other parameters required for the annual egg production spawning biomass estimate are total egg 
production and sex ratio. Sex ratio was also estimated from trawl-caught samples of mature pollock. 
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Aggregations of pollock are sometimes segregated by sex, making estimation of sex ratio prone to high 
variances. 1bis problem was avoided by assuming a 1:1 sex rntio in numbers of mature walleye pollock. 
However, the units of the sex rntio parameter are in weight not number, and sexual dimorphism results 
in heavier weights for females, so the 1:1 ratio was adjusted to reflect the weight differences between the 
sexes (Picquelle and Megrey, In Press). 

Total egg production over the spawning area and spawning season was estimated by a two-step process 
from a series of ichthyoplankton surveys using a bongo sampler. First. a date-specific relative rate of egg 
production over the spawning season was modelled from many surveys conducted in many years by fitting 
a bell-Shaped curve to the observed daily production of early-staged eggs plotted against the me~ date 
of each survey. Then, total egg production for each year was estimated from several stages of eggs from 
a single survey by fitting a model that accounts for the varying production rate as modelled in the fU'St 
step and a mortality rate (Picquelle and Megrey, in press). -

~~~ 
An advantage of the annual egg production spawning biomass estimate is that its variance is estimable 
because all the required parameters include variance estimates. Other advantages of th~· egg production 
method are that eggs are frequently easier to sample quantitatively than adults, anathe parameter estimates. 
are independent of commercial fishery data. Disadvantages of the egg production method are that it 
requires much knowledge about the spawning behavior of adult fish and about the spatial and temporal 
distribution of eggs. 

The estimates of spawning biomass in Shp.likof Strait show a pattern similar to the hydroacoustic survey 
(Table 6). The annual egg production spawning biomass estimate for 1981 is questionable because of 
sampling deficiencies during the egg surveys for that year. The depth distribution of walleye pollock eggs 
was unknown at that time and it was assumed that they occurred in the upper 200m, so the bongo tows 
were only taken to that depth. Unfortunately, the depth distribution has since been shown to extend down 
to 250m. with the highest densities occurring at the deeper depths (Kendall and Kim, 1989). Thus, many 
eggs were missed by the sampler. A correction for this bias was attempted by estimating the number of 
eggs missed at each station based on a model of the egg depth distribution (Kendall and Picquelle, 1990). 
This correction introduced additional variance and may not have properly corrected the sampling bias, 
resulting in higher variance and unknown bias in the estimate of total egg production. This correction was 
also applied to the years 1985-1988 but had little effect on these data because the tow depths were deeper 
than in 1981. 

5.0 STOCK ASSESSMENT 

5.1 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 1993. Each configuration of the model was run assuming natural 
mortality was equal to 0.3. 

A selectivity trend was fit to the age data using a functional relationship by estimating the inflection point 
of the ascending limb of a double logistic function. This technique has been applied in analyses of 

. walleye pollock in the Bering Sea, and Gulf of Alaska, and Pacific ocean perch (Methot 1991, Ianelli et. 
al. 1992, Hollowed et al. 1992). 
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5.2 Description of Data 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 1976-92 (Table 7). Estimates of numbers at age from the hydroacoustic survey and 1984, 1987 
and 1990 bottom trawl surveys were also utilized (Table 8). An IIdditional estimate of the age 
composition of the population in 1973 was available from a bottom survey of the Gulf of Alaska (Hughes 
and Hirshhorn, 1979). Historical information on pollock length obtained from the Japanese Pacific ocean 
perch fishery from the period 1964-1975 was incorporated into the Stock Synthesis model as length 
frequency data as described in Hollowed et al. (1991). 

Aging error was incorporated into the model. Estimates of age composition were assumed to be unbiased 
but measured with error. The error was incorporated using a transition matrix calculated using the percent 
agreement coefficients estimated for pollock by Kimura and Lyons (1991). 

Domestic discards were incorporated in the assessment The age composition of dis,Carded fish was 
assumed to be the same as retained fish since domestic observers sample the catch prior to discard and 
a considerable fraction of the pollock discard was from boats that were not targeting on pollock. 

Estimates of pollock stock biomass from hydroacoustic, egg production estimation, and bottom trawl 
surveys were included in the assessment Survey abundance was assumed to be proportional to total 
abundance as filtered by the survey selectivity pattern. An estimate of the mid-date of the survey period 
was included in the model to account for differences in abundance between surveys due to growth or 
mortality during the year. The program calculates the population numbers-at-age on the mid-date, 
assuming constant fishing and natural mortality throughout the period. The standard errors associated with 
survey estimates of abundance are included in the estimates of the stock synthesis model as described in 
Methot (1990). 

Egg production estimates of spawning stock biomass were included in the model by setting the age 
specific selectivity pattern equal to the estimated percent mature at age (Hollowed et al. 1991). The 
catchability coefficient (Q) for the egg production estimates was ~sumed to be equal to that estimated for 
the hydroacoustic survey of Shelikof Strait 

Weight-at-age vectors for the fisheries. and survey data sets estimated by Hollowed et al. (1992) were used 
in this analysis. 

5.3 Model Assumptions 

The following assumptions are applied when the Stock Synthesis model is employed: 1) natural mortality 
is constant for all ages and years and is equal to 0.3; 2) catch-at-age is modeled by a stochastic Baranov 
catch equation; 3) fishing mortality can be separable into an age-dependent factor and a year-dependent 
factor. 4) fisheries selectivity-at-age trends are modeled for different temporal periods; 5) fishery 
catchability is constrained to be equal to an assumed value of 1.0 for one age; 6) catchability was 
estimated for the hydroacoustic survey data; 8) age groups that represented 1 % or less of the population 
were grouped with adjacent age groups and the likelihood comparisons were made on the combined age 
group; 9) the initial age composition of the pollock population in 1964 for ages 3 and above was set equal 
to the level expected under equilibrium conditions when recruitment was equal to the arithmetic mean of 
the expected recruitment time series. 
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Preliminary runs produced poor fits to the 1992 hydroacoustic and fishery age composition data The poor 
fits were caused by the predominant 1987 year class present in both data sources. In earlier sections we 
presented evidence of potential aging problems associated with the 1992 fishery and hydro acoustic age 
detenninations. These problems are currently under investigation by the age detennination unit of the 
Alaska Fisheries Science Center. Recent estimates of the age composition are important because they 
contain preliminary infonnation on incoming year classes. Therefore, length composition data from the 
1992 and 1993 hydroacoustic surveys were included in the model. 1992 fisheries age composition was 
included by accumulating age groups age four and above. 

5.4 Examination of the Separability Assumption 

In the previous assessment, annual values were estimated for the inflection point of the ascending limb 
of the double logistic selectivity curve for the fishery (Hollowed et al. 1992). The updated stock 
assessment revealed two characteristic patterns of selectivity: years with low selectivity at age 2 and 3, 
and years with high selectivity at young ages. Re-grouping the data in this manner showed a more 
homogeneous pattern of selectivity (Figure 9). Similar selectivity patterns were noted fo(the years 1975-
1984 (Figure 9). 

5.5 Description of Stock Assessment Runs 

Several runs of the model were made to explore the impact of combining fisheries, and adding egg 
production spawning biomass estimates. The results of these runs are shown in Table 9. Model A 
provides a comparison to the 1992 model configuration. Model B is similar to A but includes the 1981, 
and 1985-1990 egg production biomass estimates. Model C is similar to B but several years with similar 
selectivity curves have been combined to reduce the number of parameters used in the model. 
Specifically, year specific selectivity curves were estimated for the years 1972, 1973, 1974, 1985, 1986. 
1987, 1988, 1989, 1990, 1991. 1992. and a single selectivity curve was estimated for the years 1975-1984. 

5.6 Comparison of Likelihoods from Stock Assessment Runs 

Introducing the egg production data slightly degraded the fit to the hydroacoustic age composition. The 
egg production data showed a declining trend in biomass that was consistent with the hydroacoustic 
estimate. The 1992 mean biomass dropped 220.000 tons (15.5%) when the egg production biomass 
estimates were included. 

Model C fit the data almost as well as Model B (Table 9). Richards (1991) demonstrated that twice a 
difference in log likelihoods is asymptotically X2 distributed and can be used to evaluate the relative 
improvement between models. The null hypothesis that Model C was true could be rejected in favor of 
Models B at the 95% confidence level (Table 10). However, the difference in the ending biomass and 
the relative fit of the model components is small (Table 9). Therefore, Model C was selected for further 
investigation. 

All three models produced a domed shaped selectivity curve for the bottom trawl survey (Figure 10). The 
decline in selectivity at older ages is a strong assumption. For example. using selectivity patterns from 
Model C, approximately 235,000 t of old fish (8 +) would have been missed by the bottom trawl survey 
in 1990. We plan to explore the importance of assumptions regarding bottom trawl selectivity patterns 
in future assessments when the 1993 bottom trawl results become available. 
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5.7 Comparison of 1992 and 1993 Assessment Models 

Model C produced mid-year 1992 biomass estimate (1,196,000 t) similar to that expected in the 1992 
assessment (1,131.000 t). Population trends were similar in both models (Figure 11). The years 1964-
1968 were truncated from the biomass time series because these biomass estimates were influenced by the 
assumption that the unfished stock was at equilibrium in 1962. The ~ biomass level was 4.6 million 
t in the 1992 assessment, and 3.2 million t in Model C (Figure 11) .. Model C offers a conservative 
estimate given that the 1981 hydro acoustic estimate of pollock biomass in Shelikof Strait was 3.7 million 
t. 

Estimates of recruitment at age 3 were lower than predicted in the 1992 stock assessment (Figure 12). 
The relative magnitude of strong year classes differed between models. In Model C, the 1978 year class 
was the strongest, while the 1976 year class was strongest in the 1992 assessment. The adjustment in the 
relative magnitude of year class strength may be attributed to the re-examination of historical estimates 
of catch at age (See Section 3.5.2). 

Model C provided reasonable fits to the 3urvey data from 1985 - 1992 (Figures 13 - 15). - The 1992 stock 
assessment fit the early hydroacoustic biomass estimates better than Model C (Figure 14). 

6.0 OPTIMAL FISHING MORTALITY 

6.0 Determination of Optimum Fishing Mortality Levels: 

Hollowed and Megrey (In Press) developed an age structured simulation model to explore the risks 
associated with adopting different fishing strategies. Estimates of fishing mortality levels were made using 
the Hollowed and Megrey model as well as more common biological reference criteria. 

6.1 Estimation of Reference Points 

FO.l was estimated using the length age and weight age relationships from the 1992 fishery. The 
parameters for the calculation of FO.1 were: to = 0.705, k=O.225, Win! =1645 grams, To =Tr = 3. Where. 
To is the age of first captyre. and T, is the age of recruitment. 

A dynamic pool model was used to estimate FJ5<~,' F30". and Fmsy. Parameters for the model were taken 
from data produced from Model C. 

6.1.1 Description of Dynamic Pool Model 

The dynamic pool model incorporated estimates of age specific selectivity. weight-at-age. and maturity-at
age information (Table 11). Selectivity was set equal to that estimated for the period 1975-1984 using 
Stock Synthesis Model C. Natural monality was assumed to be equal to 0.3. The model was run using 
fish ages 3+. 

Estimates of Fmsy were generated using a spawner recruit relationship based on Kimura's (1990) form of 
the Bevenon-Holt type asymptotic relationship between spawners and recruitment The shape parameter 

. A was set equal to the value that approximated the Shepherd formulation of the Beverton-Holt SR 
relationship (A = 0.889). 
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A full recruitment fishing mortality value for FO•l was estimated to provide a comparison with the other 
biological reference points. To accomplish this. the dynamic pool model was used to estimate the full 
recruitment fishing mortality value that produced an exploitation rate equal to that corresponding to the 
instantaneous fishing mortality estimate of Fo.l ' 

Estimates of full recruitment fishing mortality at FO•l ' Fmoy. Fwlo• and ~ ranged between 0.41 to 0.51 
(Table 12). Fo.l • Fmoy and F3s~ were similar to each other. The estimates differ from those presented in 
the 1992 SAFE. One important difference is that these estimates are for age 3+ fish rather than for age 
2+ fish. A summary age 3+ was used to be consistent with the stochastic simulation model. present 
policies regarding biomass considerations for stock projections. and because the selectivity of age 2 fish 
is quite low (5%). 

6.2 Description of Stochastic S!mulation Model 

The simulation model was run over a 7f)- year time horizon and was initialized using the expected age 
composition of the pollock population in 1976 and observed catches from 1976 to 1986. 1]lirty 
realizations of each 70- year stochastic simulation experiment were computed. In order to allow the model 
to become stable under a specific fishing mortality and recruitment scenario. summaries of the long-term 
productive potential of the pollock stock were based on the results of the last 50 years of the 70- year 
projection. Variability of abundance and yield were expressed by coefficients of variation in the 30 
realizations. Following Quinn et al. (1990). we monitored the expected variation in both biomass and 
yield associated with a given recruitment scenario. 

The risk associated with a given fishing strategy was measured by calculating the number of realizations 
out of 30 computed where the spawner biomass fell below the threshold value during the last 50- year 
segment of the 70- year prOjection. Threshold spawner biomass levels equaled 20% of the unfished levels. 
Quinn et al. (1990) and Thompson (In Press) both noted that maintaining a spawning stock above the 20% 
level is a useful constraint to ensure against overfishing. Beddington and Cooke (1983) also used the 20% 
criterion to define threshold biomass. 

There are many potential definitions of optimal fishing mortality. We examined the tradeoffs between 
increased yield and the risk of falling below the threshold. Specifically, we measured changes in yield 
and risk at different values of Full Recruitment Fishing Mortality (FRFM). We defined the optimal fishing 
level as that value that maximized the difference between the yield scaled to MSY and the risk of falling 
below the threshold. The value that achieved this management goal was estimated using the following 
objective function: 

MAX [ (Y FRf'MI'MaxY) - (Pr(SB < THBIO)IFRFM)). [1] 

where average Y FRFM equals the yield over the 50- year time period at a given level of FRFM. MaxY is 
the maximum average yield observed over all levels of FRFM. Pr is the probability that the spawner 
biomass (SB) will fall below the threshold biomass level (THBIO). The optimal value was determined 
by iteratively solving for the fishing mortality value that maximized the difference between the yield index 
and the probability of falling below the threshold. 

Two sources of stochastic variation were incorporated into the model: process error associated with 
recruitment variability and measurement error in the assessment. 
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7.2.1 Description of Simulations 

Simulations were made using two different assumptions regarding recruitment Examination of the 
spawner recruitment data shows there is little evidence of a reliable spawner recruitment relationship 
(Figure 16). Therefore. in recruitment scenario 1. the probability of high or low recruitment levels was 
assumed to be equal at high or low spawner biomass conditions. and the probability of a strong year class 
was assumed to be 0.4. Recruitment scenario 2 was included because close examination of the spawner 
recruit data revealed that the majority of strong year classes occurred during the 1970's. In the last 
thirteen years. only three year classes were above the mean recruitment level (Figure 16). To simulate 
population trends under recent recruitment conditions. the probability of a strong year class was set equal 
to 0.2. 

The threshold spawner biomass level was based on the results of recruitment Scenario 1. The true 
threshold value is an unknown value where the probability of stock recovery is low (Quinn et al. 1990). 
When the spawner biomass dropped below the threshold spawner biomass the probability of a strong year 
class was modelled as a decreasing linear function of spawner biomass that dropped the. probability of a 
strong year class to zero at the origin. Pristine biomass levels were estimated by running the simulation 
model with no fishing. Under recruitment scenario 1 the pristine spawner biomass level was 1,930,000 
t and the threshold was set equal to 386,000 t This threshold biomass level was also used for recruitment 
scenario 2 since threshold spawner biomass value should not decrease because the probability Qf strong 
year classes is reduced. 

Based on the estimates of biological refelence points, simulation runs were made at different levels of full 
recruitment fishing mortality (FRFM). Fishing was allowed to continue when spawner biomass fell below 
the threshold values. 

7.2.2 Results of Stochastic Simulations 
, 

Exrunirtation of runs made based on recruitment scenario 1 showed the pollock stock is capable of 
maintaining biomass levels over 1 million t at high exploitation rates (Table 13). The optimal fishing 
mortality rate associated with recruitment scenario 1 was 0.44 (Figure 17). At FRFM=O.44, the probability 
that the spawner stock biomass will fall below the threshold value is 0.086 (Table 13). 

When the probability of a strong year class was reduced to 0.2. the optimal fishing mortality rate was 0.36 
(Figure 18). At this level of exploitation. the spawner stock biomass would be 58\000 t (Table 14). At 
FRFM=O.36 under recruitment scenario 2. the probability of the spawner stock biomass falling below the 
threshold was 0.16 (Table 14). 

8.0 . OVERFISHING DEFINITION 

The overfishing for pollock was defined as the fishing mortality rate that results in the spawning biomass
per-recruit ratio falling below 30% of the pristine level. This fishing mortality rate was calculated from 
the dynamic pool model described in section 7.1.1. The instantaneous fishing mortality level at 
overfishing was 0.40 associated with an FRFM = 0.51. This overfishing fiShing mortality value differs 

. slightly from previously documented values because the calculation was made on the basis of a age 3+ 
popUlation. 
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9.0 SHORT TERM PROJECTIONS 

The results from the model suggested that optimum fishing levels under the current productive potential 
of the Gulf of Alaska pollock stock should be FRFM = 0.36. Runs made with a low probability of a 
strong year class provide a good approximation of current pollock production in the Gulf of Alaska. 

An additional set of runs were made maintaining the yield at 10% of the estimated mid-year biomass level. 

9.1 Recruitment Scenarios 

Above average, average and below average year classes were defined by dividing the observed recruitment 
points into quartiles. Above average or below average year classes were defmed as the mean of the upper 
or lower quartile of recruitment estimates respectively. 

Two different scenarios were explored regarding the magnitude of the 1992, and 1993 year classes at age 
3. In the first scenario both year classes were below average. In the second scenario, the.1992 year class 
was below average and the 1993 year class was average. 

In support of the first recruitment scenario. length frequency data from hydroacoustic surveys and fisheries 
data show no indication of an above average or average 1991 or 1992 year class (Figures 3 and 4). Scott 
Hatch of the Alaska Fish and Wildlife Research Center, noted that the consumption of juvenile pollock 
by marine birds in 1991 WaF low indica'ing the 1991 year class would be below average. The FOCI 
researchers also found environmental conditions and larval abundances that indicated the 1991 year class 
would be poor. 

The recruitment options are outlined below: 

RECR UITJ\.ffiNT 
Age 3 Age 3 
1992YC 1993YC 

MODEL (billion) (billion) 

Option I C 0.130(W) 0.130(W) 
Option 2 C 0.130(W) 0.558(A) 

9.1 Stock Projections 

All yield projections were made by estimating the number of fish at the beginning of 1994 using stock 
synthesis Model C (Table 15). 
Estimation of the ABC for pollock based on Model C was made by projecting the stock forward and 
calculating the fishing mortality associated with FRFM = 0.36. The projection model was run assuming 
the catch was allocated on a quarterly basis. The selectivity vector estimated for the combined years 
1975-1984 from Model C were used for all projections. 
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The 1994 yield would be 172,000 t under the FRFM = 0.36 fishing strategy and a below average 
recruitment pattern (Table 16). Under the first recruitment scenario, the stock. is projected to decline 
between 1994 and 1996. 

If yield is restricted to a level equal to 10% of the mid-year biomass level, the yield in 1994 would be 
78,000 t (Table 16). At harvest levels of 10% of the mid-year biomass, .the 1996 spawner biomass level 
would be 482,000 t if the 1992 and 1993 year classes are below average. 

9.2 Estimation of ABC 

We recommend that the 1994 ABC should be set at 172,000 t based on the results of projections made 
using Model C. The instantaneous fishing mortality rate (0.24) associated with a 172,000 t harvest in 
1993 is well below the overfishing level of 0.4. 

10.0 Ecosystem Considerations 

The available infonnation suggests that the ABC for-the Gulf of Alaska pollock in the Western and 
Central regulatory areas should be 172,000 t We want to emphasize that our current knowledge of this 
stock suggests that a single above average year class (1988) will be supporting the stock during the next 
few years. If the 1993 and 1994 year classes are not above average, the Gulf of Alaska pollock stock is 
expected to decline to levels close to the threshold spawner biomass level under the recommended harvest 
strategy. 

Juvenile pollock are an important component of the diet of several marine fish, marine birds, as well as 
some marine mammals. Data released from the National Marine Mammal Laboratory shows mean counts 
of Steller sea lions continued to drop in the Central Gulf in 1992. The recommended ABC put forth here 
is b~ed on the analysis of available infonnation regarding the pollock stock from commercial fisheries 
and Sorveys. Ecosystem considerations were not quantitatively addressed in the document. Ecosystem 
considerations should play an important role in detennining the T AC for pollock. However, these 
considerations are beyond the scope of this stock assessment. . 
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Table 1.--Landed catch of pollock (1000 t) in the Gulf of Alaska by fishery 
category, 1977-93. 

Fishery Category 

Domestic 

Year Foreign JVP DAP Total 

1977 117.8 0.2 118. () 
1978 96.4 T 1.0 97.4 
1979 103.2 0.6 2.0 105.8 
1980 113.0 1.1 0.9 115.0 
1981 130.3 16.9 0.6 147.8 
1982 92.6 73.9 2.2 168.? 
1983 81. 4 134.1 0.1 215.6 
1984 99.3 207.1 0.3 306.? 
1985 31.6 237.9 15.4 284.9 
1986 0.1 62.6 21.3 84.0 
1987 0.0 22.8 39.2 62.0 
1988 0.0 0.2 55.8 56.0 
1989 0.0 0.0 72.5 72 .5 
1990 0.0 0.0 77.7 77.7 
1991 0.0 0.0 83.3 83.3 
1992 0.0 0.0 57.7 93.8 
1993* 0.0 0.0 57.7 84.0 

* As of summer 1993 
T: Trace «lOOt). 

Sources: Foreign and joint venture catches 1977-84--Berger et a.L. (1986); 1.2.§.2.:: 
88--Pacific Fishery Information Network (PacFIN), Pacific Ma.rine Fisheries 
COmmission, Metro Center, Suite 170, 2000 SW. First Avenue, Portland, OR 97201. 

Domestic catches 1978-80--Rigby (1984); 1981-90--PacFIN, 1991-93 NMFS Alaska 
Regional Office. 
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Table 2. Opening and closing dates for the 1993 Gulf of Alaska pollock fishery 
by INPFC area. 

Closing Dates 
Opening Date Area 61 Area 62 Area 63 

January 20 March 24 February 25 Febr\:lary 25 
June 1 June 14 June 18 June 24 
July 1 July 5 July 20 
August 9 (62 only) August 9 



1-18 

Table 3. --Landed catch (t) of pollock in the Gulf of Alaska by domestic fisheries 
by quarter and Regulatory area, through summer 1993. 

Quarter 

Area Catch DAP Remainder .t Taken 

Shumagin 20,498 18,469 -2,029 111 

Chirikof 18,118 22,040 3,922 82 

Kodiak 45,392 43,684 -1,708 104 

Total 84,008 84,193 185 100 

Source: Alaska Regional Office Electronic Bulletin Board as of August 7, 1993. 
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Table 4. Estimates of 1990-1993 pollock discard by target species based on 
weekly processor reports (WPR) and observer data (OBS). 

Year Target 

90 B 

90 Sum 

C 
D 
H 
K 
o 
P 
S 
W 

91 B 

91 Sum 

C 
D 
H 
K 
o 
P 
S 
W 

92 B 

92 Sum 

C 
D 
H 
K 
o 
P 
S 
W 

93 B 

93 Sum 

C 
D 
H 
K 
o 
P 
S 
W 

Target codes: 

WPR 
Target 
(tons) 

20038.35 
57857.82 
3041.57 
1181.12 

13084.69 
2409.19 

53504.90 
7947.68 
1077.74 

13965.59 
71812.39 

6468.27 
566.28 

10240.85 
3070.50 

75008.64 
10406.66 
1575.83 

20846.37 
72197.23 

6385.52 
4343.76 

13724.32 
12850.90 
62116.05 

8947.54 
117.59 

5155.78 
46705.92 

3964.76 
695.29 
184.27 

4819.28 
21343.13 

13.76 
964.87 

WPR 
Discard 
(prop. ) 

0.017 
0.041 
0.098 
0.142 
0.127 
0.060 
0.025 
0.006 
0.111 

.148 
0.121 
0.184 
0.067 
0.101 
0.014 
0.033 
0.002 
0.177 

0.078 
0.095 
0.170 
0.091 
0.023 
0.014 
0.080 
0.002 
0.489 

0.050 
0.021 
0.045 
0.076 
0.369 
0.007 
0.080 
0.405 
0.015 

OBS 
Discard 
(prop. ) 

0.159 
0.113 
0.079 
0.073 
0.077 
0.042 
0.086 
0.029 
0.033 

0.148 
0.087 
0.308 
0.091 
0.097 
0.005 
0.029 
0.006 
0.195 

0.042 
0.076 
0.179 
0.098 
0.026 
0.009 
0.030 
0.014 
0.431 

0.000 
0.016 
0.091 
0.082 
0.244 
0.001 
0.024 
0.214 
0.024 

B Pollock bottom H 
C Pacific cod 

Shallow-water flatfish 
K Rockfish 

D Deep-water flatfish S Sablefish 

Adjusted 
Discard 

(tons) 

3183.86 
6548.46 
299.58 
167.81 

1666.63 
145.68 

4621. 68 
231.38 
119.54 

16984.62 

2070.21 
8676.81 
1994.97 

51.38 
1034.71 

42.79 
2468.67 

65.26 
306.54 

16711.34 

1628.04 
6886.80 
1143.74 

427.24 
362.01 
184.23 

4998.42 
128.91 

57.55 
15816.94 

257.09 
967.47 
362.06 

56.84 
67.94 
31.69 

1702.16 
5.58 

23.47 
3474.29 

o Other species 
P Pollock mid-water 

W Arrowtooth flounder 
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Table 5. Summary of 1992 biological samples. 

Number Number 
Strata Sex Measured Aged 

Winter Male 9,959 649 
Female 11,662 686 

Sununer Male 19,788 460 
Female 26,509 469 
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Table 6. Egg production estimates from Shelikof Strait. 

Spawning Std. Error Total Egg Fecundity Sex ratio 
Year Biomass Biomass Production Parameters Parameters 

(millions of (millions of (number of (gms./egg) (male&fema.le 
metric tons) metric tons) eggs) biom./female 

biomass) 

81 1. 789 0.435 .451580E+15 0.002230 1. 777 
82 
83 
84 
85 0.768 0.113 .192210E+15 0.002230 1.793 
86 0.376 0.042 .898365E+14 0.002339 1.789 
87 0.484 0.081 .150553E+15 0.001859 1.731 
88 0.504 0.070 .138866E+15 0.002045 1.777 
89 0.434 0.058 .968608E+14 0.002467 1. 816 
90 0.381 0.040 .991158E+14 0.002174 1. 770 
91 2.463 0.583 .160315E+15 0.008731 1.760 
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Table 7.--Estimated catch (1000's) of pollock by foreign trawl, 
joint venture, and domestic fisheries in the North 
Pacific Fisheries Commission Western and Central Reg-
ulatory Areas of the Gulf of Alaska, by age 1976-91. 

Year 

Age 1976 1977 1978 1979 1980 1981 

2 1,909 2,774 12,189 2,532 19,259 2,729 
3 24,207 7,062 48,316 48,833 26,499 31,549 
4 108,694 23,830 18,263 76,367 58,311 73,907 
5 39,077 89,681 26,394 14,150 36,630 47,967 
6 16,372 30,348 51,857 10,131 11,310 20,292 
7 3,517 8,330 12,832 16,702 8,611 4,874 
8 2,249 2,131 4,179 5,022 7,995 - 4,831 
9 1,914 1,785 1,360 - 1,268 3,888 2,730 

10+ 310 1,227 1,413 805 1,919 313 

Total 198,248 167,168 176,802 175,811 176,424 189,193 
Year 

Age 1982 1983 1984 1985 1986 1987 

2 10,677 3,639 2,705 12,786 8,625 8,826 
3 55,545 20,654 33,002 5,527 20,355 14,026 
4 100,774 110,031 38,798 33,215 10,116 7,998 

, 5 71,728 137,312 120,800 42,219 19,131 6,894 
6 54,248 67,414 170,722 86,016 7,316 6,435 
7 10,463 42,013 62,546 128,946 8,701 7,180 
8 1,329 7,377 19,312 41,191 9,782 4,194 
9 926 1,241 5,417 10,843 2,133 9,951 

10+ 622 408 235 2,900 800 1,935 

Total 306,312 390,089 453,536 363,643 86,,959 67,439 
>/ 

Year 

Age 1988 1989 1990 1991 1992 

2 3,048 271 2,766 585 363 
3 20,800 1,470 2,396 9,681 2,945 
4 26,947 19,393 2,993 5,447 17,893 
5 11,927 28,888 9,490 2,853 25,463 
6 5,102 16,955 40,389 5,333 11,596 
7 3,447 8,094 13,057 26,669 6,776 
8 1,623 4,757 4,898 3,124 17,501 
9 339 1,694 1,078 16,101 6,146 

10+ 3,209 5,164 1,125 10,101 12,930 

Total 76,442 86,686 78,192 79,894 101,614 
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Table 8. Estimated number at age in 1981, 1983-1986 and 1988-1991 derived from the NMFS 
hydroacoustic surveys. 

--------------- POPULATION NUMBERS (MILLIONS) -----------------------------
AGE 81 83 84 85 86 88 89 90 91 

2 3704.6 757.8 74.2 218.6 1993.:1 115.3 89.5 1267.0 175.4 
3 1490.7 325.7 258.9 92.4 287.7 753.6 90.0 76.2 548.5 
4 885.5 1410.0 231.1 194.9 44.3 349.6 222.0 65.2 47.8 
5 3480.1 1270.3 700.9 111. 5 81. 7 83.8 248.7 116.3 63.6 
6 1464.1 761. 7 1045.0 214.0 52.3 18.2 39.4 180.5 68.1 
7 258.6 648.4 464.8 269.2 89.5 6.0 11. B 46.6 115.1 
8 151. 2 145.2 239.8 103.5 151.3 6.j)"'; 3.8 22.9 23.6 
9 115.7 19.5 42.1 26.0 62.1 4.1 1.9 B.3 30.6 

10 31.4 11.9 3.7 2.9 11. 7 9.3 0.6 8.4 2.4 
11 3.5 4.1 0.0 1.5 1.8 1.8 10.7 0.9 4.6 
12 0.0 1.9 0.9 0.6 0.0 1.9 1.4 3.2 6.0 

Total 11585.4 5356.5 3061.4 1235.1 2775.5 1349.6 719.B 1795.5 10B5.7 
Total 3+ 7880.8 4598.7 2987.2 1016.5 782.4 .1234.3 630.3 528.5 910.3 
Total 3-10 7877.3 4592.7 2986.3 1014.4 780.6 1230.6 618.2 524.4 899.7 

, . 
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'able 9. Summary of stock synthesis model runs for 1993 Gulf of 

BTAC HYAC FAC Emph. No. BT POP Fishery Hydro BT 
lodel df df df BTB Surveys Len. AC AC ACt 

A 4 4 28 1 2 -247 -414 -306 -241 
B 4 4 28 1 3 -248 -418 -313 -239 
C 4 4 18 1 3 -241 -442 -315 -239 

Alaska walleye pollock stock assessment. 

Hydro BT 1992 MY Hydro 
R.M.S.E R.M.S.E Biomass LC 

.309 

.475 

.481 

.225 

.216 

.225 

1417 
1197 
1196 

-201 
-199 
-199 

BTAC = Bottom trawl age composition; HYAC = hydroacoustic age composition; FAC = Fishery 
1ge composition; BTB = bottom trawl biomass; R.M.S.E. = root mean square error; MY = mid-year; 
JC = length composition; AC = age composition. 
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~able 10. Analysis of the change in likelihood between stock assessment models 

Model 

B 
C 

L 

-1490 
-1514 

df 

28 
18 

2 * (I.L) 

48 4.8 

Critical value of the chi-square distribution 
at alpha = 0.05 is 3.841. 
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Table 11. Parameter values used in 70 year simulation runs and dynamic 
pool model. 

N number of age classes 8 

A accumulator age 10 

R number of years that recruitment 
is delayed after spawning 3 

SBMIN minimum spawning biomass (million mt) 0.386 

M natural mortality 0.3 

----------------------------AGE-----------------------------
PARM 3 4 5 6 7 8 9 10+ 

S 0.28 

C 0.116 

WI 0.294 

W2 0.388 

0.86 

0.325 

0.460 

0.542 

S = 
C = 

WI = 
W2 = 

1. 00 

0.639 

0.602 

0.665 

0.88 

0.867 

0.712 

0.756' 

0.63 

0.960 

0.794 

0.823 

0.34 

0.989 

0.854 

0.871 

0.14 

0.997 

0.897 

0.905 

Age specific selectivity coefficient 
Proportion mature 
Average weight at age (kg) spring 
Average weight at age (kg) fall 

0.05 

1. 000 

0.927 

0.929 



Table 12. Estimates of fishing mortality values. 

Exploitation 
Strategy FRFM F Rate 

FO.l 0.41 0.31 0.23 
Fmsy 0.45 0.34 0.25 
F3S\ 0.43 0.33 0.24 
F30\ 0.51 0.40 0.29 

FRFM = Full Recruitment Fishing Mortality 
F = Instantaneous Fishing Mortality 
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Table 13. Summary statistics from realizations for recruitment scenario 1 where the threshold 
spawner stock biomass equals 386,000 t and the coefficient of variation on estimates of numbers at 
age held constant for all ages at 0.30. 

I. Fishing Continues Below Threshold 

Fishing 
Morta li t y 

0.0 
0.20 
0.22 
0.24 
0.26 
0.28 
O~]O 
0.32 
0.34 
0.]6 
0.]8 
0.40 
0.42 
0.44 
0.46 
0.48 
0.50 

Yield 
(1000 t) 

o 
144(.41) 
155(.]9) 
164(.41) 
174(.]9) 
188(.40) 
189(.40) 
196(.42) 
205(.43) 
212(.43) 
203(.45) 
222(.42) 
221(.45) 
226(.46) 
220(.50) 
227(.49) 
228(.51) 

True 
Biomass 
(1000 t) 

(. ) 

1719(.31) 
1676(.30) 
1615(.34) 
1582(.30) 
1572(.31) 
1455(.30) 
1403(.34) 
1438(.32) 
1382(.33) 
129](.35) 
1333(.34) 
1265(.35) 
1250(.36) 
1126(.38) 
1140(.36) 
1186(.]8) 

Perceivpcl 
Biomass 
(1000 t 

( . 
1757(.31 
17]0(.29 
1667(.]0 
1626(.29 
1629(.30 
1542(.291 
1493(.32 
1464(.32) 
1435(.31 
1316(.32) 
1348(.31 
1303(.33 
1283(.33 
1208(.33 
1202(.]3) 
1175(.341 

True 
Spawner 
Biomass 
(1000 t) 

1930 ( . ) 
1145(.31) 
1102(,32) 
1052(.35) 
1013(.32) 

983(.32) 
902(.30) 
855(.35) 
877(.33) 
8]3(.]5) 
774(.37) 
784(.35) 
740(.37) 
721(.37) 
628(.38) 
637(.]5) 
673(.37) 

Perceived 
Spawner 
Biomass 
(1000 t) 

(. ) 
1179(.30) 
1150(.29) 
1100(.30) 
1052(.28) 
1039 ( .29) 

982(.28) 
937(.]0) 
903(.29) 
878(.29) 
797(.37) 
798(.28) 
772(.29) 
752(.28) 
699(.29) 
]87(.27) 
667(.28) 

True Perceived 
Probability Probability 

SB < THBIO SB < THBIO 

0.000 
0.000 
0.005 
0.015 
0.004 
0.012 
0.008 
0.03] 
0.029 
0.046 
0.076 
0.046 
0.086 
0.086 
0.166 
0.114 
0.094 

0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.000 
0.00] 
0.001 
0.001 
0.007 
0.003 
0.010 
0.012 
0.014 
0.018 
0.018 

Mean 
Square 
Difference 

383 
317 
365 
461 
353 
508 
257 
428 
327 
334 
343 
368 
359 
448 
304 
311 



Table 14. Summary statistics from realizations for recruitment scenario 2 where the threshold 
spawner stock biomass equals 386,000 t and the coefficient of variation on estimates of numbers at 
age held constant for all ages at 0.30. 

I. Fishing Continues Below Threshold 

Fishing 
Mortality 

0.0 
0.10 
0.20 
0.22 
0.24 
0.26 
0.28 
0.30 
0.32 
0.34 
0.36 
0.38 
0.40 
0.42 
0.44 
0.46 
0.48 
0.50 

Yield 
(l000 t) 

o 
58(.46) 
97(.45) 

105(.49) 
112(.49) 
117(.50) 
127(.47) 
124(.52) 
129(.57) 
129(.58) 
133(.59) 
126(.61) 
142(.61) 
142(.64) 
149(.64) 
133(.73) 
144(.70) 
136(.72) 

True 
Biomass 
(1000 t) 

1749(.32) 
1438 (. 37) 
1183(.37) 
1150(.34) 
1134(.36) 
1198(.34) 
1095(.33) 
1025(.34) 

998(.36) 
982(.36) 
952(.36) 
896(.37) 
948(.38) 
900(.36) 
898(.38) 
822(.38) 
862(.38) 
873(.36) 

Perceived 
Biomass 
(1000 t) 

1727(.30) 
1466(.33) 
1199(.31) 
1193(.35) 
1170(.33) 
1131(.34) 
1132(.32) 
1060(.33) 
1049(.35) 
1011(.34) 

987(.34) 
926(.32) 
970(.33) 
950(.34) 
952(.34) 
887(.35) 
904 ( .34) 
862(.31) 

True 
Spawner 
Biomass 
(1000 t) 

1301 (. ) 
1028(.33) 
79l(.37) 
760(.34) 
744(.31) 
706(.32) 
688(.34) 
647(.33) 
623(.35) 
608(.35) 
589(.35) 
549(.37) 
572(.37) 
537(.36) 
529(.38) 
484(.37) 
505(.35) 
527(.35) 

Perceived 
Spawner 
Biomass 
(1000 t) 

1322(.33) 
1052(.37) 

807(.31) 
798(.34} 
777(.31) 
735(.32) 
724(.30) 
680(.31) 
668(.32) 
636(.30: 
616( .29) 
577(.26) 
592(.27) 
580(.27) 
577(.27) 
542(.27) 
541(.25) 
519(.22) 

True Perceived 
Probability Probability 

SB < THBIO SB < THBIO 

0.000 
0.000 
0.022 
0.033 
0.054 
0.069 
0.050 
0.075 
0.113 
0.131 
0.160 
0.223 
0.182 
0.222 
0.256 
0.316 
0.267 
0.228 

'1 

0.000 
0.000 
0.001 
0.001 
0.005 
0.003 
0."l':O05 
'0.007 
0.018 
0.014 
0.022 
0.027 
0.032 
0.034 
0.038 
0.052 
0.054 
0.060 

Mean 
Square 
Difference 

352 
325 
305 
297 
300 
380 
310 
453 
265 
344 
284 
285 
259 
262 
318 
370 
288 
258 
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Table 15. Estimated population numbers (millions) at age at the beginning 
of 1994 based on results of Model C. 

AGE 
YR 2 3 4 5 6 7 8 9 10+ 

69 514 65 211 58 66 221 172 129 376 
70 528 380 45 147 41 46 155 127 374 
71 733 391 271 32 105 29 33 115 371 
72 1574 542 281 195 23 75 21 24 360 
73 696 1166 401 206 133 13 44 13 279 
74 3287 511 831 282 145 94 10 32 216 
75 664 2434 376 590 182 92 62 7 182 
76 42:3 491 1768 263 408 127 65 45 1:'9 
77 2281 312 356 1226 180 283 89 47 135 
78 3111 1685 225 243 825 123 197 64 134 
79 2442 2297 1214 154- 163 562 86 141 146 
80 4173 1804 1665 842 105 113 396 62 211 
81 2278 3085 1312 1166 585 74 80 287 201 
82 515 1684 2245 921 812 410 52 58 359 
83 677 380 1220 1556 632 562 289 38 308 
84 260 499 273 823 1035 425 388 206 255 
85 583 191 348 168 491 632 274 267 335 
86 1759 425 135 227 95 262 367 176 420 
87 1164 1274 295 87 138 60 177 258 433 
88 216 856 923 206 57 88 40 122 498 
89 270 158 615 637 138 39 62 29 455 
90 ,2155 199 115 437 427 86 24 41 347 
91 '664- 1589 145 82 294 264 53 16 274 
92 110 490 1168 105 58 190 156 31 198 
93 196 81 360 844 73 37 110 92 155 
94 145 60 258 5'J4 44 20 60 159 

~ 
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Table 16. Summary of the 1994-96 potential yields from short term projections for Gulf of Alaska 
pollock ages 3+ using parameters from Models C. 

MODEL E. 

Mid-Yr Mid-Yr Spawning Age 3 
Catch Yield Number Biomass Biomass Recruitment 

Year f F (billion) (MMT) (billion) (MMT) (MMT) (billion) Y / B 

1994 0.360 0.240 0.244 0.172 1. 006 0.726 0.719 0.145 0.237 
1995 0.360 0.147 0.134 0.096 0.704 0.519 0.530 0.130(W) 0.185 
1996 0.360 0.136 0.075 0.039 0.545 0.397 0.386 0",,130 (W) 0.098 

(. ,~, 

" 
1994 0.360 0.240 0.244 0.172 1.006 0.726 0.719 0.145 0.237 
1995 0.360 0.147 0.134 0.096 0.704 0.519 0.530 0.130(W) 0.185 
1996 0.360 0.119 0.107 0.048 0.895 0.532 0.402 0.558(A) 0.090 

1994 0.150 0.102 0.111 0.078 1. 079 0.778 0.719 0.145 0.100 
1995 0.185 0.079 0.085 0.062 0.830 0.615 0.607 0.130(W) 0.100 
1996 0.355 0.138 0.090 0.048 0.645 0.479 0.482 0.130(W) 0.100 

1994 0.150 0.102 0.111 0.078 1. 079 0.778 0.719 0.145 0.100 
1995 0.185 0.079 0.085 0.062 0.830 0.615 0.607 0.130(W) 0.100 
1996 0.385 0.131 0.132 0.061 0:992 0.612 0.496 0.558(A) 0.100 

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

'\ . 
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Figure 1. Age composition of pollock collected in Shelikof Strait 
during the 1991 and 1992 hydroacoustic surveys. 
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Figure 6. 1992 age composition of the commercial catch of walleye 
pollock in the Gulf of Alaska. 
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SUMMARY OF MAJOR CHANGES IN THE PACIFlC COD ASSESSMENT 

by 

Harold H. Zenger and Grant G. Thompson 

Relative to the November 1992 SAFE report, the following changes have been incorporated into this 
document: 

1) The in-season landings estiJqates in Tables 2.1 and 2.3 are now blend estimates supplied by the 
Alaska Regional Office as opposed to previous in-season reports based on fish ticket reports 
supplied to the Pacific Fishery Information Network (Pacf1I\l1. Blend estimates incorporate 
discards. 

2) The term "catch" haS been replaced, where appropriate, by the term "landings". This distinguishes 
recent da~ that include information on discards from data that reflect only retained catch. 

3) The current year in the SRA projections of catch and biomass has been advanced from 1992 to 
1993. The SRA model was not retuned. The 1994 projected catch under an FO.l harvest strategy 
(ABC) is 52,700 1, down from 56.700 t in 1993. The projected catch under an FlO,*, halVest 
strategy (the overfishing level) is 68.400 t. down from 78.100 t in 1993. 

4) A new length-based Synthesis model is presented in the Appendix. This highly preliminary model 
provides a considerably higher estimate of stock biomass than the existing SRA model. 
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PACIFIC COD 

by 

Harold H. Zenger and Grant G. Thompson 

INTRODUcnON 

In North American waters, Pacific cod (Gadus macrocephalus) occurs 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 between the Gulf of Alaska and the Bering Sea and Aleutian Islands 
(Shimada and Kimura 1993). 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 CATCH mSTORY 

2.2.1 Allocations 

The optimum yield (OY) for Gulf of Alaska Pacific cod, which was replaced by target quota (TQ) in 1987 
and total allowable catch (T AC) 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 reported landings. During the period 1978-81. OY varied between 34,800 and 
70,000 t, settling at 60,000 t in 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 L Although the 1987 Acceptahle 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 t in response to a trend predicted by stock reduction analysis (Zenger and 
Thompson 1990). In 1990 the NPFMC set ABC at 90.000 t by averaging SRA-projected catches 
associated with F MSY and FOl harvest strategies (see "Maximum Sustainable Yield" and "Acceptable 
Biological Catch" sections). The 1991-93 allocations of 77 ,900 t, 63,500 L and 56,700 t respectively were 
based on an Fo I harvest strategy applied to results from stock reduction analysis (SRA). La<;t year's SRA 
incorporated a preliminary 1992 catch estimate of 63.500 t. However, the actual 1992 landings exceeded 
75.000 1, implying that the 1993 allocation may have been somewhat optimistic. 

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

Allocation (in percent) of the gulf Pacific cod TAC by NPFMC Regulatory Area. 

Year (s) W C :g Year ( sl W .£ :g 

1977-85 28 56 16 1990 33 66 1 
1986 40 44 16 1991 33 62 5 
1987 27 56 17 1992 37 61 22 
1988-89 19 73 8 1993 33 62 5 

Note: The NPFMC Western Area is the International North Pacific Fisheries 
Corronission (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. 
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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 ofDAH by regulatory area were restored to nearpre-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 33, 66, and 1% to accommodate the developing fisheries 
around Kodiak Island and in the western Gulf of Alaska. In 1991, all~ations were adjusted slightly to 
reflect the results of the 1990 triennial survey. The 1992 allocations were increased in the Western area 
and decreased in the Central and Eastern Areas. In 1993 the apportionment returned to that of 1991. 

2.2.2 Landings 

Landings of Pacific cod in the Gulf of Alaska increased throughout most of the 19808 in response to one 
or two large year classes that recruited to the fishery in 1980-81. Growing from 2;157 t in 1977 to 36,401 
tin 1983, the annual totallanding$/dropped to 14,306 t in 1985 as foreign effort began to be phased out, 
then grew again as the capacity of~the domestic fleet increased. The 1991 and 1992 landings reached 
record levels of 75,000 t (Table 2.1). 

Historically, the majority of Pacific cod landings came from the INPFC Shum~in 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 50% of total gulf cod landings between 1989 and 1992. 

As shown in the table below, trawlers continue to account for the majority of gulf cod landings. 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. 

Percentage of gulfwide Pacific cod landings, by the three principal gear 
categories. -

~ Trawls Long line ~ 

1987 69 28 3 
1988 82 13 5 
1889 90 9 1 
1990 78 8 8 
1991 75 10 15 
1992 68 19 13 

Note: Gear-specif ic landings reported by the Pacific Fishery Information Network 
(PacFIN), Pacific Marine Fisheries Commission, Metro Center, Suite 170, 2000 SW. 
First Avenue, Portland, OR 97201. 

In 1992 trawl landings were divided more or less equally between the Western and Central management 
areas, as were longline landings. Landings from the pot fishery originated almost exclusively in the 
Central area. 

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 wen below their respective allocations 

(Table 2.3). Total landings for 1989 were only slightly more than half of TAC, but landings from the 
NPFMC Western Regulatory Area exceeded the allocation by 330 t or 2% qable 2.3), Landings for 1990 
totaled 83% of total T AC, but landings from the Western Regulatory Area again exceeded the local T AC. 
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this time by 3.200 t (11%). In 1991. almost the entire TAC of 77.900 t was taken well before the end 
of the year. The 1991 allocation for the Central area was exceeded by about 2.000 t or 4% (fable 2.3). 
In 1992 total TAC was surpassed for the first time. Landings from the Western and Central areas 
exceeded allocations by 9.250 t (39%) and 2,650 t (4%), respectively. At this writing none of the 1993 
area-specific allocations has been exceeded. Approximately 4,000 t or 7% of the gulfwide allocation 
remains. Harvesting intensity of Pacific cod in 1993 appears to be reduced relative to 1991 and 1992. 
when allocations were higher and a greater proportion of landings were taken earlier in the year. It is 
noteworthy that the 1993 figures include information on discards. whereas previous annual reports lacked 
those data. 

2.3 CONDmON OF STOCKS 

2.3.1 Relative Abundance 

2.3.1.1 Japan-U.S. Cooperative Longline Survey 

Results of the annual (l979~88) 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 (feshima 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 
long line 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 10ngIine fishery in the INPFC Shumagin and Chirikof Areas indicate that the cod population 
decreased 34% and 47%. respectively (feshima 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. 

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 (feshima 1987). 

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

During the summers of 1987-91 NMFS conducted longline surveys occupying the same stations as the 
cooperative survey mentioned above. In 1988 the survey was extended to selected gullies. The 1990 
survey detected a 35% increase in Pacific cod abundance on the upper continental slope. although the 
increase was found to be statistically nonsignificant at p ::;; 0.5 (Zenger and Sigler 1992). It also found 
a significant 46% increase in abundance in Shelikof Trough. The 1991 survey showed a nonsignificant 
16% decrease in Pacific cod abundance on the upper continental slope. The largest decrease was found 
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in the NPFMC Western Management Area. It also showed a statistically nonsignificant 6% increase in 
Pacific cod abundance in the gullies, most of which was found in Shelikof Trough. To summarize, this 
survey shows Pacific cod abundance in the overall Gulf of Alaska to be unchanged from 1990 to 1991, 
although somewhat decreased in the western region. 

Size compositions from the 1990 longline survey are markedly different than those from the 1990 triennial 
trawl survey (Figures 2.1 and 2.2). Basically. the two sets of length freQuencies represent samples from 
different areas. The longline survey samples Pacific cod that have recruited to the upper continental slope 
and into the deeper gullies, while the trawl survey samples a much broader spatial distribution. In addition 
to the limited survey area sampled by the longline surveys, hook selectivity plays a part in determining 
the portion of the population sampled. The longlines tend not to sample cod smaller than 50 em. In 
general, it appears that neither the NMFS longline survey nor the cooperative longline survey gives a true 
measure of Pacific cod abundance or size composition· . 

2.3. L3 Size compositions of P~ifiC cod from domestic fisheries 

Size composition data are collected by cbservers aboard domestic fiShing vessels, processing vessels. and 
in shoreside processing installations. Figure 2.3 summarizes cod length frequencies collected by observers 
in the first and second quarters of 1990 and the first quarter of 1991 in the NPFMC Western and Central 
management areas. Size compositions from the Western area contrast sharply with those collected from 
the same region during the 1990 Gulf of Alaska groundfish trawl survey (Figure 2.2), which was 
conducted during the third quarter of that year. Observer data coJIected from the Central management area 
show sizes more in line with those found during the trawl survey in that area. 

The size composition of the NPFMC Western area commercial catch reflects a relatively high proportion 
of Pacific cod larger than 70 em fork length compared to the size compositions from the 1990 trawl 
survey (Figures 2.2 and 2.3). By the second quarter of 1990, the largest fish had become relatively less 
abundant, but the principal modes were much larger than those detected by either the trawl surveyor the 
NMFS longline survey (Figure 2. I). Although some targeting of larger fish by the commercial fishery 
may have occurred. it seems likely that major abundance modes above 70 em would have been detected 
later in the year if those large fish were resident in the Gulf.of Alaska. It appears more likely that the 
fishery was based on spawning aggregations that moved in from another area, probably the southeast 
Bering Sea or Aleutian Islands region where very large Pacific cod are more commonly found. 

Because size composition data from the commercial fishery in the third quarter of 1990 are not available 
for the Western management area. we cannot verify the presence of the larger fish in the commercial 
fishery during the summer. However. it appears that when spawning concluded they moved out of the 
western gulf. 
returning to their summer feeding grounds. This phenomenon may be an annual occurrence. Similar 
evidence of large cod was found in the first quarter of 1991. not only in the NPFMC Western area but 
to a lesser extent in the NPFMC Central area as well. Since the 1991 allocation for the Western area was 
taken by the end of the second quarter. data for the last half of the year will not be forthcoming. 

Spawning migrations such as the one outlined above may cause the winter cod population in the Gulf of 
Alaska to increase above summer levels (when the triennial trawl surveys are conducted). Gulf of Alaska 
catch allocations in the western gulf could be ruled early in the year by fishing effort targeted on fish 

. normally sampled in other areas by resource assessment surveys. This could lead to a lower-than-optimal 
harvest of the Gulf of Alaska segment of the cod population. and an overharvest of cod from the Bering 
Sea and Aleutian Islands region. 
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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 
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 yessels chartered by NMFS. 

Another comprehensive trawl survey was conducted in 1990 utilizing U.s. vessels only. Total Pacific cod 
biomass was estimated at 402,390 t (fable 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 estimates were 571,188 t, 558,662 t, and 379,494 t respectively. Results of stock reduction 
ana)ysis project a 1993 exploitable biomass level of 324.000 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 perc;ent of the total exploitable biomass 
was detected in 21 % of the total survey area encompassed by the Chirikof INPFC ar~a. Sixty-two percent 
of the biomass in the NPFMC Central area was found in the portion west of Kodiak Island (fable 2.4). 

The largest cod were found in the Shumagin INPFC area., and the smallest cod were found in the vicinity 
of Kodiak Island (fable 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 

In 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 
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toward ageing Pacific cod were initially directed toward samples collected from the eastern Bering Sea. 
To date, no age data are available from any of the trawl surveys. 

Thus, evaluation of relative year class strengths has relied on visual inspection of length frequency modes. 
These modes presented in Figure 2.2 show that age 0+ cod were found in the vicinity of Kodiak Island 
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 subjective age/size rule of thumb 
described above. Initially the age 0+ mode (1984 year class) 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 triellI1ial survey size compositions are somewhat similar to those of 1984 in that 
0+ cod were relatively abundanb 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 success -of the 1990 year 
class on the basis of the numbers of age 0+ fish observed in the 1990 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). 

Although no age composition data are available from the trawl surveys, 800 fish from the 1990 
commercial fishery have been aged. Applying the resulting age-length key to the observer length
frequency distribution from the 1990 commercial fishery gives the relative age composition shown in 
Figure 2.4. Age 5 fish dominated the 1990 catch (measured in numbers), accounting for approximately 
32% of the total. Since the selectivities of the various gear types are unknown, it is difficult to determine 
the relative strengths of the year classes represented in Figure 2.4. However, if the fish recruit in knife
edge fashion (i.e .• if all fish are fully selected at ages 3 and _above). Figure 2.4 would indicate that the 
1985 year class is stronger than either the 1986 or 1987 year classes. with 1987 being the weakest of the 
three. The hypothesis of weak 1986 and 1987 year classes is corroborated by age composition data from 
the eastern Bering Sea stock. where the strengths of these same year classes have been found to be well 
below average (Thompson 1990). 

2.5 BIOLOGICAL PARAMETERS 

Some parameter values employed in previous assessments were based on estimates derived for the eastern 
Bering Sea stock of Pacific cod by Thompson (1988 and 1990). In 1991. however. new parameters were 
derived from data collected either in or near the Gulf of Alaska. 

2.5.1 Natural Mortality, Age of Recruitment, and Maximum Age 

For Pacific cod in the eastern Bering Sea. Thompson (1988) estimated natural mortality M at 0.29. 
although he noted that this value was lower than most previous estimates. Further support for a natural 
mortality rate between 0.2 and 0.3 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 
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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 Aleutian Islands in February 1982 (WGSI=O.141). The 
following estimate of the natural mortality rate was then obtained from Gunderson and Dygert's equation: 

M = 0.03 + 1.68 WGSI = 0.27. (1) 

Because it derives from data collected nearer the Gulf of Alaska than the estimate given by Thompson 
(1988). the natural mortality estimate of 0.27 is used here. 

The age of recruitment is set at 3 years. The oldest age observed from the 1990 commercial fishery in 
the gulf was 19 years. 

2.5.2 Length and Weight at Age 

Using length and age data from the 1990 commercial fishery, a length-at-age relationship was estimated 
by applying nonlinear least squares regression to the individual lengths at age. yielding 

L = 113.3(1 - Ie -0.1576(11<0.0263», (2) 

where L=length in ern, and a=age in years. 

Least squares regression was also used to fit the mean weights at age (ages 3 through 14) to Schnute's 
(1985) parametrization of the Brody growth curve (Kimura 1985), giving p=0.990 and m=-2.762. 

2.5.3 Historical Exploitation Rates 

Results of stock reduction analysis with stock-recruitment shape parameter A=O.9 (see "Maximum 
Sustainable Yield" section) indicate the schedule of historical exploitation rates shown below. where 
"exploitation rate" is used in the sense of Baranov's catch equation (the ratio of catch in numbers to 
January stock size in numbers). 
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Historical fishing mortality and exploitation rates. 

Year F --1L- Year F --1L- Year F --1L-
'i97T o.oor 0.001 I9'79 "1i':02i 0.020 1987 o:o6i 0.054 
1972 0.005 0.005 1980 0.057 0.049 1988 0.068 0.058 
1973 0.009 0.008 1981 0.061 0.052 1989 0.090 0.075 
1974 0.008 0.007 1982 0.052 0.045 1990 0.169 0.137 
1975 0.009 0.008 1983 0.067 0.057 1991 0.207 0.164 
1976 0.010 0.009 1984 0.046 0.039 1992 0.181 0.146 
1977 0.004 0.003 1985 0.028 0.024 
1978 0.019 0.017 1986 0.048 0.041 

2.6 MAXIMUM SUSTAINABLE YIELD 

Although it is a convenient concept in principle, maximum sustainable yield (MSy) 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-Pereyra method is also limited by its 
strong assumptions that the biomass level corresponding to MSY (BMSY) is one-half the pristine level and 
that the fishing mortality rate corresponding to MSY (F MSY) 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 a\. 1984. Kimura 1985) has been employed in all assessments of this stock 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 
recruionent) to I (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 F MSY value of 0.179. The 1989 assessment. using 
different growth parameters and an A value of 0.689. estimated MSY at 32.600 t and F MSY at 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 in assessments conducted since 1989. 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 survey 
biomass estimates is best matched with an A value of zero. implying in tum that MSY is zero. Since this 
result is not very credible. the tuning procedure was modified by making pristine biomass the only 
estimated parameter (Le .• 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 0.1333. respectively). All assessments since 1989 have also used a 
correction factor to allow both growth and harvest to take place throughout the year (Thompson 1992). 

Beginning with the 1991 assessment. the tuning procedure has made explicit allowance for discards. This 
was done by inflating all domestic catches (as reported by PacFIN) taken since 1981 by a discard rate of 
3%. The discard rate was derived as follows: 
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Estimates of discarded and retained EBS cod catches were obtained by site (at sea or shorebased) for 1991 
from the NMFS regional office and for 1990 and 1991 from the obseNer program. The regional office 
data suffer from the fact that they are based on fishermen's and processors' reported discards, as opposed 
to discards witnessed by an independent observer. TIle obseNer data suffer from the facts that coverage 
is incomplete and that the level of coverage differs between at-sea and shorebased operations. 

The shorebased discard rates from the regional office and obseNer data are similar (about 1%). However, 
the at-sea discard rates are quite different (about 3% for regional office data and 6% for observer data). 
To be conservative, then, the observer data should be used as the primary source of discard rates. 

To circumvent the problem posed by disproportionate sampling of at-sea versus shorebased operations, 
the 1990 and 1991 observer discard rates were weighted by the proportions of at-sea and shorebased 
retained catch reported by the regional office for 1991 (79% and 21 %, respectively). This gave an overall 
discard rate of 4% for 1990 and 2% for 1991 (quarters 1 through 3 in both years). Since no infonnation 
is available for earlier years, it seemed reasonable to apply the 1~1991 average rate of 3% to PacFIN 
domestic catches in all years (1981-1991) in order to obtain an estimate of total mortality-in the domestic 
fishery. The resulting figure was then added to the PacFIN foreign and joint venture Catches to obtain 
an estimate of overall fishery mortality. 

Since the stock-recruitment shape parameter A is notoriously difficult to estimate empirically, this 
parameter has been estimated since 1991 by determining the value that forces F IrISf to equal Fo.! (the 
fishing mortality rate that sets the slope of the yield-per-recruit curve equal to one-tenth of the slope at 
the origin--Gulland and Boerema 1971). The use of FO.I as a surrogate for F IrISf is discussed by Oarle 
(1991). In both the 1991 and 1992 assessments, FOI was estimated at a value of 0.177, which would 
correspond to F IrISf under an A value of 0.9 (Mace 1993). For purposes of comparison, then, a provisional 
stock-recruitment curve can be defined using an A value of 0.9, yielding an MSY value of 37,500 1. It 
should be emphasized, however, that this MSY value is highly conditional: Alternative A values would 
Produce different results. Due to the difficulty of explaining the decline in survey biomass observed 
between ]987 and 1990, it is probably unwise to select a single MSY. estimate at the present time. 

2.7 .,tACCEPTABLE BIOLOGICAL CATCH 

2.7.] Exploitation Stratel!ies 

The NPFMC has demonstrated a preference for using a constant exploitation strategy to compute ABC. 
The Council's Scientific and Statistical Committee (SSe) has expressed a particular interest in exploitation 
rates corresponding to FOI' F IrISf' F MIU: (Le .• the fishing mortality rate corresponding to the maximum yield 
per recruit), F=M. and fishing mortality rates that reduce the level of spawning biomass per recruit to a 
specified fraction of the pristine level (e.g .• FJIJ'l, and Fm.). The relationship between the relative biomass
per-recruit ratio and fishing mortality for this stock is shown below: 

Relative biomass-per-recruit ratio: 
Fishing mortality rate: 

0.200 0.250 0.300 0.350 0.400 
0.3740.2990.2450.2030.170 

In setting ABC for 1991. 1992, and 1993. both the SSC and the Council used an FO.I harvest strategy. 
The current Fo! value of 0.177 also corresponds closely to the F value of 0.187 implicit in the ad hoc 
strategy used by the Council to set ABC for 1990. 
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Given the A value of 0.9 corresponding to FO.l and a projected 1992 catch of 63,500 t (equal to the 1992 
ABC), SRA was used to project biomass forward to 1996 based on the SSC's spectrum of target fishing 
mortality rates (excluding F MSY)' The results are shown below. Using the FO.l exploitation strategy, ABC 
for 1994 would be 52,700 t 

1994 Projected catch under alternative harvest strategies (stock-recruitment 
shape parameter A=0.9). 

Strate5Cl F value 1994 Catch 

FO• l 0.177 52,700 t 
F35i 0.203 59,000 t 
F-;;;;- 0.245 68,400 t 
F=11. 0.270 73,700 t 
F co. 0.319 83,100 t 6I/I.X 

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 56.700 t. these proportions translate into an ABC of 
17.400 t in the Western Area, 32,700 t in the Central Area, and 2.600 t in the Eastern Area. 

2.7.2 Prevention of 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. Under current 
parameter estimates. the fishing mortality rate at which overfishing occurs is thus 0.245. Using an A value 
of 0.9. a fishing mortality rate of 0.245 translates into a 1994 catch of 68,400 l The best available 
scientific information. as supported by existing analysis. is currently insufficient to mandate any division 
of this catch by Regulatory Area. 

2.8 BIOMASS PROJECTIONS 

Model projections of exploitable biomass and ABC are given below for the years 1993-1996 under each 
of the F values shown in the previous section (text table). These results indicate that the Pacific cod stock 
will prubahly 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. Also. it should be noted that some of the columns labeled "ABC" are inadmissible 
under the Council's overfishing definition. 
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Projected biomass and ABC under alternative harvest strategies 
{stock-recruitment shaee earameter A=0.91. 

FO.l FJ5f FJot F=M F ..... 

~ Bio. ABC Bio. ABC Bio. ABC Bio. ABC Bio. ABC 

1993 324 56.7 324 64.9 324 78.1 324 86.0 324 101. 0 
1994 301 52.7 294 59.0 283 68.4 277 73.7 ·266 83.1 
1995 284 49.7 272 54.5 253 61.1 243 64.5 224 70.0 
1996 271 47.5 255 51.1 231 55.8 218 57.9 195 61. 0 

Note: Biomass and ABC values are in thousands of metric tons. 
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Table 2.1.-Final allocations and landings (t) of Pacific cod in the GuH of Alaska, by fishery category. 1977-
931

• Estimates of the 
1993 in-season catch includes estimates of discards. 

Allocations' landings' 

JOint 
Year' ABC OYlTorrAC TAlFF DAP JVP Reserve Foreign venture Domestic 

Total 

1977 6,300 2,300 4,000 1,987 0 270 2).57 

1978 40,600 25.100 15,500 0 11,370 7 785 12.162 

1979 34,800 29,300 4,000 1,500 13,173 711 985 14,869 

1980 60,000 53,442 4,058 2,500 0 34,245 466... : 612 35,323 

1981 70,000 63,634 5,167 1,199 0 34,969 58 1,061 36,088 

1982 60,000 51,688 6,902 1,410 0 26,937 193 2.250 29,380 

1983 60,000 50,936 5,312 3,752 0 29,m 2,426 4,198 -36,401 

19&4 60.000 32,518 9,320 18.162 0 15,896 4.649 3,231 23,776 

1985 60.000 10,200 30,360 7,640 11,800 9,086 2,266 2,954 14,306 

1986 75,000 15,520 35,000 9,480 15,000 15,211 1,357 8.045 24.612 

1987 lZS,OOO 50,000 0 48,000 2.000 0 0 1.978 29,454 31.432 

1991\ 99,000 80,000 0 68,950 11,050 0 0 1,661 30,896 32,557 

1989 71.100 71,100 0 71,200 0 0 0 0 41.676 41.676 

1990 90,000 90.000 0 90,000 0 0 0 0 74.647 74,647 

1991 77.900 77.900 0 77,900 0 0 0 0 75,477 75.477 

1992 63~~00 63~~00 0 63.500 0 0 0 0 75.197 
75.197 

1(9) 56.70.) 56.700 0 56.700 0 0 0 0 52.7&5 
52.7&5 

'pr",lu"':"ary 1993 in~season cat.ch dat.a are blend estimat.es based on observer and industry 
repor:s as o! July 31. 1993. Source: Personal communicat.ion with Jessie Gharrett, Alaska Regional 
offICE. Naclcnal Marine Fisheries Service, NOAA. P.O. Box 21669. Juneau, Alaska 99902-1668. 

'ABC = allowable biological catch; OY = optimum yield; TO = target. quota (1987 only); TAC = 
total allowable catch (post-19B7); TALFF = total allowable level of foreign fishing; DAP = domestic 
annual processing; JVP = joint venture processing. 

'Sources: Fcreicrn and ioint venture catches ~~ personal communication with Jerald Berger. U.S. 
F ishenes Oeserver Program. Alaska F lshenes SCience Center. Nat ional Mar ine Fisher ies Service. NOAA. 
7600 Sand Point Way NE .• Bin C15700. Building 4. Seattle, WA 98115-0070. U.S. landings 1977-80 -
Rigby (1994). U.S. landinas 1981-92 ~- Pacific Fishery Information Net.work IPacFINI. Paclflc Marine 
Fishery CommiSSion, Metro Cent.er. Suit.e 170. 2000 SW. First. Avenue, Portland. OR 97201. 

"Fishing year' 1981 was ext.ended to 14 months in order that subsequent fishing years would 
coincid~ with calendar years. 

t 
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Table 2.2.--LandingsS (t) of Pacific cod in the Gulf of Alaska by International 
North Pacific Fisheries Commission (INPFC) statistical area, 
1977-92. 

INPFC Statistical Areas 

Year Shumagin Chirikof Kodiak Shelikof Yakutat Southeastern Total 

1977 726 359 866 237 69 2,257 

1978 5,591 4,707 1,488 202 174 12,162 

1979 3,982 6,541 3,829 371 147 14,870 

1980 8,705 18,627 5,871 2,004 116 35,323 

1981 11,579 19,115 3,036 2,249 109 26,088 

1982 7,343 14,361 5,543 2,108 25 29,380 

1983 9,178 15,675 9,567 1,963 18 36,401 

1984 11,748 5,844 6,149 1 34 23,766 

1985 8,426 3,224 2,564 <1 92 14,306 

1986 12,751 4,092 1,362 222 185 24,612 

1987 2,473 2,378 26,162 30 389 31,432 

1988 5,562 2,451 20,922 3,329 39 254 32,557 

1989 13,830 3,072 22,130 2,423 18 203 41,676 

1990 32,737 4,994 26,161 10,565 29 161 74,647 

1991 28,145 13,227 27,526 6,242 67 270 75,477 

1992 32,741 11,781 26,085 3,789 445 356 75,197 

'Sources: F-,reicrn and ioint venturf? catches -- personal communication with ·Jerald Berger, U.S. 
Fisheries Observer Program. AiasKa F1Snel:leS SClence Center, National Marine Fisheries Service. NOAA. 
7600 Sand POlnt Way NE., Bin C15700. Building 4. Seattle. WA 9811S-0070, U.S. landinas 1977-80 -
Rigby (1984). U.S. landinas 1981-92 -- Pacific Fishery Information NetworK (PacFINI. Paclflc Marine 
Fishery Commisslon. Metl:o Center. Suite 170. 2000 SW. First Avenue, Portland, OR 97201. 
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Table 2.3.--Pacific cod landings' (t) and percent of area-specific allocation 
landed (% AL), by North Pacific Fishery Management Council (NPFMC) 
Gulf of Alaska regulatory area, 1977-93.' Estimates of the 
1993 in-season catch includes discards. 

NPFMC Regulatory Area' 

Year Western Central East.ern Gulf of Alaska 

Landings (% AL) Landings (% AL) Landings (% AL) Landings (% AL) 

1977 726 (41) 1,225 (35) 306 (30 ) 2,557 (41) 

1978 5,591 (49) 6,195 (27) 376 6) 12,162 (30) 

1979 3,982 (41) 
, 

10,370 (53) 518 9) 14,870 (43) 

1980 8,705 (52) 24,498 (73 ) 2,120 (24) 35,323 (59) 

1981 11,579 (59) 27,151 (56) 2,358 (21) 36,688 (52) 

1982 7,343 (44) 19,904 (59) 2,133 (22) 29,380 (49) 

1983 9,178 (55) 25,242 (75) 1,981 (21) 36,401 (61) 

1984 11,748 (70 ) 11, S93 (36) 35 (<1) 23,776 (40) 

1985 8,426 (50) 5,788 (17) 92 1) 14,306 (24) 

1986 12,751 (42) 11,454 (35) 407 3) 24,612 (33) 

1987 2,473 (18) 28,540 (102) 419 5) 31,432 (63) 

1988 5,562 (29) 26,702 (44) 293 (146) 32,557 (41) 

1989 13,830 (102 ) 27,625 (53) 221 ( 4) 41,676 (58) 

1990 32,737 (111) 41,720 (70) 190 (19) 74,647 (83) 

1991 28,145 (94) 46,995 (104) 337 (12) 75,477 (97) 

1992 32,741 (139 ) 41, 655 (107 ) 801 (80) 75,197 (118) 

1993 18,341 (98 ) 32,913 (94) 1,531 (55) 52,785 (93 ) 

'Sourc~s: For~ian and ioint venture catches -- personal corr~unication with Jerald Berger, U.S. 
FisherIes Obs~rver Program. AlasKa Flsnerles SClence Center, National Marine Fisheries Service. NOAA. 
7600 Sand point Way NE., Bin C15700, Building 4, Seattle, WA 98115-0070. U.S. landings 1977-80 -
Rigby (1984). u.~. landings 1981-92 -- Pacific Fishery Information Network (PacFIN). Paclflc Marine 
Fishery Commisslon, Metro Center, Suite 170, 2000 SW. First Avenue, Portland, OR 97201. 

'Preliminary 1993 in-season catch data are blend estimates based on observer and industry 
reports as of July 31. 1993. Source: Personal communication with Jessie Gharrett, Alaska Regional 
Office. Na~ional Marine Fisheries Service. NOAA, P.O Box 21668, Juneau, Alaska 99802-1668. 

"The NPFMC Western Regulatory Area is the International North Pacific Fisheries CommiSSion 
IINPFC) Shuma~in Statistical Area. the NPFMC Central Regulatory Area combines the Chirikof and Kodiak 
INPFC Statistical Areas, and the NPFMC Eastern Regulatory Area encompasses the INPFC Yakutat and 
Southeastern Statistical Areas. 
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Table 2.4.--Summary of biomass estimates of Pacific cod from the 1990 Gulf of 
Alaska triennial groundfish trawl survey' and exploitable biomass 
(t), by International North Pacific Fisheries Commission (INPFC) 
Statistical Area and North Pacific Fishery Management Council (NPFMC) 
Regulatory Area. 

INPFC area 

Shumagin 

Chirikof 
Kodiak 
Yakutat 
Southeastern 

NPFMC area10 

Western 
Central 
Eastern 

Total 

Area 
(nroi) 

18,707 

18,501 

28,352 
15,366 

5,187 

18,707 

46,853 

20,553 

86,113 

t total 
area 

22 
21 
33 

18 

6 

22 

S4 

24 

100 

Biomass 
(t) 

131,942 
152,800 

95,300 

13,861 

8,487 

131,942 
248,100 

22,348 

402,390 

t Expl. 

95.5 

97.3 

87.6 

95.0 
96.2 

Exploitable 
biomass, (t) 

126,005 
148,674 

83,483 

13,168 
8,164 

(33) 

(39 ) 

(22) 
(4) 

(2) 

126,005 (.i3) 

232,157 (61) 
21,332 (6) 

379,494 (100) 

Mean wt. 
(kg) 

2.6 
1.9 

1.6 

2.1 
2.0 

2.6 
1.8 

2.1 

'Source: Personal communication. November 1990. Eric Brown, Resource Assessment and 
Conservation EnQineering Division. Alaska fisheries Science Center. National Marine fisheries 
Service. NOAA. Bin C15700. Building 4. 7600 Sand Point Way NE., Seattle, WA 98115-0070. 

'·The NPfMC Western Regulatory Area is the International North Pac if ic fisher ies Commiss ion 
(INPfCI Shumagin Statistical Area. the NPfMC Central Regulatory Area combines the Chirikof and Kodiak 
INPfC Statistical Areas. and the NPFMC Eastern Regulatory Area encompasses the INPFC Yakutat and 
Southea~tern Statistical Areas. 
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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 (_ .. ). 1990 (--). and 1991 (-). 
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Figure 2.3.--Pacific cod length frequencies from the domestic fisheries 
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areas during the flrst and second quarters of 1990 and the 
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SUMMARY OF CHANGES IN THE FLATFISH ASSESSMENT 

No change have been made to this document relative to the November 1992 SAFE. 
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SUMMARY OF MAJOR CHANGES IN THE SABLEFISH ASSESSMENT 

Relative to the November 1992 SAFE report, no change have been made in the September 1993 draft of 
the sablefish chapter. The 1993 sablefish longline surveys are underway at this time. After completion, 
their results will be incorporated into a new ABC SAFE. No substantiye changes are anticipated in the 
model used to obtain the sablefish ABC recommendation. 
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SUMMARY OF MAJOR CHANGES IN THE SLOPE ROCKFISH ASSESSMENT 

By 

Jonathan Heifetz, David M. Clausen. and James N. Ianelli 

Relative to the November 1993 final SAFE, the following substantive changes have been made: 
,~, 

(1) Commercial catch statisties are updated in Table 5-2 and discussed in Section S.2. 

(2) Section 5.7.1 has been modified to include the optimal fishing rate and target biomass level for 
Pacific ocean perch based on the analysis in Ianelli et al. (1993). A preliminary ABC of 3,378 
mt is recommended for Pacific ocean perch. 

(3) Section 5.7.3 has been added to reflect separation of northern rockfish from the the other rockfish 
category. 
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SLOPE ROCKFISH 

Jonathan Heifetz, David M. Clausen, and James N. Ianelli 

5.1 INTRODUCfION 

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 divided the slope assemblage in the Gulf of Alaska into three management 
subgroups: Pacific ocean perch, shortraker!rougheye rockfish, and all other species of slope rockfish. In 
1993, a fourth management subgroup, northern rockfish, was also created. These subgroups were 
established to protect Pacific ocean perch and shortraker, rougheye, and northern rockfish (the most 
sought-after commercial species in the assemblage) from possible overfishing. Each subgroup is now 
assigned an individual T AC (total allowable catch), whereas in previous years, a single T AC 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. I). Tttis 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 apparent 
overfistting resulled 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 1977-93 is listed in Table 5-2. The reader is 
cautioned that actual catches of slope rockfish are only shown for 1988-93; 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 Sehastes 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 lO 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. 
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The domestic fishery first became important in 1985, and expanded each year until 1991. This fishery 
has been composed mostly 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. In the years 1991-93, overall catches of slope rockfish have 
diminished, probably because the new management subgroups have limited the harvest of the more desired 
species. 

Detailed species composition data for the shortraker/rougheye and "other slope rockfish" subgroups in the 
1991 commercial fishery are available from the domestic observer program (Table 5-3). On a Gulfwide 
basis, catches of shortraker and rougheye rockfish were nearly equal; shortraker rockfish, however. 
predominated in the Eastern area. whereas rougheye rockfish predominated in the Western area. Northern 
rockfish was by far the major species caught in the "other slope rockfish" subgroup, comprising nearly 
94% of the Gulfwide total. In the Central area. where most of the "other slope rockfish" catch was taken. 
northern rockfish totaled over '97% of the subgroup's catch. Redstripe and harlequin rockfish together 
comprised a majority of the relatively small catch of "other slope rockfish" in the Eastern area. 

Creation of the three management sutJgroups in 1991 resulted in a large expaiision of the fishery for 
northern rockfish. When slope rockfish were managed as a single assemblage in 1990, northern rockfish 
accounted for onJy 7.6% of the slope rockfish catch, or an estimated total of 1,617 mt (based on data in 
Heifetz and Clausen 1991). Fishennen apparently chose to target upon shortraker and rougheye rockfish 
and Pacific ocean perch (the three species with the highest economic value in the assemblage). instead of 
catching northern rockfish. In 1991, however. when northern rockfish were separated out as part of the 
"other slope rockfish" subgroup. catches increased to an estimated 5,866 mt (based on data in Tables 5-2 
and 5-3). Thus. northern rockfish. which previously were caught in relatively small amounts. were utilized 
much more fully in 1991. 

Gulfwide discard rates l for each of the three slope rockfish management subgroups in 1991 and 1992 are 
listed as follows: 

Pacific ocean perch 
ShortrJ..ker/rougheye 
Other slope rockfish 

1991 

15.7 
7.6 

24.7 

% discarded 
1992 

21.5 
7.2 

26.0 

These data are based on processor weekly production reports and not on information from the domestic 
ohscrvcr progrJITl; as such. they may somewhat underestimate the true rate of discard. The data indicate 
a correlation between the rate of discard and value of the fish: the higher the value of the fish. the lower 
the discard rate. The most valuable species. shortraker and rougheye rockfish. have very low discard rates 
of <109(; Pacific ocean perch. intermediate in value. shows an intermediate discard rate; and "other slope 
rockfish". which are the least valuable. show relatively high discard rates of -25% or greater. 

ISource : National Marine Fisheries Service. Alaska Region. P.O. Box 21688. Juneau. AK 99802. 
October 25. 1992. 
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5.3.1 Relative Abundance 
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CONDmON OF STOCKS 

5.3.1.1 Catch Per Unit Effort (CPUE) in the Japanese Trawl 
Fishery 

The Japanese trawl fishery in the Gulf of Alaska provided detailed catch and effort infonnation 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 tenninated. 

5.3.1.2 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. Rougbeye 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 and shortraker rockfish 
are most abundant in the eastern Gulf of Alaska. 

The domestic 10ngIine survey has been conducted annually since 1988, and RPN's and RPW's have been 
computed for each year (Table 5-4; Zenger and Sigler 19922). Gulfwide rockfish RPN values from this 
survey have ShOV.l1 a wide fluctuation. from a low of --29,000 in 1988 to a high of --45,000 in 1991. 
However. there is no consistent trend in these data, and none of the annual changes were statistically 
significant. Furthermore. such large variations in annual abundance do not seem plausible for long-lived, 
presum:lhly non-migratory ~ species such as rougheye and shortraker rockfish. The fluctuations in RPN 
prohahly reflect random variations in the survey's catch rates. rather than true changes in abundance. 
Annual changes in RPN for each INPFC area. although sometimes apparently large, also have not been 
statistically Significant. with one exception. This exception is in the Southeastern area, where the decline 
in RPN from 1991 to 1992 was determined to be significant Based on the RPW data in Table 5-4, most 
of this decline was caused by a decreased catch rate of rougheye rockfish in Southeastern in 1992. It 
should he noted. however. that the 1992 RPN value for this area. despite its decline from 1991 to 1992, 
was still nearly the same as in 1990, and was greater than in 1988. This suggests that the 1991 RPN in 
Southeastern. for UnknOV.l1 reasons. may have been anomalously high. 

21991 and 1992 values are from M. Sigler, National Marine Fisheries Service, Alaska Fisheries 
Science Center. Auke Bay Laboratory. 11305 Glacier Hwy .. Juneau AK 99801. Pers. commum., October 
1992. 
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Similar to the results of the cooperative longline sulVey. rockfish RPN's and RPW'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 shortraker rockfish are consistently most abundant in the Yakutat 
area, and that rougheye rockfish, except for 1992, have always been most abundant in Southeastern. 

S.3.2 Absolute Abundance 

Comprehensive triennial trawl sulVeys 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 

The 1990 biomass estimates sho\\,; Pacific ocean perch to be the most abundant species in...the slope 
rockfish assemblage, with 3S.6% of the Gulfwide biomass (Tabl.! 5-5). Seven other slope species were 
also caught in some abundance. In descending order of Gulfwide biomass, these-included: northern. 
rougheye. sharpchin. redstripe, harlequin, silvergrey, and shortraker rockfish. All other species in the 
assemblage accounted for only 0.6% of the Gulfwide biomass. On a regional basis, Pacific ocean perch 
was the predominant species in three International North Pacific Fisheries Commission (lNPFC) statistical 
areas: Chirikof, Yakutat, and Southeastern (see Table S-6 in Heifetz and Clausen 1991). Northern 
rockfish predominated in the other two areas. Shumagin and Kodiak. 

5.3.2.2 Comparison of Trawl Surveys i:l 1984, 1987, and 1990 

Biomass estimates from each of the triennial trawl surveys are listed in Table 5-6a. The estimates for 
1987 and 1990 are considered more reliable and standardized than those for 1984, because the 1984 survey 
in the eastern Gulf of Alaska was based on a different survey design. Generally. however, the biomass 
for many species appeared to increase between 1984 and 1987 (for a discussion see Heifetz and Clausen 
1992). The biomass estimates for Pacific ocean perch in 1984 and 1997 are a revised update of estimates 
presented in previous stock assessments (Table 5-6b). This revision is based on reanalysis of fishing 
power correction factors based on the method of Kappenman (1992). Biomass estimates for 1984 and 
1987 for all other species of slope rockfish are currently being revised based on reanalysis of fishing 
power correction factors. These new biomass estimates will be available for next year's stock assessment. 

Biomass estimates for most species of slope rockfish appeared to decline substantially in 1990 when 
compared with 1987. The biomass for the entire assemblage showed a decrease of 54% during this 
period. from 678.538 mt in 1987 to 372.046 mt in 1990. Especially large decreases were seen for Pacific 
ocean perch. shortrJker rockfish. and harlequin rockfish. although the decline for POP was not statistically 
significant. The reductions in biomass for rougheye. northern. sharpchin, and redstripe rockfish were not 
as great. 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 127,013 mt, whereas in 1990 
the corresponding biomass was only 59,044 mt (Table 5-6b). 

5.3.3.1 Current Exploitahle 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 subgroup, with associated 95% confidence intervals, is as follows: Pacific 
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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 5-5, 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 based 
on surveys. 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 
also listed in Table 5-7). These averages yield the following values of current exploitable biomass: for 
the entire slope rockfish assemblage, 532,574mt; for Pacific ocean perch, 173,597 mt; for 
shortraker/rougheye, 72.961 mt; and for other slope rockfish, 230,475 mt In section 5.6.2 we discuss an 
alternative approach for estimation of exploitable biomass of Padfic ocean perch. 

5.3.3.2 ~ies Composition of "Other Slope Rockfish" in the Commercial Catch Compared with Species 
Composition in Trawl Surveys 

A comparison of data for the "other slope rockfish" subgroup in Table 5-3 vs. Table 5-7 indicates that in 
1991, the commercial fishery harvested northern rockfish in a proportion greater than that observed in the 
1987 and 1990 trawl surveys Northern rockfish comprised >97% of the 1991 catch for the subgroup in 
the Central area (the area where most of the "other slope rockfish" catch was taken in 1991 and 1992), 
but exploitable biomass in the Central area for this species in the 1987 and 1990 trawl surveys totaled only 
70.6% and 80.5%, respectively. These data suggest that fishermen were actively seeking northern rockfish 
and avoiding other species in the subgroup. such as harlequin rockfish, that showed a relatively high 
exploitable biomass in the surveys. 

The exploitable biomass data in Table 5-7 may also explain why commercial catches of "other slope 
rockfish" in the Eastern area were so low in 1991 and 1992. Only 532 mt of "other slope rockfish" were 
taken in the Eastern area in 1991 (Table 5-2), despite a TAC of 3.434 mt; similarly, just 549 mt have been 
caught in 1992 from a T AC of 6,160 mt. In the 1987 and 1990 trawl surveys. exploitable biomass for 
the subgroup in this area' was comprised mostly of sharpchin, redstripe, and harlequin rockfish. The 
individual size of these three species is relatively small. especialIy for sharpchin and harlequin rockfish, 
and their market value is corresponding low. Consequently, there is meager economic incentive for the 
commercial fleet to take these species. and little fishing effort has been directed toward them in the 
Eastern area.. 

5.4 RECRUITMENT STRENGTHS 

The only recent information on recruitment strengths of slope rockfish 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 from the 1990 trawl survey were presented in Heifetz and Clausen (1991) 
for Pacific ocean perch and six other important species of slope rockfish (northern, rougheye, shortraker, 
sharpchin. harlequin and redstripe rockfish). The Pacific ocean perch distributions showed evidence of 
a distinct mode of small fish at approximately 25-28 em. The mode was especially prominent in the 
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Shumagin and Southeastern areas. and may indicate a stronger than average year class. The length 
frequency distribution for northern rockfish also showed what appeared to be a prominent year class of 
young fish at approximately 26 em. The rougheye rockfish distribution showed a strong mode centered 
around the relatively large size of 37 em. but this mode is difficult to explain. as no corresponding mode 
was seen in the 1987 length distributions for this species. There was little evidence of upcoming strong 
recruitment in the distributions for the remaining four species. 

Age composition data for Pacific ocean perch in the 1990 trawl survey are shown in Figure 5-2. These 
data are based on a Gulfwide sample of 1.766 fish. from which otoliths were collected and aged using the 
break-and-burn method. Ages ranged from 2 to 75 years and were used to develop Gulfwide age-length 
keys for males. females. and unsexed fish. To estimate age composition. the age-length keys were then 
applied to the survey's size composition for Pacific ocean perch. The 1990 age compositions show the 
1976 year class (age 14) to be distinctly prominent in all areas of the Gulf of Alaska except Shumagin. 
These data reconfirm the importance of this year class, which has previously been identified as strong in 
all Pacific ocean perch aging studies in Alaska dating back to 1983 (for references see Clausen and Heifetz 
1989). Age compositions from the 1987 trawl survey firmly indicated the 1980 year class was strong in 
all areas of the Gulf of Alaska (fish of this age comprised almost 15% of the Gulfwide 'population). and 
that the 1984 year class might also be strong (Clausen and Heifetz 1989). The 1990 age compositions. 
however. show little evidence of a strong 1980 year class, except for a small mode in the Yakutat area. 
This discrepancy between the age compositions in the 1987 and 1990 surveys is unexplained at present. 
The 1990 data do show the 1984 year class (age 6) to be somewhat stronger than adjacent year classes 
in tlle Chilikof and Southeastern area. The 1990 age compositions also indicate that the 1986 year class 
(age 4) may be relatively strong. as evidenced by the prominent modes seen in Figure 5-2 in the 
Shumagin. Kodiak. and Yakutat areas. These age 4 fish probably correspond to the abundant 25-28 cm 
fish that were observed in the length frequencies discussed in the previous paragraph. Additional Pacific 
ocean perch age samples are needed to confirm the importance of the 1986 year class and to further 
investigate me fate of the 1980 year class. 

Age composition of northern rockfish in the Gulf of Alaska, as determined from the 1987 trawl survey. 
was very different man that of Pacific ocean perch (Heifetz and Clausen 1992). 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 l1e older man age 15. compared to a corresponding value of only 12% for Pacific ocean 
perch. Age data for northern rockfish is not yet available from the· 1990 trawl survey. 

5.5 BIOLOGICAL PARAMETERS 

5.5.1 NaturJ.l Mortalitv. Maximum A£!e. 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 hased 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 l1e lightly explOited and thus are considered reasonable estimates of M. The memod of 
Alverson and Carney (1975) was used to estimate an M of 0.06 for northern rockfish (Heifetz and Clausen 
1991). 
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5.5.2 Length and Weight at Age 

Length-weight coefficients and Von Bertalanffy parameters are shown in Table 5-9. 

5.6 MAXIMUM SUSTAINABLE YIELD 

Although it has been traditional to present estimates of MSY for Pacific ocean perch in the Gulf of 
Alaska, we note that the MSY concept may not be useful for managing stocks that exhibit wide 
fluctuations in recruitment as some rockfish stocks appear to do. 

5.6.1 Stock Reduction Analysis (SRA) 

In previous stock assessments (Heifetz and Clausen 1991), 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 there is available a long series of catch data 
to permit reconstruction of the population dynamics. Depending on assumptions of the stock recruitment 
relationship, SRA estimated that virgin biomass ranged from 1,340,000 mt to 1,465,000 mt, MSY ranges 
from 15,000 mt to 27,700 mt, and fishing mortality at MSY (Fmsy) ranges from 0.024 to 0.080 (Table 
5-10). Biomass in 1991 was predicted by the SRA model to be 16 to 19 percent of virgin biomass and 
well below that which produces MSY. 

5.6.2 Stock Synthesis 

Heifetz and Ianelli (1992) have incorporated age-composition information from a variety of sources into 
a stock synthesis model (Methot 1990) of Pacific ocean perch in the Gulf of Alaska. We summarize their 
methods and results. 

5.6.2.1 Methods 

Stock synthesis functions by simulating both the dynamiCS of the population and the processes by which 
the population is observed. This simulation, which incorporates both imprecision and bias in the 
observations, is used to predict expected values for the observations. These expected values are compared 
to the actual observations (data) from surveys and the fishery. 

In stock synthesis numbers at age at the beginning of a year N(a) are calculated by a deterministic 
population model. N(a) values are transformed to provide expected values for comparison to the observed 
data. TIle basic population dynamics equations that describe the catch in numbers at age C( a) and total 
catch biomass Y in a given year are 

C(a) = N(a) Fs(a) (l-exp( -Fs(a)-M) (1) 
Fs(a) + M 

qa 

Y = 1: W(a)C(a) (2) .-1 
where s(a) is selectivity at age, F is the fishing mortality rate for fully selected age groups (ie. s( a) = J .0), 
M is natural mortality, and W(a) is weight at age. 
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The data sets used in this analysis included total catch biomass for years 1961-1992, size compositions 
from the fishery for 1963-78. 90, and 91, fishery CPUE for 1964-79, survey age compositions based on 
surface reading of otoliths (biased ages) for 1963-67, 78, and 79, survey size compositions for 1978-90, 
survey "break and bum" (unbiased ages) age compositions for 1980-82, 84, 87, and 90, and survey 
biomass estimates for 1984, 87, and 90. Ageing error, transformations from biased to unbiased ages, and 
standard errors of survey estimates of abundance were included in the model. 

Low emphasis was placed on a stock recruitment relationship so that recruitments were individually 
estimated for most years. Depending on the data component. parameters of either a domed shaped or 
asymptotic selectivity pattern were estimated. Shifts in selectivity within a data component were modeled 
by enabling selectivity to change with time. Consecutive years where selectivity did not appear to change 
were aggregated to have the same selectivity pattern. 

5.6.2.2 Model selection 

We focused on survey biomass in our model selection process, because survey biom,flSs is an important 
element in the estimation procedure. Srrvey biomass links the information on relative year class strength 
from age and size composition to an absolute measure of abundance. The emphasis placed on survey 
biomass determines how closely the model's estimates will follow the observed biomass estimates. To 
detect inconsistencies among types of data, the emphasis on survey biomass was varied .. 

Initial exploratory runs of the model indicated that estimates of survey biomass were inconsistent with 
survey age and size compositions and fishery CPUE (Fig. 5-3). In addition, regardless of the emphasis 
on survey biomass, the model did not fit the survey biomass levels very well. Even with extremely high 
emphasis on survey biomass, the sharp decline in biomass suggested by the point estimates of 1987 and 
1990 biomass could not be modeled. The impreciSion of survey biomass estimates coupled with 
incompatibility with other data sources indicates that the decline in biomass suggested by the 1987 and 
1990 surveys was unlikely. 

To address the uncertainty of current stock status. three alternative models were constructed that differed 
in their emphasis on survey biomass. Figure 5-3 shows that emphasis levels from 1.0 to 3.0 provide 
similar fits to the data near the maximum of the likelihood surface. The three models chosen for further 
analysis had emphasis levels on survey biomass of 1.0, 1.5. and 3.0. 

All three models show the population peaked in the early 1960's due to the strong year classes during the 
50's and early 60's (Fig. 5-4 and 5-5). The difference in the trends was mostly due to the strength of year 
classes since 1977 (Fig. 5-5). Estimates of the trends in exploitation rates are shown in Figure 5-6. 

5.6.2.3 Current stock condition 

The uncertainty in the estimates of recent biomass depends to a large extent on the uncertainty of recent 
year-class strength. There is little information in the data to reliably estimate strengths of year classes 
after 1984 because the last year of survey age composition data was 1990. To address the uncertainty 
in recruitment. the recruitments after 1984 were sampled with replacement from the estimated levels of 
the 1970-1984 year classes. One-hundred replications were performed. We believed that use of 
recruitments prior to 1970 was unreasonable since the stock was at such high levels at this time. In 1993. 
the mean for the distribution of exploitable biomass was 106,830 mt for model I, 153,600 for model 2, 
and 192.620 mt for model 3. Exploitable biomass is defined as the biomass of age 6 and greater Pacific 
ocean perch at the beginning of the year. At age 6, an appreciable proportion (> 15%) of the Pacific 
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ocean perch population is estimated to be wlnerable to the fishery (Figure 5-7). Table 5-11 summarizes 
important biological reference points, current stock levels, and possible ABC computations for each model. 

It may be contended that use of the resampled recruitments is an optimistic recruitment scenario. To 
address this point the estimated smallest level of the 1970-1984 year classes was used to estimate biomass 
in 1993. This procedure results in exploitable biomass of 85,090 mt for model 1. 126,360 mt for model 
2, and 177,471 mt for model 3. . 

5.7 ACCEPTABLE BIOLOGICAL CATCH 

5.7.1.1 Pacific Ocean Perch based on November 19993 Assessment 

In SAFE report for the 1993 fishery, an F35% (in terms of spawning biomass per recruit) exploitation rate 
was used as the basis for ABC determination. This level is designed to obtain large sustainable yields 
while protecting the spawning potential of the stock (Clark 1991). Using the fishery recruitment schedule 
estimated from the stock synthesis model 2 and life history parameters for. natural mortality. growth. and 
proportion mature at age. the F35% for the fully recruited age group is estimated to be 0.114. F35% was 
applied to an exploitable biomass estimate of 153,600 mt in 1993 using equations (1) and (2) to yield an 
harvest of 9.640 mt. This equates with an exploitation rate of (catch biomass divided by exploitable 
biomass) of 0.062 for 1993. 

Given that the stock is at low abundance compared to historical levels. consideration was given to 
lowering ABC to lessen the chance of further stock decline. We recommended that ABC be lowered by 
the ratio of current female spawning biomass (Bc) to the spawning biomass corresponding to 35% of the 
unfished level (B35%). This variable rate fishing strategy when combined with fishing at F35% adapts 
to information on current abundance and provides increased caution needed when the stock is at low 
levels. 

Using re!>lllts from stock synthesis model 2. an estimate of.B35% was determined by mutiplying the 
estimate of female spa~ng biomass of 337,710 mt in 1960 before the fishery began by 0.35. This 
method provided an estimate of 118.200 mt for B35%. Bc is estimated to be 68.200 mt MUltiplying an 
ABC of 9.640 mt by the ratio of Bc to B35% (0.577) resulted in an adjusted ABC of 5.560 mt for the 
1993 fishery. We recommend that 5.560 mt be used as the ABC for the 1993 fishery. This equated with 
an exploitation rate of 0.036 for 1993. This method of determining ABC implies that a spawning biomass 
level of 35'7c of the unfished level is a desirable level for Pacific ocean perch. Clark (1991) indicated 
that if a spa~ning biomass of 20-60% of the unfished level is maintained. 75% of MSY can be expected 
for a range of life history paramters and realistic spawner recruit relationships. We reccomended that 
further studies should be done to determine the most desirable level given Pacific ocean perch life history 
parameters. 

Last years apportionment strategy was based on the averages of exploitable biomass in 1987 and 90 trawl 
surveys. USing the updated estimates in Table 5-7. resulted in exploitable biomass of Pacific ocean perch 
distributed among regUlatory areas of the Gulf of Alaska in the following proportions (%): 22.4% in the 
Western area. 28.0% in the Central area. and 49.6% in the Eastern area. Applying these proportions to 

the Gulf wide ABC. yields ABC's of 1.245 mt for the Western area. 1.557 mt for the Central area. and 
2.758 mt for the Eastern area. 
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5.7.1.2 Pacific Ocean Perch based on May 1993 EA/RIR 

As pan of the EA/RIR (Environmental Assessment! Regulatory Impact Review) for rebuilding Pacific 
ocean perch stocks in the Gulf of Alaska. Ianelli et al. (1993) determined an optimal fishing monality rate 
for Pacific ocean perch based on re-analysis of spawner recruit data. Based on this analysis, the optimal 
fiShing mortality rate for the fully recruited age group was determined ~ be 0.08 rather than the fiShing 
mortality rate of 0.114 used to determine the recommended 1993 ABC. In addition, the corresponding 
target female spawner biomass was determined to be 150,000 mt rather than the target level 118,200 used 
previously. Adjusting the optimal fishing rate by the ratio of the current biomass to the target biomass 
would have resulted in an ABC of 3.378 mt for 1993. We recommend 3.378 mt be used as the preliminary 
ABC for 1994 fishery with corresponding apportionments of 756 mt for the Western area, 946 mt the 
Central area. and 1.676 mt for the Eastern area. 

5.7.2 Shortraker and Rougheye Rockfish 

The ABC for shortraker and rougheye rockfish is based on an exploitation rate set _equal to natural 
mortality (Table 5-12). Based on recommendations of the SSC. estimates of M are obtained from Table 
5-8 which lists estimates of total monality Z based on catch curve analyses. The SSC estimated an M 
of 0.025 for rougheye rockfish based on the mid-point of the range of Z for British Columbia stocics and 
because there is no estimate of M or Z for shortraker rockfish. the ratio of maximum age of rougheye to 
shortraker (140/120) multiplied by 0.025 was used to estimate an M of 0.03. 

We believe using the mean of the 1987 ruld 1990 surveys as used last year to estimate exploitable biomass 
is still appropriate for shortraker/rougheye rockfish. No new information on these species is available to 
discredit using this approach. These exploitation rates are applied to estimates of current exploitable 
biomass for shortraker of 28,493 mt and rougheye of 44.469 mt to yield an ABC for the subgroup of 
1.967 mt. 

Based on the averages of the 1987 and 1990 trawl surveys. exploitable biomass of shortraker and 
roughcye rockfish was distributed among regUlatory areas of the Gulf of Alaska in the following 
proportions ('k): 5.3% in the Western area, 65.6% in the Central area, and 29.1 % in the Eastern area. 
Applying these proportions to the Gulf wide ABC. yields ABC's of 104 mt for the Western area, 1.290 
mt for the Central area. and 573 mt for the Eastern area. 

5.7.3 f\:orthcrn rockfish 

Similar to rougheye/shortraker the ABC for nonhern rockfish is based on a harvest rate set equal to natural 
mortality M (0.06). This results in an ABC of 5.760 mt for nonhern rockfish. Distributing this ABC in 
proportion to estimated biomass yields ABC's of 1000 mt in the Western area, 4,720 mt in the Central 
area. and 40 mt in the Eastern area. 

5.7.4 Other slope rockfish 

Similar to rougheye/shortraker the ABC for other slope rockfish is based on harvest rate set equal to 
natural mortality M (Table 5-12). Estimates of M obtained from Table 5-9 are 0.05 sharpchin rockfish 
and 0.10 for redstripe rockfish. The estimate of M of 0.04 for silvergrey rockfish is based on the midpoint 
of the range of Z (0.01-0.07) for British Columbia stocks. For harlequin rockfish and minor species, an 
F=M of 0.06 is based on the average M for northern, sharpchin, redstripe. and silvergrey rockfish. This 
results in an ABC for other slope rockfish of 8,297 mt. 
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Based on the averages of the 1987 and 1990 trawl surveys, exploitable biomass of other slope rockfish 
was Distributed this ABC among regulatory areas based on the averages of 1987 and 90 surveys results 
in ABC's of 400 mt for the Western area, 1,790 mt for the Central area, and 6,110 mt for the Eastern area. 

5.7.5 Overfishing definition 

5.7.5.1 Pacific ocean perch 

In the past, the SSC's recommendation to use estimates of Bmsy obtained from SRA to adjust ABC to 
conform with the overfishing definition has been accepted by the Council. The estimate of Bmsy from 
SRA was used as a reference level to adjust ABC, and overfishing was set equal to ABC. 

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 in 
equilibrium at the beginning of the catch data series in 1960. ':'he estimates of Bmsy provided by SRA 
may be unfounded because the results of stock synthesis show that Pacific ocean perch show wide 
variations in recruitment strengths. We do not recommend that the Bmsy reference level be used to define 
overfishing. 

In last years assessment, we defined overfishing to occur at a exploitation rate set equal to F30% (in terms 
of exploitable biomass). The calculation of F30% was based on the assumption of knife edged recruitment 
to the fishery at age 9. Multiolying this harvest rate (0.105) by the estimate of exploitable biomass from 
the stock synthesis model of 153,600 mt equates with a catch of 16,128 mt. The F30% from the stock 
synthesis model for the fully recruited age group (in terms of spawning biomass per recruit) is 0.148. 
Using equations (1) and (2) this equates with an exploitation rate of approximately 0.080 and a catch of 
12,360 mt. We recommend the more conservative overfishing catch limit of 12.360 mt be used. 

5.7.5.2 Rougheve, shortraker, northern and other slope rockfish 

Overfishing is defined to occur at the harvest rate set equal to F30% (in terms of exploitable biomass) of 
0.046 for rougheye rockfis~. The F=M rate of 0.03 is used tQ define the overfishing level for shortraker 
rockfish because data are not available to determine F30% for shortraker rockfish. These harvest rates 
are applied to estimates of current exploitable biomass to yield an overfishing catch limit of 2.901 mt for 
the shortraker/rougheye subgroup (Table 5-12). 

Overfishing is defined to occur at the F30% levels of 0.113 for northern rockfish and 0.080 for sharpchin 
rockfish. For the other species of other slope rockfish, overfishing is defmed to occur at the F=M rate. 
Applying these F's, results in an overfishing catch limit of 10,856 for northern rockfish and 12,409 mt 
for the other slope rockfish subgroup (Table 5-12). 

5.7.6 Rockfish Work Plan 

Stock assessment of slope rockfish is hampered by limited information and considerable uncertainty as 
to current stock abundance and long-term productivity. The adequacy of current trawl survey methodology 
to assess rockfish biomass, especially deeper water species (shortraker/rougheye), is questionable. These 
concerns have prompted the Alaska Fisheries Science Center 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 proposals for improving rockfish assessment and 
management Included in this plan are proposals for alternative survey designs that use the skill and fish
catching ability of a commercial fishing operation and experimental management schemes designed to 
provide a bener understanding of stock dynamics. 
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Table 5-1.--Species comprising the slope rockfish assemblage in 
the Gulf of Alaska. 

Common name 

Pacific ocean perch 
Short raker 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 
Shortbelly rockfish 
Stripetail rockfish 
Vermilion rockfish 

Scientific name 

Sebastes alutus 
.§.. borealis 
.§.. aleutianus 
.§.. polyspinis 
.§.. zacentrus 
.§.. proriger 
.§.. variegatus 

.,.§.. brevispinis 
.§.. reedi 
.§.. paucispinis 
E. elongatus 
.§.. crameri 
.§.. wilsoni 
.§.. diploproa 
.§.. aurora 
..§.. melanostomus 
.§.. goodei 
.§.. j ordani 
.§.. saxicola 
S. miniatus 

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 s'lope 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 
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Table 5-2.--Catch" (mt) of fish in the slope rockfish assemblage in the Gulf of Alaska. with gulfwide 
values of acceptable biological catch (ABC) and fishing quotaEl' (mt). 1977-93. Values listed for 1977-
88 are landed catches only, whereas values for 1989-93 also include fish reported as discarded by 
fisherman or processors. 

. Gulfwide 
Fishery Relilulatoo: area Gulfwide Manalilement value 

Year category Qestern c:entraI ii:astern Total ABC Quota" 

1977 Foreign 6.282 6.166 10.993 23.441 
U.S. a a 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. a a 5 5 
JV 
Total 3.643 2.024 2.509 8.176 50,000 25.000 

1919 Foreign 944 2.371 6,434 9,749 
U.S. a 99 6 105 
JV 1 31 35 67 
Total 945 2.501 6.475 9.921 50,000 25.000 

1980 Foreign 841 3.990 7.616 12.447 
U.S. a 2 2 4 
JV a 20 a 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. a 7 0 7 
JV 1 a a 1 
Total 1.234 4.275 6.675 12.184 50.000 25.000 

1982 Foreign 1. 746 6.223 17 7.986 
U.S. a 2 a 2 
JV a 3 a 3 
Total 1. 746 6.228 17 7.991 50.000 11. 475 

I G8) Foreign 671 4.726 18 5.415 
U.S. 7 8 0 15 
JV 1.9)4 41 0 1.975 
Tota I 2.612 4.775 18 7.405 50.000 11. 475 

)964 ForeIgn 214 2.385 a 2.599 
u.s. 116 a 3 119 
JV 1. 441 293 a 1.734 
Total 1. 771 2.678 3 4.452 50.000 11. 475 

1ge5 F'orelg~ 6 2 a 8 
U . .::i. 631 13 181 825 
JV 211 43 a 254 
Total 648 58 181 1. 087 11.474 6.083 . 

lQSo F"orelgn Tr Tr a Tr 
u.s. 642 394 1. 908 2.944 
,y; 35 2 a 37 
"rot al 677 396 1. 90a 2.981 10.500 3.702 

lQ87 ForeIgn a a a a 
u.,:;:. I. 347 1.414 2.088 4.869 
,y.; loa 4 a 112 
Total 1. 455 1. 438 2.088 4.981 10.500 5.000 
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Table S-2.--IContinuedl. 

Fishery 
category! Clulfwide 

Manag_nt Resulat0!X area Clulfwide Mana~ement value 
Year subgroup gestern ~entraI !istern Total Xli QUoea' 

1988 Foreign 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 ° ° 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 ° ° a ° U.S. 5,203 9.973 5,938 21.114 
JV ° ° a ° Total 5,203 9,973 5,938 21, 114 17.700 17,100 

1991< pop4 1, 401 2,165 1,971 6,137 5,800 5,800 
Shortrakerl 73 868 410 1. 351 2,000 2,000 

Rougheye 
Other slope" 847 5.127 532 6,506 10,100 10,100 

1992< pop 1.249 2,470 2,261 5,980 5,730 5,200 
Shortrakerl 98 1, 314 676 2,148 1. 960 1.960 

Rougheye 
Other slope" 1. 167 7,202 784 9,15) 14,060 14,060 

1993< pop 495 1. 197 520 2,212 ),378 2, 5~0 
Shortrakerl 134 1. 218 539 1.891 1,960 1,164 

Rougheye 
Northern' S07 3,880 62 4,749 5,760 5,760 
Other slope' 450 1,528 1. 469 J,447 8.300 5,38J 

JV= Joint venture. Tr = Trace ci.tches. 

Sources: Catch: 1977-84, Carlson et a1. (1986); 1985-88, Pacific Fishery lnfomation Network 
I PacFlNI, Pacd ic Marine Fisheries Commission, 305 State Office Building, 1400 S.W. 5th Avenue, 
Portland. OR 97201: 1989-93, National Marine Fisheries Service, Alaska Region, P.O. Box 21668, Juneau. 
Ar: 9QS02. ABC and Quota: 1977-1986 Karinen and Wing (1987); 1987-92, Heifetz and Clausen (1992), 
IQ9). North PacifiC Fishery Management Council Newsletter. Dec. 22. 1992. P.O. Box 10)136, Anchorage. 
Alaska 99S10. 

'catch defined as tallows: 1977. all Sebastes rockfish for Japanese catch. and Pacific ocean perch for 
catches of other nations; 1978. PacifiC ocean perch only; 1979-87, the S species comprising the Pacific 
0" .... '· perch co",plex: 1988-90. the 18 species compnslng the slope rockfish assemblage; 1991-93. the 20 
sp~cles comprIsIng the slope rockfish assemblage. 

"~'uota defIned as follows: 1977-86. optimUl1l yield; 1987 •. target quota, 1988-93, total allowable catch. 

'~here were no foreIgn or )Olnt venture catches in 1991. 1992. or 199), updated as of August 7. 199]. 

-"031= 1! ~c o.:-ean perch management subgroup. 

"Other slope rockf ish management subgroup in 1991 and 1992 consisted of all species in the slope 
tocktls~ assemblage except for PaCifiC ocean perch and shortraker and rougheye rockfish. 

'Northern rockflsh management subgroup. 

'Other slope rockflsh management subgroup in 1993 consisted of all species in the slope rockfish 
.5s~mblage except for PaCIfIC ocean perch and shortraker. rougheye. and northern rockfish. 
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Table 5-3.--Species composition (percent) of the 
"shortraker/rougheye" and ·other slope rockfish" management 
subgroups in the 1991 Gulf of Alaska commercial catch, based on 
data collected in the domestic observer program. 

Reg:ulato;n::: a~ea Gulf of 
Species Western Central Eastern Alaska 

ShortrakerLroug:he~e 

Short raker rockfish 33.6 45.9 65.7 49.8 
Rougheye rockfish 66.4 54.1 34.3 50.2 

Other slo:Qe rockfish 

Northern rockfish 96.7 97.3 11.0 93_5 
Sharpchin rockfish 0.1 0.1 4.5 0.3 
Redstripe rockfish 0.5 0.5 43.0 2.4 
Harlequin rockfish 2.4 1.6 29.0 2.9 
Silvergrey rockfish tr 0.1 4.1 - 0.2 
Blackgill rockfish 0.0 0.4 0.0 0.3 
Splitnose rockfis~ 0.0 0.0 6.2 0.3 
Other species 0.3 tr 1.1 0.1 

tr = trace 
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Table 5-4. --Relative population number (RPN) and relative population weight (RPW) 
of rougheye and shortraker rockfish in the Gulf of Alaska, based on results of 
the NMFS domestic longline survey, 1988-92. Values listed are for the upper 
continental slope only, 201-1,000 m depth. 

Year 

1988 
1989 
1990 
1991 
1992 

1988 
1989 
1990 
1991 
1992 

1988 
1989 
1990 
1991 
1992 

Shumagin 

RPN 

7,234 
8,627 
7,847 
6,743 
9,071 

3,348 
6,610 
5,277 
3,856 
7,555 

4,924 
4.272 
4.972 
5.914 
2.059 

INPFC Areas 

Chirikof Kodiak Yakutat 
South
eastern 

Gulfwide 
Total 

for Rougheye and Shortraker Rockfish Combined: 

2,227 4,855 8,751 5,872 28,939 
2,783 S,BB9 10,585 11,294 39,178 
1,807 8,998 12,,961 6,793 38,405 
1,867 7,401 15,379 13,617 45,007 
1,527 5,570 13,086 6,475 35,729 

RPW for Rougheye Rockfish: . 
1,186 2,786 3,816 5,976 17,112 
2,414 3,752 5,116 13,068 30,960 
1,136 6,315 4,365 7,303 24,396 
1, 268 5,246 6,420 15,326 32,116 
1,243 4,455 4,544 6,770 24,566 

RPW for Short raker Rockfish: 

2,574 5,010 13,233 2,458 28,199 
1.441 5,795 13,247 3,362 28,117 
1.208 6,742 19,382 2,199 34,503 
1. 375 4,830 20,259 3,522 35,900 

904 2,784 16,672 2.040 24,458 
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Table 5-5.--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)). 

% of total 

Species 
Biomass 95% confidence biomass for 

(mt) interval" slope rockfish 

Pacific ocean perch 132,369 65,874-198,864 35.6 
Short raker 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 185,758 100,907-270,609 49.9 

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

tr = trace 
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Table 5-6a. --Comparison of biomass estimates for slope rockfish 
species in the Gulf of Alaska in the 1984, 1987, and 1990 triennial 
trawl surveys. Biomass estimates for 1984 and 1987 for Pacific 
ocean perch are a revision of Heifetz and Clausen (1991) based on 
reanalysis of fishing power correction factors. Biomass estimates 
for Pacific ocean perch used in previous assessments are shown in 
parentheses. Estimates for all other species· do not reflect this 
reanalysis. . 

% of assemblage 
Biomass {mt 1 biomass 

SQecies 1984a 1987 1990 1984 1987 1990 
Pacific ocean perch 231,699 214,826 132,369 52.2 31.7 35.6 

(370,673) (352,736} 

Short raker rockfish 53,661 47,702 9,449 12.1 7.0 2.5 

Rougheye rockfish 74,"368 53,225 44,470 16.8 ' 7.8 12.0 

Northern rockfish 75,731 172,619 99,330 17.1 25.4 26.7 

Sharpchin rockfish 5,989 70,155 33,412 1.3 10.3 9.0 

Redstripe rockfish 23,706 22,877 3.5 6.1 

Harlequin rockfish 1,777 90,879 15,040 0.4 13 .4 4.0 

Silvergrey rockfish 4,684 12,749 0.7 3.4 

Other species 449 742 2,350 0.1 0.1 0.6 

T~~al 443,674 678,538 372,046 100.0 100.0 100.0 
aBiomass estimates are not available for redstripe and silvergrey 
rockfish and bocaccio in 1984. 

-r4i.:.:~ S-tb. --B.amass estlmates {mt} tor PaclflC ocean perch 1n the Gulf of Alaska based on trawl 
s",:'"veys. !Q,84 ar,d 5'" 4!st l.f1'lates are based on :-eanalysls of fishing power correction factors. 

""..-stern Cent ra I Eastet n Total 95\ Confidence int erva 1 

$hl.iJl\a.ln ChHlkof Kod.ak Yakutat South-
eastern 

19 <;4 SQ.7IC 9.672 36.976 93.061 32.280 231.699 101.802 - 361. 59Q 

198' 62.90b 19.666 44.441 )5.612 52.201 214.826 125.499 - 304.15S 

19q: 24.41' 16.204 18.404 H.900 )8.425 1)2.369 65.874 - 198.864 
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Table 5-7.--Estimates of exploitable biomass of slope rockfish in 
the Gulf of Alaska, by NPFMC regulatory area, based on the 1987 and 
1990 triennial trawl surveys. Estimates for Pacific ocean perch in 
1987 are based on reanalysis of fishing power correction factors. 

Exploitable Biomass (mt) 
Species Western Central .Eastern Total 

Pacific ocean perch 
Short raker rockfish 
Rougheye rockfish 

Subtotal 
shortraker/rougheye 

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

Subtotal other slope 
rockf~sh 

Total 
Proportion of total (%) 

Pacific ocean perch 
Short raker rockfish 
Ro~gheye rockfish 

Subtotal 
shortraker/rougheye 

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

Subto~al other slope 
rockf~sh 

Total 
Proportion of total (%) 

56,723 
3,248 
3,956 

7,204 
19,056 

3,223 
1,207 

10,265 
39 
69 

33,859 
97,786 

16.2 

22,100 
363 

1,165 

1,528 
13,704 

2 
0 

121 
0 
5 

13,832 
37,460 

11.1 

1987 
60,452 87,813 204,988 
30,488 13,800 47,536 
28,974 19,213 52,143 

59,462 33,013 99,679 
96,999 1,460 117,515 

50 66,850 70,123 
1,920 20,571 23,698 

38,127 35,850 84,242 

101 4,511 4,652 
232 267 568 

137,429 129,509 300,798 
257,343 250,335 605,464 

42.5 41.3 

1990 
34,309 73,325 129,734 

3,885 5,201 9,449 
29,247 6,382 36,794 

33,132 " 11,583 46,243 
60,577 345 74,626 
2,755 30,655 33,412 

16 22,477 22,493 

11. 564 2,844 14,529 

303 12,439 12,742 

3 2,342 2,350 

75,218 71,102 160,152 
142,659 156,010 336,129 

42.4 46.4 
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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 

Short raker 

Mortality 
rate 

0.02-0.08 

0.06 

0.01-0.04 
0.04 

Sharpchin 0.05 

Yellowmouth 0.06 

Darkblotched 0.07 

Harlequin 
Redstripe 0.10 

Silvergrey 0.01-0.07 

Maximum 
age 

90 
78 
98 

~~ 
57 

140 
95 

120 

46 

71 

48 

43 

41 

80 

Age of 
recru~t

ment 

-
9 

30 

Area 

BC 
GOA 
AL 

GOA 
AL 
BS 
BC 
GOA 
BC 
BC 
BC 
BC 
BC 
BC 
BC 

Refer
ence 

1,2 
3,4 
5 

8 

~ 
1,2 
6,T 

2 

1 
1,2 

1 

2 

1,2 

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) Heifetz and Clausen 1991. 



Table 5-9. Von Bertalanffy parameters and length-weight 
coefficients for some species of slope rockfish. Length-weight 
coefficients are for the formula W=aLb where W = weight in kg and 
L = length in cm. 

species Length-weight coefficients to 
a b 

Pacific ocean 1.54 x 10-5 

perch 

Northern 

Rougheye 

Sharpchin 

1. 63 X 10-5 

2.96 

2.98 

-8.22 
-5.22 
-0.32 
-1.51 

-4.21 

-2.12 

k 

0.088 
0.126 
0.207 
0.190 

0.050 

0.095 

Linf Refer
(cm) ence 

44.8 
42.6 
41.1 
35.6 

54.7 

34.9 

1,2 
1 
3 

3,5 

4 

1 

1) Archibald et al. 1981; 2) Ito 1982; 3) Clausen and Heifetz 1989; 
4) Nelson 1986; 5) Heifetz and Clausen 1991. 

Table 5-10. Results of Gulf of Alaska stock reduction analysis (SRA) for Pacific 
ocean perch (from Heif~tz and Clausen 1991). 

Vlrgln 

A BIomass P MSY Bmsy Fmsy 
0.889 1. 340.000 0.19 27.700 368.600 0.080 
0.750 1.405.000 0.17 20.100 478.100 0.044 
0.571 1.465.0CO 0.16 15.000 648.800 0.024 

Not a~ I r"'" < 

A s~ock-recrultment shape parameter 
81 Q I'41/Vlfgln. Bl.omass. 
blcmass : bIomass 1n 1960. 
810~dSS WhlCh produces MSY. 

Umsy 
0.075 
0.042 
0.023 

v: r~; r. 
Br,-s,' 
Pms, 
Ums, 
891 

l~sta~taneous fishing mortality rate at MSY. 
Explolta:lo~ rate at MSY.O 
Prc)ec:ed blo~ass In 1991. 

891 Fof SSQ 
253.100 0.055 2.51EI0 

234.500 0.022 2.DElO 
228.100 0.009 1. 89EIO 

Fo! MaXl~U~ allow4ble level of F that conforms with the NPFMC definition of overfishing. 
SS( SUJ1' of the squared deViations between the observed trawl surv.ey biomass estimates and the biomass 
pred.c<.,~ oy the Sf..A modeL The lower the number the better the fit. 
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Table 5-11. Estimates of Pacific ocean perch stock levels in 
1993 (mt}, important ref~rence p01nts and ABC's for three 
alternat1ve stock synthes1s models. Ali F levels are for the 
fully selected ages. 

Model 

1 2 3 

6+ biomass 
Female spawning biomass (Bc) 

F30% 
F35% 
B35% 
Bc/B35% 
ABC (F35%) 
ABC*(Bc/B35%) 
Exploitation rate for ABC 
Explotation rate for 
ABC*(Bc/B35%) 
Overfishing level (F30%) 

106,830 
46,740 

0.155 
0.123 

112,900 
0.440 
6,610 
2,910 
0.062 
0.027 

8,250 

153,600 
68,200 

0.148 
0.114 

118,200 
0.577 
9,640 
5,560 
0.063 
0.036 

12,360 

Table 5-12. Summary of computations of ABC's and 
overfishing levels for slope rockfish. Since ABC's 
and overfishing levels are based on subgroups, 
individual soecies are shown only for illustrative 
pu~poses. The Fopt level for Pacific ocean perch is 
lor the fully recruited age group and equates with an 
exploltation rate for 1993 of 0.022. 

S~eCles EXl'loltable Exploitation .a.sc 
r8te

OVerf iSc~it"c'h biomass rate 

Pac 1 ~ 1 C ocp~ .. perch 153.500 0.022 3.378 Fopt=0.080 3.378 

Short r41(~!," rocld lsn 28.49) 0.030 855 F=M=0.030 855 

RO'.J~h~ye rccit!;.sr. 44.468 0.025 1. 112 F30\:0.046 2,046 

~.Jt"t r1t 15! 72.96l 1. 967 2.901 
rou~n~ie!shcr:ral(er 

Non: n~rn roelt! Ish 96.070 0.060 5.764 F30\:0.113 10.856 

Sharpct".l r. roCIl! Ish 51.767 0.050 2.588 f'30\:0.080 4.141 

Reds! r : Pti!' rockfish 23.096 0.100 2.310 F=M=0.100 2.310 

HarlequIn rock.fIsh 49.386 0.060 2.963 F=M=0.060 2.963 

SllverQrey rock!lsh 8.697 0.040 348 F=M=O.040 348 

Minor speCles 1. 459 0.060 88 P=M=0.060 88 

Subtot a 1 other 134.405 8.297 12.409 
rocltflsh 

Total 457.036 21. 588 35.967 

192,620 
86,810 

0.139 
0.110 

122,400 
0.709 

12,500 
8,870 
0.065 
0.046 

16,810 
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Figure 5-1.--All-nation catch of Pacific ocean perch and other 
slope rockfish in the Gulf of Alaska, 1960-92. Data 
based on the following sources: 1960-63, Balsiger et 
al. (1985); 1964-84, Carlson et al. (1986); 1985-92, 
Table 5-2, this report. 
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SUMMARY OF CHANGES IN THE PELAGIC SHELF ROCKFISH 

by 

David M Clausen and Jonathan Heifett 

Relative to the November 1992 SAFE report. we anticipated no major changes in the final 1993 report 
other than the routine annual updating. For the infonnation of plan team members, we include here and 
updating of the commercial catch statistics in Table 6.2 

In last year's SAFE, a separate ABC and T AC was proposed for black rockfish. The jig fishery for black 
rockfish, however, has apparently decreased substantially since 1991. Based on PacFIN repoFtS updated 
as of August 25, 1993. the jig catch of black rockfish in the Gulf of Alaska has decreased from 454.3 mt 
in 1991, to 244.8 mt in 1992, and ton only ,7.9 mt in 1993. If the catches continue low this year, there 
may be no immediate need to assign bLck rpckfish a separate ABC and T AC. -
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Table 6-2.--Catch (.t) of fish in the pelagic shelf rockfish assemblage in the Gulf of Alaska, with 
Gul fwide values of acceptable biological catch (ABC) and fishing c,.aotUO 

(.), 1988-93. Values listed 
for 1988 are landed catches only, whereas values for 1989-93 also include discarded fish. 

Year 

1988 

1989 

1990 

1991 

1992 

1993" 

Fishery Regulatory area 
category Western Central eastern 

Foreign 
u.s. 
JV 
Total 

Foreign 
u.s. 
JV 
Total 

Fore;gn 
U.S. 
JV 
Total 

Foreign 
u.s. 
JV 
Total 

Foreign 
U.S. 
JV 
Toul 

Foreign 
U.S. 
JV 
Toul 

o 
400 
Tr 

400 

o 
113 

o 
113 

o 
165 

o 
165 

o 
215 

o 
215 

o 
73 
o 

73 

o 
264 

o 
264 

o 
517 

1 
518 

o 
888 

o 
888 

o 
955 

o 
955 

o 
1,191 

o 
1,191 

o 
2,387 

o 
2,387 

o 
1,802 

o 
1,802 

o 
168 

o 
168 

o 
737 

o 
737 

o 
527 

o 
527 

o 
936 

o 
936 

o 
980 

o 
980 

o 
1,071 

o 
1,071 

Gulfwide 
Gulfwide Management value 
Total ABC Quota' 

o 
1,085 

1 
1,086 

o 
1,738 

o 
1,738 

o 
1,647 

o 
1,647 

o 
2,342 

o 
2,342 

o 
3,440 

o 
3,440 

o 
3,138 

o 
3,138 

3,300 3,300 

6,600 3,300 

8,200 8,200 

4,800 4,800 

6,886 6,886 

6,740 6,740 

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

Sources: Catch: 1988, Pacific Fishery Infonnation .Network (PacFIN), Pacific Marine Fisheries 
COII1lIlsslon, 305 State Office Bui lding, 1400 S.II. 5th. Aven\,le, ·Portland, OR 97201; 1989-93, National 
MarIne FiSherIes SerVIce, Alaska Region, P.O. Box 21668, Juneau, AK 99802. ABC and Quota: 1988-92, 
Clausen and Heifetz (1992); 1993, North Pacific Fishery Management Council Newsletter, Dec. 22, 1992. 
P.o. Box 103136, Anchorage, AK 99510. 

"Quota: total allowable catch (TAC). 

-Updated as of August 7, 1993. 
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Demersal Shelf Rockfish 

by 

V. M. O'Connell and D.W. Carlile. ADF&G 

Summary of Major Changes 

1). Biomass estimates for four species of demersal shelf rockfish (quillback. rosethom, tiger. and 
yelloweye) are presented as requested by the SSC. This differs from the 1993 SAFE in which 
only yelloweye biomass was provided. 

2). The 1993 lPHC interview data indicates that the bycatch of rockfish in the SEO commercial 
halibut fishery is approximately 13% (i.e ratio between rockfish/halibut =.13). Rockfish mortality 
in the halibut fishery will be estimated using this rate applied to the catch of ha)ibut in the SEQ 
district. In 1992 the mortality rate was estimated to be 10% of halibut landings. 

3). ABCs are given for both yelloweye rockfish (842 mt) and the combined 3 species group (805 mt). 
The ABC for yelloweye increased from 800 mt in 1993 to 842 mt in 1994 because of changes 
in the detection function (new software) and. primarily. the use of a log-based confidence limits 
because the distribution of density data tend to be positively skewed. 

4). The authors recommend setting the T AC at a level which would limit the harvest of yelloweye 
to 842 mt. Several approaches are discussed. 
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1994 DSR ABCrr AC Recommendations 

Assessment methods: 

The biomass estimates used for DSR are derived from line transect data collected during two years of 
submersible study in the Eastern Gulf of Alaska (O'Connell and Carlile 1993). These studies were 
conducted in the area of the Fairweather Ground in the East Yakutat subdistrict and in the Sitka area of 
the Central Southeast Outside subdistrict of Southeast Outside. 

For the 1994 SAFE we used the recently released version (2.01) of Program DISTANCE (Laake et al 
1993) to estimate species specific density for each of the two areas. We used a line transect estimator 
(Buckland et al. 1993) and the best fit detection function selected from several using Program DISTANCE. 
Density was then calculated for each species/area combination using the equation: 

iJ = nj(O) 
Sf' L' 

where: n = total yelloweye rockfish adults observed 
L = total line length in meters 
f(o) estimated from best fit probability detection function 

We had limited field time and chose to concentrate our efforts on yelloweye rockfish. Consequently we 
do not have sufficient counts of either the deep water component (redbanded) or the shallow water 
components (copper and china) of the aSsemblage from which to calculate densities. We have sufficient 
counts of fish to allow estimation of density for four species of DSR: yelloweye, quillback, rosethorn, and 
tiger. 

Biomass is estimated using a combination of the line transect density estimates, average weight by species 
and area from the commercial catch data. and an estimate of tot31 rocky habitat within the 100 fin contour 
of the Southeast Outside. Areal habitat estimates are derived from a combination of NOS data. 
bathymetric charts. and commercial logbook data. A grid was overlaid on the nautical charts for each 
region and squares within the grid are classified as either rocky or not, based on the available data. 

Biomass estimates, CV(B), and log-based CL for DSR components, Southeast 
Outslde Dlstrlct 

species biomass mt cv(Bl 190%CL mt u90%CL mt 

yelloweye 49277 9.61 42087 57695 

3 spp comblned 46603 8.99 40254 53953 

4 spp total 95880 6.60 86064 106814 

ABC and T AC considerations 

Yelloweye rockfish is the predominate species of DSR caught in the commercial fisheries. Species 
composition data (by weight) averaged over the past five years indicates yelloweye account for 88% of 
the DSR harvest quillback account for 6% of the DSR harvest and redbanded account for 4% of the DSR 
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harvest. The remaining 5 species of DSR only account for a total of 2 percent. In 1993 the ABC for this 
assemblage was derived by applying the natural mortality rate (.02) to the lower 90% confidence limit of 
the biomass estimate for yelloweye only. This approach was taken to ensure that a conservative harvest 
strategy was promoted due to the uncertainty in the biomass estimate. The lower 90% CI was judged to 
be the best estimate of biomass. 

This year we have included the available data for other species in the assemblage at the request of the 
SSC. It is important to note that only half of the species are included in this analysis and that Redbanded 
rockfish. although third in predominance in the commercial catch (by weight) is not included in the "other 
DSR" biomass. Conversely, tiger and rosethom are included in the estimate even though they comprise 
a minor component of the commercial catch (less than 2%). 
ABCs and Overfishing definitions are listed below. We used the natural mortality rate for yelloweye for 
all species as we do not have estimates of M for the other species. We also used the F overftsbin,=O.04 taken 
from a YPR analysis of yelloweye rockfish (O'Connell and Fujioka 1992). 

ABC and Overfishing limits for the DSR assemblage, Southeast Outside District. Easte~ Gulf of Alaska. 

SPECIES 190% CI (l'Og- ABC F=M=.02 Overfishing F=.04 
based) rot rot rot 

yelloweye 42087 842 1683 

3 species 40254 805 1610 
combined 

4 species total 86064 1714 3428 

The DSR estimates indicate that yelJoweye rockfish account for 49% of the assemblage biomass however 
landing statistics indicate that is accounts for approximately 88% of the catch. If the total 4 species 
bioma.~s estimates is used to calculate ABC (1714) it is possible that 88%. or 1508 mt of this harvest 
would he yelloweye. This approaches the overfishing definition of 1683 mt for yelloweye. Because of 
this we advocate setting a harvest strategy constrained by the ABC for yelJoweye (i.e. once the 842 mt 
ABC for yelloweye was reached the directed fishery would be closed). Estimated bycatch mortality of 
DSR incurred tn the halibut fishery would be counted against the T AC once the 1994 halibut quotas are 
set. Several appro:lches for setting ABC are possible (all approaches listed use the lower 90% CI as the 
beSt esUmate of bioma.~s). 

1) Set the ABC for the assemblage based on the yel\oweye ABC plus a proportional amount of other DSR 
typically landed in the fishery (i.e. add 14% (the ratio of yel\oweye to other DSR in the catch) to the 
yelloweye ABC for an ABC of 943 mt). This assumes that the proportion of other DSR in the catch will 
rem:lin similar to the five year average. 

2) Set the ABC for the entire assemblage based on the yelloweye ABC only (842 mt) 

3). Set the ABC for the assembl:lge based on the sum of the ABCs for the three species combined plus 
yelloweye (ABC = 1647) but close the directed fishery once the yelloweye catch reaches 842 mt (TAC 
= 842 or 943). 
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SUMMARY OF CHANGES IN THE THORNYHEAD ROCKFISH 

Relative to the November 1992 SAFE report, no changes have been made to the thornyhead chapter. 

The total 1993 Gulf of Alaska thornyhead catch reponed through 8114t93 is 1,386 mt 
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ATKA MACKEREL 

By 

Sandra A. Lowe 

9.1 INTRODUCTION 

Atka mackerel (Pleurogrammus monopterygius) are distributed from the east coast of the Kamchatka 
peninsula.. throughout the Komandorskiye and Aleutian Islands, north to the Pribilof Islands in the eastern 
Bering Sea. and eastward through the Gulf of Alaska to southeast Alaska. Their center of abundance 
according to past surveys has been in the Aleutian Islands. particularly from Buldir Island to Seguam Pass. 

An Atka mackerel population existed in the Gulf of Alaska p:imarily in the Kodiak. Chirikof. and 
Shumagin areas. and supported a large foreign fishery through the early 1980s. By the-mid-1980s. this 
population as well as the fishery. had all but disappeared. The dramatic rise and decline Of Atka mackerel 
in the Gulf of Alaska fishery suggest that this. stock was situated at its extreme geographic range, an area 
which may only be populated during periods of favorable environmental conditions (Ronholt 1989). They 
are now only found in detectable quantities in the Shumagin (Western) area of the Gulf of Alaska. 

A morphological and meristic study suggested that there may be separate populations in the Gulf of 
Alaska and the Aleutian Islands (Lev.wa 1979). This study was based on a comparison of samples 
collected off Kodiak Island in the central Gulf. and the Rat Islands in the Aleutians. It is not known if 
the Atka mackerel found just east of the Aleutian Islands-Gulf of Alaska boundary line (where the 1991-
92 fisheries were conducted) are a separate population of fish. Their proximity to the Aleutian Islands
Southern Bering Sea would likely indicate that they are part of the Aleutian Islands population. 

9.2 CATCH HISTORY 

Prior to the mid-1980s. Atka mackerel were fished exclusively by foreign vessels. primarily from the 
Soviet Union. Landings peaked at 27.777 mt in 1975. then dropped to almost no landings in 1986. Some 
joint venture operations participated in this fishery from 1983 to 1985. All landings since then have been 
taken only by the domestic fishery. 
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Beginning in 1988, Atka mackerel were combined in the other species category due to low abundance and 
lack of a directed fishery. Atka mackerel has recently become a targeted species once again in the western 
Gulf of Alaska (GOA). This species will become a target category in the GOA pending approval of 
Amendment XX to the Fishery Management Plan for the groundfish fishery of the Gulf of Alaska. 
Catches of other species in the GOA were dominated by a fishery targeting on Atka mackerel in the 
Western regulatory area in 1990-1993: 

1990! 
1991* 
1992* 
1993# 

! Actual observed catch 

Western 
1,416 
3,249 

13,785 
3,850 

* NMFS Weekly Production Reports 
# NMFS Blend data 

Central 
o 
9 

49 
9 

Eastern 
o 
o 
o 
o 

Total 
1,416 
3,258 

13,834 
3.857 

Catches were minimal until 1992. when approximately 14.000 mt were taken in the Shumagin area. The 
catch of 1,416 mt is a minimum estimate for 1990. This value is the tonnage actually observed by 
domestic observers. The Regional office's estimate of catch for 1990 is underestimated. as Gulf of Alaska 
Atka mackerel catches were incorrectly being reported as taken in the Aleutian Islands (pers. comm. Galen 
Tromble. Regional Office. Jl'neau. Alaska). In the last three years (1990-92). the Atka mackerel fishery 
in the Gulf of Alaska has been almost exclusively conducted by domestic catcher-processing vessels 
(offshore sector). In 1991 and 1992. there were 13 and 16 catcher-processors. respectively. who retained 
Atka mackerel in the Gulf of Alaska based on weekly processing records. 

In the Gulf of Alaska. Atka mackerel has been caught exclusively with trawls fished on the bottom. 
During the last three years. observers recorded that 100% of the Atka mackerel were caught with bottom 
trawls. 

The pallems of the Atka mackerel fishery generally reflect the behavior of the species: (1) the fishery is 
highly localized and occurs in the same few locations each year; (2) the schooling semi-pelagic nature of 
the species makes it particularly susceptible to trawl gear fished on the bottom where the larger. older fish 
arc located; and (3) trawling occurs almost exclusively at depths less than 200 m. Observed trawl 
locations with Atka mackerel catch in the Gulf of Alaska are shown for 1990-92 (Figures 1-3). These 
locations all fall within the Shumagin area In 1990. catches occurred off Unimak Island; only I vessel 
reponed at least 100 mt of Atka mackerel catch. In 1991 and 1992. the fishery was concentrated off the 
southwestern coast of Umnak Island. Four vessels reponed catches of at least 100 mt in 1992 (no vessels 
caught at least 100 mt in 1991). 

Over 90% of the 1991-92 Gulf of Alaska Atka mackerel harvest was caught between 10-20 miles of two 
Steller sea lion rookeries on Ogchul and Adugak Islands near Umnak Island. The Steller sea lion was 
listed as threatened under the Endangered Species Act in April 1990. From 1977-1984. the percentage 
of Gulf of Alaska Atka mackerel caught within 20 miles of all Gulf of Alaska sea lion rookeries was much 
lower (between 0-11 %). In June 1991. trawling was prohibited within 10 nm of all rookeries in the 
Bering Sea. Aleutian Islands and the Central and Western Gulf of Alaska year-round. The intent of this 
action was to exclude trawl fishing activity from areas known to be important for sea lion foraging and 
reproduction. 
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From 1990-91, the Gulf of Alaska Atka mackerel fishery was conducted primarily in the fourth quarter 
of each year. In 1992, however, the fishery occurred earlier in the year, with approximately one-quarter 
caught between January and March, and three-quarters between April and June. It is anticipated that the 
future Gulf of Alaska Atka mackerel fisheries would be prosecuted primarily during the first half of the 
year based on the recent history of the Aleutian Atka mackerel fishery. 

Length distributions from the domestic fishery in 1990, 1991, and 1992 are shown in Figure 4. Mean 
length was 47.4 in 1990, 38.5 cm in 1991, and 40.6 cm in 1992. Fish from the 1990 fishery are 
significantly larger than fish comprising the catch in subsequent years. The 1990 fishery was prosecuted 
on Davidson Bank off Unimak Island, while the 1991 and 1992 fisheries were prosecuted off the 
southwestern coast of Umnak Island. 

9.3 CONDmON OF STOCKS 

9.3.1 Absolute Abundance and Survey Biomass Distribution 

Atka mackerel is a difficult species to survey because: (1) they do not have a swim bladder. making them 
poor targets for hydroacoustic surveys; (2) they live in shallow water on hard. rough and rocky bottom 
which makes sampling with bottom trawls difficult; and (3) their schooling behavior makes the species 
susceptible to large variances in catches which would greatly affect area-swept estimates of biomass. 
Despite these shortcomings the U.S.-Japan cooperative surveys conducted in 1984 and 1987 and the 
domestic survey of 1990 provide the only direct estimates of Atka mackerel population biomass from the 
Gulf of Alaska (Figure 5). The 1984 and 1987 biomass estimates for Atka mackerel were 36.000 mt and 
33.000 mt. respectively. The Shumagin area contained over 98% of the total estimate both years. In 
1984, the biomass was detected off the Fox Islands and Davidson Bank. In 1987. 92% of the biomass 
was found off Shumagin Bank. The most recent survey in 1990. encountered 32.100 mt of biomass. most 
of which was detected in two hauls off the Fox Islands and the Islands of Four Mountains (Table 1. Figure 
6). AtkJ mackerel were found in depths of 1-100 m in all 3 surveys. It should be noted that when the 
abundance of a fish stock becomes very low. it is extremely difficult to obtain a meaningful estimate of 
stock size with trawl surveys following random sampling techniques (Ronholt 1989). 

Sur\'c" Lcn~th Frcqucncies 

Length frequency distributions from the 1990 survey are shown in Figure 7. The overall mean length 
from the survey was 37.2 cm. There appears to be a mode of young fish of 20-25 em. Fish this size 
could be 2-years old comprising the 1988 year class. The 1991 Aleutian Islands survey also found large 
numbers of fish from the 1988 year class. The survey age composition was dominated by this year class 
(Lowe 1992). 

DistrihutioTl'\ from the domestic fishery are comprised of much larger fish than seen in the 1990 survey 
(Figure 4). The 1990 survey did not sample any Atka mackerel larger than 45 cm. while the fishery 
caught significant numbers greater than 45 cm and up to nearly 60 cm. 

9.3.2 Current Exploitahle Biomass 

The most recent biomass estimate from the 1990 GOA triennial survey is 32.100 mt. The 1993 survey 
is currently being conducted. 
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BIOLOGICAL PARAMETERS 

There is relatively little information to calculate biological parameters specific to Atka mackerel from the 
Gulf Alaska. The natural mortality of Aleutian Islands Atka mackerel is assumed to be 0.3 (Lowe 1992). 
Length-age and weight-length relationships may be forthcoming based on data collected in 1992 and 1993. 
but are not available at this time. 

9.5 ACCEPTABLE BIOLOGICAL CATCH 

The most recent biomass estimate comes from the 1990 Gulf of Alaska trawl survey (32.100 mt). It is 
notable that in the past 10 years. Atka mackerel biomass in the Gulf of Alaska (Shumagin area) has only 
ranged from 32.000 to 36.000 mt This indicates a fairly stable biomass in this area in the summer months 
when the surveys are conducted. However. it is unknown how the stock may have been impacted in 1992 
when the fishery harvested approximately 14.000 mt The 1993 survey (to be conducted in the summer) 
should provide more insight 

Given the most recent estimate of Gulf of Alaska biomass. and applying the recommended 1994 ABC to 
biomass ratio for Aleutian Islands Atka mackerel (0.15. see Lowe 1992 for details). potential yield could 
be 4.800 mt. The upcoming Gulf of Alaska survey will provide an updated estimate of biomass and 
length frequency distributions. It would be most prudent to utilize the 1993 survey estimate of Atka 
mackerel biomass when it becomes availahle. and to examine the length and age distributions to determine 
potential yield. 

9.6 OVERFISHING 

Using similar rationale from the ABC calculation. the overfishing level was calculated based on the 
Aleutian Islands Atka mackerel overfishing level to biomass ratio. Thus. the overfishing level for Gulf 
Atka mackerel is estimated at 19.044 mt. 
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Figure 4. Length frequency distributions from the domestic fishery. 
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APPENDIX I 

INFORMATION ON HALmUl' PROmBITED 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 caught together 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 
bycatch 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. 
B ycatch has in the past been controlled by reducing the total allowable catch (T AC) of the other species, 
the use of Prohibited Species Catch (PSC) limits, season delays, or some combination of all of these 
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 actllority to close a directed groundfish fishery prior to achieving 
its T AC in order to provide sufficient quantities for bycatch purposes). this can be controlled to some 
extent. The Team recommends continued close monitoring of all bycatch in the Gulf in 1994. 

The Framework Process 

Regulations require the Secretary of Commerce. after consultation with the Council, to propose the PSC 
limits as soon as pr.lctical after October I of a current fishing year. Thus, when the Council meets during 
Scplemher. it must decide what recommendations it will provide to the Secretary. 

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

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

2. Among trawl. hook-and-Iine, 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 1986-1993. the Council has recommended 
that the PSC should be allocated Gulfwide. rather than among the management areas.] 

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 
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comments and will make final recommendations on PSC mortality limits at its December meeting. Should 
the Secretary approve the Council recommendations, they will be published again in the FEDERAL 
REGISTER and will be used to manage halibut bycatch monality in the bottom traWl, hook-and-line, 
andlor pot fisheries in the Gulf of Alaska during 1994. 

The Council is not constrained to any particular PSC limit The International Pacific Halibut Commission 
(IPHC) recommends that halibut bycatch monality not exceed 6,000 P1t 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 (the IPHC is also recommending that the overall 
halibut PSC limits be reduced by 10% per year for the next five years). 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 1991-1993. but pot gear was exempted from closures 
under this cap. Accordingly, all of the 750 mt was allocated tc hook-and-line gear. 

Establishing PSC limits for the Gulf of Alaska 

B ycatch mortality of Pacific halibut in the Gulf of Alaska groundfish fisheries is shown below for the last 
13 years (based on IPHC and NMFS estimates). 

1980 - 4,596 mt 
1981 - 4.096 mt 
1982 - 3,785 mt 
1983 - 3.134 mt 
1984 - 2.382 mt 
1985 - 1,134 mt 
1986 - 935 mt 
1987 - 2.061 mt 
1988 - 2.243 mt 
1989 - 2.646 mt 
1990 - 3.143 mt 
1991 - 2.736 mt 
1992 - 2.861 mt 
1993 - 2.855 mt (through July 24) 

The amounts of hal ibut bycalch mortal ity 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 
this bycatch mortality were primarily foreign and joint-venture fisheries. The fiShing practices currently 
in usc 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 1993 is provided in the subsequent section of this document. 



3 

Halibut Bycatch Management in the Gulf of Alaska During 1993 

Definition of terms used: 

B ycatch 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: kglmt can be converted to % by moving 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 a<; a percentage) -

During 1993 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 recommended by the lPHC and reviewed by the Council. These mortality 
rates were based on a study of release condition factors. The 1993 fishery-specific discard mortality rates 
used were as follows: 

GOA Trawl fisheries 

Midwatcr Pollock - 75% 
Rockfish. shallow water flatfish. and 'other species' - 60% 
Pacific cod. oonom trJw\ pollock. and deepwater flatfish - 55% 

GOA Hook :md Line fisheries 
(Unucr m:,UlualOrj Careful Rclease Measures) 

Sablcfish - 14% (observed) 

Sablcfish - 17% (unobserved) 

Other - 11.5% (obscrved) 

Other - J417c (unobserved) 

GOA POI ti<;heries 

All Targets - 5% 

The PSC limits for halibut in the Gulf of Alaska are set by gear type and may be apportioned seasonally 
over the fishing year (Amendment 21). For 1993, the Council recommended the following halibut PSC 
apponionments for the Gulf of Alaska groundfish fisheries: 



Trawl gear 
1st quarter 600 mt (30%) 
2nd quarter 400 mt (20%) 
3rd quarter 600 mt (30%) 
4th quarter 400 mt (20%) 

TOTAL 2000 mt 

4 

Hook and Line gear 
1st trimester 200 mt (26.7%) 
2nd trimester 500 mt (66.7%) 
3rd trimester 50 mt (6.7%) 

750mt 

The 1993 total halibut PSC limits for all fisheries and gear types were the same as 1992 (2.750 mt). but 
the apportionments differ slightly for the trawl fishery. 

During 1993 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 1993 fixed gear 
PSC limit due to minimal bycatch mortality in that fishery. Descriptions of halibut bycatch management 
in the 1993 trawl and hook-and-line fisheries follow. 

The 1993 Gulf of Alaska Trawl Fisheries 

Trawl gear was used to harvest pollock. flatfish. rockfish. Pacific cod. sablefish. and arrowtooth flounder. 
The 2,000 mt PSC halibut bycatch mortality limit was apportioned quarterly such that 30%. 20%. 30%, 
and 20% (or 600 mt, 400 mt. 600 mt, and 400 mt) were apportioned during the first, second, third, and 
fourth quaners, respectively. 

Trawling with bottom trawls was prohibited on March 24 when the available data indicated that the 
cumulative first quaner allowance of 600 mt had been reached. The fishery reopened on March 30. when 
the second quaner apponionment became available. Bottom trawling was again closed on April 19 when 
the cumulative first and second quaner PSC cap was reached. 

Through August 14, total halibut bycatch monality from trawl gear was 1,641 mt. The following bycatch 
monality totals were calculated from observer data from the trawl fisheries, using the fishery specific 
monality rates discussed above: 

Fishery 

Pacific cod 
Deepwater flatfish 
Shallow flatfish 
Pollock 
Rockfish. including thomyheads 
'Other' fisheries 

Bycatch Mortality 

398 mt 
428 mt 
213 mt 
152 mt 
172 mt 
100 mt 

A summary of trawl halibut bycatch in the Gulf of Alaska through August 14 is provided in Table I. This 
provides a breakdown of halibut bycatch rates by target fishery. reponing 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. 
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The 1993 Gulf of Alaska Hook-and-Line Fisheries 

The hook-and-line fisheries are directed primarily at sablefish and Pacific cod, with some minor effort on 
rockfish. In 1993, the PSC halibut 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, 200 mt was allocated. For the second trimester, 500 mt was allocated (the sablefish 
fiShing season was changed to begin on May 15 starting in 1991). Th~ remaining 50 mt was allocated 
to the rest of the fishing year, with 10 mt assigned specifically to the demersal shelf rockfish fishery in 
Southeast Alaska. Through August 14, 1,408 mt of halibut mortality are estimated for the hook and line 
fisheries. The sablefish fisheries in 1993 took 1.176 mt, or 84%, of the GOA hook and line halibut 
bycatch. The other hook and line fisheries, including the Pacific cod fishery. had lower halibut bycatch 
mortality (232 mt) in 1993. 

The breakdown of hook and line halibut bycatch rates by target fishery, zone, and processing mode is 
provided in Table 3. Halibut bycatch mortality by target fishery and week is shown in Table 4. 

The Gulf of Alaska Pot Fishery 

Through July 24. 1993, pot gear was used to harvest mostly Pacific cod. Total mortality attributed to 
pot gear is 49.3 mt. Pot gear was exempt from any PSC mortality limit for the 1993 fishing year. Halibut 
bycatch in the pot fishery by target fishery and week. is shown in Table 5. 

Expected Changes in Groundfish and Halibut Stocks for 1994 

Given the preceding review of the bycatch situation in the Gulf for 1993. it may be useful to look now 
at possible changes in the levels of biomass for target ground fish species and Pacific halibut 

Any changes in the expected catch of groundfish for the upcoming fishing year will follow from these 
biomass estimates in the form of T AC's established by the Council. It can be assumed that the groundfish 
calch for most species will equal the. T AC·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 generJ.l. 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 
ground fish. This assumes that the Council does not want to revert to setting T AC's lower to accommodate 
the halibut byc3tch. 

The most current IPHC stock assessment results indicate that the total exploitable biomass of Pacific 
halibut availahle for 1992 was 265.8 million pounds. This represents a decline of 11 % from the previous 
year. a rate which is similar to the 5-10% annual decline observed in recent years. A substantial drop in 
recruitment (ahundance of 8 year olds) is also nOled for 1992. an observation that is consistent with 
cyclical pattem<; of recruitment that have occurred over the last 50 years. The large 1977 year-class is 
contributing less and less yield to the fishery over time. The low recruitment exhibited in recent years 
can be expected to contribute to a continued decline in the overall stock at a rate of 5-15% over the next 
several years. For 1993. the IPHC set quotas based on a lower exploitation rate of 30%. than used for 
previous years (35%). 

According to the formula now used by the IPHC to account for bycatch compensation. the 1994 PSC limit 
of 2.750 mt would result in an equal atnount (2.750 mt) being deducted from the directed halibut fishery 
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quotas. How this affects the directed halibut fishery depends on the constant exploitable yield (CEY) 
detennined by the IPHC. Based on an optimal exploitation rate of 0.30, this yield represents slightly less 
than one third of the exploitable biomass. The allowable directed commercial catch is detennined 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 1994 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. . 

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 bycatch. 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. 

While gear modifications are a potential method of reducing the bycatch rates in the groundfish fisheries. 
this solution is not likely to provide results in the short tenn. 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 mayor may not be offset by the potential benefits of the option chosen. 

Seasonal Arrortionmems 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 beginning in 1991. The Council could consider seasona1 allocations to some or all gear types for 
1994. Halibut arc expected to be in shallow water during summer months (June through September). 
Fisheries for Pacific cod and shallow water flatfish will need larger 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 
objective is to promote harvest of as much of the ground fish optimum yield as possible with a given 
amount of hllihut PSc. If some gear types have excessively high bycatch 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 fishery. 

Halibut bycatch rates for trawl. hook-and-Iine. and pot gear vary seasonally as discussed below. 

Gulf of Alaska Trawl Fisheries 

Pacific cod - by catch rates have been low during February through mid April and are high 
dunng late April through early August (and likely later). 
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Pollock - Bycatch rates are low during the roe fishery when pelagic gear is used. 

Flatfish - Bycatch rates have been 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. 

Rockfish - Bycatch rates have been 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 - Sablefish was intended to be a bycatch,species for trawl gear. NMFS assumes 
that any catches occurred as a result of by catches 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 have occurred during late June through mid August as a result of trawling 
for arrow.tooth in shallow water. 

Gulf of Alaska Hook-and-Line Fisheries 

Pacific cod - bycatch rates have been low during January - through mid April and in the 
past. have been relatively high during late April through May. likely as a result of halibut 
moving into shallow water where Pacific cod are found. 

Sahlefish - bycatch rates remain high during the fishery. which starts May 15. 

Gulf of Alaska Pot Fishery 

Pacific cod - bycatch rates have been low during January through mid-March but higher 
during mid-March through May. likely as a result of Pacific halibut moving into shallow 
water where Pacific cod are found. 

Seasonal distrihution of halihut and target ground fish 

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 spa\\<lling 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. 
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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 bycatch of halibut Walleye pollock. a pelagic species 
in all life stages, have probably the least interaction with halibut, in tenns of physical location. of all the 
target groundfish 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 deeper 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 150-2.00 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 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. Yellowfm 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 m in the Unimak Pass region to spawning areas at depths of 350-400 m in 
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 



9 

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 during different life stages. while other research 
indicates that sablefish remain in the same general bottom area where they settle as subadults. 

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. nus 
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 sable fish 
T AC would go partially unharvested The reverse situation, in fact, has occurred in the past, with the 
sablefish longline fishery using up the available PSC limits early in the year, resulting in th~ foregone 
harvest of a large amount of Pacific cod and some sablefish. 

Seasonal allocations of the PSC limits will Iikely have the same potential effects on the fiShery as outlined 
above. The selling of the seasonal apportiorunents 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 groundfish 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 apportiorunent of these halibut PSC limits. 
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Table 1. Trawl halibut bycatch mortality (rot) for 1993, by week and target 
fishery in the Gulf of Alaska. 

DEEP SHLWK WEEK SUM 
WEEK PCOD FLAT FLAT PLCK ROCK MISC TOTAL TOTAL 

01/09/93 0 0 0 0 0 0 0 0 
01/16/93 0 0 0 0 0 0 0 0 
01/23/93 0 0 0 0 0 0 0 0 
01/30/93 7 0 0 0 0 0 7 7 
02/06/93 9 0 0 3 0 0 12 19 
02/13/93 10 0 0 14 0 0 24 42 
02/20/93 33 0 0 9 0 0 41 83 
02127/93 43 11 5 6 0 3 67 150 
03/06/93 77 40 0 0 5 17 139 289 
03/13/93 86 26 5 0 0 3 120 409 
03/20/93 84 77 0 2 20 37 220 629 
03/27/93 54 32 1 0 19 13 120 749 
04/03/93 2 69 5 0 0 3 .78 827 
04/10/93 0 76 25 0 6 1 108 935 
04/17/93 0 61 17 0 0 6 84 1019 
04/24/93 0 14 58 0 0 2 74 1093 
05/01/93 0 0 0 0 0 0 0 1093 
05/08/93 0 0 0 0 0 0 0 1093 
OS/22/93 0 0 0 0 0 0 0 1093 
06/05/93 0 0 0 0 0 0 0 1094 
06/12/93 0 0 0 0 0 0 0 1094 
06/19/93 0 0 0 0 0 0 0 1094 
06/26/93 0 0 0 0 0 0 0 1094 
07/03/93 0 10 6 4 43 0 63 1158 
07/10/93 0 5 31 9 22 0 66 1224 
07/17/93 0 4 33 12 28 4 81 1305 
07/24/93 0 9 41 8 49 4 113 1418 
07/31193 0 67 25 0 54 1 147 1565 
08/07/93 0 2 38 0 36 0 75 1641 
08/14193 0 0 0 0 0 0 0 1641 -

CURRENT SEASONAL CAP: 1600 
% OF SEASONAL CAP: 103% 

ANNUAL SECONDARY CAP: 2000 
% OF SECONDARY CAP: 82% 
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Table 2. 1993 Halibut and Chinook Salmon Bycatch Rates by target fishery and 
week in the Gulf of Alaska. 

Trawl Gear 

Groundfish Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 

B 01/23/93 7.87 0.07 9.18 0.31 0.04 
B 01/30/93 85.00 0.61 7.19 2.67 0.03 
B 02/06/93 627.36 5.76 9.18 25.09 0.04 
B 02/13/93 2755.67 25.29 9.18 110.23 0.04 
B 02/20/93 1692.33 15.53 9.18 67.70 0.04 
B 02/27/93 1094.18 10.04 9.18 43.77 0.04 
B 03/20/93 466.89 4.29 9.18 18.68 0.04 
B 03/27/93 2.69 0.02 9.1a 0.11 0.04 
B 04/03/93 2.00 0.02 9.18 0.08 0.04 
B OS/22/93 0.88 0.01 9.18 0.04 0.05 
B 06/05/93 1087.93 0.28 0.26 1.15 0.00 
B 06/12/93 1. 03 0.01 9.17 0.04 0.04 
B 06/19/93 937.35 0.66 0.71 2.88 0.00 
B 07/03/93 803.12 7.37 9.18 32.13 0.04 
B 07/10/93 1664.14 15.27 9.18 66.57 0.04 
B 07/17/93 2350.65 21. 57 9.18 94.03 0.04 
B 07/24/93 1645.09 15.10 9.18 65.80 0.04 
B 08/14/93 640.88 0.05 0.07 51.27 0.08 

c 01/30/93 546.78 12.01 21. 97 27.34 0.05 
c 02/06/93 703.51 15.45 21.97 35.19 0.05 
c 02/13/93 833.85 17.74 21.28 16.67 0.02 
c 02/20/93 3581.97 59.30 16.55 37.10 0.01 
c 02/27/93 4664.35 77.29 16.57 194.53 0.04 
c 03/06/93 6851. 52 139.73 20.39 212.86 0.03 
c 03/13/93 7490.84 155.80 20.80 483.15 0.06 
c 03/20/93 6728.74 152.41 22.65 87.96 0.01 
c 03/27/93 4452.44 98.9B 22.23 106.62 0.02 
c 04/03/93 79.02 3.00 38.01 0.00 0.00 ,.. 07/17193 41. 33 0.58 14.04 0.00 0.00 '-

C 08/07/93 42.19 0.27 6.42 0.00 0.00 

D 02/27/93 367.04 20.15 54.91 40.37 0.11 
D 03/06/93 1659.55 73.33 44.19 121. 56 0.07 
D 03/13/93 980.06 46.76 47.71 196.61 0.20 
D 03/20/93 2759.05 139.86 50.69 239.28 0.09 
D 03127/93 1032.03 57.98 56.18 135.69 0.13 
D 04/03/93 2090.44 125.43 60.00 234.32 0.11 
D 04/10/93 2760.83 137.73 49.89 448.62 0.16 
D 04/17/93 2290.58 111.32 48.60 555.40 0.24 
D 04/24/93 428.48 25.62 59.78 205.50 0.48 
D 07/03/93 554.57 18.69 33.71 0.00 0.00 
D 07/10/93 332.96 8.25 24.79 0.00 0.00 
D 07/17/93 142.38 7.82 54.91 15.66 0.11 
D 07/24/93 229.36 16.83 73.37 14.24 0.06 
D 07/31/93 1613.68 122.09 75.66 78.84 0.05 
D 08/07/93 52.95 3.24 61. 27 1. 76 0.03 

H 02/27/93 246.74 7.74 31. 38 0.91 0.00 
H 03/06/93 8.54 0.47 54.94 0.00 0.00 
H 03/13/93 107.10 8.65 80.76 0.00 0.00 
H 03/27/93 35.50 1. 86 52.45 0.00 0.00 
H 04/0)/93 146.54 7.69 52.45 0.00 0.00 
H 04/10/93 707.23 42.45 60.02 14.15 0.02 
H 04/17/93 324.31 28.58 88.14 3.28 0.01 
H 04/24/93 1086.19 96.07 88.45 10.86 0.01 
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Table 2 (continued) 

Groundfish Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/rot Bycatch per rot 

H 07/03/93 295.67 9.41 31.82 0.00 0.00 
H 07/10/93 887.25 51.82 58.41 0.00 0.00 
H 07/17/93 754.50 54.39 72 .08 21.57 0.03 
H 07/24/93 877.68 69.12 78.76 88.55 0.10 
H 07/31/93 640.65 41. 91 65.42 32.04 0.05 
H 08/07/93 1070.60 62.78 58.64 20.70 0.02 

K 03/06/93 281. 71 7.83 27.81 8.45 0.03 
K 03/20/93 793.54 32.76 41.28 46.57 0.06 
K 03/27/93 177 .58 31. 78 178.96 0.00 0.00 
K 04/10/93 277 .24 9.50 34.28 0.00 0.00 
K 04/17/93 38.50 0.24 6.11 0.00 0.00 
K 07/03/93 3827.18 72.23 18.87 121.87 0.03 
K 07/10/93 3552.15 36.78 10.35 0.00 0.00 
K 07/17/93 2609.34 46.08 17.6':; 0.00 0.00 
K 07/24/93 2828.76 82.05 29.00 0.00 0.00 
K 07/31/93 1777.51 89.74 50.48 0.00 0.00 
K 08/07/93 408.42 59.58 145.87 30.85 0.08 

0 02/27/93 217.02 5.27 24.27 0.00 0.00 
0 03/06/93 245.19 16.34 66.62 0.00 0.00 
0 03/13/93 173.66 0.90 5.17 0.00 0.00 
0 03/27/93 10.11 0.47 46.40 0.00 0.00 
0 04/03/93 837.29 4.84 5.78 0.00 0.00 
0 04/10/93 334.39 1. 53 4.58 3.34 0.01 
0 04/17/93 107.48 0.49 4.58 1.08 0.01 
0 07/03/93 64.89 0.01 0.13 0.00 0.00 
0 07/10/93 146.69 0.03 0.22 0.00 0.00 
0 07/17/93 169.61 0.44 2.59 0.91 0.01 
0 07/24/93 94.59 7.41 78.36 0.00 0.00 
0 07/31/93 194.97 0.30 1. 53 0.65 0.00 

p 01/09/93 323.44 0.01 0.02 67.92 0.21 
p 01/16/93 90.24 0.00 0.02 18.95 0.21 
p 02/13/93 4286.58 0.01 O~OO 1604.48 0.37 
p 02/20/93 6458.68 0.01 0.00 2354.90 0.36 
p 02/27/93 6697.08 0.02 0.00 2217.20 0.33 
p 03/13/93 206.48 0.00 0.02 43.36 0.21 
p 03/20/93 1378.87 0.00 0.00 26.12 0.02 
? 03/27/93 2086.27 0.00 0.00 20.86 0.01 
P 05/01/93 245.43 0.00 0.02 51. 54 0.21 
p 05/08/93 124.45 0.00 0.02 26.13 0.21 
p 06/05/93 3350.36 0.06 0.02 132.48 0.04 
P 06/12/93 11984.82 0.20 0.02 442.74 0.04 
P 06/19/93 6338.63 0.11 0.02 337.80 0.05 
P 06/26/93 4902.89 0.20 0.04 180.63 0.04 
P 07/03/93 1709.30 0.07 0.04 85.78 0.05 
p 07/10/93 9045.36 0.23 0.03 2237.43 0.25 
P 07/17/93 7475.36 0.18 0.02 2340.84 0.31 
P 07/24/93 2685.19 0.06 0.02 1664.82 0.62 
p 08/14/93 1903.33 0.07 0.03 199.31 0.10 

S 03/27/93 6.95 0.23 33.65 0.00 0.00 
S 04/10/93 21.22 0.00 0.00 0.00 0.00 
S 04/24/93 107.88 3.91 36.23 22.66 0.21 
S 07/17/93 27.35 0.17 6.34 0.00 0.00 
S 07/24/93 39.49 0.00 0.00 0.00 0.00 
S 07/31/93 7.71 0.28 36.23 1. 62 0.21 



13 

Table 2 (continued) 

Groundfish Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 

W 03/06/93 148.54 11.59 78.04 42.78 0.29 
W 03/13/93 103.50 4.88 47.13 1.15 0.01 
W 03/20/93 387.51 62.07 160.18 .35.14 0.09 
W 03/27/93 353.27 21.60 61.15 0.00 0.00 
W 04/17/93 201. 69 8.75 43.39 151.27 0.75 
W 04/24/93 15.93 0.00 0.00 0.00 0.00 
W 07/10/93 7.00 0.00 0.00 0.00 0.00 
W 07/17/93 346.56 6.74 19.45 0.00 0.00 
W 07/24/93 368.36 0.04 0.11 0.00 0.00 
W 07/31/93 371.39 1.48 3.99 0.00 0.00 
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Table 3. 1993 Halibut and Chinook Salmon Bycatch Rates by target fishery and 
week in the Gulf of Alaska 

Hook & Line Gear 

Groundfish Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 

B 01/02/93 0.03 0.00 98.67 0.00 0.00 
B 05/15/93 0.73 0.07 98.75 0.00 0.00 
B 06/19/93 1.09 0.11 98.75 0.00 0.00 
B 07/10/93 1.53 0.15 98.75 0.00 0.00 

C 01/02/93 97.83 11.47 117.20 0.00 0.00 

C 01/09/93 279.43 23.20 83.02 0.00 0.00 
C 01/16/93 401. 54 14.09 35.08 0.00 0.00 
C 01/23/93 419.21 15.97 38:11 0.00 0.00 
C 01/30/93 279.76 9.81 35.08 0.00 0.00 
C 02/06/93 567.44 40.42 71.22 0.00 0.00 
c 02/13/93 488.35 32.62 66.80 0.00 0.00 
C 02/20/93 772.19 41.66 53.95 0.00 0.00 

C 02/27/93 692.65 22.04 31.82 0.00 0.00 
C 03/06/93 2212.36 35.55 16.07 0.00 0.00 
C 03/13/93 721.06 29.14 40.42 0.00 0.00 
C 03/20/93 802.71 162.11 201.95 0.00 0.00 
C 03/27/93 382.34 74.32 194.38 0.00 0.00 

C 04/03/93 1. 78 0.06 35.08 0.00 0.00 
C 04/10/93 13.01 0.46 35.08 0.00 0.00 
C 04117/93 42.18 1. 56 37.07 0.00 0.00 

C 04/24/93 20.16 0.71 35.08 0.00 0.00 
C 05/01/93 22.19 0.78 35.08 0.00 0.00 
C 05/08/93 5.20 0.18 35.08 0.00 0.00 
C 05/15/93 7.11 0.25 35.08 0.00 0.00 
C OS/22/93 8.19 2.74 334.05 0.00 0.00 
C 06112/93 21. 51 0.75 35.08 0.00 0.00 
C 06/19/93 59.59 2.09 35.08 0.00 0.00 

C 06/26/93 0.11 0.00 35.09 0.00 0.00 
C 08114193 0.87 0.03 35.08 0.00 0.00 

D 06/26/93 15.27 1.51 98,75 0.00 0.00 

K 01/02/93 6.33 6.13 968.80 0.00 0.00 
K 01/09/93 18.06 17.50 968.80 0.00 0.00 
K 01/16/93 42.42 41.07 968.18 0.00 0.00 
K 01/23/93 17 .47 16.92 968.80 0.00 0.00 
K 01130/93 24.27 23.50 968.44 0.00 0.00 
K 02/06/93 3.71 3.59 968.80 0.00 0.00 
K 02/13/93 33.62 32.48 965.95 0.00 0.00 
K 02/20/93 22.14 21.19 957.01 0.00 0.00 
K 02/27/93 58.54 56.63 967.31 0.00 0.00 
K 03/06/93 23.60 22.86 968.80 0.00 0.00 
K 03/13/93 14.21 13.77 968.80 0.00 0.00 
K 03/20/93 18.71 18.13 968.80 0.00 0.00 
K 03/27/93 24.81 24.04 968.80 0.00 0.00 
K 04/03/93 12.16 9.82 807.81 0.00 0.00 
K 04110/93 12.67 9.56 754.55 0.00 0.00 
K 04117/93 10.20 9.21 903.12 0.00 0.00 
K 04/24193 7.65 4.50 587.79 0.00 0.00 
K 05/01/93 16.20 7.23 446.23 0.00 0.00 
K 05/08/93 24.56 18.62 758.02 0.00 0.00 

K 05/15/93 24.05 43.05 1790.09 0.00 0.00 
K OS/22193 31.49 17.66 560.85 0.00 0.00 
K 05/29/93 56.76 23.51 414.17 0.00 0.00 
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Table 3 (continued) 

Groundfish Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 

K 06/05/93 47.01 31.07 660.94 0.00 0.00 
K 06/12/93 81.53 78.87 967.41 0.00 0.00 
K 06/19/93 20.22 19.44 961.48 0.00 0.00 
K 06/26/93 5.16 0.94 183.06 0.00 0.00 
K 07/03/93 4.84 0.98 203.01 0.00 0.00 
K 07/10/93 16.11 14.36 891.57 0.00 0.00 
K 07/17/93 11.16 6.41 574.31 0.00 0.00 
K 07/24/93 16.08 13 .02 809.72 0.00 0.00 
K 07/31/93 7.40 3.93 531.42 0.00 0.00 
K 08/07/93 12.09 7.60 628.41 0.00 0.00 
K 08/14/93 6.16 2.83 458.92 0.00 0.00 

o 06/05/93 0.47 1.21 2574.91 0.00 o . ().{) 

S 01/02/93 0.05 0.02 338.40 0.00 0.00 
S 01/09/93 4.63 1.57 338.49 0.00 0"00 
S 05/15/93 232.12 58.57 252.33 0.35 0.00 
S OS/22/93 10312.20 2340.75 226.99 16.76 0.00 
S 05/29/93 7880.59 2812.31 356.87 16.11 0.00 
S 06/05/93 5348.86 2027.13 378.98 32.06 0.01 
S 06/12/93 84.83 28.49 335.84 0.00 0.00 
S 06/19/93 60.76 20.55 338.26 0.00 0.00 
S 06/26/93 31. 79 10.76 338.49 0.00 0.00 
S 07/03/93 321.18 108.71 338.49 0.00 0.00 
S 07/17/93 1.18 0.40 338.48 0.00 0.00 

W 06/05/93 59.54 14.68 246.55 0.00 0.00 
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Table 4. Halibut bycatch mortality (mt) for the 1993 Gulf of Alaska hook and lin 
fisheries. 

SABLEFISH OTHER TOTAL 

WEEK OBS/O UNOBS'O OBS/O UNOBS/O WEEK % SUM , 
01/02/93 0 0 1 2 3 0.4% 3 0.4' 
01/09/93 0 0 0 7 7 1.0% 10 1.4' 
01/16/93 0 0 0 9 9 1.3% 19 2.6' 
01/23/93 0 0 0 5 5 O.S% 24 3.4' 
01/30/93 0 0 0 5 5 O.S% 29 4.2' 
02/06/93 0 0 0 7 7 1.0% 36 5.2' 
02/13/93 0 0 3 S 10 1.5% 47 6.7% 
02/20/93 0 0 5 5 10 1.4% 57 S.H 
02/27/93 0 0 2 11 13 1.S% 69 9.9% 
03/06/93 0 0 3 7 9 1.3% -79 11.2% 
03/13/93 0 0 2 5 7 1.0% S5 12.2% 
03/20/93 0 0 1 28 29 4.1% _ 114 16.3% 
03/27/93 0 0 0 16 16 2.2% _ 130 lS.6% 
04/03/93 0 0 0 2 2 0.2% 132 lS.8% 
04/10/93 0 0 0 2 2 0.2% 133 19.0% 
04/17/93 0 0 0 2 2 0.2% 135 19.3% 
04/24/93 0 0 0 1 1 0.1% 136 19.4% 
05/01/93 0 0 0 1 1 0.2% 137 19.6% 
05/08/93 0 0 0 3 3 0.4% 140 20.0% 
05/15/93 3 9 5 2 19 2.7% 159 22.7% 
OS/22/93 71 311 2 0 3S5 55.0% 544 77.7% 
OS/29/93 58 407 3 0 468 66.9% 1012 144.6% 
06/05/93 23 316 2 4 346 49.4% 1358 194.0% 
06/12/93 0 5 0 11 16 2.3% 1374 196.3% 
06/19/93 0 4 0 3 7 0.9% 13S1 197.2% 
06/26/93 0 2 0 0 2 0.3% 13S3 197.5% 
07/03/93 0 18 0 0 19 2.7% 1401 200.2% 
07/10/93 0 0 0 2 2 0.3% 1403 200.5% 
07/17/93 0 0 0 1 1 0.1% 1404 200.6% 
07/24/93 0 0 0 2 2 0.3% 1406 200.9% 
07/31/93 0 0 0 1 1 0.1% 1407 201.0% 
08/07/93 0 0 0 1 1 0.2% 140S 201.1% 
08/14/93 0 0 0 0 0 0.1% 140S 201.2% 

CURRENT HALIBUT MORTALITY CAP = 700 
(1st and 2nd Trimesters) 
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Table 5. 1993 Halibut and Chinook Salmon Bycatch by target fishery and week 
in the Gulf of Alaska, pot gear only. 

Pot Gear 

Groundfish Halibut Halibut Chinook Chinooks 
KEY Tons Tons kg/mt Bycatch per mt 

C 01/09/93 97.09 0.53 5.45 0.00 0.00 
C 01/16/93 475.75 2.59 5.45 0.00 0.00 
C 01/23/93 49.18 0.27 5.45 0.00 0.00 
C 01130/93 69.45 0.38 5.45 0.00 0.00 
C 02/06/93 49.20 0.27 5.45 0.00 0.00 
C 02/13/93 300.19 1.57 5.22 0.00 0.00 
C 02/20/93 855.57 4.66 5.45 0.00 0.00 
C 02/27/93 1048.37 6.14 5.85 0.00 0.00 
C 03/06/93 1425.23 4.75 3.33 0.00 0.00 
C 03/13/93 1831. 79 7.18 3.92 0.00 0.00 
C 03/20/93 1925.85 7.55 3.92 0.00 0.00 
C 03/27/93 999.26 5.38 5.39 0.00 0.00 
C 04/03/93 45.52 0.53 11. 72 0.00 0.00 
C 04/10/93 108.35 1. 03 9.46 0.00 0.00 
C 04/17/93 33.99 0.35 10.43 0.00 0.00 
C 04/24/93 89.39 0.48 5.35 0.00 0.00 
C 05/01/93 67.06 0.96 14.36 0.00 0.00 
C 05/08/93 50.58 0.64 12.69 0.00 0.00 
C 05/15/93 77.85 1.14 14.65 0.00 0.00 
c OS/22/93 53.74 0.29 5.45 0.00 0.00 
C OS/29/93 58.90 0.32 5.45 0.00 0.00 
C 06/05/93 18.24 0.10 5.45 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. 

1993 Groundfish Targets 

A A:ka ~ackerel BSAI 
B Pollock -- bottom" BSAI,GOA 
C Pacl hc Cod BSAI, GOA 
D Do?ep Water Flatfish GOA 
H Shallow ...... ater Flatf ish GOA 
K RockflSh BSAI,GOA 
0 'Other' BSAI, GOA 
P Pollock - midwater" BSAI,GOA 
R Rock Sole/Other Flatfish BSAI 
S Sablefish BSALGOA 
T Gree~land Turbot BSAI 
W Arrowtooth Flounder BSAI 
Y Yellowfln sole BSAI 

.. Pollock targets defined by catch composition, not reported gear type. 

Modes 

M = Mothership 
P = Catcher/Processor 
F = Shore Plant 
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APPENDIX II 

Pacific Halibut SAFE Report 

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

Pacific halibut exploitable biomass was estimated at 265.8 million pounds in 1992, a decline of 11 % from 
the 1991 estimate. The decline is expected to continue over the next few years as a consequence of 
reduced recruitment For the 1993 fishery, IPHC reduced'the exploitation rate from 0.35 to 0.30 because 
certain scenarios containing low recruitment assumptions indicated the population could be fished to 
historically low levels at the higher exploitation rate. 

Commercial fishery catches in 1992 totalled 45.221 million pounds (dressed weight) in IPHC Areas 2C, 
3A. and 3B (GOA) and 6.08 million pounds (dressed weight) in Area 4 (BSAI). Commercial fishery 
catch-per-unit-effort averaged 288.9 pounds/skate in Area 4 and 337.4 pounds/skate in the Areas 2C, 3A. 
and3B. 

Coastwide. commercial fishery ex-vessel value dropped from $118.8 million in 1991 to $71.2 million in 
1992. U.S. fishers received about $1.00 (U.S) per pound while Canadian fishers received about $2.85 
(Canadian). 

The bycatch limit for BSAI trawls in 1991 was decreased 300 mt (round weight) for 1992, to 5,033 mt 
(round weight). and 1992 fixed gear fisheries were brought under a mortality limit of 750 mt (round 
weight). The bycatch mortality limit in the GOA remained unchanged (2.750 mt. round weight). A 
bycatch mortality limit (3.775 mt. round weight) was introduced for BSAI trawl fisheries in 1993. 
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International Pacific Halibut Commission 
September 7, 1993 

Summary of changes concerning management and 
assessment of Pacific Halibut 

Relative to the November, 1992 SAFE document. the following new information is now available, and 
will be included in the November. 1993 SAFE document. 

Data are presented in units of pounds, dressed weight (head-off, eviscerated). Round weight can be 
computed by multiplying dressed weight by a factor of 1.33. 

(1) Catch - effort statistics on halibut by IPHC regulatory areas 

(a) The 1992 catch limit for the BSAI (Area 4) was 6.33 million pounds - total catch was 
6.08 million pounds. Catch limit for the GOA (Areas 2C and 3) was 45.4 million pounds 
- total catch was 45.221 million pounds. All catch statistics for individual areas are 
updated through 1992. 

Though stocks are continuing to decline overall, catch limits. higher than those set in 
1991. were implemented in 1992 based on updated biomass estimates from previous years. 

(b) Commercial CPUE averaged 288.9 pounds/skate in the BSAI and 337.4 pounds/skate in 
the GOA. CPUE by regulatory area through 1992 is updated. 

(2) Size and Age Composition 

(a) Age. weight. and length data for the 1992 commercial fishery is completed. 

(b) An evaluation of the break-and-bum otolith age reading technique was begun in 1992. 
The tr.lditional method used by IPHC. surface reading of the otolith. may lead to 
underaging of thicker otoliths. which has been seen in several other ground fish speCies. 
The evaluation should be completed in late 1994. 

(3) Summar} of IPHC tagging 

(a) In 1992. 7 tags were recovered in the BSAI. 156 in the GOA. and 25 from unknown 
locations. There was a coastwide total (including west coast and Canada) of 372 tags 
recovered. 42% lower than in 1991. The decline is due to the lack of tagging projects 
since 1989. 

(b) In April and May of 1993. the IPHC conducted a tagging charter off Kodiak Island. 
releasing 3.800 tags. No recovery data are yet available. 
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(4) Population Assessment 

(a) The total exploitable biomass for 1992 was 265.8 million pounds; a decline of 11 % 
coastwide from 1991, which continues the predicted downward trend. Exploitable biomass 
values for 1992 by regulatory area have been updated. 

(b) The exploitation rate of 0.35, which has been used in the past several years, was 
examined. In order to reduce the risk of the stocks declining to an historical low. a more 
conservative rate of 0.30 was adopted for the 1993 season. 

(c) Recruitment of 8 year-olds declined again in 1992 in Areas 3A. 3B. and 4 and leveled off 
in Area 2C. R.ecruitment values are updated by regulatory.area. 

(5) Bycatch of Pacific halibut 

(a) In the BSAI. the bycatch limit for trawls in 1992 was decreased 300 mt from 1991 to 
5.033 mt. and fixed gear fisheries were brought under a mortality cap of 750 mt. The 
mortality cap in the GOA remained the same at 2.750 mt Bycatch!mortality caps and 
actual catch are updated through 1992. -

(1:1) Mortality caps were introduced for BSAI trawl fisheries in 1993. Mortality rates by 
fishery were refigured for the 1993 season, based on 1993 observer data. 

(6) Value or the Commercial Catch 

(al Ex-vessel value dropped from $118.8 million in 1991 to $71.2 million in 1992. V.S. 
fishers received about $1.00 (V.S) per pound while Canadians received about $2.85 
(Canadian). 
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APPENDIX III 

Pacific Halibut Bycatch Discard Mortality Rates 

The Team heard a report by IPHC staff on in-season reporting of halibut viability data and their use in 
determining discard mortality rates. A copy of this report is attached During 1993 groundfish fisheries. 
NMFS observers were re{Klrting halibut viability data as part of their weekly re{Klrting. From these data. 
IPHC calculated the discard mortality rates in 1993 fisheries using established mortality rate models. 
Discard mortality rates for trawls and {Klts were relatively unchanged from 1990 and 1991. Longline 
discard mortality rates. however. exhibited some differences. 

The availability of viability data during the fishing season and the ability to determine a discard mortality 
rate for that season in the current year represents a substantial change in the manner in which discard 
mortality rates are determined. For the past few years. data which were almost 2 years old provided the 
basis for assuming a discard mortality rate in an upcoming years' fishery. For example. the discard 
mortality rates used to manage halibut bycatch during 1993 were based on 1990 and 1991 data. USing 
current year data to calculate discard mortality rates is an improvement to previous practice. 

The Team discussed how these results could be implemented by NMFS managers. both for the current 
year and for use in the upcoming year. In addition. the Team suggested that the in-season data be 
compared to NORPAC data. which has been used in the past. This comparison cannot be made until 
summer. 1994. when 1993 NORPAC data become available. and re{Klrted to the Team next September. 
Despite such issues. the Team believes that USing current year data represents a significant step forward 
in bycatch mortality management 
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DISCARD MORTALITY RATES IN 1993 GROUNDFISH FISHERIES: 
RESULTS FROM IN-SEASON VIABILITY DATA 

Summary 

by 

Gregg H. Williams, IPHC 
August 12, 1993 

An analysis of in-season viability data of halibut bycatch collected by observers in 1993 groundfish 
fisheries off Alaska shows that discard mortality rates are relatively unchanged from preseason estimates 
in trawl and pot fisheries. Hook-and-line fisheries exhibited some differences, however. For the BSAI 
and GOA Pacific cod fisheries, data indicated lower discard mortality rates were experienced in 1993 
(15% for the BSAI fishery; 8% for the GOA fishery) than was determined preseason. In-the GOA hook
and-line sablefish fishery, the 1993 discard mortality rate on observed vessels (18%) waS higher than the 
preseason rates (14% for observed). I recommend using these results to recalculate 1993 bycatch 
monality. 

Introduction 

Observers in the 1993 Alaskan groundfish fishery have been providing the IPHC staff with weekly 
summaries of the release condition of halibut taken as bycatch. Using these data and mortality rates of 
fish by release condition. an estimate of the discard monality rate can be made. TIlis document reports 
these estimates for trawl. hook-and-Iine. and pot fisheries by target and region. Comparisons are made 
to 1990 and 1991 fisheries. 

HOOK AND LINE FISHERIES 

BSAI H&L Pacific Cod Fishery 

1990 Fishery: 
1991 Fishery: 

1993 Preseason Rate: 
Rate wI Careful ReI: 

Recommended Rate for 1993: 

16% 
20% 

18% (1990+1991 avg) 
12.5% (observed); 15% (unobserved) 

15 percent 

In-season viahility data were collected from 33 vessels by 48 observers from the opening of the fishery 
(January I) through closure on May 11. 

Following a close scrutiny of the data. two cruises with high mortality rates were dropped from the dataset 
for two reasons. First. the type of handling reponed on these cruises by the observer in the Final Repon 
should have resulted in halibut released in excellent condition, yet the viability data indicated most halibut 
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were in poor or dead condition upon release. This suggests an incorrect application of condition criteria. 
Second. the viability on those cruises was much worse than that reported by other observers on the same 
vessels. We consider it unlikely that a crew's behavior would have changed so significantly from one 
cruise to the next Rather. we strongly suspect this points to the difficulty of some observers in 
understanding and applying the viability criteria to halibut bycatch. 

Four other vessel cruises were noted as having high mortality rates. i.e.; greater than 30% .• or more than 
twice the average. but were not excluded. We found nothing to suggest that viability criteria were 
incorrectly applied in these cases, as with the two cruises mentioned above. 

The remaining data indicate that observers examined 16,940 halibut, with 81 % in excellent condition, 13% 
in poor condition, and 6% reported as dead (or likely to die). Using procedures established in earlier 
analyses, we calculated the discard mortality rate for these observed vessels to be 15.3 percent The range 
among vessels was quite large, however, from a low of 4 percent to as high as 41 percent (Figure 1). 
Slightly less than two-thirds of the vessels were within the f'aIlge of 10 percent to 20 percent discard 
mortality. 

Because the closure of the fishery occurred prior to the effective date of the Careful Release program 
(May IS). BSAI cod vessels were not legally required to follow those measures during 1993. Industry 
representatives have indicated they encouraged member vessels to practice Careful Release, but observers 
were not directed to collect data on Careful Release practices unless there was a problem. The viability 
data did exhibit a modest but noticeable decline in discard mortality from January through May (Figure 
2). however. perhaps reflecting an increasing awareness of and desire to practice the Careful Release 
requirements even though not required. 

Ba<;ed on the data collected and because Careful Release was not required. we recommend that halibut 
bycatch mortality in the 1993 BSAI Pacific cod fishery be recalculated using a discard mortality rate of 
15 percent for all vessels. This is slightly higher than assumed would be the case with the Careful Relea<;e 
program. hut slightly lower than the preseason assumed rate (1990/1991 average). 

BSAI H&L Turbot Fishery 

1990 Fishery: 
1991 Fishery: 

1993 Preseason Rate: 
Rate wi Careful Rei: 

18% 

no fishery 
no fishery 

12.5% (ohserved); 15% (unobserved) 

Data arc currently available to IPHC only through May 31. prior to the primary fishery conducted during 
June. These January-May data. from 7 vessels fishing mostly in May. result in a sample size of 242 
halibut Approxiroalely 87% were excellent. 7% were poor. and 6% were dead (or likely to die). 

We calculated the discard mortality rate for this sample of observed vessels to be 13%. This ranged 
widely among the 7 vessels, from a low of 4% to as high as 74%. Only one vessel had a rate greater than 
20%, however, and this rate is based on only 15 fish. which is quite small. Because the data at hand are 
limited and do not cover the major portion of the fishery, we recommend waiting until further data become 
available to determine a 1993 discard mortality rate. We expect this to be ready at the end of August. 



BSAI H&L Sablefish Fishery 

1990 Fishery: 
1991 Fishery: 

13% 
20% 
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1993 Preseason Rate: 18% (approx. 1990+1991 avg) 
Rate wI Careful ReI: 12.5% (obselVed); 15% (unobselVed) 

In-season viability data were collected from 7 vessels by obselVers (through May 31). ObselVers 
examined 671 halibut, with 78% in excellent condition. 12% in poor condition, and 10% as dead (or likely 
to die). 

The fishery received a major effort in March and April, but drc,pped off in Mayas vessels moved to the 
GOA for the big fishery in 1.'131 region. AI fishing picked up again in mid June and early July. but we 
do not have that data as yet. -

Using the limited data currently in hand, we calculated the discard mortality rate for the 7 obselVed vessels 
to be 19%, which is similar to the preseason rate and not too dissimilar from 1991. As with BSAI turbot. 
we recommend waiting until additional data become available and are analyzed (end of August) to make 
a final recommendation. 

GOA H&L SabJefish Fishery 

1990 Fishery: 
1991 Fishery: 

Preseason Assumed Rate: 
Rate wi Careful Rei: 

16% 
25% 

20.5% (1990+ 1991 avg) 
14% (observed); 17-% (unobselVed) 

Recommended Rates for 1993: 18% (observed); 20.5% (unobserved) 

In-season viahility data (available through May 31) were collected from 21 vessels. Observers examined 
2.019 halihut. with 76% in excellent condition. 20% in poor condition. and 4% as dead (or likely to die). 

Using our established methodology. we calculated the discard mortality rate for these observed vessels to 
be 189r. Among vessels. discard mortality rates ranged from as low as 4% to as high as 47%. although 
all but six vessels were below 25%. 

The small numher of vessels in this sample (relative to the number in the fishery) is cause for concern. 
especially because the majority of the vessels in the fishery are unobserved. Although we do not know 
what the viability of halibut is on unobserved vessels. viability and discard mortality are likely no better 
than on observed vessels. and may be higher. perhaps as high as in 1991 (25%). Although Careful 
Release was a requirement for this fishery. the in-season data suggest the reductions in discard mortality 
may not have been as large as predicted. As an approximation. assume that the Preseason Assumed Rate 
(20.5%) is a default value for unobserved vessels. and that the in-season results (18%) predict discard 
mortality for observed vessels. We recommend that 1993 mortality be recalculated using the values. 



GOA H&L Pacific Cod Fishery 

1990 Fishery: 
1991 Fishery: 

1993 Preseason Rate: 
Rate wi Careful Rei: 

Recommended Rate for 1993: 

S 

16% 
16% 

16% (1990+1991 avg) 
I1.S% (observed); 14% (unobserved) 

8 percent 

Observers collected in-season-viability data from 7 vessels during the 1993 fishery (January I-March 9 
in Western area; through March 24 in Central area). They examined 2.132 halibut. with 93% in excellent 
condition. 6% in poor condition. and 1 % dead (or likely to die). 'This viability distribution is substantially 
better than noted in 1990 and 1991. and resulted in a calculated discard mortality rate of8%. mucalower 
than has been seen in hook-and-line fisheries before. 

We examined 3 GOA cod vessels that fished in other hook-and-Iine fisheries to see if the reported viability 
was consistent among fisheries. Results indicated that viability for a vessel remained relatively Unchanged 
as it moved among fisheries. We attempted to evaluate the viability reported by different observers on 
the same vessel. but none of the vessels carried more than one observer during the cod fishery. 

Careful Release requirements were not in effect during this fishery. 

We recommend that 1993 bycatch mortality be recalculated using a discard mortality rate of 8%. 

TRA WL FISHERIES 

GOA Trawl Fisheries 

1993 Preseason Rates: 
Midwater pollock: 75% 
Rockfish. shallow water flatfish. and "other species": 60% 
Pacific cod. bottom trawl pollock. and deep water flatfish: 55% 

Recommended Changes: None 

Thus far in 1993, major trawl fisheries for pollock (both bottom and midwater), flatfish (deepwater and 
shallow). Pacific cod (closed for 1993). and rockfish have taken place. We have in-season viability data 
for all of these fisheries. although sample sizes are small «400 fish examined) for all but cod, deepwater 
flats. and shallow flats. Summarized data are shown in Table 1. 

Discard mortality rates were calculated using the mortality rates recommended by Clark et al. (1993): 
20% for excellent. 55% for poor. and 90% for dead. For all but the pollock fisheries, the discard mortality 
rates were only slightly different than observed in 1991 (Figure 3) and probably represent no real change. 
The pollock fisheries. however. show a large decline from 1991 to 1993, but sample sizes are small (376 
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fish for bottom trawl; 225 for midwater trawl) and roughly one-quarter of the TAC remains unharvested 
(114,400 mt TAC vs. 85.000 mt of catch through 7/31/93). Based on this. we believe it is premature to 
draw conclusions alx>ut changes in discard mortality rates in the 1993 pollock fishery and recommend 
waiting until the end of August to reexamine the data. 

I recommend no change in the discard mortality rates used for 1993 fisheries at this time. 

BSAI Trawl Fisheries 

1993 Preseason Rates: 
Midwater pollock: 80% 
Atka mackerel. rock sole. yellowfm sole, and other flatfish: 70% 
Pacific cod, bottom trawl pollock, and rockfish: 60% 
Arrowtooth flounder. Greenland turbot. and "other species": 40% 

Recommended Changes: None 

Trawl fisheries for cod (closed for the remainder of 1993), pollock (only roe), rock sole (also closed for 
1993). atka mackerel (closed), rockfish (mostly closed). and yellowfm sole/other flats have occurred thus 
far. With the exceptions of atka mackerel. with its inherently low halibut bycatch, and yellowfm 
sole/oflats. which opened on May 1, the number of halibut examined in the major fisheries is quite high, 
as well as the number of boats involved. The largest sample. 16,700 fish, was taken in the midwater trawl 
pollock fishery. 

Discard monality rates in most fisheries are fairly similar to what was noted in 1991. i.e .. within ±5% or 
so of the 1991 value (Figure 4). However, a couple of fisheries, most notably bottom trawl pollock, 
rockfish. and "Oflats". showed quite different results. Since the latter opened on May 1 and effort has 
heen low. we don't have a good look at it with the data on band; more will be coming in the next few 
weeks. For bottom trawl pollock, the "B" season opens mid-August to catch the remaining TAC, so a lot 
of data will he generated later in the year. 

The rockfish fishery is a real puzzle. The 1993 viability data indicate that halibut are being released in 
much worse condition relative to 1991. With the data currently available, the only difference between 
1991 and 1993 is that the 1991 fishery lasted 12 weeks versus roughly 4 weeks during late April in 1993. 
NMFS recently reopened the trawl fishery for Pacific ocean perch in the AI sub-area. so additional data 
should hecome available to verify the higher rate noted earlier in the year. 

I recommend no change in discard monality rates for BSAI trawl fisheries at this time. 

GOA and BSAI Pot Fisheries 

1990 Fishery: 
1991 Fishery 

POT FISHERIES 

10% 
5% 
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1993 Preseason Rate: 5% 

Recommendation for 1993: No change 

Observers reported in-season viability data for cod fisheries in both the GOA and SSAI areas. They 
examined 118 halibut from 6 vessels in the SSAI fishery, with 96% in excellent condition, 1% in poor 
condition, and 3% as dead (or likely to die). The discard mortality rate, using established procedures, was 
estimated to be 3%. 

For the GOA cod fishery, they examined 690 halibut on 9 vessels. with 78% in excellent condition, 18% 
in poor condition, and 4% as dead (or likely to die). We estimated the discard mortality to be 4%. 

Because little is known about survival from pot capture, we hav~ used the "Percent Dead" as a default for 
the discard mortality rate. The in-season data show only a slight difference from the preseason value, but 
probably no real change in the actual rate. n-lerefore, I recommend no change in the discard mortality 
rate used thus far In 1993 to calculate bycatch mortality. 

REFERENCES 

Clark, William G., Stephen H. Hoag. Robert 1. Trumble. and Gregg H. Williams. 1993. Re-estimation 
of survival for trawl caught halibut released in different condition factors. Pages 197-203 [IN] 
Report of Assessment and Research Activities. 1992. Int'!. Pac. Halibut Comm., Seattle. W A. 



Table 1. 

Area & 
Target 

BSAI 
Atka mackerel 
BT Pollock 
Pac cod 
O. Flats 
Rockfish 
O. species 
MWT Pollock 
Rocksole 
Turbot 
Arrowtooth n. 
Yellowfin sole 

GOA 
BT Pollock 
Pac cod 
Deepwater nals 
Shall. wtr. nats 
Rocklish 
O. species 
MWT Pollock 
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1993 in-season viability and discard mortality rates for Bering Sea (BSAI) and Gulf of Alaska 
«;()A) trawl fisheries. 

Total No. Discard Rate Used 1991 
No. or No. or lIalibut % % % Mortality by NMFS Disc. Mort. 
lJoais lJoat·Wks Examined Excel Poor Dead Rate during '93 Rate 

13 27 141 23 21 57 67 70 73 
14 33 7.066 2 4 94 87 60 59 
64 192 13.338 23 27 51 65 60 60 
11 17 684 26 30 45 62 70 74 
15 38 2.637 14 17 70 75 60 54 
3 3 310 14 23 63 72 40 29 

47 252 16.704 2 5 93 87 80 81 
16 49 4.213 13 15 72 75 70 68 
I 1 48 54 38 8 39 40 38 
I 1 59 51 27 22 45 40 41 

10 18 147 to 17 74 77 70 (74) 
, 

5 6 376 55 24 21 43 55 56, 
51 90 7.669 24 46 30 57 55 55 
12 29 2,423 24 32 45 62 55 52 
6 6 927 25 25 51 64 60 61 
5 8 178 15 53 32 61 60 65 
5 5 8 13 63 25 59 60 59 

15 35 225 54 28 17 42 , 75 74 
--

I 
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APPENDIX IV 

ASSESSMENT OF THE GOA PACIFIC COD STOCK USING A 
LENGm-BASED SYNTHESIS MODEL 

Because of the relative scarcity of Pacific cod age data in the GOA and because of concern over possible 
misaging of Pacific cod in the BSAI region (Thompson and Methot 1993), a natural next step from the 
stock reduction analysis which has been used to model GOA Pacific cod for the last several years is a 
length-based Synthesis model (Methot 1990). At the recommendation of the Alaska Fisheries Science 
Center's Pacific cod working group, a length-based Synthesis model was developed for inclusion in this 
year's SAFE report. Should this model, or some modificatiOI. thereof, eventually be accepted as the 
primary assessment tool for this stock, it would make comparisons between the Pacific cod stocks in the 
GOA and BSAI regions more straightforward, since the BSAI stock is now being assessed using a length
based Synthesis model (Thompson and Methot 1993). For the time being, however, the model presented 
here should be regarded simply as a first step in the direction that future Pacific cod assessments might 
take. 

ASSESSMENT METHODS 

Model Structure and Parameter Estimation 

Fishery size compositions are most readily available for the years 1987-1993. For the purpose of 
developing this initial model. fisheries of all gear types were lumped into a single category (although the 
model docs hreak the history of this category into "JV" (pre-1990) and "domestic" (post-1989) eras). Each 
year was treated as a single time period. 

Four components were defined for the likelihood function used to estimate model parameters: size 
composition for the JV fishery. the domestic fishery. and the trawl survey; and trawl survey abundance 
(in biomass). The Synthesis program allows the modeler to specify "emphasis" factors that determine 
which components receive the greatest attention during the parameter estimation process. In this 
application. an emphasis of 2.0 was given to the survey size composition and biomass components. an 
emphasis of 1.0 was given to the domestic fishery size composition component. and an emphasis of 0.1 
was given to the JV fishery size composition component (Even under relatively high emphasis. the model 
was unable 10 fit the N size composition data very well. so that component was given a relatively low 
emphasis in the final version.) 

Goodness of Fit 

All parameters in the model were estimated successfully. The root-mean-squared errors (RMSEs. 
calculated on the untransformed residuals) for each of the emphasized likelihood components are shown 
below (figures are averaged across years for the size composition components): 
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Likelihood Component 
JV fishery size composition 
Domestic fishery size composition 
Survey size composition 
Survey biomass 

RMSE 
0.035 
0.011 
0.010 
0.015 

While the RMSEs for the three size composition components are directly comparable, the survey biomass 
RMSE is measured in different units and so is not directly comparable ~th the size composition RMSEs. 

ASSESSMENT PARAMETERS 

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

The natural mortality rate M used in this model was 0.35, up somewhat from the rate of 0.27 used in the 
main text The 0.35 figure was used to make the GOA Pacific cod model more comparable to the BSAI 
model. where an M of 0.35 gave the best fit to the available data (National Marine Fisheries SeIVice 
1993). 

The model accounts for fish as small as 9 em (about age 0), again to keep model structure roughly 
comparable to that of the BSAI version (Thompson and Methot 1993). However, few fish in the 1-2 age 
groups are caught in the commercial fishery, so age 3 is used as the index age for assessing year class 
strength. 

The Alaska Fisheries Science Center's otolith collection includes a single 19-year-old individual. 
However. since very few fish get anywhere near this age, the current assessment model uses an "age-plus" 
category for fish I2 years and older. The largest length accounted for in the model is 105 cm. 

Length and Weight at Age 

Lengths at age arc estimated internally in the model by fitting the progressions of length modes. giving 
the following relationship: 

Lo = 99.3(1 - e -0.181(0 -1.000», (AI) 

whkh corre~;ponds to the following schedule: 

Age: 3 4 5 6 7 8 9 10 11 12 
L.: 29 40 49 57 64 69 74 78 81 84 

This relationship implies significantly slower growth than is suggested either by available length-age data 
or the BSAI model (111ompson and Methot 1993). and should be investigated thoroughly before the rest 
of the model results are accepted with much confidence. 

The model also estimated the following schedule of weights (in kg) at age: 
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Population weights at age (start-of-year and mid-year): 

Age: 3 4 5 6 7 8 9 10 11 12 
Jan. 0.3 0.8 1.5 2.4 3.4 4.4 5.4 6.4 7.3 8.8 
Jul. 0.5 1.1 1.9 2.8 3.8 4.9 5.9 6.8 7.7 9.1 

Fishery (JV and domestic) weights at age (mid-year) : 

Age: 3 4 5 6 7 8 9 10 11 12 
JV: 0.7 1.4 2.1 2.8 3.4 4.1 4.9 5.9 7.0 8.8 
Dom: 0.7 1.5 2.3 3.1 3.8 4.6 5.3 6.2 7.0 8.6 

As with the model's estimates of length at age. the above weight-at-age schedules show significantly 
smaller fish at age than would be expected from the available weight-at-age data or the BSAI Synthesis 
model (Thompson and Methot 1993). and so should be viewed as highly tentative. 

Maturity at Age 

For lack of better information. the maturity parameters used in the BSAI model (Thompson and Methot 
1993) were assumed to apply to the GOA stock as well. giving the following logistic description of the 
proportion mature at age (m): 

1 
m "'------

CI 1 + e 15.16 -o.24IL; (A2) 

The ahove function implies a length at 50% maturity of about 60 em. Assuming that Equation (A 1) is 
an adequare description of growth. the following schedule is implied (age at 50% maturity = 6.6 years); 

Age: 3 4 5 6 7 8 9 10 11 12 
m. : . 0 0 . 0 0 . 0 5 . 27 . 6 6 . 89 . 9 6 . 99 . 99 1. 0 0 

As with the length-at-age and weight-at-age schedules, the above figures differ noticeably from the rates 
used in the BSAI model (the age at 50% maturity seems particularly high). and so should be considered 
as provisional only. 

Selectivity at Age 

The preferred method of estimating selectivity in Synthesis is through a pair of linearly adjusted logistic 
funcuons joined at an intermediate transition size (or age). Seven parameters are involved: the transition 
size (or age). an inflection size (or age) for each of the two logistics. a parameter governing the slope of 
each logistic. and terminal selectivity values at the minimum and maximum sizes (or ages). Constant 
selectivity is assumed for sizes greater than the asymptotic length in the length-at-age equation. The 
model estimared all seven parameters successfully for the survey, JV fishery. and domestic fishery data. 
resulting in the following size-specific schedules of selectivity (in percent): 
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Size: 9 12 15 18 21 24 27 30 33 36 39 42 45 50 55 

Sur: 2 2 2 3 4 5 9 14 24 38 54 70 82 94 99 
JV: 0 0 0 0 1 1 2 3 4 7 12 19 29 52 77 
Dom: 0 0 0 0 0 0 0 0 1 2 4 7 12 27 51 

Size: 60 65 70 75 80 85 90 95 100 105 

Sur: 80 49 28 18 15 13 13 13 13 13 
JV: 95 64 29 18 15 14 14 14 14 14 
Dom: 78 97 74 50 37 33 31 30 30 30 

As the aoove table indicates, "the" size at 50% selectivity varies with gear. Pacific cod first reach a 
selectivity of 50% at 39 em in the survey, 50 cm in the Nfishery, and 55 em in the domestic fishery. 

ABUNDANCE AND EXPLOITATION TRENDS 

Trends in Abundance 

The Synthesis model's deSCription of the recent history of the stock is shown below, together with the 
corresponding SRA estimates: 

Age 3+ Biomass 
Assessment Method: ~ ~ 

1978 645 589 
1979 634 764 
1980 623 892 
1981 593 979 
1982 565 1,104 
1983 546 1,089 
1984 523 1, 139 
1985 515 1,172 
1986 517 1,180 
1987 509 1,169 
1988 495 1, 133 
1989 481 1,045 
1990 459 914 
1991 408 797 
1992 355 689 
1993 323 645 

Note: Biomass is in 1000s of t. 

Although the two models start out at approximately the same point in 1978, they diverge considerably 
thereafter. It should be noted that SRA is designed to model a stock in decline from its pristine state. and 
so has difficul!y modeling a stock which shows increases relative to the initial level in the time series. 
Also. since SRA assumes knife-edge selectivity of survey and commercial gear, any model which relaxes 
those assumptions (such as Synthesis) will inevitably show a higher total biomass during the time period 
covered by the surveys. so long as the fit to the survey biomass trend is the same. Thus, while the fact 
that the Synthesis model estimates a higher biomass than the SRA model is to be expected, the magnitude 
of the difference is sufficient that the Synthesis results should be viewed as highly tentative for the time 
being. 
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In terms of numbers at age, the Synthesis model estimates the following time series since the first survey 
in 1984 (numbers are in millions of fish present in January of each year; also. note that the estimates of 
age 1 numbers in 1992 and ages 1 and 2 numbers in 1993 are based on very limited data): 

1.!ll .1 .l 1- .! .§. .§. 1 .!! .2- .1.Q. 11. II l.::ll l=ll 
84 304 253 334 14 156 35 30 115 0 0 0 14 1339 698 

85 351 214 178 235 9 107 23 20 79 0 0 10 1311 661 

86 219 247 151 125 164 6 74 16 14 55 0 7 1164 612 

87 209 154 174 106 87 112 4 50 11 9 38 5 1046 596 

88 98 147 108 122 73 59 75 3 34 7 6 30 850 517 

89 273 69 103 76 84 49 39 50 2 23 5 26 888 457 

90 181 192 48 72 52 56 32 26 34 1 16 21 821 358 

-
91 344 127 135 34 50 34 35 20 16 21 0 25 932 370 

92 3 242 90 95 23 32 21 21 12 10 13 16 670 333 

93 6 2 171 63 65 15 20 13 13 7 6 19 493 392 

Trends in Exploitation 

Despite the fact that Synthesis estimates a much higher average biomass than does SRA, the time trends 
of full-selection fishing mortality rates F are remarkably similar: 

Year F(SRA) F(S:z::n. ) 

1978 0.02 0.06 
1979 0.02 0.10_ 
1980 0.06 0.15 
1981 0.06 0.08 
1982 0.05 0.05 
1983 0.07 0.07 
1984 0.05 0.05 
1985 0.03 0.03 
1986 0.05 0.06 
1987 0.06 0.07 
1988 0.07 0.08 
1989 0.09 0.11 
1990 0.17 0.17 
1991 0.21 0.22 
1992 0.18 0.20 
Ave. 0.08 OJ:O 
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Trends in Year Class Strength 

The Synthesis model yields the following estimates of recruits (at age 3) for the years 1975-1993: 

Year Cohort N@3 Rank 

1975 1972 1 
1976 1973 3 
1977 1974 10 
1978 1975 3 
1979 1976 805 + 
1980 1977 89 
1981 1978 137 0 
1982 1979 313 + 
1983 1980 21 
1984 1981 332 + 
1985 1982 178 0 
1986 1983 149 0 
1987 1984 172 0 
1988 1985 108 
1989 1986 102 
1990 1987 48 
1991 1988 133 0 
19"92 1989 87 

1993 1990 165 ..Q. ;;:ve: 150 

Legend: Year = year in which the cohort was observed at age 3 
Cohort = year class 
N@3 = recruits (in mi 11 ions of individuals) at age 3 
Rank = "+" if N@3) > 120%" of average 

"0" if 80% of average < N@3) < 120% of average 
"- " if N@3) < 80% of average 

These results indicate that year classes since 1984 have tended to be well below average. with the 1988 
and 1990 year classes the only two that appear close to average in size. However. it should be stressed 
that the length-at-age relationship estimated by the model has some bearing on the dating of good and bad 
year c1a.c;ses. so the ahove series may be out of phase by a year. Also. since the model incorporates no 
size composition data prior to 1987 (except for the 1984 survey). the strengths of the early year classes 
in the ahove time series are particularly open to question. 

SPAWNER-RECRUIT RELATIONSHIP 

No spawner-recruit relationship is estimated for this stocK. 

REFERENCE FISHING MORTALITY RATES AND YIELDS 

The relationship between the relative level of spa\Wling biomass per recruit and fishing mortality for this 
stocK is sho\Wl below for the SRA and Synthesis models (the fishing mortality rate corresponding to a 

" relative spa\Wling biomass per recruit level of p% is labeled F" .. ): 

Strategy: 
SRA F value: 
Syn. F value: 

Fl04 
0.25 
0.43 

FJS4 
0.20 
0.37 

F.ot 
0.17 
0.32 
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When plotted against fishing mortality, the slope of the yield-per-recruit cuIVe is reduced to one-tenth of 
the slope at the origin at a full-selection F (FO.I) of 0.55 (0.18 in SRA). 

Assuming a 1993 catch of 56,700 t and a 1994 age 3 recruitment of 150 million fish (the historic average), 
the projected 1994 yields corresponding to the above four strategies and the F=M strategy are shown 
below: 

Strategy: Flot FJs• F4o• FO.l F=M 
1994 Yield: 130,000 t 115,000 t 101,000 t 159,000 t 109,000 t 

MAXIMUM SUSTAINABLE YIELD 

Due to the lack of a reliable spawner-recruit relationship, maximum sustainable yield and related quantities 
are not estimated by the Synthesis model. 

PROJECfED CATCH AND ABUNDANCE 

Assuming a 1993 catch of 56,700 t and a constant age 3 recruitment of ISO million fish (the historic 
average), the Synthesis model projects the following time series of catches and abundances under various 
haIVest strategies (all figures are in t; "Spwn." = spawning biomass, the sum of numbers at age times 
population weight at age time''' fraction mature at age; "Expl." = exploitable biomass, the sum of numbers 
at age times domestic fishery weight at age times domestic fishery selectivity): 

F.o• (=0.32) : 

Year Catch B(tota1) B(sEwn·l B (exE1.1 
1993 56,700 671,000 422,000 395,000 
1994 101. 000 634,000 344,000 360,000 
1995 95,800 594,000 279,000 329,000 
1996 97,600 579,000 243,000 330,000 
1997 99,400 570,000 230,000 336,000 
1998 99,800 566,000 226,000 339,000 

F}5t 1=0.37) : 

Year Ca'::ch Bltotall B(spwn.l B(exEl.! 
1993 56,700 671,000 422,000 395,000 
1994 l15,000 631,000 341.000 358,000 
1995 106,000 580,000 267,000 319,000 
1996 106,000 557,000 226,000 314,000 
1997 107,000 544,000 210,000 316,000 
1998 107,000 536,000 203,000 316,000 

F,o. (=0.43) : 

y",ar Catch Brtotall B (sEwn. 1 BfexEl.) 
1993 56,700 671.000 422,000 395,000 
1994 130,000 627,000 337,000 356,000 
1995 117,000 563,000 254,000 307,000 
1996 115,000 533,000 208,000 296,000 
1997 115,000 516,000 189,000 294,000 
1998 114,000 505,000 179,000 291,000 
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FO•l (=0.55) : 

Year Catch B!total1 B !sEwn.l B !e2921.1 
1993 56,700 671,000 422,000 395,000 
1994 159,000 619,000 329,000 352,000 
1995 135,000 531,000 230,000 284,000 
1996 129,000 490,000 177,000 264,000 
1997 126,000 467,000 153,000 256,000 
1998 123,000 454,000 140,000 251,000 

F=M (=0.35): 

Year Catch B!totall B (sEwn.l B le2921.1 
1993 56,700 671,000 422,000 395,000 
1994 109,000 632,000 342,000 359,000 
1995 102,000 586,000 272,000 323,000 
1996 103,000 566,000 233,000 320,000 
1997 104,000 554,000 218,000 324,000 
1998 104,000 548,000 212,000 325,000 
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APPENDIX V 

DEFINITIONS OF COMMON ACRONYMS 

The following acronyms are commonly used in this Stock Assessment and Fishery Evaluation Document 
and/or other Council documents: 

ABC Acceptable biologicaf catch (ABC) is a seasonally detennined catch or -range of catches 
that may differ from MSY for biological reasons. It may be lower or higher than MSY 
in some years for species with fluctuating recruitment 

AP 

ABOF 

ADF&G 

AFSC 

DAH 

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 defmed as the maximum sustainable 
yield exploitation rate multiplied by the size of the biomass for the relevant time period. 
The ABC is dermed as zero when the stock is at or below its threshold. 

Advisory Panel 

Alaska Board of Fisheries 

Alaska Deparunent of Fish and Game 

Alaska Fisheries Science Center, fonnerly called the Northwest and Alaska Fisheries 
Center (NW AFC). 

Domestic annuaJ harvest (DAH) is the estimated portion of the U.S. groundfish harvest 
which will be utilized by domestic processors (DAP) and the estimated portion, if any, 
delivered to foreign processors OVP) which are pennitted to receive U.S. harvested 
groundfish in the exclusive economic zone. 

DAP Domestic annual processed catch (DAP) 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 ground fish that will enter non processed fish markets such as those for bait in 
crab and longline fisheries. It includes catches by U.S. factory trawlers. 

EA Environmental Assessment 
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EIS Environmental Impact Statement 

EEZ Exclusive Economic Zone. formerly called the Fishery Conservation Zone (FCZ). 

FMP Fishery Management Plan 

INPFC International North Pacific Fisheries Commission 

IPHC 

IRFA 

JVP 

MFCMA 

MMPA 

MSY 

NMFS 

NOAA 

NPFMC 

OY 

International Pacific Halibut Commission 

Initial Regulatory Flexibility Analysis 

Joint venture processed catch (JVP) is the estimated portion of DAR 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 Exciusive Economic 
Zone. 

Magnuson Fishery Conservation and Management Act 

Manne 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 nonnally 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 investigatio_n has not been long enough for adequate 
understanding of stock dynamics. a preliminary MSY will be estimated from the best 
infonnation available. 

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 
(116.000-800.000 metric tons) established from historical fishery perfonnance and 
estimates of MSY for each species. 



PAAG 

PI' 

PMP 

PSC 

RAAG 

RFA 

RIR 

RPN 

RPW 

SAFE 

SSC 
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Plan Amendment Advisory Group 

Plan Team 

Preliminary Management Plan 

Prohibited species catch (PSC) is nonretainable catch. It can take the fonn of a prohibited 
or nongroundfish species and/or as a fully utilized groundfish 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 apportioned. nonretainable amount of fish 
provided to a fishery for bycatch purposes. PSC limits of groundfish may be provided 
to 1VP and T ALFF when the species is fully utilized by the wholly domestic fishery (Le .• 
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 ec:onomic fishery information. 

Scientific and Statistical Committee 

Metric tons are equivalent to 1.000 kilograms or 2.205 pounds. 

T AC TOlal allowable catch (T AC) is the harvest quota for a species or species group; the 
retainable calch. T AC will be apportioned to DAP. JVP. and possibly T ALFF. and 
reserves by area. 

TALFF TOlal allowable level of foreign fishing (TALFF) is determined by deducting the DAH 
and RESERVE from the T AC and is the amount surplus to domestic requirements. 


