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ABSTRACT

This paper examines the depleted Pacific ocean perch, Sebastes alutus,

stocks in waters off Alaska. The biology of the species is reviewed and the

exploitation history recounted. Virtual population analysis and stock

reduction analysis are used to estimate current status and productivity of the

stocks. A predictive model is used to estimate stock rebuilding rates under a

range of fishing rates. Finally, long-term yields and profits are examined in

an economic analysis and the effects reduced quotas would have on existing

fisheries are studied.
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PREFACE

This manuscript on the biology and economics of Pacific ocean perch (POP)

analyzes the current status of POP and estimates its current and future

productivity in waters off Alaska.

Historical catch data for POP, on which this analysis is based may have

included some catches of northern, rougheye, sharpchin, and shortraker rock-

fish prior to 1979. As much as possible, however, these species were removed

from the catch records prior to the analysis. The problems caused by the

individual catch of species other than Sebastes alutus are believed to be

minor. With the exception of the section entitled, "Possible Effects of

Reduced Pacific Ocean Perch Quotas on Existing Fisheries," the results in

this manuscript apply to S. alutus only. The correct application of the

results is to identify current biomass of S. alutus, determine the case

from the manuscript which applies, and find the appropriate exploitation

rate.

Since the management plan manages the "POP complex,"

all five species mentioned above, it would be appropriate

available yield from the non-S. alutus species to that of

which includes

to add the

S. alutus attained

from the analysis. It is also appropriate, then, to assure that the total

catch is properly distributed among the species.



INTRODUCTION

The decline since the 1960s of Pacific--ocean perch, Sebastes alutus,

stocks from the eastern Bering Sea to the California coast has been discussed

and documented in numerous recent reports. Recognizing this depleted status,

the Pacific Fishery Management Council, charged with management of. offshore

fisheries from Washington to California, has developed a schedule of reduced

fishing rates on Pacific ocean perch. The reduced exploitation is designed to

rebuild the stock over a 20-yr period to levels capable of supporting a viable

domestic fishery. Similarily, the Canadian Department of Fisheries and Oceans

has developed rehabilitation schedules of reduced effort on Pacific ocean

perch stocks off the British Columbia coast.

Although the North Pacific Fishery Management Council has restricted

recent harvest of Pacific ocean perch in waters off Alaska to levels below

estimated equilibrium yield, no information has been available about the

effect these restrictions have had on the rebuilding of perch stocks. This

paper presents an analysis of rebuilding schedules and the cost of those

schedules.

Our analysis is presented in several parts beginning with brief 

descriptions of Pacific ocean perch biology and the fisheries that have

exploited the Alaskan perch stocks. Then, a review of past analyses of

abundance and productivity is followed by our most current interpretation of

the available data using virtual population analysis and stock reduction

analysis.

Our best population parameter estimates are used in a simple predictive

model to estimate future stock size under a variety of fishing rates. This is
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the section of most interest, but it is also the section of most

uncertainty. The cornerstone of predictions of future abundance is the

prediction of recruitment from the spawning stock. We have not been able to

identify a stock-recruitment relationship in the data. Alternatively, we have

presented a range of recruitment responses and used the population model to

predict future stock size for this range.

We have provided an economic analysis of the simulated populations. cost

and revenue functions were added to the predictive model and long-term yield

and profits examined.

In some cases the fishing rates, imposed on the simulated populations

result in Pacific ocean perch quotas reduced below the present levels of

fishing. This report examines the effect such reduced quotas would have on

existing fisheries.

BIOLOGY

Description

Pacific ocean perch belongs to the family Scorpaenidae and is one of 54

or more species in the genus Sebastes occurring in the North Pacific Ocean and

Bering Sea. Phillips (1957) and Barsukov (1964a, b) provide detailed

descriptions of the morphometric, meristic, and other physical characteristics

of s. alutus, and these attributes are summarized by Alverson and Westrheim

(1961), Major and Shippen (1970), and Hart (1973).

A group of four Sebastes species, with similar color and physical

characteristics as S. alutus, may have been misidentified as Pacific ocean

perch in commercial catches. This group includes: northern rockfish, S.

polyspinis; rougheye rockfish, S. aleutianus; shortraker rockfish, S.
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borealis; and sharpchin rockfish, S. zacentrus. Unfortunately, relatively

little is known about the distribution and biology of these four rockfish

species.

Distribution and Migration

Pacific ocean perch are semidemersal and inhabit the temperate waters of

the outer continental shelf and upper slope regions throughout their range.

Distribution along the North American coast spans from La Jolla, California to

the western boundary of the Aleutian Archipelago, and along the continental

slope of the eastern Bering Sea. Along the Asiatic coast, small catches have

been recorded from Cape Navarin to as far south as the Kuril Islands.

This species is usually associated with gravel, rocky, or boulder type

substrate found in and along gullies, canyons, and submarine depressions of

the upper continental slope (Alverson and Westrheim 1961). Substrate and

bottom topography, however, are not the only factors determining Pacific ocean

perch distribution; food supply, water temperature, state of maturity, and

such hydrographic factors as oxygen content also influence its occurrence

(Lyubimova 1963, 1965; Gunderson 1971). The bathymetric range of S. alutus

was reported by Clemens and Wilby (1961) as 70 to 640 m, with commercial

quantitities generally occurring between 110 and 457 m (Quast 1972).

Pacific ocean perch undergoes a seasonal bathymetric migration throughout

its range (Paraketsov 1963; Lyubimova 1963; Gunderson 1971). This movement is

primarily associated with spawning behavior, with the time of spawning varying

slightly between regions. Typically, this migration is characterized by a

movement into deep water spawning areas to release young during the late
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winter or early spring, then a return to shallower water to feed during the

summer.

Diurnal vertical migrations of S. alutus have been documented by a number

of investigators. Moiseev and Paraketsov (1961) indicated that Pacific ocean

perch in the Bering Sea dwell near the bottom during the day and migrate as

much as 40 m off the sea floor during the night. Lestev (1961) observed that

during May and June, schools were usually 10 to 15 m off bottom, but

occasionally ascended to 50 to 90 m over depths of 140 to 359 m. This same

sort of behavior has been described for Pacific ocean perch in the Gulf of

Alaska (Lyubimova 1964). These daily vertical shifts are apparently due to

changes in light and feeding behavior (Lestev 1961; Skalkin 1964; Pautov

1972).

Coastwide migrations of 5 alutus have not been well documented,

primarily because tagging studies are difficult to conduct on this species.

Although coastwide movements of Pacific ocean perch have been suggested for

stocks inhabiting the Gulf of Alaska (Lyubimova 1963, 1965) and Bering Sea

(Moiseev and Paraketsov 1961), it seems to be the consensus that S alutus do

not migrate extensively along the continental slope (Lestev 1961; Fadeev 1968;

Chikuni 1975; Robinson 1972; Gunderson 1977; Westrheim 1973). In the present

study, it is assumed that migration of juveniles and adults from one region to

another is negligible.

Maturity, Fecundity, Reproduction, and Early Life History

Maturation varies with sex, age, and size of the fish. There also appear

to be regional differences in the time of, first maturity. Pautov (1972)

reported that Pacific ocean perch from the Bering Sea reach sexual maturity at
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sizes of from 26 to 31 cm in length and that males mature earlier (6 to 7 yr)

than females (8 to 9 yr). Perch from the Gulf of Alaska are believed to

mature at ages 6-8 yr, corresponding with lengths of 26-28 cm (Lyubimova

1965). Gunderson (1977) indicated that Pacific ocean perch inhabiting the

area from Queen Charlotte Sound, British Columbia to Washington reach sexual

maturity at 9-11 yr for females and 6-7 yr for males. Maturation of both

sexes appears to depend more on the size of the fish than on its age. Chikuni

(1975) concluded that Pacific ocean perch in the Bering Sea and Gulf of Alaska

begin to mature at age 5, and all individuals finish their sexual maturation

by age 9.

Fecundity of S. alutus has been examined by a number of authors

(Westrheim 1958; Paraketsov 1963; Lisovenko 1965; Snytko 1971; Alverson and

Westrheim 1961; Chikuni 1975; Gunderson 1977). Estimates have ranged from

10,000 to over 300,000 eggs per gravid female. There appear to be significant

differences in fecundity between regions. Stocks inhabiting the eastern

Pacific region (south of Dixon Entrance) evidently are more fecund thanthose

from the Bering Sea, and Pacific ocean perch living in the Bering Sea are

reportedly more fecund than fish from the Gulf of Alaska.

Pacific ocean perch are ovoviviparous as are all members of the genus

Sebastes (Hart 1973). During the late fall or early winter, the eggs are

fertilized internally and are retained in the ovary during incubation. Just

prior to parturition, the eggs are hatched within the female and the larvae

then extruded. The larvae ascend to the upper layers of the water column and

drift with the currents. In the Gulf of Alaska and Bering Sea, parturition

occurs during the late winter or early spring at depths ranging from 250 to
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450 m. Further details concerning the reproduction of this species are

described by Westrheim (1975) and Lisovenko (1970).

The spawning sites are believed to be associated with circular or slow

moving currents, so that the pelagic larvae are not carried far from the

spawning grounds. Lisovenko (1964) and Lyubimova (1965) indicate that the

bulk of the Pacific ocean perch larvae in the Gulf of Alaska are associated

with anticyclonic gyrals. These gyrals appear at the boundary between the

high velocity Alaskan Stream and the relatively stagnant coastal water,

resulting in areas of high productivity. These areas provide ideal conditions

for feeding Pacific ocean perch larvae, and the circular currents presumably

prevent the larvae from being swept to unfavorable environments. Moiseev and

Paraketsov (1961) and Hebard (1959) suggest a similar type of scenario for

larvae spawned by demersal species inhabiting the area north of Unimak

Island. Pruter (1973) also recognizes the major role that gyres play in

creating stable conditions which favor development of fish populations in the

Bering Sea.

The length of time the larvae remain planktonic has been a point of

contention in the literature. Several authors have speculated that young S.

alutus remain pelagic until their second or third year of life (Alverson and

Westrheim 1961; Lyubimova 1964, 1965; Paraketsov 1963; Snytko 1971). One

author even contends that Pacific ocean perch do not shift their habitat to

the bottom of the sea until they reach 3 to 5 yr of age (Chikuni 1975). These

authors based their conclusions primarily on back-calculated growth rates and

not on confirmed observations of S. alutus larvae and juveniles. Moreover, no

one has yet confirmed the existence of juvenile Pacific ocean perch in

offshore open water by collecting free-swimming specimens there (Carlson and
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Haight 1976). This lack of confirmation, however, may be more apparent than

real because adequate samples have not been obtained from the region and

criteria have not been developed to distinguish the larval form of the species

(A. W. Kendall, NMFS Northwest and Alaska Fisheries Center, Seattle, WA

98112. Pers. commun., September 1984).

Carlson and Haight (1976) reject the hypothesis of an early pelagic

existence of greater than 2-3 yr. They show that Pacific ocean perch

juveniles become demersal during their first year of life. Their conclusion

was based on a comprehensive study of the environment, growth, food habits,

and schooling behavior of juveniles from coastal waters of southeastern

Alaska. More recent work by Carlson and Straty (1981) support these findings.

The hydrography of the North Pacific is variable and extremely complex.

Due to the prevailing ocean currents, there is probably drift of Pacific ocean

perch larvae from one region to another. However, it is currently impossible

to quantify the magnitude of this drift because of inadequate sampling and the

problems associated with identifying rockfish larvae to species. This study

assumes that the interchange of Pacific ocean perch larvae among the major

regions is minor and that the transformation to the benthic stage occurs

inshore near the spawning areas within 1 yr.

Age and Growth

Age determinations from scales and surfaces of otoliths suggest that the

longevity of Pacific ocean perch is about 30 yr (Alverson and Westrheim 1961;

Chikuni 1975; Westrheim 1973). However, studies employing new aging

techniques indicate longevity may be considerably greater than previously

thought (Beamish 1979; Chilton and Beamish 1982). By analyzing growth
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patterns on thin sections of otoliths and from broken and burned otoliths,

Chilton and Beamish (1982) concluded that the maximum age of Pacific ocean

perch was around 90 yr. Such long life spans were also described for other

rockfish species, most notably rougheye. rockfish, 140 yr; shortraker rockfish,

120 yr; and sharpchin rockfish, 45 yr.

At this time, there is no direct evidence to conclusively validate the

ages determined from Pacific ocean perch scales or otoliths. Zones identified

as annuli cannot be verified as formin once a year since no method exists to

successfully tag and release live Pacific ocean perch. Age estimates that are

produced without validation should be used with caution.

Growth analyses of Pacific ocean perch are complicated by age

determination difficulties, and by bathymetric and geographic variations in

the age-length relationships (Westrheim 1973). Rapid changes in the

population structure and abundance, due to heavy exploitation, have

undoubtedly confounded the analyses of growth. Nevertheless, some general

conclusions can be reached concerning the growth of this species.

Pacific ocean perch are long-lived and slow-growing. Westrheim (1973)

working in the Gulf of Alaska and Pautov (1972) in the Bering Sea suggested

that differential growth occurs between sexes, with females supposedly growing

to a slightly larger size than males. On the other hand, Gritsenko (19631,

Lyubimova (1965), and Chikuni (1975) found no differences in growth patterns

between males and females within the Gulf of Alaska or Bering Sea. The

present study assumes that differences in growth between sexes are negligible.

Geographic differences in the growth of Pacific ocean perch have been

described by several workers. Westrheim (1973) noted that mean length per age

generally declined northward and westward in the northeast Pacific.
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Similarly, Westrheim and Snytko (1974) concluded that weight per given length

increased eastward and southward from the Aleutian Islands area to the

Washington-Oregon area. He also mentioned that Bering Sea S. alutus generally

weigh more per given length than those. in adjacent areas of the Aleutian

Islands and Unimak Island. Chikuni (1975) also described regional differences

in the age-length, age-weight, and weight-length relationships for Pacific

ocean perch from the North Pacific.

DESCRIPTION OF THE FISHERY

Vessels and Gear

Japan and the Soviet Unon have been the principal nations exploiting the

Bering Sea and Gulf of Alaska Pacific ocean perch stocks. Both nations employ

distant-water trawlers of varying sizes and designs as their primary method of

harvest, Many of the smaller vessels function as catcher boats for the large

motherships (factory ships), whereas the larger trawlers generally operate

independently by processing and freezing their own catch. Use of support 

vessels, which permit the fishing fleets to operate at sea for extended

periods of time, is common.

Most of the Pacific ocean perch catch is headed, eviscerated, and

quick-frozen. It is used primarily for direct human consumption. Catch 

statistics are shown in Table 1.

Japan

The Japanese fishery for Pacific ocean perch can be organized into three

major categories: the land-based fleet, the mothership fleet, and the North

Pacific trawl fleet. The land-based trawl fishery is conducted by independent
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trawlers of 100-350 gross registered tons (GRT). Vessels in this fleet are

restricted to waters north of lat. 48°N and west of long. 170°W. Much of the

fleet operates along the continental slope from north of the Kuril Islands to

Cape Navarin. Fishing also occurs along the continental slope of the eastern

Bering Sea and throughout the Aleutian Archipelago. During the earlier years,

the principal gear type was the Danish seine; stern trawlers are now the

mainstay of this fleet.

The mothership fishery employs large factory ships to receive and process

catches supplied by a fleet of catcher vessels. Catcher vessels in this fleet

have operated a number of gear types, including longlines, gill nets, stern

trawls, pair trawls, side trawls, and Danish seines. Fishing mainly occurs

along, the continental slope of the eastern Bering Sea and along both sides of

the Aleutian Islands. Most of the trawl effort during the early 1960s was

directed towards yellowfin sole, Limanda aspera, and Pacific ocean perch.

With the development of techniques for processing minced fish (surimi) on

board motherships in 1964, and the subsequent decline of perch stocks,

considerable effort shifted to walleye pollock, Theragra chalcogramma.

The Japanese North Pacific trawl fishery generally consists of large

factory stern trawlers that operate independently of motherships. These

vessels range in size from 349 to 5,700 GRT and customarily fish and process

their own catch. Much of the effort throughout the 1960s and early 1970s was

directed toward Pacific ocean perch and other rockfishes in the Gulf of Alaska

and Aleutian Islands, and toward walleye pollock in the eastern Bering Sea.
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Soviet Union

The Soviet Union utilized the flotilla concept in its fishing

operations. This involves the deployment of several kinds of vessels in

support of its catcher fleet. Support vessels typically include factory ships

for receiving and processing catches, refrigerator transports (to replenish

stores aboard catcher vessels and to receive, freeze, and transport catches to

the homeland), oil tankers, personnel transports, tugs, patrol vessels, and

hospital ships (Pruter 1976). These vessels, particularly the large

refrigerator transports, have enabled the Soviet fleet to locate and fish

productive Pacific ocean perch grounds year round and process tremendous

quantitites of catch.

The Soviets have employed two basic types of vessels in their fishing

operations, side trawlers and stern trawlers. Side trawlers were the

prevalent fishing vessel during the early years of this nationl's Pacific ocean

perch fishery. These relatively small vessels lacked processing and

refrigerating capabilities making them highly dependent on factory ships.

Side trawlers were then phased out in favor of the more efficient factory

stern trawlers. Because of their larger size and more efficient layout for

handling the trawl over the stern, this type of vessel exhibited greater

versatility and was better able to fish under bad weather conditions (Pruter

1976). Factory stern trawlers have tremendous processing capabilities and

freezing capacity which have enabled them to operate for long periods as

independent units.

Other Nations

Minor catches of Pacific ocean perch from the Bering Sea and Gulf of

Alaska have been taken by Poland, Republic of Korea, Taiwan, Canada, and the
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United States. These catches were taken primarily by stern trawlers. Stern

trawlers in the Polish fleet are similar in size and configuration to their

Soviet counterparts, ranging in length from 70 to 90 m and weighing

2,300-2,500 GRT (Wall et al. 1981). In 1977 and 1978, trawlers of the Korean

fleet were comparable in size and design to the large Japanese freezer

trawlers; Taiwanese trawlers ranged in size from 900 to 1,900 GRT (Nelson et

al. 1981). Canadian and U.S. trawlers are considerbly smaller than trawlers

employed by the Asian and European nations.

Fishing Grounds, Seasons, and Depth of Fishing

The Japanese and Soviets have generally conducted trawling operations for

Pacific ocean perch in the same areas. Productive areas in the Gulf of Alaska

include the Shumagin Island grounds, the Albatross Bank off Kodiak, the

Portlock Bank south of the Kenai Peninsula, and the trawlable areas off

Yakutat and southeastern Alaska. In the Bering Sea, catches are taken along

the entire length of the eastern continental slope, also known as the "eastern

slope region." Large catches are also taken from both sides of the Aleutian

Islands.

Pacific ocean perch are caught year round in the Gulf of Alaska and

during most of the year in the eastern slope region. Pacific ocean perch

catches from both regions are taken by a directed fishery as well as appearing

incidentally in other directed fisheries, such as those for walleye pollock,

flounder, and Pacific cod, Gadus macrocephalus. In the Aleutian Islands

region most of the 1964 to 1979 Japanese Pacific ocean perch catch was caught

during a 6-month period from April to October.

Depth of fishing varies by season. This is apparently in response to the

bathymetric migration of S. alutus. Lyubimova (1964) indicated that the most
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suitable depths for Pacific ocean perch fishing in the Gulf of Alaska were

between 180 and 350 m in summer and between 250 and 420 m in winter. Alverson

and Westrheim (1961) reported a similar distribution in the waters off

Washington and Oregon. Paraketsov (1963) noted that S. alutus. in the Bering

Sea were common at depths of 140-360 m during the winter and spring. Chikuni

(1975) showed that the bulk of the Japanese Pacific ocean perch catch from the

Gulf of Alaska in 1965 was taken at depths between 200 to 300 m.

Lyubimova (1964) indicated differences in the size of S. alutus caught by

depth. The larger adult fish were usually found at deeper depths than were

the smaller juveniles. Examination of the size composition data from the

Japanese groundfish fishery in 1965 (Fig. 1) corroborates the findings of

Lyubimova (1964).

Catch Trends

The foreign fishery for Pacific ocean perch did not begin in earnest

until about 1960. During the first year the foreign fleets removed about

6,100 t of Pacific ocean perch from the eastern slope region. By 1962 the

fishery had expanded into the Gulf of Alaska and Aleutian Islands regions.

Growth of this new fishery was rapid. Within just 6 yr of its inception,

total removals (all regions combined) peaked with a harvest of 474,100 t

(Fig. 2). Soon after, total removals declined almost as rapidly as they had

increased. In 1982 total catches amounted to only 1.6% of the 1965 peak

catch.

Pacific ocean perch harvests from the Gulf of Alaska have generally been

greater than those taken from the Aleutian Islands and eastern slope

regions. These catch trends indicate the relative stock size in each of the
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three regions. It appears that the Gulf of Alaska contains the largest stock;

the Aleutian Islands region the next largest. Pacific ocean perch in the

eastern slope region apparently is the smallest stock.

Maximum sustainable yield (MSY) has been estimated at 150,000 t for the

Gulf of Alaska stock; 75,000 t for the Aleutian Islands stock; and 32,000 t

for the eastern slope stock (Chikuni 1975). Clearly, sustained exploitation

of the magnitude characterizing the early years of the fishery was not

possible. Low (1974) estimated MSY for the eastern slope and Aleutian Islands

stocks combined at 12,000-37,000 t.

The percent composition of Pacific ocean perch in the Japanese groundfish

catch has declined through the years (Fig. 3). In the Aleutian Islands and

Gulf of Alaska regions, this decline was probably due to a combination of

decreasing stock abundance and a shift to different target species. After

1972, Pacific ocean perch never comprised more than 50% of the total

groundfish catch from any region. Pacific ocean perch in the eastern slope

region is apparently not a primary target species in the Japanese groundfish

fishery; Pacific ocean perch from this region has never exceeded 9% of the

total annual groundfish catch.

PREVIOUS STOCK ASSESSMENTS

Previous assessments of Pacific ocean perch have been based primarily on

changes in catch per unit of effort (CPUE) in the commercial trawl

fisheries. These CPUE data, however, have become increasingly difficult to

interpret as an index of stock abundance. Quota restrictions, effort shifts

to different target species, and rapid improvements in fishing technology and

fishing skill have confounded the analyses of CPUE data. Only recently have
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reasonable estimates of absolute abundance become available from survey

data. The following sections briefly describe results from previous stock

assessments.

CPUE Analysis

Commercial catch and effort statistics supplied by Japan have been the

primary data source for most CPUE-type analyses. These statistics are

detailed and complete, in temporal and areal sequence, and are perhaps among

the best on demersal fisheries anywhere in the world. Several researchers

have used these data as a means of monitoring changes in Pacific ocean perch

stock abundance.

Ito (1982) calculated the catch in tons of Pacific ocean perch per stern

trawl hour (Fig. 4). This index was based on the nominal effort of all stern

trawlers combined from the Japanese mothership and North Pacific trawl

fisheries. He also calculated CPUE by stern trawler size categories

(Tables 2-4). The results of Ito's CPUE analysis indicated that Pacific ocean

perch stocks underwent sizable reductions in biomass throughout much of the

1960s and 1970s.

The CPUE analyses presented by Ito (1982) were simplistic. No attempts

were made to adjust for differences in effective fishing effort. Effort was

treated as if all stern trawl hours were directed toward catching Pacific

ocean perch, when such was not the case. Vessels operating in the Pacific

ocean perch fishery do not depend solely on this species to fill their fish

holds. Furthermore, with recent quota restrictions on the harvest of Pacific

ocean perch, much of the Japanese trawl effort shifted to other target
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species. Recent changes in CPUE, therefore, may not be indicative of actual

changes in stock abundance.

Chikuni (1975) derived a relative abundance index to account for effort

directed only toward S. alutus. For each stock and year, CPUE of vessel

class-8 stern trawlers (2,501-3,500 t) were regressed against the percent

composition of Pacific ocean perch in the total groundfish catch. The density

index was then estimated from this regression equation, by assuming the S.

alutus catch was a fixed percentage of the total groundfish catch in each year

(95% for the Bering Sea stocks and 85% for the Gulf of Alaska stock). The

resulting quantitites are assumed to represent what the true CPUE would be if

all the effort were directed solely toward harvesting Pacific ocean perch.

For comparative purposes, these indices were plotted with the absolute

abundance estimates from Ito's (1982) cohort analysis (Fig. 5).

The Chikuni density index assumes that the percentage of Pacific ocean

perch in the total groundfish catch represents the fraction of the total

effort directed toward catching S. alutus. However, if all the effort was

directed toward harvesting Pacific ocean perch and this species represented

only 20% of the total groundfish catch, no adjustment to the CPUE figure

should be required. Chikuni's density index, nevertheless, would still make

the correction to CPUE as if only 20% of the total effort were directed toward

Pacific ocean perch. The density index in this case would be biased toward

the high side. Furthermore, this method involves such hazards as arbitrarily

fixing the standard catch proportion at 95% for the Bering Sea stocks and 85%

for the Gulf of Alaska stock.

Commercial fishery statistics are not the only data available for

assessing the status of Pacific ocean perch stocks; data collected from
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scientific surveys provide valuable information as well. In 1961-62, the

first large-scale, systematic assessment of the groundfish resources in the

Gulf of Alaska was a trawl survey carried out by the International Pacific

Halibut Commission, with the cooperation of the U.S. Bureau of Commercial

Fisheries (BCF). This survey occurred prior to the intense exploitation of

the Pacific ocean perch stocks by foreign fleets during the mid-1960s. A

similar survey was later conducted in the same region from 1973 to 1976 by the

National Marine Fisheries Service (NMFS), successor to the BCF. The CPUE

statistics from these surveys suggested a substantial decrease in abundance

from 1961 to the mid-1970s (Table 5).

CPUE estimates from surveys conducted in the Gulf of Alaska in 1979 and

1981 indicate considerable increases in abundance over levels present in 1978

(Table 6). The size of this increase, however, does not seem reasonable.

Absolute Abundance Analyses

Data from 1979, 1981, and 1982 cooperative U.S.-Japan trawl surveys

provide biomass estimates of Pacific ocean perch in the eastern Bering Sea.

The survey results indicate that biomass increased from 4,459 t in 1979 to

9,821 t in 1981 and then decreased to 5,505 t in 1982 (Table 7). These

estimates, however, were characterized by relatively wide variances. The 95%

confidence intervals overlapped extensively indicating that the point

estimates for each year may not be significantly different.

The surveys conducted in 1979, 1981, and 1982 did not sample the Aleutian

Islands portion of the eastern Bering Sea region (long. 165° to 170°W). This

section, however, was surveyed during the 1980 U.S. -Japan trawl survey of the

Aleutian Islands; biomass from this section amounted to about 7,000 t. A
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reasonable biomass estimate for the entire eastern Bering Sea region was

calculated as an average of the 1979-82 estimates plus the 1980 point estimate

from the Aleutian Islands segment. This estimate amounted to about 13,600 t

(Table 7).

A Japanese groundfish survey conducted in 1969 along the eastern Bering

Sea slope provided sufficient information to estimate Pacific ocean perch

biomass within the 189-366 m depth strata. Biomass estimates were also

recalculated for the 189-366 m depth strata from the 1979-82 survey data.

Although the sampling design and trawl gear employed during the 1969 and

1979-82 surveys were different, the data should still provide an approximation

of changes in abundance between the two periods. These data indicate that

Pacific ocean perch biomass fell approximately 86% during the 10-yr period

from 1969-79 (Table 7). Recently, biomass in the 189-366 m depth strata

appears to have stabilized at a low level, averaging about 5,700 t during the

1979-82 survey period.

During the summer-fall of 1980, the NMFS Northwest and Alaska Fisheries

Center, in cooperation with the Japan Fishery Agency, conducted a groundfish

survey of the Aleutian Islands from Unimak Pass to Attu Island. This was the

first NMFS resource assessment of groundfish in the Aleutian Islands region.

Therefore, no previous survey data bases were available to measure changes in

the status of Pacific ocean perch stocks in the survey area. As previously

mentioned, this survey also covered that portion of the International North

Pacific Fisheries Commission's (INPFC) Bering Sea statistical area 1 not

surveyed in the 1979-82 Bering Sea assessments.

The exploitable biomass of Pacific ocean perch in the Aleutian Islands

region (long. 170°E - 170°w) was estimated at 107,800 t. The biomass estimate
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from the Aleutian Islands portion of INPFC Bering Sea statistical area 1 was

about 7,000 t. The bulk of the biomass (86.2%) occurred in the depth range 

from 100 to 300 m.

Although many trawl surveys have been conducted in the Gulf of Alaska,

currently no reasonable biomass estimates exist for Pacific ocean perch in the

region. The 1984 comprehensive resource assessment survey in the Gulf of

Alaska should provide these data.

The biomass estimates from the above-mentioned trawl surveys probably

underestimate the true population size of Pacific ocean perch. As discussed

by Bakkala et al. (1982), this species is known to occupy the water column

above that sampled by the bottom trawls. Pacific ocean perch are also known

to inhabit areas of rough bottom which were avoided during the surveys to

prevent damage to the trawls. Unfortunately, that portion of the population

unavailable to the trawl gear cannot be determined at this time.

Cohort ana sis (Pope 1972) gives an alternative to commercial CPUE and,

trawl survey stock assessment methods of estimating abundance. This method

circumvents the need for effort statistics and estimates stock abundance in

actual numbers. However, cohort analysis requires historical catch-at-age,

data, an estimate of natural mortality, and an estimate of terminal fishing

mortality for each year class.

Ito (1982) applied cohort analysis to catch-at-age data from all three

stocks. For each stock, catch and age data (1963-79) were derived from

Chikuni (1975), foreign reported catches, and the U.S. observer data bases

(Appendix A). Natural (M) and terminal fishing mortalities (F(t)) were taken

from the literature. The cohort analysis was initially run with M = 0.15 and

F(t) = 0.35 (first approximations). The abundance estimates from cohort
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analysis did not correlate well with the trend of Chikuni's (1975) density

index (Fig. 5).

When employing CPUE as an index of stock abundance, a major source of

bias stems from the measurement of effective fishing effort. Effective effort

is difficult to quantify, particularly in multispecies fisheries. Chikuni

(1975) attempted to estimate effective fishing effort but, as noted above,

there were drawbacks to his method. Furthermore, none of the CPUE data used

in his analysis were adjusted for learning and skill factors. Rapid

developments in technology and fishing skill undoubtedly occurred throughout

the history of the Pacific ocean perch fishery, and unless these factors are

considered, CPUE may be seriously biased as an index of stock abundance.

The abundance results from cohort analysis do not depend on fishing

effort; moreover, stock size is measured in terms of absolute numbers of fish,

rather than as an index. Although cohort analysis is free from errors

associated with the estimation of fishing effort, this, type of analysis is

subject to its own errors such as the incorrect estimation of M, F(t), and

catch at age.

Because of the uncertainty regarding the true values for the input

parameters (M and F(t)), Ito (1982) examined their effect on the abundance

estimates from cohort analysis. Natural mortality was varied using values of

0.05, 0.10, 0.15, 0.20, and 0.30. The values of F(t) emloyed were 0.175,

0.350, 0.525, 0.700, and 1.050. Based on the literature,, these values

appeared to encompass the conceivable range for the model parameters.

Regardless of which parameter combination was used, the results always

indicated a decreasing trend in biomass.
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CURRENT STOCK ASSESSMENTS

Methods

Stock assessments presented in this report are based on Virtual

Population Analysis (VPA) and Stock Reduction Analysis (SRA). The standard

form of VPA was used (called "Gulland's VPA" by Pope 1972), which can be

described by the exponential model of survival. Stock Reduction Analysis

(Kimura and Tagart 1982; Kimura et al. 1984) is a new, biomass-based method of

stock assessment using Deriso's (1980) delay-difference equation. The

assumptions of VPA and SRA differ significantly, so that the two models are

capable of providing relatively independent assessments.

The controversy on methods of deriving age data from otoliths (whether

the method that uses otoliths which have been broken and burned and then

sectioned is better than the method that uses whole otoliths) is especially

relevant to the assessment of Pacific ocean perch. Beamish (1979) showed that

perch age data derived from the former method were significantly higher than

data derived from the latter method, and these higher ages have been validated

in some Sebastes species (Bennett et al. 1982). Pacific ocean perch is the

prime example used by Canadian scientists (Archibald et al. 1983; Beamish and

McFarlane 1983) to describe how mis-aging has lead to incorrect stock

assessments. The consensus among rockfish biologists now appears to be that

data derived from the sectioned, or break-burn method, provide the more

correct ages.

Mis-aging affects stock assessments in three main ways: most

importantly, in our estimates of the natural mortality rate M; in our

estimates of the age distribution of catch; and probably less cirtically in
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our estimates of growth. For Pacific ocean perch, the effect age

determination methodology has on natural mortality estimates is critical, with

M = 0.05 for ages derived from the sectioned method (Archibald et al. 1981)

and M = 0.15 for ages derived from the use of whole otoliths (Ito 1982).

What estimates of natural mortality should we use in our stock

assessments? Based on the literature, M = 0.05 is our preferred estimate of

natural mortality, but the appropriate natural mortality rate for a stock

assessment must also take into account the data to be analyzed. Because the

catch-at-age compositions to be analyzed using VPA are based on surface ages,

using the natural mortality rate of M = 0.05 would overestimate F and result

in biomass estimates that are seriously biased in the low direction.

Therefore, we feel that M = 0.15 is the correct natural mortality rate to use

in analyzing surface-aged data using VPA.

Because SRA analyses annual catch in weight rather than annual catch in

numbers at age, we can use M = 0.05 in SRA without being concerned with age

distribution of the catch.

When comparing VPA and SRA assessments, we must realize that not only are

they based on different natural mortality rates, but may also define the

population biomasss differently. In this study, the population biomass for

VPA was estimated using ages 5+ and 9+; for SRA, the population biomasss was

considered to be the fishable biomass (ages 9+).

Virtual Population Analysis

The equations for the standard formulation of VPA are underdetermined.

This means that a preliminary estimate of F is required for every cohort being

analyzed. We did this by setting a single F value in a single cohort to some
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constant and then linking the other cohorts by assuming different ages in the

same year were fished at the same rate. This method of linking cohorts was

apparently developed by W. H. Lenarz, NMFS Southwest Fisheries Center,

Tiburon, California, and is described by Tagart (1982).

Because the initial F values influence the results, it is important to

run VPAs using a variety of initial F values. Due to the convergence

properties of VPA (Pope 1972), biomass estimates for earlier years are often

similar for a range of initial F values. This is especially true with an F

estimated through linked cohorts, since this technique fully utilizes the

convergence properties of VPA.

Stock Reduction Analysis

A major problem in our assessment of Pacific ocean perch is that our age

data, which were derived from the layers observed on the surface of unbroken

otoliths, are now thought to be incorrect. The SRA allows an assessment of

perch that is independent of detailed age composition data. The SRA methods

used in this report were described briefly in Appendix B and in a paper by

Kimura et al. (1984).

Although SRA does not require detailed age composition data, estimates of

the age at recruitment (k), the natural mortality rate, and the, Brody growth

coefficient are required. The age at recruitment was calculated to be

k = 9 yr from the average modal surface age in catches from the Gulf of Alaska

(data from Ito 1982). Because we wished our assessment to be consistent with

the older ages derived from sectioned otoliths that have been broken and

burned, we used available biological data from Pacific ocean perch in Queen

Charlotte Sound. The natural mortality rate M = 0.05 was estimated by
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Archibald et al. (1981), and growth data found in Archibald et al. (1983) was

used to estimate the Brody weight coefficient p = 0.38.

Rebuilding Schedules

One of our principal goals in this study was to predict possible

rebuilding scenarios given current stock conditions. We did this using the

modeling results from SRA, and then projected these results into the future

using the Deriso (1980) delay-difference equation. Details of how this was

done can be found in Appendix B. Kimura (1984) describes how variability in

recruitment can be added to this projection.

Using the SRA modeling results to project future stock biomass has

several advantages over using results from the VPA analysis. Most

importantly, since M = 0.05 was used in SRA and M = 0.15 was used in VPA,

recruitment according to the VPA can be expected to be overestimated. A graph

of the expected recruitment lines (Fig. 9, Appendix B) indicates recruitment

using M = 0.15 may be overestimated by a factor of 2. Second, because

recruitment is a component in the SRA model, future stock biomass can be

estimated in a straightforward way. Finally, assumptions concerning current

stock condition and stock-recruitment relationships can be easily modified in

the SRA model.

Results of Current Assessments

Virtual Population Analysis

A range of F values was used to initiate the VPA computations because

precise estimates of F were not known for recent years. The values employed

for the eastern Bering Sea and Aleutian Islands stocks ranged from 0.05 to
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1.00; for the Gulf of Alaska stock,. the range spanned from 0.01 to 0.50.

Although these values were chosen somewhat arbitrarily, they were believed to

encompass the range of conceivable F values for each stock.

The VPA results indicated a long-term, decreasing trend in biomass for

all three Pacific ocean perch stocks. Depending on the initial F value

chosen, the eastern Bering Sea stock decreased 60.4-98.8% during the 16 yr

period from 1963 to 1979 (Fig. 6). The results further suggested that biomass

in the Aleutian Islands stock may have decline 76.7%-98.2% from 1964 to 1979

(Fig. 7). The Gulf of Alaska stock apparently underwent large reductions in

biomass as well. The 1979 biomass estimates for this stock represented a

reduction of 69.1-99.5% from levels present in 1963 (Fig. 8).

Regardless of the F value used, however, the resulting biomass trends

converged toward similar estimates of virgin biomass. Assuming M = 0.15,

reasonable estimates of total virgin biomass (Table 8) are 188,000 t,

535,000 t, and 1,910,000 t for the eastern Bering Sea, Aleutian Islands, and

Gulf of Alaska stocks, respectively.

All biomass estimates presented thus far included 5 to 20 yr-olds.

However, if we assume knife-edge recruitment at some age greater than 5 yr,

the above estimates would not reflect "exploitable" biomass--the exploitable

biomass would of course be less. In the present study, knife-edge recruitment

is assumed to occur at age 9 yr for all three stocks.

Given an estimate of the virgin stock biomass, maximum sustainable yield

(MSY) can be estimated as:

MSY = 0.5 M B1, ( 1 )

where M = natural morality rate and B1 = the virgin (unexploited) biomass of,

the exploitable stock (Gulland 1970, Francis 1974). The B1 estimate for each
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stock was calculated by summing the age-specific biomass estimates from ages 9

to 20 yr from the VPA results for the earliest year in the data series.

Because the VPA analysis was executed with a range of F values, the above

summing procedure was done to obtain the corresponding range of exploitable

virgin biomasses for each stock.

Estimates of MSY were calculated using equation (1) and were based on

M = 0.15 and the B1 estimates (ages 9+) from Table 8. The MSY estimates for

each stock. are shown below:

Region

Eastern Bering Sea

Estimates of MSY

10,050 t

Aleutian Islands 28,950 t

Gulf of Alaska 93,525 t

Total 132,525 t

These MSY estimates are considerably lower than those estimated by Chikuni

(1975): eastern Bering Sea, 32,000 t; Aleutian Islands, 75,000 t; and Gulf of

Alaska, 150,000 t.

Stock Reduction Analysis

Treating each stock separately, Stock Reduction Analysis (SRA) was used

to analyze Pacific ocean perch in the Gulf of Alaska, the Aleutian Islands

region, and the eastern Bering Sea. The most recent survey estimates of

Pacific ocean perch biomass were 13,600 t in the eastern Bering Sea (Table 7)

and 107,800 t in the Aleutian Islands region. Recent trawl surveys in the

Gulf of Alaska have not lent themselves to estimates of biomass, but relative

levels can be inferred from CPUE. Considering the catch history of Pacific

ocean perch, these levels would indicate that stocks are now low. To be



27

is virgin biomass and Bn+1 is final 1983 biomass) must average less than 0.3.

SRA estimates of virgin biomass--We begin our assessment by presenting

consistent with the survey results, SRA estimates of P (P = Bn+1/B1

tables of P (Tables 9-11), assuming different values for B1 and

r (0.0 < r < 1.0 indicates the dependence of recruitment on stock size, see

Appendix B). Virgin biomass can be estimated assuming P   0.2 with r = 0.5,

and a confidence interval inferred from the range of B1 constrained

by P   0.2 with 0.0 < r < 1.0. This interval is not a statistical confidence

interval, but an interval consistent with P   0.2 and strong or weak

recruitment. These estimates are shown below.

Region

Estimates of
virgin biomass

assuming P   0.2, r = 0.5
(thousand t)

Interval consistent
with SRA, P   0.2

Eastern Bering Sea 240 + 30
Aleutian Islands 560 + 60
Gulf of Alaska 1,450 + 150

Total 2,250

SRA estimates of maximum sustainable yield--Estimates of Maximum

Sustainable Yield (MSY) were calculated using the formulas described in

Appendix B. High estimates of MSY were calculated assuming a

nominal P   0.25 with r = 0.0 (assuming F = M), and middle estimates were

calculated assuming P   0.2 with r = 0.5. The constraint F = M was used

because it is unrealistic to assume expected recruitment would remain constant

at low biomass levels and because of the precedence of this relationship in

the groundfish stock assessment literature (Gulland 1970; Francis 1974). When

r = 0.0, SRA solutions for P<<0.25 were not possible because predicted catch
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would exceed biomass at some point in time. One property of SRA which is

relevant here, is that if r = 1.0, no sustainable yield is possible regardless

of the value of P. (See Appendix B, Equation 6). The SRA estimates of MSY

are shown below.

Rebuilding Schedules

As noted before, our current survey estimates of stock biomass (13,600 t

in the eastern Bering Sea, 107,800 t in the Aleutian Islands region) indicate

P < 0.3. With this in mind, SRA models were fit assuming P    0.1,0.2, and

0.3, with r = 0.5, and P   0.25 with r = 0.0. Recall that when r equals 0.0,

SRA fits with P<<0.25 were not possible with our data sets. The estimated

historic stock biomass trends were plotted for these four scenarios in

Figures 10-12, along with plots of equilibrium sustainable yield

(Figs. 13-15).

Current stock conditions estimated from these fits (i.e., the estimated

stock biomass at the beginning of 1983) and predicted future biomasses were

calculated for each study, region, assuming constant future instantaneous

fishing mortality rates of F = 0.0, 0.02, and 0.05 (Tables 12-14).
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Discussion of Current Assessments

Current Stock Conditions

Unless additional information is available, VPA and SRA tell us nothing

about current stock conditions. However, if current stock biomasses are

known, a unique VPA solution can be determined, as well as an SRA solution up

to the recruitment exponent r. Therefore, for both VPA and SRA, a complete

assessment rests on survey estimates of current biomass. However, being

cognizant of the potential errors present in survey biomass estimates, we use

survey results mainly to establish the maximum SRA P value to be less than or

equal to 0.3.

Virgin Biomass

The most robust parameter estimated in both VPA and SRA is virgin

biomass. The SRA and VPA estimates of fishable biomass (ages 9+) are shown

below.

Virgin Biomass Estimates in 1,000 t

Region VPA SRA (P   0.2, r = 0.5)

Eastern Bering Sea 134 240
560Aleutian Islands 386

Gulf of Alaska 1,247 1,450
Total 1,767 2,250

The difference in these estimates may possibly be explained by the

difference in natural mortality rates (M = 0.15 for VPA and M = 0.05 for SRA)

used in the assessments, or in the SRA P, p, or r parameters being used. It
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is clear that the estimated total virgin biomass of 1,767,000 to 2,250,000 t

for the three study regions is substantial.

Maximum Sustainable Yield

Roughly speaking, MSY is determined by the natural mortality rate and

stock-recruitment relationships in a population. Estimates of MSY estimated

from VPA are completely different from those obtained through SRA.

These differences reflect differences in assumed natural mortality rates,

and for SRA with r = 0.5, differences in the assumed stock-recruitment

relationship. There are also biases in the models and data that are very

difficult to evalute.

The VPA estimates of MSY though much higher than the SRA estimates are

still considerably lower than the estimates made by Chikuni (1975). It is now

apparent from the catch records (Table 1) and current stock conditions that

catches of this magnitude were not sustainable.

The SRA probably used the more correct estimate of natural mortality

(M = 0.05), but estimates of MSY are complicated by the recruitment exponent

r, which greatly affects the. estimates. Low's (1975) combined estimate (based

on production modeling) of 12,000-17,000 t for the combined eastern Bering Sea

and Aleutian Islands regions compares well with the combined SRA estimates of

9,467 t (P   0.2, r = 0.5) to 16,849 t (P  0.25, r = 0.0). If the
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productivity of the stocks is measured by MSY ÷ (virgin biomass), our high MSY

estimates give a productivity index of 2.1% compared with 2.2% estimated by

Archibald et al. (1983) for Pacific ocean perch in the Queen Charlotte Sound

region. While we have some hope that the larger MSYs calculated from SRA may

be attainable, it appears equally likely that the existence of a stock-

recruitment relationship will curtail MSY to the middle estimate of

26,627 t (P  0.2, r = 0.5) for the three study regions..

Rebuilding Schedules

The rapidity of the stock rebuilding process (Tables 12-14) is largely

dependent on the recruitment exponent r. If r = 0.0, recruitment is constant

and rebuilding is rapid even from low stock levels. With a moderate stock-

recruitment, relationship of r = 0.5, rebuilding is relatively slow even when

there is no fishing. If recruitment is proportional to stock biomass

(r = 1.0) no rebuilding can occur.

To properly understand Tables 12-14, it is important to realize that for

F > 0.0, the Equilibrium Biomass (EB) is significantly smaller than virgin

biomass (B1). The EB is the asymptotic biomass level towards which the stock

is moving. For r = 0.5 and F = 0.02, EB/B1 = 0.51; for r = 0.5 and F = 0.05,

EB/B1 = 0.25; for r = 0.0 and F = 0.02, EB/B1 = 0.71, and for r = 0.0 and

F = 0.05, EB/B1 = 0.50.

At this time, we do not know which value of r is correct; in fact, as far

as modeling rebuilding goes, different values of r may be appropriate at

different stock biomass levels. As a stock rebuilds, strong recruitment

(i.e., small values of r) becomes more likely.
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An important fact is that for r = 0.5 and F = 0.05, there is virtually no

rebuilding, and EB = 0.25B1. However., for r = 0.5 and F = 0.02, EB = 0.51B1,

and asymptotic yield is nearly the same as for F = 0.05. Therefore, to our

knowledge, an F of 0.02 appears to be the maximum allowable value consistent

with concern for these stocks. Even smaller values of F are desirable,

allowing for more rapid rebuilding, and providing a cushion for modeling and

survey bias. These arguments are based on equilibrium conditions and do not

consider costs involved in reaching these equilibria.

Using the most recent survey results, we estimate P < 0.3 for the eastern

Bering Sea, the Aleutian Islands region, and the Gulf of Alaska. However,

Gulf of Alaska surveys have been fragmentary and cannot provide biomass

estimates. More accurate and more recent surveys could strengthen our

conclusions. Future surveys will allow us to measure the actual rate of

rebuilding, and develop firmer estimates of the sustainable yield from these

stocks.
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ECONOMIC ANALYSIS

The SRA simulation models for

below were run for a range of Fs.

the three areas and four cases described

The ratio of 1983 biomass to virgin stock biomass, P, differs among cases 1,

2, and 3, as the estimates of the 1983 biomasses become successively higher.

Case 4 differs from the other three cases in terms #f both the values of P and

r. The latter difference, the assumed recruitment parameter, is more

significant. For cases 1 through 3, recruitment is a function of biomass; for

case 4 it is constant and relatively high. Therefore, more rapid rebuilding.

and much higher yields are possible with case 4 than with the other three

cases. Case 4 may be beyond the upper range of our expectations concerning

the resiliency of Pacific ocean perch stocks.

Cost and revenue functions were added to the SRA simulation models to

estimate equilibrium profit as well as other economic variables. Revenue is
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assumed to be the product of catch in metrictons and a constant real ex-

vessel price of $330 per metric ton ($0.15 per pound). Real harvesting cost

is assumed to equal revenue in year 1 of the simulation, (i.e., it is assumed

that economic profits equaled zero in 1983, year 1 in the simulation); and

cost is assumed to change proportionally with F.

Terminal yields and profits in 200-yr simulations provide approximations

of the equilibrium values associated with each F. They are approximations,

because for cases 1-3 and F less than 0.1 equilibrium values are closely

approached but not reached in 200 years. The resulting equilibrium yield and

profit curvesare depicted in Figures 16-23. A dominant characteristics of

the equilibrium yield curves is that they are relatively flat for F greater

than 0.03 for cases 1-3 or F greater than 0.1 for case 4. Maximum sustainable

yield (MSY) for each area occurs at F = 0.048 for cases 1-3 or at F = 0.360

for case 4 (Table 15). Note that F remains unconstrained in case 4, as

opposed to the estimation of MSY by SRA earlier where F was assumed equal to

M.

The equilibrium profit curves differ from the yield curves in the

following ways: the profit curves are not as flat, the profit curves peak at

significantly lower Fs, and the maximum sustainable profit (MSP) F varies by

case (Table 16). The MSY and the yield associated with the MSP for a given

case often differ by much less than the MSY and MSP Fs. It should be noted

that although the MSP F is necessarily less than the MSY F due to the

relatively flat yield curves, the MSP F is sensitive to the harvesting cost

function as well as the biological functions used in the simulations.
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Therefore, the confidence intervals about the point estimates of MSP Fs may be

quite large.

The equilibrium yield and profit curves and the associated MSYs and MSPs

provide some useful information; however, with a long-lived and slow-growing

species such as Pacific ocean perch, the concepts of MSY and MSP are of

limited use in evaluating alternative rebuilding schedules. Fifty year

biomass and yield time paths, were estimated for four constant Fs (0.01, 0.03,

0.05, and 0.07) for each area and case (Figs. 24-47). The general

characteristics of these time paths are similar for the three areas.

Therefore, the following characterization of the Gulf of Alaska is valid for

the Aleutian Islands and eastern Bering Sea as well.

Case, 1 (r = 0.5, P= 0.111)

1. Biomass and yield increase over the 50-yr simulation for any

F < 0.07.

2. Total yield for the 50-yr simulation is higher for F = 0.07 than for

F = 0.01, 0.03, or 0.05.

Case 2 (r = 0.5, P =0.194)

1. Biomass and yield increase over the 50-yr simulation for any F < 0.05

and decrease for any F > 0.07.

2. Total yield for the 50-yr simulation is higher for F = 0.07 than for

F = 0.01, 0.03, or 0.05.

Case 3 (r = 0.5, P = 0.303)

1. Biomass and yield increase over the 50-yr simulation for any F < 0.03

and decrease for any F > 0.05.
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2. Total yield for the 50-yr simulation is higher for F = 0.07 than for

F = 0.01; 0.03, or 0.05.

Case 4 (r = 0.0, P = 0.240)

1. Biomass and yield increase over the 50-yr simulation for any

F < 0.07.

2. Total yield for the 50-yr simulation is higher for F = 0.07 than for

F = 0.01, 0.03, or 0.05.

Although the yield and biomass time paths summarize the degree to which

rebuilding occurs in each case and area for each of the four constant Fs, they

do not provide sufficient information to rank these alternatives. They are

inadequate in that: 1) it may be unreasonable to assume that F would be held

constant for 50-yr, and 2) they do not provide an adequate measure of the net

benefits of alternative rebuilding schedules. The cumulative discounted

profit (CDP) time paths depicted in Figures 48-59 at least partially eliminate

these two problems. The former problem is examined by having a constant F of

0.01, 0.03, 0.05, or 0.07 for years 2 through 21 and F of 0.05 for years 22

through 50. This allows a comparison of four 20-yr rebuilding schedules. The

latter problem is reduced because. both harvesting costs and the need to

discount future benefits and costs are addressed when cumulative discounted

profit is used as a measure of the performance of alternative rebuilding

schedules. The CDP is reported for years 2 through 50 because an estimate of

the actual F in 1983 for each case and area is used in year 1 of each

simulation.
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The CDP time paths are summarized as follows:

1. For cases 1-3 of each area, CDP is higher by year 50 with a 20-yr

rebuilding F of 0.01 than with an F of 0.03, 0.05, or 0.07.

2. For cases 1 and 2 of each area, there are a number of years prior to

the 15th year for which CDP is higher with a rebuilding F greater than 0.01.

3. For case 3 of each area, there are few years for which CDP is not

higher with a rebuilding F equal to 0.01.

4. For case 4 of each area, CDP beyond year 24 is higher with an initial

rebuilding F of 0.05 than with an F of 0.01, 0.03. or 0.07.

These results suggest that among the four rebuilding schedules considered

and in terms of maximizing CDP, the optimal rebuilding F is 0.01 for

cases 1-3. It is interesting to note that although the optimal rebuilding F

is the same for these three cases, the year 2 yield associated with an F of

0.01 varies by a factor of 6 between cases 1 and 3. Therefore, although

knowing which of these cases is a more accurate description of the population

may not be critical in determining the correct F, it is critical in terms of

translating that F into a quota.

It should be noted that the ranking of alternative rebuilding schedules

in terms of CDP is affected by the discount rate and cost function used in the

simulation models. A real discount rate of 5% was used to generate the CDP

curves discussed above. The general effects of alternative discount rates and

cost functions are as follows:

1. As the discount rate is increased, CDP decreases for each F and-the

CDP for a high F increases relative to the CDP for a low F.

2. As harvesting cost is increased, CDP decreases for each F and the CDP

for a high F decreases relative to the CDP of a low F.
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Therefore, if a quota is set on this basis, of the CDPs of alternative Fs, a

lower discount rate and/or higher harvesting costs would tend to result in a

more restrictive quota.

The choice of the discount rate to be used is in part a policy decision.

Since a real discount rate of between 5 and 10% is probably reasonable, the

simulations were re-run with a real discount rate of 10%. With the exception

of case 1, the rebuilding schedule that provided the highest CDP was the same

whether the real discount rate was 5 or 10%. For case 1 in each area, an F of

0.01 and 0.03 produced the highest CDP after 50 years for discount rates of 5

and 10%, respectively (see Table 17).

The sensitivity of the models results to the harvesting cost function

was tested for two reasons. First, detailed cost information is not readily

available; and second, harvesting costs vary among the vessels that would be

expected to participate in Pacific ocean perch fisheries. The simulations

were run with both 50% reductions and increases in the initial cost

functions. The use of higher costs decreases the CDP of each rebuilding

schedule and increases the relative CDP of lower F schedules. An increase in

costs does not affect the choice of rebuilding schedules for cases 1-3 because

an F of 0.01 (the lowest F) results in the highest CDP in year 50 for cases 1-

3 under the initial cost conditions. For case 4 of each area, the highest CDP

in year 50 isprovided by the 0.05 and 0.01 F rebuilding schedules!

respectively, for the initial and 50% higher cost functions (see Tables 17

and 18).

The use of the 50% lower cost function increases the CDP of each

rebuilding schedule and increases the relative CDP of the higher F
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schedules. The relative increase is sufficient to change the rankings of the

four schedules in terms of CDP in year 50. For case 3 of each area, Fs of

0.01 and 0.05 provide the highest CDP in year 50 for the intitial and lower

costs, respectively. For all other cases of each area, the 0.07 rebuilding

schedule provides the highest CDP in year 50 with the lower costs. With the

initial costs, the F resulting in highest year 50 CDP is 0.01 for cases 1 and

2 and 0.05 for case 4.

To determine if a variable F rebuilding schedule might be preferable to

the four constant F schedules discussed above, simulations were run for 18

additional schedules. Estimates of the cumulative 50-yr yield and discounted

profit for the 22 schedules are presented by area and case in Tables 19-30.

The first 5 schedules are: 1) a constant F of 0.01, 2) an F that increases

from 0.01 to 0.05 in 20 years with constant increments each year, 3) an F that

increases from 0.01 to 0.05 in 20 years with in creasing increments each year,

and 4) and 5) an F similar to that in 3 but with, smaller increments during the

first 10 years. The next three sets of 5 schedules are similar to the first

set but have base Fs of 0.02, 0.03, and 0.04 instead of 0.01. The 21st and

22nd schedules have constant Fs of 0.05 and 0.07, respectively (see

Table 31). For each schedule, F equals 0.05 for years 22 through 50.

The CDP estimates presented in the aforementioned tables indicate that

the schedule that results in highest CDP is dependent on the case, costs, and

discount rate used; and as noted above, the quota associated with each

rebuilding schedule varies by case.

The simulations discussed to this point have had foreign fishing

mortality (FF) equal zero. In order to estimate the impact of alternative FFS
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on the simulated domestic fishery, the simulations were run for the 22

rebuilding schedules with year 2 through 6 FF equal to 50, 100, 150, 200 and

250% of the estimated FFs in 1983. The cumulative impacts on the domestic

fleet in terms of yield, discounted profit or revenue, and discounted profit

per metric ton of foreign Pacific ocean perch harvest are presented by area

and case in Tables 32-67. Domestic costs are assumed to be determined by

domestic F and not FF. Therefore, for a given schedule of domestic Fs, the

impacts on the profit and revenue of the domestic fleet are equal for a given

FF because domestic profit is only affected by the resulting reduction in

domestic yield and revenue.

The following statements highlight the data presented in the impact

tables: 

1. The impacts in terms of decreased domestic yield or discounted profit

increase roughly proportionally with FF; therefore, the impact per metric ton

of foreign catch is relatively stable with respect to FF.

2. For a given FF, the decreases in both domestic yield and discounted

profit are necessarily greater for less restrictive (i.e., higher F)

rebuilding schedules. However, discounted profits are affected more than

yield.

3. The estimated reductions in domestic profit per ton of foreign catch

are similar for cases 1-3 for a given rebuilding schedule, but they are

significantly lower for case 4.

These statements suggest that the rebuilding schedule and not the level

of foreign effort is the principal determinant of the impact per metric ton of

foreign catch. This is an important conclusion if fees are to be used to

control foreign catch.
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The short-term implications of the alternative rebuilding schedules can

be put into perspective by comparing the near-term yield associated with

different schedules for each case. During the first year of rebuilding, the

annual yields for rebuilding schedules that begin with an F of 0.01, 0.02, or

0.03 are as follows:

These estimates indicate that, with the exception of case 1, annual

yields at or above the 1983 level are attainable in the eastern Bering Sea and

Aleutian Islands area with F equal 0.01. For case 1, the 1983 yield level is

attainable with Fs of approximately 0.018 and 0.011, respectively, for the

eastern Bering Sea and Aleutians. Therefore, for these two areas, the highest

CDP rebuilding schedules are, with one exception, attainable with catch at or

above the 1983 level.

For the Gulf of Alaska, the 1983 level of catch could be obtained for the

four cases with Fs of approximately 0.049, 0.026, 0.015, and 0.02,
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respectively. Therefore, a rebuilding schedule that began with an F of 0.01

would result in a harvest that is less than that taken in 1983 and presumably

less than what will be taken in 1984. At this date, August 13, it is

difficult to predict what the 1984 harvest will be because much of the annual

harvest can be taken between August and December. The 1984 optimum yield-

total allowable catches (OY-TACS), domestic annual processing (DAPs), joint

venture processing (JVPs), and total allowable level of foreign fishing

(TALFFs) set by the North Pacific Fishery Management Council provide upper

bounds on total catch and catch by different fleet groups. However., the 1984

OYs or TACs are significantly greater than the 1983 harvest and it is not

clear that they will be attained in 1984.

1984 OY-TAC Reserve DAP JVP TALFF

Gulf of Alaska 11,475 2,295 1,082 3,770 4,328
Aleutian Islands 2,700 -- 550 1,745 0
Eastern Bering Sea 1,780 -- 550 150 813

One of the factors that affect the viability of alternative OYs is the

by-catch of Pacific ocean perch in trawl fisheries targeting on other

groundfish. The analyses presented in a following section, Possible Effects

of Reduced Pacific Ocean Perch Quotas on Existing Fisheries, suggest that in

the Gulf of Alaska, foreign Pacific ocean perch catch could be reduced to

2,500 t with only a minimal impact on the foreign catch of other species.

This level of foreign catch and the 1983 level of domestic and joint-venture

catch would result in Fs for the four cases of approximately 0.03, 0.016,

0.009, and 0.012, respectively. With sufficiently high incentives for the

foreign fleets to reduce Pacific ocean perch by-catch, foreign catch would be
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less than 2,500 t. If, for example, the foreign tonnage fee for perch were

set equal to the domestic ex-vessel price of approximately $330, foreign

fleets would probably have sufficient incentive to end all targeting and

reduce by-catch. A tonnage fee at this level would be higher than the

estimated impact on domestic fleets per ton of foreign catch (see

Tables 40-43).

In comparing the alternative rebuilding schedules, it should be noted

that although for cases 1-3 rebuilding schedules, that began with F equal to

0.01 generated the highest CDP in year 50, schedules with an initial F of 0.03

generated higher or approximately the same CDP through year 42, 26, and 22,

respectively, for. cases 1, 2, and 3 (Figs. 48-59)  . It should also be noted

that for cases 1-3 an F of 0.03 would result in rebuilding, although not as

rapid rebuilding as would result with lower Fs (Figs. 25,27, and 29).

POSSIBLE EFFECTS OF REDUCED PACIFIC OCEAN PERCH QUOTAS
ON EXISTING FISHERIES

Rebuilding Pacific ocean perch stocks to some optimal level of abundance

may require a reduction in the harvest rate which, in turn, may require at

least a short-term reduction in catch quotas. The potential impact of such

reduced Pacific ocean perch quotas on existing groundfish fisheries depends

largely on the fishing strategies employed  by the various fleets. If fleets

specifically direct their fishing activities or target on Pacific ocean perch,

then the main impact is simply a reduced perch catch; but if fleets

incidentally catch Pacific ocean perch while targeting on other species, then

the impact could be much greater. The primary objective of this section is to

assess whether or not Pacific ocean perch is a targeted species, and, if it



44

is, to estimate the proportion of the total catch which is taken in directed

fishing operations. In addition, anassessment is made, in terms of both

catch and revenue, of the potential impact of reduced Pacific ocean perch

quotas on existing fisheries.

At the outset, we simplify the discussion in two respects. First,

reference to Pacific ocean perch will actually be references to a complex of

five species which includes, in addition to Pacific ocean perch, shortraker,

sharpchin, northern and rougheye rockfishes. These five species were

considered jointly both because they occur in similar habitats and are often

caught together and because they are similar in appearance and not

consistently distinguished in the catch data. Second, the analysis will only

consider the activities of two classes of Japanese fishing vessels operating

in the Gulf of Alaska. As can be seen from the 1982 best blend catches by

nation and area (Table 68), of the total Pacific ocean perch catch, 90% is

taken by Japan and 79% is taken within the Gulf of Alaska. Furthermore, of

the Japanese Pacific ocean perch catch within the Gulf of Alaska, 90% is taken

by small trawlers and large freezer trawlers.

To determine whether or not Japanese trawlers target on Pacific ocean

perch, we examined the U.S. observer catch data, haul by haul, sequentially

over each cruise sampled during 1982. A total of 31 cruises aboard small

trawlers and 13 cruises aboard large freezer trawlers were examined. Although

these data describe the daily activities of individual vessels, they are not

entirely adequate to unequivocally specify if these activities are indeed

targeting. This is true because targeting implies intent and, presumably,

some prior knowledge of the likelihood of catching Pacific ocean perch; but,

due to chance and due to the poor selectivity of bottom trawls, the catches
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may not reflect intent. Considering that Pacific ocean perch is one of the

most valuable groundfish species groups and often forms dense schools which

can be detected by sonar, it is likely that some trawlers have the incentive

and probably the means to maximize the Pacific ocean perch contribution to

their catch, but catches will not consistently be pure perch. The question is

therefore: How consistent and how pure must the catches be to indicate that a

vessel intended to fish specifically for Pacific ocean perch?

There is no clear answer to this question, but the relative performance

of vessels can be judged by comparing indices of various aspects of

targeting. Three indices of targeting were considered: 1) percentage by

weight of Pacific ocean perch in the total catch of each observed cruise;

2) percentage of the Pacific ocean perch catch taken in hauls in which perch

comprised at least 50% of the catch; 3) percentage of all hauls in which

Pacific ocean perch comprised, at least 50% of the catch. The first index is a

measure of the Pacific ocean perch contribution to the overall catch. When

the percentage of Pacific ocean perch in the catch is high, it is likely that

the vessel was specifically fishing for perch. The second index is a measure

of catch purity. When a high percentage of the total Pacific ocean perch

catch is, taken in hauls that are primarily pure Pacific ocean perch, it

indicates that schools, rather than isolated individuals, were caught.

Although this suggests targeting, it could also indicate the occasional chance

catch of Pacific ocean perch schools. The third index is a measure of

consistency. When the percentage of all hauls containing at least 50% Pacific

ocean perch is large, it indicates that the Pacific ocean perch catch was due

to repeated, directed effort rather than a chance catch of-a large school.
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Percentage of Pacific ocean perch catch taken in hauls with >50% Pacific

ocean perch and percentage of hauls that had >50% Pacific ocean perch are each

plotted against percentage Pacific ocean perch in the total catch (Fig. 60).

Note the clear difference between vessel classes. Large, freezer trawlers

have, in most cases, relatively high scores for all three indices of

targeting; that is, a high percentage of Pacific ocean perch in the total

catch and a relatively high percentage of all hauls that are: nearly pure

Pacific ocean perch. Large freezer trawlers therefore appear to target on

Pacific ocean perch. Conversely, small trawlers tend to have a low percentage

of Pacific ocean perch in the total catch and, in most cases, a low percentage

of hauls with a high percentage of Pacific ocean perch. However, for some

small trawlers, although the total Pacific ocean perch catch was small, it was

taken in hauls with a high percentage of Pacific ocean perch. This could

merely reflect the highly aggregated (schooling) distribution of Pacific ocean

p e r c h , however, in many cases, the catch records indicated that a vessel

interrupted its fishing activites of walleye pollock or flounders, then moved

into deeper water and began taking nearly pure catches of Pacific ocean

perch. Such large Pacific ocean perch catches might be obtained 5 to 10 times

in succession before the vessel returned to its original activities in

shallower water. Although small trawlers generally do not target on Pacific

ocean perch, this pattern suggests short-term directed effort, or switch

targeting, to Pacific ocean perch by some vessels.

Although this type of analysis cannot clearly show intent, it does

suggest that most large freezer trawlers and a few small trawlers were

directing their fishing activities specifically at Pacific ocean perch.

Ignoring switch targeting and assuming that a total catch >20% Pacific ocean
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perch by weight signifies targeting, then 9 of 13 large freezer trawlers and 2

of 31 small trawlers targeted on perch in 1982. Of the 1,923 t of Pacific

ocean perch taken by small trawlers on 1982, 25% was taken by the two

targeting vessels. Of the 5,042 t of Pacificocean perch taken by large

freezer trawlers in 1982, 92% was taken by the nine targeting vessels.

Therefore, more than 5,100 t [(.25)(1923)+(.92)(5042) = 5,119] of Pacific

ocean perch were apparently taken with directed perch effort. This is 72% of

the total 1982 Japanese Pacific ocean perch catch for the Gulf of Alaska.

Considering that Pacific ocean perch is quite valuable in Japan and that

the Japanese are allocated a Pacific ocean perch quota, it is not surprising

  that Japanese vessels appear to target on perch. Pacific ocean perch

targeting is important because it means that at least part of the perch catch

can be separated from the catch of other species. The Pacific ocean perch

catch can be viewed as being composed of two parts, the directed catch and the

incidental catch. If the Pacific ocean perch allocation were reduced, the

Japanese would first respond by reducing their directed catch. If the Pacific

ocean perch allocation were reduced still further, below the level that would

allow any directed catch, then the Japanese would have to either alter their

fishing tactics (i.e., time, depth, gear) to minimize the incidental catch, or

face the prospect of early area closures (an area is closed when the

allocation of any of the various species is reached). Such changes in fishing

tactics would undoubtedly either reduce catch rates or increase harvesting

costs and consequently would be unwelcome to Japanese fishermen. Therefore,

if Pacific ocean perch allocations are to be reduced, then it may be

appropriate to set low enough allocations to eliminate the directed catch, but

not so low that they interfere with the ability of Japan or other nations to

obtain their allocation of other species.
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We attempted both to estimate Pacific ocean perch allocations that might

meet these criteria and to assess the potential economic impact of such

reduced allocations on Japanese trawlers in the Gulf of Alaska. Our approach

was to examine the effect of sequentially eliminating targeted Pacific ocean

perch catch from the total catch, using increasingly inclusive definitions of

targeting. The procedure was as follows. First, all hauls having X% Pacific

ocean perch or greater were eliminated from the catch records of the 13 large

freezer trawlers and 31 small trawlers examined by U.S. observers in 1982.

Second, the remaining catches of each species were summed over vessels within

each vessel class, then expressed as a percentage by dividing by the total

catches. Third, the estimated percentages remaining were multiplied by the

annual best blend catch estimates by species and vessel class then summed over

vessel class. Fourth, the remaining revenue was estimated by multiplying the

remaining catch of each species by the price per ton, then summing over

species (prices were based on 1982 and 1983 species prices paid by joint

venture processors to U.S. fishermen - Table 69). This analysis is summarized

in Table 70 which shows the remaining catches of each species and the

remaining- combined revenue after eliminating targeted hauls where the

definition of targeting ranged from hauls with 90% or greater Pacific ocean

perch to hauls with 10% or greater Pacific ocean perch.

Since there is no clear definition of Pacific ocean perch targeting, it

is impossible to precisely specify what the 1982 Japanese catch of perch would

have been if there had been no directed effort. However, if we assume, for

example, that all hauls which had more than 50% Pacific ocean perch were

targeted, then the perch catch would have been reduced from 6,965 t to

2,207 t, or by 68%, if no targeting had occurred. Since the remaining catch
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of Pacific ocean perch is presumably all taken incidentally to other species,

a Pacific ocean perch allocation of 2,207 t would have eliminated directed

catch yet would have allowed the Japanese trawlers to take their allocations

of other species. Since most targeted hauls contain little beside Pacific

ocean perch, the elimination of these hauls leaves the catches of most other

species nearly unaltered (the only exception is the category "other rockfish,"

in which catch is reduced by 55%). Assuming a worst case, that is, that

Pacific ocean perch effort is not redirected to other species, the Japanese

trawlers would have experienced a 29% decrease in gross revenue, due almost

entirely to the loss in Pacific ocean perch catch (Table 70).

The same methodology used in the above analysis was applied to the 1983

U.S. observer catch data. The results (Table 71) showed similar trends to

those of 1982 (Table 70). For example, assuming that all hauls which had more

than 50% Pacific ocean perch were targeted, the perch catch in 1983 would have

been reduced from 4,887 t to 2,012 t, or by 59%. The gross revenue, however,

would have decreased by only 21% due almost entirely to the loss in Pacific

ocean perch catch (Table 71).

SUMMARY

This paper examined the depleted Pacific ocean perch, Sebastes alutus,

stocks in waters off Alaska. The biology of the species was reviewed and the

exploitation history recounted. Virtual population analysis and stock

reduction analysis were used to estimate current status and productivity of

the stocks. A predictive model was used to estimate stock rebuilding rates

under a range of fishing rates. Finally, long-term yields and profits were

examined in an economic analysis and the effects reduced quotas would have on

existing fisheries were studied.
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Biology

Pacific ocean perch belongs to the family Scorpaenidae and is one of 54

or more species of the genus Sebastes occurring in the North Pacific Ocean and

Bering Sea. The species is semidemersal and inhabits the outer continental

shelf and upper slope regions along the North American coast from La Jolla,

California to the Aleutian Archipelago and eastern Bering Sea. Pacific ocean

perch is usually associated with gravel or rocky type substrate found in and

along canyons and submarine depressions of the upper continental shelf. The

bathymetric range of S. alutus is reported as 70 to 640 m, with commercial

quantities generally occurring between 110 and 457 m. Pacific ocean perch

undergo a seasonal bathymetric migration associated with spawning behavior.

This migration. is characterized by a movement into deep water during the late

winter and early spring to spawn.

Daily vertical shifts, apparently a function of light and feeding, have

been documented. Perch dwell near the bottom during the day and migrate off

the sea floor during the night. Information concerning movement along the

continental slope, however, is fragmentary. In this study, it is assumed that

migration of juvenile and adults from one region to another is negligible.

Pacific ocean perch reach sexual maturity at 26-31 cm in length; males at

6-7 years and females at 8-9 years. Maturation of both sexes appears to

depend more on the size of the fish than on its age.

Pacific ocean perch are ovoviviparous. During the late fall or early

winter, the eggs are fertilized internally and are retained in the ovary

during incubation. The eggs are hatched within the female and the larvae then

extruded during the late winter or early spring at depths ranging from

250-450 m. The larvae ascend to the upper layers of the water column and.

drift with the currents. Spawning sites are believed to be associated with
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circular or slow moving currents so that the pelagic larvae are not carried

far from the spawning grounds.

The length of time the larvae remain planktonic has been a point of

contention in the literature. Various authors estimate a pelagic existence of

from less than 1 year to as much as 5 years.

Age determinations from scales and surfaces of otoliths suggest that the

longevity of Pacific ocean perch is about 30 years. However, recent studies

indicate considerably greater longevity and suggest that the maximum age of

Pacific ocean perch is around 90 years. Growth analyses are complicated by

these age determination difficulties, but it is clear that Pacific ocean perch

are long-lived and slow-growing.

Description of the Fishery

Japan and the Soviet Union have been the principal nations exploiting the

Bering Sea and Gulf of Alaska Pacific ocean perch stocks. Most of the Pacific

ocean perch catch is headed, eviscerated, and quick frozen, and is used

primarily for direct human consumption.

The Japanese fishery for Pacific ocean perch can be organized into three

major categories: the land-based fleet, the mothership fleet, and the North

Pacific trawl fleet. The Soviets have employed two basic types of vessels in

their fishing operations, side trawlers and stern trawlers. Only minor

catches of perch have been made by other nations. Productive fishing areas in

the Gulf of Alaska have included the Shumagin Island grounds, the Albatross

Bank off Kodiak Island, the Portlock Bank south of the Kenai Peninsula, and

the trawlable areas off Yakutat and southeastern Alaska. In the Bering Sea,

catches are taken along the entire length of the eastern slope region, with

the largest catches usually being taken from both sides of the Aleutian

Islands.
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Pacific ocean perch are caught year round in the Gulf of Alaska and

during most of the year in the eastern slope region. Pacific ocean perch

catches from both regions are taken by a directed fishery as well as appearing

incidentally in other directed fisheries, such as those for walleye pollock,

Theragra chalcogramma; flounders; and Pacific cod, Gadus macrocephalus. In

the Aleutian Islands region, most of the 1964 to 1979 Japanese Pacific ocean

perch catch was caught during a 6-month period from April to October.

The foreign fishery for Pacific ocean perch began in about 1960. During

the first year the foreign fleets removed about 6,100 t of Pacific ocean perch

from, the eastern slope region. By 1962, the fishery had expanded into the

Gulf of Alaska and Aleutian Islands regions. Growth of this new fishery was

rapid. Within just 6 years of its inception, total removals (all regions

combined) peaked with a harvest of 474,100 t. Soon after, total removals

declined almost as rapidly as they had increased. In 1982 total catches

amounted to only 1.6% of the 1965 peak catch.

Previous Stock Assessments

Previous assessments of Pacific ocean perch have been based primarily on

changes in catch per unit of effort (CPUE) in the commercial trawl

fisheries. CPUE data, however, have become increasingly difficult to

interpret as an index of stock abundance. Quota restrictions, effort shifts

to different target species, and rapid improvements in fishing technology and

fishing skill have confounded the analyses of CPUE data.

Data from the 1979-82 cooperative U.S. -Japan trawl surveys provide a

biomass estimate of 13,600 t for Pacific ocean perch in the eastern Bering

Sea.



The exploitable biomass of Pacific ocean perch in the Aleutian Islands

region (long 170°E to 170°W) was estimated at 107,800 t. The bulk of the

biomass (86.2%) occurred in the depth range from 100 to 300 m.

Although many trawl surveys have been conducted in the Gulf of Alaska,

there currently exists no reasonable biomass estimates for Pacific ocean perch

in the region. However, the 1984 comprehensive resource assessment survey in

the Gulf of Alaska should provide these data.

The biomass estimates from the above-mentioned trawl surveys probably

underestimate the true population size of Pacific ocean perch.

Cohort analysis gives an alternative to commercial CPUE and trawl survey

stock assessment methods of estimating abundance. This method circumvents the

need for effort statistics and estimates stock abundance in actual numbers.

The abundance results from cohort analysis do not depend on fishing

effort; moreover, stock size is measured in terms of absolute numbers of fish,

rather than as an index. Although cohort analysis is free from errors

associated with the estimation of fishing effort, this type of analysis is

subject to its own errors such as incorrect estimation of natural mortality,

fishing mortality, and the age of fish in the catch. However, regardless of

which parameter combinations were used, the estimated trend in Pacific ocean

perch biomass was always decreasing.

Current Stock Assessments

Stock assessments presented in this report are based on Virtual

Population Analysis (VPA) and Stock Reduction Analysis (SRA). The assumptions
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of VPA and SRA differ significantly, so that the two models are capable of

providing relatively independent assessments.

The aging controversy is particularly relevant to these assessments of

Pacific ocean perch. Mis-aging affects estimates of natural mortality,

estimates of the age distributions of the catch, and estimates of growth.

Because VPA examined catch, and age data determined by surface reading of

otoliths, a natural mortality coefficient (M) of 0.15 was used in all

applications of VPA.

Because SRA analyzes annual catch in weight rather than annual catch in

numbers at age, M = 0.05 was used in SRA without concern for age distribution

of the catch.

Not only are VPA and SRA assessments based on different natural mortality

rates, but they may also define the population biomass differently. For VPA,

the population biomass was estimated using either ages 5+ or 9+; and for SRA,

the population biomass was the fishable biomass (ages 9+).

The VPA results indicated a long-term, decreasing trend in biomass for

all three Pacific ocean perch stocks. Depending on the parameters chosen, the

eastern Bering Sea stock decreased 60.4-98.8% during the 16-year period from

1963 to 19-79. The results further suggested that biomass in the Aleutian

Islands stock may have declined 76.7-98.2% from 1964 to 1979. The Gulf of

Alaska stock apparently underwent large reductions in biomass as well. The

1979 biomass estimates for this stock represented a reduction of 69.1-99.5%

from levels present in 1963.

The resulting VPA biomass trends always converged toward similar

estimates of virgin biomass. Assuming M = 0.15, reasonable estimates of total
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virgin biomass are 188,000 t 535,.000 t, and 1,910,000 t, for the eastern

Bering Sea, Aleutian Islands, and Gulf of Alaska stocks, respectively.

Estimates of maximum sustainable yield (MSY) were calculated from the VPA

runs for each stock and are shown below.

Region Estimates of MSY based on VPA

Eastern Bering Sea 10,050 t

Aleutian Islands 28,950 t

Gulf of Alaska 93,525 t

Total 132,525 t

These MSY estimates are considerably lower than earlier estimates for these

stocks.

Stock Reduction Analysis (SRA) was also used to analyze Pacific ocean

perch in the Gulf of Alaska, the Aleutian Islands region, and the eastern

Bering Sea. Virgin biomass was estimated and is shown below.

Region
SRA estimates of

virgin biomass (t)

Eastern Bering Sea 240,000

Aleutian Islands 560,000

Gulf of Alaska

Total

1 , 4 5 0 , 0 0 0

2,250,OOO

Estimates of MSY were calculated from the SRA equations. High estimates

of MSY were calculated assuming a constant recruitment, and middle estimates



56

were calculated assuming a moderate stock recruitment relationship. The SRA

estimates of MSY are shown below.

Region
Moderate stock-

Constant recruitment recruitment relationship

Eastern Bering Sea 4,984 t 2,840 t

Aleutian Islands 11,865 t 6,627 t

Gulf of Alaska 30,849 t 17,160 t

Total 47,698 t 26,627 t

One of the principal tasks in this report was to predict possible

rebuilding scenarios given current stock conditions. This was done using the

modeling results from SRA, and then projecting these results into the future

using a delay-difference equation.

The rapidity of the stock rebuilding process is largely dependent on the,

assumed recruitment relationship. If recruitment is constant, rebuilding is

rapid even from low stock levels. With a moderate stock-recruitment

relationship, rebuilding is relatively slow even when there is no fishing. If

recruitment is proportional to stock biomass, no rebuilding can occur.

At this time, we do not know which recruitment assumption is correct. In

fact, as far as modeling rebuilding goes, different values of recruitment may

be appropriate at different stock biomass levels. As a stock rebuilds, strong

recruitment becomes more likely.

To properly understand the results of the rebuilding predictions, it is

important to realize that when the stock is subject to a fishery, the

equilibrium biomass (EB) is significantly smaller than virgin biomass (B1).
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An important fact is that for our moderate recruitment relationship and

with a fishing mortality (F) coefficient of 0.05, there is virtually no

rebuilding, and EB = 0.25B1. However, for F = 0.02 and EB =0.51Bl,

asympototic yield is nearly the same as if F =0.05. Therefore, an F of 0.02

appears to be the maximum allowable value consistent with concern for these

stocks. Even smaller values of F are desirable, allowing for more rapid

rebuilding, and providing a cushion for modeling and survey bias. These

arguments are based on equilibrium conditions and do not consider costs

involved in reaching these equilibria.

Economic Analysis

Cost and revenue functions were added to the SRA simulation models for

the three areas and for four cases. The four cases differ in terms of

estimated 1983 biomass and/or recruitment. The models were used

to: 1) generate equilibrium yield and profit curves; 2) generate 50-yr

biomass and yield time paths for four alternative levels of fishing mortality

(F); 3) estimate the 50-yr cumulative yield and cumulative discounted profit

(CDP) of 22 alternative rebuilding schedules for a range of harvesting cost

functions and discount rates; and 4) estimate the impact of alternative levels

of foreign catch on domestic Pacific ocean perch fishermen.

Among the 22 rebuilding schedules considered, the optimal schedule is

determined by: 1) the criteria used to rank the schedules; 2) the case that

is assumed to most closely approximate reality; 3) the discount rate used; and

4) the cost function used. The highest cumulative 50-yr yield occurs for

schedule 22. This is the least restrictive schedule with a constant F of 0.07

for years 2 through 21. However, for cases 1 through 3, the difference
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between the cumulative yields for the most and least restrictive schedules

ranges only from approximately 10 to 15%.

If the alternative schedules are ranked in terms of cumulative discounted

profit, the optimal schedule is determined by the case, discount rate, and

cost function used. With the exception of the lowest cost function, the

optimal schedules for cases 1 to 3 are quite conservative or restrictive, with

F beginning at 0.01 and, in some instances, remaining at or near that level

for much of the 20-yr rebuilding period. Less restrictive schedules are

optimal for case 4. With the lowest cost function, one of the two least

restrictive schedules (F = 0.05 or 0.07) is optimal for each case.

It should be noted that because the rebuilding schedules are defined in

terms of F time paths, and because the estimated 1983 biomasses vary by case,

the quotas associated with a given rebuilding schedule vary by case,

Therefore, even if the optimal schedule is the same or similar for several

cases the associated optimal quotas will differ significantly.

The estimated impact of foreign fishing on domestic discounted profit

increases roughly proportionally with foreign catch; therefore, the impact per

metric ton of foreign catch is relatively constant with respect to foreign

catch. The impact of foreign catch increases as domestic effort increases.

Possible Effects of Reduced Pacific Ocean Perch
Quotas on Existing Fisheries

Rebuilding Pacific ocean perch stocks to some optimal level of abundance

may require a reduction in the harvest rate which, in turn, may require

reduction in catch quotas. The primary objective of this section is to assess

whether or not Pacific ocean perch is a targeted species, and, if it is, to

estimate the proportion of the total catch which is taken in directed fishing
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operations. In addition, an assessment is made of the potential impact of

reduced Pacific ocean perch quotas on existing fisheries.

To determine whether or not Japanese trawlers target on Pacific ocean

perch, we examined the U.S. observer catch data, haul by haul, sequentially

over each cruise sampled during  1982. Three indices of targeting were

considered: 1) percent by weight of Pacific ocean perch in the total catch of

each observed cruise; 2) percent of the catch taken in hauls in which Pacific

ocean perch comprised at least 50% of the catch; and 3) percent of all hauls

in which Pacific ocean perch comprised at least 50% of the catch. The first

index is a measure of the Pacific ocean perch contribution to the overall

catch. When the percent of Pacific ocean perch in the catch is high, it is

likely that the vessel was specifically fishing for perch. The second index

is a measure of catch purity. When a high percent of the total Pacific ocean

perch catch is taken in hauls that are primarily perch, it indicates that

schools, rather than isolated individuals, were caught. Although this

suggests targeting, it could also indicate the occasional chance catch of

Pacific ocean perch schools. The third index is a measure of consistency.

When the percent of all hauls containing at least 50% Pacific ocean perch is

large, it indicates that the perch catch was due to repeated; directed effort,

rather than a chance catch of a large school.

Large-freezer trawlers have, in most cases, relatively high scores for

all three indices of targeting and therefore appear to target on Pacificocean

perch. Conversely, small trawlers tend to have a low percentage of Pacific

ocean perch in the total catch and, in most cases, a low percentage of hauls

with a high percentage of perch. Although smaller trawlers generally do not
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target on Pacific ocean perch, this pattern suggests short-term directed

effort, or switch targeting, to perch by some vessels.

Although this type of analysis cannot clearly show intent, it does

suggest that most large freezer trawlers and a few small trawlers were

directing their fishing activities specifically at Pacific ocean perch. More

than 5,100 t of Pacific ocean perch was apparently taken with directed perch

effort. This is 72% of the total 1982 Japanese Pacific ocean perch catch for

the Gulf of Alaska. If Pacific ocean perch allocations are to be reduced, it

may be appropriate to set these allocations such that they are low enough to

eliminate the directed catch, but not so low that they interfere with the

ability of Japan or other nations to obtain their allocation of other species.

We attempted to estimate Pacific ocean perch allocations that might meet

these criteria and to assess the potential impact of such reduced allocations

on Japanese trawlers in the Gulf of Alaska. If we assume that all hauls which

had more than 50% Pacific ocean perch were targeted, then the perch catch

would have been reduced from 6,965 t to 2,207 t, or by 68%, if no targeting

had occurred. Since the remaining catch of Pacific ocean perch is

presumably all taken incidentally to other species, a perch allocation of

2,207 t in 1982 would have eliminated directed catch yet would have allowed

the Japanese trawlers to take their allocations of other species. Similar

trends were observed in the results of the 1983 U.S. observer catch data

analysis.
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APPENDIX A

PRODUCTION STATISTICS

The production statistics employed in this study (Table 1) were derived

from a variety of data sources. In the case of the Japanese Pacific ocean

perch catches, Chikuni's (1975) estimates were used for the years 1960-63.

Thereafter, catches reported either through International North Pacific

Fisheries Commission (INPFC) channels or directly to the United States were

used in compiling the remaining Japanese production statistics. Modification

of the catch data was often necessary to distinguish catches of Sebastes

alutus from the catches of other rockfish species.

Prior to 1969, Pacific ocean perch catches from the Japanese land-based

fleet were incorporated into a "rockfish" category. This category not only

included S. alutus, but other rockfish species as well. Because of the need

to account for all Pacific ocean perch removals, an effort was made to

estimate the fraction of this species in the pre-1969 land-based rockfish

catch.

Land-based catches taken in 1969 and 1970 were used to estimate this

fraction. They were the first 2 years in which the rockfish catches were

partitioned into two categories--Pacific ocean perch and "other rockfish."

These catches were summed for both years by region and by category. The

proportion of Pacific ocean perch within the 1969-70 rockfish catch was then

determined. The results showed that S. alutus accounted for about 65% of the

total rockfish catch in the eastern Bering Sea slope region, and about 85% of

the catch in the Aleutian Islands region. Estimates of pure Pacific ocean

perch catches were then obtained under the assumption that the 1969 and 1970
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proportions were representative of Pacific ocean perch in the pre-1969 land-

based rockfish catch.

Rockfish catches by the Japanese mothership and North Pacific trawl

fleets were originally reported either by major species or lumped into a

category called "other rockfish." Since 1979 the category of "other rockfish"

has been split into two groups (A and B). Group A is comprised of those

species with similar color and physical characteristics as S. alutus,

including northern (S. polyspinis), rougheye (S. aleutianus), shortraker (S.

borealis), and sharpchin (S. zacentrus) rockfishes, and may have been reported

as S. alutus prior to 1979; group B includes all other rockfishes not reported

by species. The production statistics in Table 1 were based only on reported

S. alutus catches.

Catch statistics of the Soviet Union's Pacific ocean perch harvest, prior

to 1977, were extracted from published sources. Chikuni's (1975) estimates of

the Soviet Union's catches were used in this study for the years 1960-72.

Soviet production statistics published in INPFC documents (Anonymous 1978;

Okada et al. 1980) were employed for the period 1973-76. From 1977 to the

present, catch statistics reported via conventions set forth by the Magnuson

Fishery Conservation and Management Act (MFCMA) were employed in this study.

Catches of Pacific ocean perch by nations other than Japan and the Soviet

Union were combined under the cateogry of "other nations." The United States,

Canada, Poland, Republic of Korea, and Taiwan were included in this group.

Production statistics for. these nations, prior to 1977, were obtained through

INPFC statistical yearbooks and documents. After 1977, catch statistics were

obtained through reporting conventions of the MFCMA.
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 APPENDIX B 

SUMMARY OF SRA METHODS

We shall provide a brief description of the Stock Reduction Analysis

(SRA) model that we hope will give the reader the ability to understand the

SRA stock assessment. A detailed explanation of SRA is given by Kimura et al.

(1984), and the method of projecting future stock biomass is described in

Kimura (1984).

Consider the following definitions of variables used in the SRA model.

Fundamental SRA variables:

i = the year index.

k = the age at recruitment to the fishable biomass, assumed to be known

prior to SRA.

n = the number of years of catch data to be analyzed. 

ci= the catch in weight in year i; these are the numbers to be analyzed.

Bi = the fishable population biomass at the beginning of year i, including

recruitment for that year.

Ri
= the recruitment biomass to be added to the fishable stock at the

beginning of year i.

P = Bn+1/B1, the. ratio. of final biomass to initial biomass.

Instantaneous mortality rates:

M = the annual instantaneous natural mortality rate, assumed to be known

prior to SRA.
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Fi= the annual instantaneous fishing mortality rate for year i, to be

estimated using SRA.

Zi= Fi + M, the total instantaneous mortality rate for year i.

Parameters in the Deriso delay-difference equation:

si= exp(-Zi), the survival in the fishable biomass in year i.

p = the Brody weight coefficient, estimated prior to SRA.

Parameters in the Cushing recruitment model:

r = the exponent in the Cushing recruitment model, assumed to be known

prior to SRA.

R1= the Cushing recruitment coefficient to be estimated using SRA.

Parameters related to sustainable yield:

F = the fixed, long-term instantaneous fishing mortality rate for which B

and Y are calculated.

S = the equilibrium survival rate in the fishable biomass.

U = the equilibrium exploitation rate.

B = the equilibrium population biomass under the fishing rate F.

Y = the equilibrium yield under the fishing rate F.

SRA is defined by the set of three. simultaneous nonlinear equations:

Ci= BiFi(1-si)/Zi, (1)

Bi= (1 + p)si-1Bi-1-osi-1si-2Bi-2+Ri, and (2)

P=Bn+1/B1, (3)

Equation (1) is the usual catch equation; equation (2) is the Deriso (1980)

delay-difference equation; and equation (3) describes the relative change in
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stock biomass. In equation (21, recruitment in year i is described by the

Cushing model:

Ri= R1 (Bi-k/B
1)r, (4)

For r = 0.0 equation (4) is a constant recruitment model, and for r = 1.0

recruitment is proportional to biomass. Thus, the increase in r from 0.0 to

1.0 describes an increase in dependence of recruitment on stock size.

It turns out that if M, p, and r are assumed to be known, equations (1)

and (3) can be viewed as a system of n+l simultaneous equations in n+3

unknowns (B1, R1, P, and F1, . . .  Fn). If we further assume that B1 is a

virgin biomass (and we can in our present assessment of Pacific ocean perch),

solutions to equations (1) and (3) are constrained to the expected recruitment

line (Fig. 9):

R = B1 B1{[l - exp(-M)] + p[exp(-2M) - exp (-M)]}-
1 (5)

What all this means is that if M, p, and r are assumed to be known, then

fixing any one of the other unknowns (B1, R1, P, F1, . . . . Fn) will define a

unique solution to the SRA equations (i.e., define a unique n+3-tuple

(B1, R1, P, F1, . . .. Tn)).

In our assessment of Pacific ocean perch, the parameters M = 0.05 and

p = 0.38 were fixed and never changed. We varied the quantities B1 and r,

each set of values defining a solution point (B1, R1, P, F1, .... Fn). For

each combination, of B1 and r, we note the value P (Tables 9-11). Because P is

the single parameter that best describes current stock condition, we have

centered our assessment on nominal values of P. The MSY was estimated from

SRA models assuming P   0.25 and r = 0.0, as well as P   0.2 and r = 0.5.
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Given a solution to the SRA equations (B 1, R1 P, F1,..., Fn) and a

fixed long-term instantaneous fishing rate F, the equilibrium biomass curve

can be estimated by

and the equilibrium yield can be estimated by

Y = UB, (7)

where U = F(1-s)/Z. Maximum sustainable yield (MSY) occurs at that F where

(7) is. maximized, or if (7) is monotoic, we select Y where F = M.

The value of r is a critical parameter when MSY is being estimated.

Given SRA stock assessments with the same nominal value of P, for r = 0.0

recruitment is constant and MSY is relatively large, while for r>O.O

recruitment is dependent on stock size and the MSY will be smaller. Thus, for

a given value of P as r approaches 1.0, MSY becomes progressively smaller

until MSY = 0.0 when r = 1.0.

Stock rebuilding projections were made by projecting estimates of current

stock biomass into the future using the Deriso (1980) delay-difference

equation (equation 2). For the initial conditions of these projections, we

used solutions to the SRA equations assuming nominal P values of P   0.25 with

r = 0.0, and P  0.1, 0.2, and 0.3 with r = 0.5.

Because recruitment does not depend on stock biomass when r = 0.0, stock

rebuilding is most rapid under this assumption. As r increases, recruitment

becomes increasingly dependent on stock size, and stock rebuilding is at a

slower pace. If r + 1.0, recruitment is proportional to stock size and the

stock is unable to rebuild.



Table 1. Annual catch of Pacific ocean perch from the eastern Bering Sea, Aleutian Islands, and Gulf of
Alaska regions (thousands of metric tons).
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Table 2 .--Pacific ocean perch catch and effort data of stern trawlers in the
Japanese mothership and North Pacific trawl fishery by vessel class
in the eastern Bering sea slope region, 1968-1979.

a/ No data for classes 1 and 2. 1973-1979 data converted to pre-1973 gross
tonnage classification of:
1= 71-100 4= 301-500 7=1501-2500
2=101-200 5= 501-1000 8=2501-3500
3=201-300 6=1001-1500 9=3501 and above
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Table 3 .--Pacific ocean parch catch, and effort data of stern trawlers
in the Japanese mother ship and North Pacific trawl
fishery by vessel class in the Aleutian region, 1968-1979.

a/ No data for classes 1, 2, and 3 which are mainly side and pair
trawls.
1973-1979 data converted to pre-1973 gross tonnage classification
of:
1 = 71-100 4 = 301-501 7 = 1501-2500

2 = 101-200 5 = 501-1000 8 =      
3

2501-3500
= 201-300 6 = 1001-1500 0
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Table 4 .--Pacific ocean perch catch and effort data of stern trawlers in
the Japanese mothership and North pacific trawl fishery by
vessel class in the, Gulf of Alaska region, 1968-1979.

a/ Excluding minor catches from classes 1, 2, and 3. 1973-1979 data
converted to pre-1973 gross tonnage classification of:
1 = 71-100  4 = 301-501 7 = 1501-2500
2 = 101-200 5 = 501-1000 8 = 2501-3500
3 = 201-300 6 = 1001-1500 9 = 3501 and above,
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Table 5 --Average catch per unit of effort (CPUE) for S. alutus in the
Gulf of Alaska, 1961 and 1973-76, by region and depth zone.l/

1 / Source: Ronholt, Shippen, and Brown 1978.
2/ Regions do not correspond to International North Pacific Fisheries

Commission statistical areas.
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Table 6 .--Relative abundance of Sebastes alutus
resource assessment surveys, 1978-81.

(catch in kg/h) in

1/ Feldman and Rose 1981.
2/ Cruise results, Nore-Dick 79-1.
3/ Beginning with 1981, surveys were confined to index sites which were areas

of recorded high production by commercial fisheries and thus are not directly
comparable to earlier surveys.

4/ Cruise results, Ocean Harvester 81-1 and Pat San Marie 81-2. 
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Table 7 .--Estimated catch per unit effort (CPUE), population numbers, and
biomass of Pacific ocean perch in the eastern Bering Sea (EBS)
region as shown by data from cooperative U.S.-Japan trawl surveys
in 39.79-82 and the trawl survey cunducted by Japan in 1969.

a/ Biomass estimate of the Aleutian Islands portion of the eastern Bering Sea
region, not sampled in the 1979-82 EBS surveys. Estimate is based on data
from the 1980 U.S .-Japan Aleutian Islands survey.
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Table 8 .--Estimates of total virgin biomass (ages 5+) and exploitable
biomass (ages 9+) by region, based on virtual population
analysis results employing. M=O.15 and a range of intial F-values.
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Table 9 .--For Pacific ocean perch in the Gulf of Alaska, stock reduction
analysis (SRA) estimated of P=Bn+1/B1, the proportion of virgin
biomass B  1) remaining in 1983 as a function of B1 (in thousands of t)
and r, assuming M=O.05 and p=0.38. Underlined values are
highlighted in the analysis; n.s. means no solution exists to
the SRA equations.
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Table 10 .--For Pacific ocean perch in the Aleutian Islands, stock reduction
analysis (SRA) estimate P=Bn+l/B1, the proportion of virgin biomass (B1)
remaining in 1983 as a function of B1 ( in thousands of t) and r,
assuming M=0.05 and p=0.38. Underlined values are highlighted
in the analysis; n.s. means no solution exists to the SRA
equation.
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Table 11 .--For Pacific ocean perch in the Eastern Bering Sea, stock reduction
analysis (SRA) estimates of P=Bn+1/B1, the proportion of virgin
biomass (B1) remaining in 1983 as a function of Bl (in thousands
of t) and r, assuming M=0.05 and P =0.38. Underlined values are
highlighted in the analysis; n.s. means no solution exists
to the SRA equations. 



Table 12.-- For Pacific ocean perch in the Gulf of Alaska, stock rebuilding schedules (assuming M=0.05 and
P =0.38) for stock reduction analysis (SRA) fits P   0.1, 0.2, and 0.3 with r=0.5 and P   0.25 with
r=O.O. Biomass estimates are in thousands of t, F is the instantaneous fishing mortality rate,
year 1 is 1983.



Table 13.-- For Pacific ocean perch in the Aleutian Islands, stock rebuilding schedules (assuming M=0.05 and
P=0.38) for stock reduction analysis (SRA) fits P    0.1, 0.2, and 0.3 with r=0.5 and P  0.25 with
with r=0.0. Biomass estimates are in thousands of t, F is the instantaneous fishing mortality rate,
and year 1 is 1983.



Table 14.-- For Pacific ocean perch in the eastern Bering Sea, stock rebuilding schedules (assuming M=0.05 and
p =0.38) for stock reduction analysis (SRA) fits P 0.1, 0.2, and 0.3 with r=0.5 and P .25 with r=0.0.
Biomass estimates are in thousands of t, F is the instantaneous fishing mortality rate, and year 1
is 1983.
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Table 15 .--Estimated Pacific ocean perch maximum sustainable yield (MSY)
and associated biomass by area and case.

Note - The MSY F for each area and cases 1-3 is 0.048, for case 4
it is 0.36.

Table 16 .--Estimated Pacific ocean perch maximum sustainable profit (MSP)
and associated yield and biomass by area and case.
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Table 17 .--Estimated 50-year cumulative discounted profit for four
rebuilding schedules, by discount rate, case and area.

Note- An * indicates the rebuilding schedule with the highest CDP.
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Table 18 .--Estimated 50-year cumulative discounted profit for four
rebuilding schedules and for harvesting costs that are 50%
higher and 50% lower than the initial costs by case and area.

Note - An * notes the rebuilding schedule with the highest CDP with a
real discount rate of 5%.
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T a b l e  1 9 .  E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t

i n  y e a r  5 0  f o r  2 2  r e b u i l d i n g  s c h e d u l e s ,  2  d i s c o u n t  r a t e s ,  a n d  3  c o s t

factors, Gulf Of Alaska, C a s e  1 .
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T a b l e  2 0 . E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2  r e b u i l d i n g  s c h e d u l e s ,  2  d i s c o u n t  r a t e s ; a n d  3  c o s t
f a c t o r s , G u l f  o f  A l a s k a ,  C a s e  2 .  
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T a b l e  2 1 .  E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2  r e b u i l d i n g  s c h e d u l e s , 2  d i s c o u n t  r a t e s ,  a n d  3  c o s t
f a c t o r s ,  G u l f  o f A l a s k a ,  C a s e  3 .  
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T a b l e  2 2 . E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2  r e b u i l d i n g  s c h e d u l e s ,  2  d i s c o u n t  r a t e s , a n d  3  c o s t
f a c t o r s , G u l f  o f  A l a s k a ,  C a s e  4 .  
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T a b l e  2 3 . E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2
f a c t o r s , A l e u t i a n

r e b u i l d i n g  s c h e d u l e s , 2  d i s c o u n t  r a t e s ,  a n d  3  c o s t
I s l a n d s ,  C a s e  1 .  
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T a b l e  2 4 . E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2
f a c t o r s , A l e u t i a n

r e b u i l d i n g  s c h e d u l e s ,  2  d i s c o u n t  r a t e s , a n d  3  c o s t
I s l a n d s ,  C a s e  2 .  
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T a b l e  2 5 .  E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2 r e b u i l d i n g  s c h e d u l e s , 2  d i s c o u n t  r a t e s ,  a n d  3  c o s t
f a c t o r s , A l e u t i a n  I s l a n d s ,  C a s e  3 .
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T a b l e  2 6 .  E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2  r e b u i l d i n g ,  s c h e d u l e s ,  2  d i s c o u n t  r a t e s ,  a n d  3  c o s t
f a c t o r s , Aleut ian  Is lands ,  Case  4 .
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T a b l e  2 7 . E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2  r e b u i l d i n g  s c h e d u l e s , 2  d i s c o u n t  r a t e s ,  a n d  3  c o s t
f a c t o r s ,  e a s t e r n B e r i n g  S e a ,  C a s e  1 .



107

T a b l e  2 8 . E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n y e a r 5 0  f o r  2 2 r e b u i l d i n g  s c h e d u l e s ,  2  d i s c o u n t  r a t e s , and 3 c o s t
f a c t o r s , e a s t e r n B e r i n g  S e a ,  C a s e  2 .
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T a b l e  2 9 , E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2  r e b u i l d i n g  s c h e d u l e s ,  2  d i s c o u n t  r a t e s ,  a n d  3  c o s t
f a c t o r s ,  e a s t e r n B e r i n g  S e a ,  C a s e  3 .
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T a b l e  3 0 .  E s t i m a t e d  c u m u l a t i v e  y i e l d  a n d  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
i n  y e a r  5 0  f o r  2 2  r e b u i l d i n g  s c h e d u l e s ,  2  d i s c o u n t  r a t e s ,  a n d  3  c o s t
f a c t o r s , e a s t e r n  B e r i n g  S e a ,  C a s e  4 .
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ing mortality time paths for 22 rebui lding schedules.le 31. FishTab
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T a b l e  3 2 . E s t i m a t e d  c u m u l a t i v e  5 0 - y e a r  r e d u c t i o n s ,  i n  d o m e s t i c
c a t c h  r e s u l t i n g  f r o m  5  l e v e l s  o f  f o r e i g n  f i s h i n g  d u r i n g  y e a r s
2 - 6  f o r  2 2  r e b u i l d i n g  s c h e d u l e s ,  G u l f  o f  A l a s k a , C a s e  1 .



T a b l e  3 3 .  E s t i m a t e d  c u m u l a t i v e  5 0 - y e a r  r e d u c t i o n s i n  d o m e s t i c
c a t c h  r e s u l t i n g  f r o m  5  l e v e l s  o f  f o r e i g n  f i s h i n g  d u r i n g  y e a r s
2 - 6  f o r 2 2  r e b u i l d i n g  s c h e d u l e s ,  G u l f  o f  A l a s k a ,  C a s e  2 .
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T a b l e  3 4 .  E s t i m a t e d  c u m u l a t i v e  5 0 - y e a r  r e d u c t i o n s  i n  d o m e s t i c
c a t c h  r e s u l t i n g  f r o m  5  l e v e l s  o f  f o r e i g n  f i s h i n g  d u r i n g  y e a r s
2 - 6  f o r  2 2  r e b u i l d i n g  s c h e d u l e s ,  G u l f  o f  A l a s k a ,  C a s e  3 .
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T a b l e  3 5 . E s t i m a t e d  c u m u l a t i v e  5 0 - y e a r  r e d u c t i o n s  i n  d o m e s t i c
c a t c h  r e s u l t i n g  f r o m  5  l e v e l s  o f  f o r e i g n  f i s h i n g  d u r i n g  y e a r s
2 - 6  f o r  2 2  r e b u i l d i n g  s c h e d u l e s  G u l f  o f  A l a s k a ,  C a s e  4 .



T a b l e  3 6 .  E s t i m a t e d  5 0 - y e a r  r e d u c t i o n s i n  d o m e s t i c  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
r e s u l t i n g  f r o m  5  l e v e l s  o f  f o r e i g n  f i s h i n g  d u r i n g  y e a r s  2 - 6 ,  f o r  2 2  r e b u i l d i n g
s c h e d u l e s  a n d  f o r  2  d i s c o u n t  r a t e s , G u l f  o f  A l a s k a ,  C a s e  1 .



T a b l e  3 7 .  E s t i m a t e d  5 0 - y e a r  r e d u c t i o n s i n  d o m e s t i c  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
r e s u l t i n g  f r o m  5  l e v e l s  o f  f o r e i g n  f i s h i n g  d u r i n g  y e a r s  2 - 6 ,  f o r  2 2  r e b u i l d i n g
s c h e d u l e s  a n d  f o r  2  d i s c o u n t  r a t e s , G u l f  o f  A l a s k a ,  C a s e  2 .



T a b l e  3 8 .  E s t i m a t e d  5 0 - y e a r  r e d u c t i o n s i n  d o m e s t i c  c u m u l a t i v e  d i s c o u n t e d  p r o f i t
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Table 68.-- Catch (t) of Pacific ocean perch (POP) by nation and area; and
Japanese catch by vessel class, 1982.
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Table 69. --Estimated species prices paid by joint venture processors to
U.S. fishermen in the Gulf of Alaska, based on 1982 and 1983
data.



Table 70 .--Catch (t) which would have been harvested in 1982 if all hauls with >X%
Pacific ocean perch (POP) had been eliminated.



Table 71 .--Catch (t) which would have been harvested in 1982 if all hauls with >X% Pacific ocean
perch (POP) had been eliminated.



Figure 1. Size composition of Pacific ocean perch by depth from
the Japanese Gulf of Alaska groundfish fishery in 1965.



Figure 2. Catch trends of Pacific ocean perch by region, 1960-82.



Figure 3. Percent composition of Pacific ocean perch in the total
Japanese groundfish catch, by region, 1960-82.
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Figure 4. Catch of Pacific ocean perch per stern trawl hour, 1964-79.
Based on nominal trawl effort from the Japanese mothership,
and North Pacific trawl fisheries, all stern trawlers combined.
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Figure 5. Estimates of population numbers and mean biomass (age 5 to 20)
in each stock as determined by the cohort analysis base runs,
1963-1976. Density index derived by Chikuni (1975).
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Figure 6. Virtual-population-analysis estimates of biomass by year for
Pacific ocean perch in the eastern Bering Sea region using a
range of initial F-values from 0.05 to 1.0.
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Figure 7. Virtual-population-analysis estimates of biomass by year for
Pacific ocean perch in the Aleutian Islands region using a range
of initial F-values from 0.05 to 1.0.
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Figure 8. Virtual-population-analysis estimates of biomass by year for
Pacific ocean perch in the Gulf of Alaska region using a range
of initial F-values from 0.01 to 0.50.



Figure 9. Expected recruitment lines describing the constant recruitment
level required to sustain a given virgin biomass, for M=0.05
with p=O.38 and M=0.15 with p=0.52.



Figure 10. For Pacific ocean perch in the Gulf of Alaska, estimated population
biomass (assuming M=0.05 and p=0.38) over time for SRA fits P 50.25
with r=0.0, and P 0.1, 0.2, and 0.3 with r=0.5.
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Figure 11. For Pacific ocean perch in the Aleutian Islands, estimated population
biomass (assuming M=0.05 and p=0.38) over time for SRA fits P 0.25
with r=0.0, and P 0.1, 0.2, and 0.3 with r=0.5.
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Figure 12. For Pacific ocean perch in the Eastern Bering Sea, estimated
population biomass (assuming M=0.05 and p=0.38) over time for SRA
fits P 0.25 with r=0.0, and P 0.1, 0.2, and 0.3 with r=0.5.
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Figure 13. For Pacific ocean perch in the Gulf of Alaska, estimated sustainable
yield (assuming M=0.0S and P=0.38) for a given fixed instantaneous
fishing mortality rate F, calculated for SRA fits P 0.25 with
r=0.0, and P 0.1, 0.2, and 0.3, with r=0.5.



Figure 14. For Pacific ocean perch in the Aleutian Islands, estimated sustainable
yield (assuming M=0.05 and p=0.38) for a given fixed instantaneous
fishing mortality rate F, calculated for SRA fits P 0.25 with
r=0.0, and P 0.1, 0.2, and 0.3, with r=0.5.
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Figure 15. For Pacific ocean perch in the Eastern Bering Sea, estimated
sustainable yield (assuming M=0.05 and p=0.38) for a given fixed

instantaneous fishing mortality rate F, calculated for SRA fits P
0.25 with r=0.0, and P 0.1, 0.2, and 0.3, with r=0.5.



Figure 16. Equilibrium yield (1,000 t) as a function of F for the Gulf of Alaska region, 3 cases.



Figure 17. Equilibrium yield (t) as a function of F for the Gulf of Alaska region, case 4.
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Figure 20. Equilibrium yield (1,000 t) as a function of F for the Aleutian Islands region, 3 cases.
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Figure 22. Equilibrium yield (1,000 t) as a function of F for the eastern Bering Sea region, 3 cases.
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Figure 26. Biomass (1,000 t) time paths of 4 F's for the Gulf of Alaska region, case 2.



Figure 27. Yield (1,000 t) time paths of 4 F's for the Gulf of Alaska region, case 2.



Figure 28. Biomass (1,000 t) time paths of 4 F's for the Gulf of Alaska region, case 3.



Figure 29. Yield (1,000 t) time paths of 4 F's for the Gulf of Alaska region, case 3.



Figure 30. Biomass (1,000 t) time paths of 4 F's for the Gulf of Alaska region, case 4.



Figure 31. Yield (1,000 t) time paths of 4 F's for the Gulf of Alaska region, case 4.
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Figure 33. Yield (1,000 t) time paths of 4 F's for the Aleutian Islands region, case 1.



Figure 34. Biomass (1,000 t) time paths of 4 F's for the Aleutian Islands region, case 2.



Figure 35. Yield (1,000 t) time paths of 4 F's for the Aleutian Islands region, case 2.



Figure 36. Biomass (1,000 t) time paths of 4 F's for the Aleutian Islands region, case 3.



Figure 37. Yield (1,000 t) time paths of 4 F's for the Aleutian Islands region, case 3.





Figure 39. Yield (1,000 t) time paths of 4 F's for the Aleutian Islands region, case 4.



Figure 40. Biomass (1,000 t) time paths of 4 F's for the eastern Bering Sea region, case 1.



Figure 41. Yield (1,000 t) time paths of 4 F's for the eastern Bering Sea region, case 1.



Figure 42. Biomass (1,000 t) time paths of 4 F’s for the eastern Bering Sea region, case 2.



Figure 43. Yield (1,000 t) time paths of 4 F's for the eastern Bering Sea region, case 2.



Figure 44. Biomass (1,000 t) time paths of 4 F's for the eastern Bering Sea region, case 3.



Figure 45. Yield (1,000 t) time paths of 4 F's for the eastern Bering Sea region, case 3



Figure 46. Biomass (1,000 t) time paths of 4 F's for the eastern Bering Sea region, case 4
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Figure 48. Cumulative discounted profit time paths of 4 F's for the Gulf of Alaska region, case 1.



Figure 49. Cumulative discounted profit time paths of 4 F's for the Gulf of Alaska region, case 2.



2
0

0





Figure 52. Cumulative discounted profit time paths of 4 F's for the Aleutian Islands region, case 1.
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Figure 54. Cumulative discounted profit time paths of 4 F's for the Aleutian Islands region, case 3.
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Figure 60. Percentage, by weight, of the Pacific ocean perch (POP) catch taken
in trawl hauls which contained greater than 50% POP and percentage,
by number, of all hauls which contained greater than 50% POP are,
for each vessel, plotted against the percentage of POP in the total
catch. For most of the large freezer trawlers and some of the small
trawlers, nearly all of the POP catch is taken in hauls greater than
50% POP. Likewise, for most large freezer trawlers, a relatively
high percentage of hauls contain greater than 50% POP.
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