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ABSTRACT

This paper examines the depleted Pacific ocean perch, Sebastes al utus,

stocks in waters off Alaska. The biology of the species is reviewed and the
exploitation history recounted. Virtual popul ation analysis and stock
reduction analysis are used to estimate current status and productivity of the
stocks. A predictive nodel is used to estimte stock rebuilding rates under a
range of fishing rates. Finally, long-termyields and profits are exanined in
an econonic analysis and the effects reduced quotas woul d have on existing

fisheries are studied.
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PREFACE

This manuscript on the biology and economcs of Pacific ocean perch (POP)
anal yzes the current status of POP and estimates its current and future
productivity in waters off Al aska.

Hi storical catch data for POP, on which this analysis is based may have
included sone catches of northern, rougheye, sharpchin, and shortraker rock-
fish prior to 1979. As nuch as possible, however, these species were renoved
from the catch records prior to the analysis. The problens caused by the

i ndi vidual catch of species other than Sebastes alutus are believed to be

mnor. Wth the exception of the section entitled, "Possible Effects of
Reduced Pacific Ccean 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 bionass of S. alutus, deternmine the case
from the manuscript which applies, and find the appropriate exploitation
rate.

Since the managenent plan nanages the "POP conplex," which includes
all five species nentioned above, it would be appropriate to add the
available yield fromthe non-S. alutus species to that of S. alutus attained
fromthe analysis. It is also appropriate, then, to assure that the total

catch is properly distributed anmbng the species.



| NTRODUCTI ON

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

stocks fromthe eastern Bering Sea to the California coast has been discussed
and documented in nunerous recent reports. Recognizing this depleted status
the Pacific Fishery Mnagement Council, charged with managenment of. offshore
fisheries from Washington to California, has devel oped a schedul e of reduced
fishing rates on Pacific ocean perch. The reduced exploitation is designed to
rebuild the stock over a 20-yr period to | evels capable of supporting a viable
donestic fishery. Simlarily, the Canadian Department of Fisheries and Cceans
has devel oped rehabilitation schedul es of reduced effort on Pacific ocean
perch stocks off the British Colunbia coast.

Al though the North Pacific Fishery Managenent Council has restricted
recent harvest of Pacific ocean perch in waters off Alaska to |evels bel ow
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 schedul es and the cost of those
schedul es.

Qur 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 nost current interpretation of
the available data using virtual popul ation analysis and stock reduction
anal ysi s.

Qur best popul ation parameter estimates are used in a sinple predictive

model to estimate future stock size under a variety of fishing rates. This is



the section of nost interest, but it is also the section of nost
uncertainty. The cornerstone of predictions of future abundance is the

prediction of recruitment from the spawning stock. W have not been able to
identify a stock-recruitnent relationship in the data. Alternatively, we have
presented a range of recruitnment responses and used the popul ati on model to
predict future stock size for this range

W have provi ded an economic anal ysis of the sinulated popul ations. cost

and revenue functions were added to the predictive nmodel and long-termyield
and profits exam ned.

In some cases the fishing rates, inposed on the sinulated popul ations
result in Pacific ocean perch quotas reduced below the present |evels of
fishing. This report exami nes the effect such reduced quotas woul d have on

existing fisheries.

Bl OLOGY

Descri ption

Pacific ocean perch belongs to the fam |y Scorpaeni dae and is one of 54
or nore species in the genus Sebastes occurring in the North Pacific Ccean and
Bering Sea. Phillips (1957) and Barsukov (1964a, b) provide detailed
descriptions of the norphometric, meristic, and other physical characteristics
of s. alutus, and these attributes are sunmarized by Al verson and Westrhei m
(1961), Major and Shippen (1970), and Hart (1973).

A group of four Sebastes species, with simlar color and physical
characteristics as S. alutus, may have been msidentified as Pacific ocean
perch in comercial catches. This group includes: northern rockfish, S

pol yspinis; rougheye rockfish, S. aleutianus; shortraker rockfish, S



borealis; and sharpchin rockfish, S. zacentrus. Unfortunately, relatively
little is known about the distribution and biol ogy of these four rockfish

speci es.

Distribution and Mgration

Pacific ocean perch are sem denersal and inhabit the tenperate waters of
the outer continental shelf and upper slope regions throughout their range.
Distribution along the North Anerican coast spans fromlLa Jolla, California to
the western boundary of the Aleutian Archipelago, and along the continental
slope of the eastern Bering Sea. A ong 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 boul der 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 deternmining Pacific ocean
perch distribution; food supply, water tenperature, state of maturity, and
such hydrographic factors as oxygen content also influence its occurrence
(Lyubi mova 1963, 1965; Gunderson 1971). The bathymetric range of S. alutus
was reported by denens and Wlby (1961) as 70 to 640 m wth commerci al
quantitities generally occurring between 110 and 457 m (Quast 1972).

Paci fic ocean perch undergoes a seasonal bathynetric mgration throughout
its range (Paraketsov 1963; Lyubinmova 1963; Gunderson 1971). This novement is
primarily associated with spawning behavior, with the tinme of spawning varying
slightly between regions. Typically, this migration is characterized by a

novenent into deep water spawning areas to release young during the late



winter or early spring, then a return to shallower water to feed during the
sunmer .

Diurnal vertical migrations of S. alutus have been docunented by a nunber
of investigators. Mbiseev and Paraketsov (1961) indicated that Pacific ocean
perch in the Bering Sea dwell near the bottomduring the day and migrate as
mich as 40 moff 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 sane
sort of behavior has been described for Pacific ocean perch in the Qulf of
Al aska (Lyubimova 1964). These daily vertical shifts are apparently due to
changes in light and feeding behavior (Lestev 1961; Skal kin 1964; Pautov
1972) .

Coastwide migrations of 5 alutus have not been well docunented,
primarily because tagging studies are difficult to conduct on this species.

Al t hough coastwi de movements of Pacific ocean perch have been suggested for
stocks inhabiting the Gulf of Al aska (Lyubinova 1963, 1965) and Bering Sea
(Moi seev and Paraketsov 1961), it seens to be the consensus that S alutus do
not migrate extensively along the continental slope (Lestev 1961; Fadeev 1968;
Chi kuni  1975; Robi nson 1972; Qunderson 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 fromthe Bering Sea reach sexual maturity at



sizes of from26 to 31 cmin length and that males nature earlier (6 to 7 yr)
than females (8 to 9 yr). Perch fromthe Gulf of Alaska are believed to
mature at ages 6-8 yr, corresponding with lengths of 26-28 cm (Lyubinova
1965). Qunderson (1977) indicated that Pacific ocean perch inhabiting the
area from Queen Charlotte Sound, British Colunmbia to Washington reach sexua
maturity at 9-11 yr for females and 6-7 yr for nales. Maturation of both
sexes appears to depend nore on the size of the fish than on its age. Chikun
(1975) concluded that Pacific ocean perch in the Bering Sea and Gulf of Al aska
begin to mature at age 5, and all individuals finish their sexual maturation
by age 9.

Fecundity of S. alutus has been exam ned by a nunber of authors
(Westrheim 1958; Paraketsov 1963; Lisovenko 1965; Snytko 1971; Alverson and
Westrheim 1961; Chikuni 1975; Cunderson 1977). Estinmates 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 nore fecund thanthose
fromthe Bering Sea, and Pacific ocean perch living in the Bering Sea are
reportedly nmore fecund than fish fromthe @lf of Al aska.

Pacific ocean perch are ovoviviparous as are all nenbers 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 |arvae
then extruded. The larvae ascend to the upper |ayers of the water colum and
drift with the currents. In the Qulf of Alaska and Bering Sea, parturition

occurs during the late winter or early spring at depths ranging from 250 to



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 |arvae are not carried far from the
spawni ng grounds. Lisovenko (1964) and Lyubinmva (1965) indicate that the
bul k of the Pacific ocean perch larvae in the GQulf of Al aska are associ ated
with anticyclonic gyrals. These gyrals appear at the boundary between the
high velocity Al askan 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 presunably
prevent the larvae from being swept to unfavorable environments. Miseev and
Paraket sov (1961) and Hebard (1959) suggest a sinilar type of scenario for
| arvae 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 devel opnent of fish populations in the
Bering Sea.

The length of tine the larvae renmain 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 (A verson and
Westrhei m 1961; Lyubinova 1964, 1965; Paraketsov 1963; Snytko 1971). (One
aut hor 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
aut hors based their conclusions primarily on back-cal culated growh rates and
not on confirmed observations of S. alutus larvae and juveniles. Mreover, no
one has yet confirmed the existence of juvenile Pacific ocean perch in

of f shore open water by collecting free-sw nming specinens there (Carlson and



Hai ght 1976). This lack of confirmation, however, namy be nore apparent than
real because adequate sanples have not been obtained fromthe region and
criteria have not been devel oped to distinguish the larval formof the species
(A. W Kendall, NMFS Northwest and Al aska Fisheries Center, Seattle, WA
98112. Pers. conmun., Septenber 1984).

Carlson and Haight (1976) reject the hypothesis of an early pelagic
exi stence of greater than 2-3 yr. They show that Pacific ocean perch
juveniles becone denersal during their first year of life. Their conclusion
was based on a conprehensive study of the environment, growth, food habits,
and school i ng behavior of juveniles fromcoastal waters of southeastern
Alaska. Mre recent work by Carlson and Straty (1981) support these findings.

The hydrography of the North Pacific is variable and extrenely conplex.
Due to the prevailing ocean currents, there is probably drift of Pacific ocean
perch larvae from one region to another. However, it is currently inpossible
to quantify the magnitude of this drift because of inadequate sanpling and the
probl ens associated with identifying rockfish larvae to species. This study
assunes that the interchange of Pacific ocean perch | arvae anong the major
regions is mnor and that the transformation to the benthic stage occurs

inshore near the spawning areas within 1 yr.

Age and Gowth
Age determ nations fromscal es and surfaces of otoliths suggest that the
longevity of Pacific ocean perch is about 30 yr (A verson and \Westrheim 1961;
Chi kuni 1975; Westrheim 1973). However, studies enploying new aging
techniques indicate |longevity may be considerably greater than previously

t hought (Beamish 1979; Chilton and Beami sh 1982). By analyzing growth



patterns on thin sections of otoliths and from broken and burned otoliths,
Chilton and Beam sh (1982) concluded that the maxi mum 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 tine, 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 nethod exists to
successfully tag and release live Pacific ocean perch. Age estimates that are
produced without validation should be used with caution.

G ow h anal yses of Pacific ocean perch are conplicated by age
determination difficulties, and by bathynetric and geographic variations in
the age-length relationships (Westrheim 1973). Rapid changes in the
popul ation structure and abundance, due to heavy exploitation, have
undoubt edly confounded the analyses of growh. Nevertheless, sonme general
concl usions can be reached concerning the growth of this species.

Paci fic ocean perch are long-lived and slow growing. Wstrheim (1973)
working in the Gulf of Alaska and Pautov (1972) in the Bering Sea suggested
that differential growth occurs between sexes, W th females supposedly grow ng
to a slightly larger size than males. On the other hand, Gitsenko (19631,
Lyubi nova (1965), and Chikuni (1975) found no differences in growh patterns
between nales and females within the GQulf of Alaska or Bering Sea. The
present study assumes that differences in growh between sexes are negligible.

CGeographic differences in the growh of Pacific ocean perch have been
described by several workers. Westrheim (1973) noted that nean |ength per age

generally declined northward and westward in the northeast Pacific.



Simlarly, Westrheimand Snytko (1974) concluded that weight per given |ength
i ncreased eastward and southward fromthe Al eutian Islands area to the

Washi ngton-Oregon area. He also nmentioned that Bering Sea S. alutus generally
wei gh nmore per given length than those. in adjacent areas of the Al eutian

I slands and Uninmak |sland. Chikuni (1975) also described regional differences
in the age-length, age-weight, and weight-length relationships for Pacific

ocean perch from the North Pacific.
DESCRI PTI ON OF THE FI SHERY

Vessel s and Gear

Japan and the Soviet Unon have been the principal nations exploiting the
Bering Sea and Qulf of Al aska Pacific ocean perch stocks. Both nations enploy
distant-water traw ers of varying sizes and designs as their prinmary method of
harvest, Many of the smaller vessels function as catcher boats for the large
mot herships (factory ships), whereas the larger trawers generally operate
i ndependently by processing and freezing their own catch. Use of support
vessels, which permt the fishing fleets to operate at sea for extended
periods of tine, is common.

Most of the Pacific ocean perch catch is headed, eviscerated, and
qui ck-frozen. It is used primarily for direct human consunption. Catch

statistics are shown in Table 1.

Japan
The Japanese fishery for Pacific ocean perch can be organized into three
maj or categories: the |and-based fleet, the nothership fleet, and the North

Pacific tram fleet. The land-based traw fishery is conducted by independent
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traw ers 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  Mich of the
fleet operates along the continental slope fromnorth 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 trawers are now the

mai nstay of this fleet.

The not hership fishery enploys large factory ships to receive and process
catches supplied by a fleet of catcher vessels. Catcher vessels in this fleet
have operated a nunber of gear types, including longlines, gill nets, stern
trawls, pair traws, side traws, and Danish seines. Fishing mainly occurs
along, the continental slope of the eastern Bering Sea and al ong both sides of
the Aleutian Islands. Mst of the traw effort during the early 1960s was

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

Wth the devel opment of techniques for processing mnced fish (surim) on
board notherships in 1964, and the subsequent decline of perch stocks,

considerable effort shifted to walleye pollock, Theragra chal cogramm

The Japanese North Pacific traw fishery generally consists of large
factory stern trawlers that operate independently of notherships. These
vessels range in size from 349 to 5, 700 GRT and custonarily fish and process
their own catch. Mich of the effort throughout the 1960s and early 1970s was
directed toward Pacific ocean perch and other rockfishes in the Gulf of Al aska

and Aleutian Islands, and toward walleye pollock in the eastern Bering Sea
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Sovi et Uni on

The Soviet Union utilized the flotilla concept inits fishing
operations. This involves the deploynment 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 honel and), 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 |ocate and fish
productive Pacific ocean perch grounds year round and process tremendous
quantitites of catch.

The Soviets have enpl oyed two basic types of vessels in their fishing
operations, side trawmers and stern trawers. Side trawers were the
preval ent fishing vessel during the early years of this nationl's Pacific ocean
perch fishery. These relatively small vessels |acked processing and
refrigerating capabilities making them highly dependent on factory ships.
Side trawl ers were then phased out in favor of the nore efficient factory
stern trawlers. Because of their larger size and nore efficient [ayout for
handling the tram over the stern, this type of vessel exhibited greater
versatility and was better able to fish under bad weather conditions (Pruter
1976) . Factory stern traw ers have tremendous processing capabilities and
freezing capacity which have enabled them to operate for long periods as

ndependent units.

G her Nations

M nor catches of Pacific ocean perch fromthe Bering Sea and Gul f of

Al aska have been taken by Pol and, Republic of Korea, Taiwan, Canada, and the



12

United States. These catches were taken primarily by stern trawmers. Stern
trawmers in the Polish fleet are simlar in size and configuration to their
Soviet counterparts, ranging in length from 70 to 90 m and wei ghing

2,300-2,500 GRT (Vvall et al. 1981). In 1977 and 1978, trawl ers of the Korean
fleet were conparable in size and design to the |arge Japanese freezer

trawl ers; Taiwanese trawers ranged in size from 900 to 1,900 GRT (Nel son et

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

empl oyed by the Asian and European nations.

Fi shing Gounds, 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 Qulf of Al aska
include the Shumagin Island grounds, the Al batross Bank off Kodiak, the
Portl ock Bank south of the Kenai Peninsula, and the traw able areas off
Yakutat and southeastern Al aska. In the Bering Sea, catches are taken al ong
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
| sl ands.

Pacific ocean perch are caught year round in the Gulf of Al aska and
during nmost of the year in the eastern slope region. Pacific ocean perch
catches fromboth 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 macrocephal us. In the Aleutian |slands

region nost of the 1964 to 1979 Japanese Pacific ocean perch catch was caught
during a 6-nonth period from April to Cctober.
Depth of fishing varies by season. This is apparently in response to the

bathynetric nmigration of S. alutus. Lyubinmova (1964) indicated that the nost
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suitabl e depths for Pacific ocean perch fishing in the Gulf of Al aska were
between 180 and 350 min sunmer and between 250 and 420 min winter. Al verson
and Westrheim (1961) reported a simlar distribution in the waters off
Washington and Oregon. Paraketsov (1963) noted that S. alutus. in the Bering
Sea were commn at depths of 140-360 m during the winter and spring. Chikuni
(1975) showed that the bulk of the Japanese Pacific ocean perch catch fromthe
@l f of Alaska in 1965 was taken at depths between 200 to 300 m

Lyubi nova (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. Examnation of the size conposition data fromthe
Japanese groundfish fishery in 1965 (Fig. 1) corroborates the findings of

Lyubi nova (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 renoved about
6,100 t of Pacific ocean perch from the eastern slope region. By 1962 the
fishery had expanded into the Qulf of A aska and Aleutian |slands regions.
Gowh of this new fishery was rapid. Wthin just 6 yr of its inception,
total renovals (all regions combined) peaked with a harvest of 474,100 t
(Fig. 2). Soon after, total renovals declined alnost as rapidly as they had
increased. In 1982 total catches ambunted to only 1.6% of the 1965 peak
cat ch.

Pacific ocean perch harvests fromthe Gl f of Al aska have generally been
greater than those taken fromthe Al eutian |slands and eastern sl ope

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 A aska contains the |argest stock;
the Aleutian Islands region the next largest. Pacific ocean perch in the
eastern slope region apparently is the smallest stock.

Maxi mum sust ai nabl e yield (MSY) has been estinmated at 150,000 t for the
Qulf of Alaska stock; 75,000 t for the Aleutian I|slands stock; and 32,000 t
for the eastern slope stock (Chikuni 1975). Cearly, sustained exploitation
of the magnitude characterizing the early years of the fishery was not
possible. Low (1974) estimated MSY for the eastern slope and Al eutian Islands
st ocks conbined at 12,000-37,000 t.

The percent conposition of Pacific ocean perch in the Japanese groundfish
catch has declined through the years (Fig. 3). In the Aeutian Islands and
Qulf of Alaska regions, this decline was probably due to a conbination of
decreasing stock abundance and a shift to different target species. After
1972, Pacific ocean perch never conprised nore 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 fromthis region has never exceeded 9% of the

total annual groundfish catch.

PREVI QUS STOCK ASSESSMENTS

Previ ous assessnents of Pacific ocean perch have been based primarily on
changes in catch per unit of effort (CPUE) in the commercial traw
fisheries. These CPUE data, however, have becone increasingly difficult to
interpret as an index of stock abundance. Quota restrictions, effort shifts
to different target species, and rapid inprovenents in fishing technology and

fishing skill have confounded the analyses of CPUE data. Only recently have
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reasonabl e estimates of absolute abundance become available from survey
data. The follow ng sections briefly describe results from previous stock

assessnents.

CPUE Anal ysi s

Commercial catch and effort statistics supplied by Japan have been the
primary data source for npbst CPUE-type anal yses. These statistics are
detailed and conplete, in tenporal and areal sequence, and are perhaps anong
the best on denmersal fisheries anywhere in the world. Several researchers
have used these data as a means of monitoring changes in Pacific ocean perch
stock abundance

I[to (1982) calculated the catch in tons of Pacific ocean perch per stern
trawl hour (Fig. 4). This index was based on the nomnal effort of all stern
trawl ers conbined from the Japanese nothership and North Pacific traw
fisheries. He also calculated CPUE by stern traw er size categories
(Tables 2-4). The results of Ito's CPUE analysis indicated that Pacific ocean
perch stocks underwent sizable reductions in bionmass throughout much of the
1960s and 1970s.

The CPUE anal yses presented by Ito (1982) were sinplistic. No attenpts
were made to adjust for differences in effective fishing effort. Effort was
treated as if all stern traw 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. Furthernmore, 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, nmmy not be indicative of actua
changes in stock abundance.

Chi kuni (1975) derived a relative abundance index to account for effort
directed only toward S. alutus. For each stock and year, CPUE of vesse
class-8 stern tramers (2,501-3,500 t) were regressed agai nst the percent
conmposition 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 Al aska stock). The
resulting quantitites are assuned to represent what the true CPUE would be if
all the effort were directed solely toward harvesting Pacific ocean perch.

For conparative purposes, these indices were plotted with the absolute
abundance estimates from Ito's (1982) cohort analysis (Fig. 5).

The Chikuni density index assunes that the percentage of Pacific ocean
perch in the total groundfish catch represents the fraction of the tota
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. Furthernore, this method involves such hazards as arbitrarily
fixing the standard catch proportion at 95% for the Bering Sea stocks and 85%
for the @ulf of Alaska stock.

Commercial fishery statistics are not the only data avail able for

assessing the status of Pacific ocean perch stocks; data collected from
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scientific surveys provide valuable infornation as well. In 1961-62, the
first large-scale, systemmtic assessment of the groundfish resources in the
Gul f of Alaska was a traw survey carried out by the International Pacific
Hal i but Conmission, with the cooperation of the U S. Bureau of Commerci al
Fisheries (BCF). This survey occurred prior to the intense exploitation of
the Pacific ocean perch stocks by foreign fleets during the md-1960s. A
simlar survey was |later conducted in the sanme region from 1973 to 1976 by the
National MNarine Fisheries Service (NWS), successor to the BCF. The CPUE
statistics fromthese surveys suggested a substantial decrease in abundance
from 1961 to the nmid-1970s (Table 5).

CPUE estimates from surveys conducted in the @ulf 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.

Absol ute Abundance Anal yses
Data from 1979, 1981, and 1982 cooperative U S.-Japan traw surveys
provi de biomass estimates of Pacific ocean perch in the eastern Bering Sea.
The survey results indicate that biomass increased from4,459 t in 1979 to
9,821 t in 1981 and then decreased to 5,505t in 1982 (Table 7). These
estimates, however, were characterized by relatively w de 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 sanple the Al eutian
I slands portion of the eastern Bering Sea region (long. 165° to 170°W. This
section, however, was surveyed during the 1980 U S. -Japan traw survey of the

Al eutian |slands; biomass fromthis section ambunted to about 7,000 t. A
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reasonabl e biomass estimate for the entire eastern Bering Sea region was
calculated as an average of the 1979-82 estimates plus the 1980 point estimate
fromthe Aleutian Islands segnent. This estimte anmounted to about 13,600 t
(Table 7).

A Japanese groundfish survey conducted in 1969 al ong the eastern Bering
Sea sl ope provided sufficient information to estimate Pacific ocean perch
bi omass within the 189-366 m depth strata. Biomass estinmates were also
recal cul ated for the 189-366 m depth strata from the 1979-82 survey data.

Al though the sanpling design and trawl gear enployed during the 1969 and
1979-82 surveys were different, the data should still provide an approxi mation
of changes in abundance between the two periods. These data indicate that
Pacific ocean perch biomass fell approximtely 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 sumrer-fall of 1980, the NMFS Northwest and Al aska Fisheries
Center, in cooperation with the Japan Fishery Agency, conducted a groundfish
survey of the Aleutian Islands from Uninmak Pass to Attu Island. This was the
first NVFS resource assessment of groundfish in the Aleutian Islands region.
Therefore, no previous survey data bases were available to neasure 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 assessnents.

The expl oi tabl e biomass of Pacific ocean perch in the Aleutian |Islands

region (long. 170°E - 170°w) was estimated at 107,800 t. The biomss estimate
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fromthe Al eutian |Islands portion of INPFC Bering Sea statistical area 1 was
about 7,000 t. The bulk of the bionmass (86.2% occurred in the depth range
from 100 to 300 m

Al'though many trawl surveys have been conducted in the Qulf of Al aska,
currently no reasonabl e biomass estimtes exist for Pacific ocean perch in the
region. The 1984 conprehensive resource assessnent survey in the @Qlf of
Al aska should provide these data.

The biomass estimates fromthe above-nentioned 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 colum
above that sampled by the bottomtraws. Pacific ocean perch are also known
to inhabit areas of rough bottom which were avoi ded 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 tine.

Cohort ana sis (Pope 1972) gives an alternative to commercial CPUE and,
trawl survey stock assessnent nethods of estimating abundance. This nethod
circumvents the need for effort statistics and estimates stock abundance in
actual nunmbers. However, cohort analysis requires historical catch-at-age,
data, an estimate of natural nortality, and an estimate of terminal fishing
mortality for each year class.

Ito (1982) applied cohort analysis to catch-at-age data fromall three
stocks.  For each stock, catch and age data (1963-79) were derived from
Chi kuni (1975), foreign reported catches, and the U S. observer data bases
(Appendix A). Natural (M and terminal fishing nortalities (F(t)) were taken

fromthe 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 enpl oyi ng CPUE as an index of stock abundance, a major source of
bias stems from the measurenent of effective fishing effort. Effective effort
is difficult to quantify, particularly in nultispecies fisheries. Chikun
(1975) attenpted to estimate effective fishing effort but, as noted above
there were drawbacks to his nethod. Furthernore, none of the CPUE data used
in his analysis were adjusted for learning and skill factors. Rapid
devel opnents 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; noreover, stock size is neasured in terms of absolute nunbers of fish
rather than as an index. Although cohort analysis is free fromerrors
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) exanmined their effect on the abundance
estimates from cohort analysis. Natural nortality was varied using val ues of
0.05, 0.10, 0.15, 0.20, and 0.30. The values of F(t) emoyed were 0.175
0.350, 0.525, 0.700, and 1.050. Based on the literature,, these values
appeared to enconpass the conceivable range for the nodel paraneters.
Regardl ess of which paraneter conbination was used, the results always

indicated a decreasing trend in biomass.
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CURRENT STOCK ASSESSMENTS

Met hods

Stock assessnments presented in this report are based on Virtua
Popul ation Analysis (VPA) and Stock Reduction Analysis (SRA). The standard
formof VPA was used (called "Culland' s VPA" by Pope 1972), which can be
described by the exponential mdel of survival. Stock Reduction Analysis
(Kimura and Tagart 1982; Kimura et al. 1984) is a new, biomass-based nethod of
stock assessnent using Deriso's (1980) delay-difference equation. The
assunptions of VPA and SRA differ significantly, so that the two nodels are
capable of providing relatively independent assessments

The controversy on nethods of deriving age data fromotoliths (whether
the nmethod 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 nethod were significantly higher than
data derived fromthe latter nmethod, and these higher ages have been validated
in some Sebastes species (Bennett et al. 1982). Pacific ocean perch is the
prine exanpl e used by Canadian scientists (Archibald et al. 1983; Beam sh and
McFarl ane 1983) to describe how nis-aging has lead to incorrect stock
assessments.  The consensus anong rockfish biol ogi sts now appears to be that
data derived from the sectioned, or break-burn method, provide the nore
correct ages.

M s-aging affects stock assessments in three main ways: nost
importantly, in our estimates of the natural nortality rate M in our

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

determ nati on net hodol ogy has on natural nortality estimates is critical, wth
M = 0.05 for ages derived from the sectioned nethod (Archibald et al. 1981)

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

What estimates of natural nortality should we use in our stock
assessnents? Based on the literature, M= 0.05 is our preferred estinmate of
natural nortality, but the appropriate natural nortality rate for a stock
assessment nust also take into account the data to be analyzed. Because the
catch-at-age conpositions to be anal yzed using VPA are based on surface ages,
using the natural nortality rate of M= 0.05 would overestimate F and result
in biomass estinmates that are seriously biased in the low direction.

Therefore, we feel that M= 0.15 is the correct natural nortality rate to use
in analyzing surface-aged data using VPA

Because SRA anal yses annual catch in weight rather than annual catch in
nunbers at age, we can use M= 0.05 in SRA without being concerned with age
distribution of the catch.

Wien comparing VPA and SRA assessnents, we nust realize that not only are
they based on different natural nortality rates, but nmay also define the
popul ation biomasss differently. In this study, the population bionmss for
VPA was estinmated using ages 5+ and 9+; for SRA, the population biomsss was

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

Virtual Population Analysis
The equations for the standard formulation of VPA are underdeternined
This nmeans that a prelimnary estimate of Fis required for every cohort being

analyzed. We did this by setting a single F value in a single cohort to sone
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constant and then linking the other cohorts by assuming different ages in the
sane year were fished at the same rate. This method of linking cohorts was
apparently developed by W H Lenarz, NWS Southwest Fisheries Center,
Tiburon, California, and is described by Tagart (1982).

Because the initial F values influence the results, it is inportant to
run VPAs using a variety of initial F values. Due to the convergence
properties of VPA (Pope 1972), bionmass estimates for earlier years are often
simlar 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 nmaj or problemin our assessment of Pacific ocean perch is that our age
data, which were derived fromthe |ayers observed on the surface of unbroken
otoliths, are now thought to be incorrect. The SRA allows an assessnment of
perch that is independent of detailed age conposition data. The SRA nethods
used in this report were described briefly in Appendix B and in a paper by
Kinmura et al. (1984).

Al t hough SRA does not require detail ed age conposition data, estimates of
the age at recruitment (k), the natural nortality rate, and the, Brody growth
coefficient are required. The age at recruitment was calculated to be
k =9 yr fromthe average nodal surface age in catches fromthe GQulf of Al aska
(data fromlto 1982). Because we w shed our assessment to be consistent with
the ol der ages derived fromsectioned otoliths that have been broken and
burned, we used avail abl e biol ogi cal data from Pacific ocean perch in Queen

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

used to estinate the Brody weight coefficient p = 0.38.

Rebui | di ng Schedul es

One of our principal goals in this study was to predict possible
rebuil ding scenarios given current stock conditions. W 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. Kinura (1984) describes how variability in
recruitnent can be added to this projection.

Using the SRA nodeling results to project future stock bionmass has
several advantages over using results from the VPA analysis. Mst
inportantly, since M= 0.05 was used in SRA and M = 0.15 was used in VPA
recruitnment according to the VPA can be expected to be overestimated. A graph
of the expected recruitment lines (Fig. 9, Appendix B) indicates recruitnent
using M= 0.15 may be overestimated by a factor of 2. Second, because
recruitnent is a conponent in the SRA nodel, future stock biomass can be
estimated in a straightforward way. Finally, assunptions concerning current
stock condition and stock-recruitment relationships can be easily modified in

the SRA nodel .

Results of Current Assessnents
Virtual Popul ation Analysis
A range of F values was used to initiate the VPA conputations because
precise estimates of F were not known for recent years. The values enployed

for the eastern Bering Sea and Aleutian Islands stocks ranged from 0.05 to
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1.00; for the Qulf of Alaska stock,. the range spanned from0.01 to 0.50.

Al t hough these val ues were chosen sonewhat arbitrarily, they were believed to
enconpass 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
inthe Aleutian Islands stock may have decline 76.7% 98.2% from 1964 to 1979
(Fig. 7). The @ulf of Al aska stock apparently underwent large reductions in
bi omass as well. The 1979 biomass estinmates for this stock represented a
reduction of 69.1-99.5% from | evels present in 1963 (Fig. 8).

Regardl ess of the F value used, however, the resulting biomass trends
converged toward simlar estinates 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
@l f of Al aska stocks, respectively.

Al biomass estimates presented thus far included 5 to 20 yr-olds.
However, if we assune knife-edge recruitnent at sone age greater than 5 yr,

t he above estimates would not reflect "exploitable" biomass--the exploitable
bi omass woul d of course be less. In the present study, knife-edge recruitnment
is assuned to occur at age 9 yr for all three stocks.

Gven an estimate of the virgin stock bionass, naxinum sustainable yield
(MSY) can be estinmated as:

MSY = 0.5 M B, (1)
where M = natural norality rate and B, = the virgin (unexploited) biomass of,

the exploitable stock (Qulland 1970, Francis 1974). The B, estinmate for each
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stock was cal cul ated by sunming the age-specific biomass estimtes fromages 9
to 20 yr fromthe VPA results for the earliest year in the data series.
Because the VPA analysis was executed with a range of F values, the above
summ ng procedure was done to obtain the corresponding range of exploitable
virgin biomsses for each stock.

Estinates of MSY were cal cul ated using equation (1) and were based on
M= 0.15 and the B, estinmates (ages 9+) from Table 8. The MSY estimates for

each stock. are shown bel ow

Regi on Estimates of MY
Eastern Bering Sea 10, 050 t
Al eutian |slands 28,950 t
@l f of Al aska 93,525 t
Tot al 132,525 t

These MSY estimates are considerably |ower than those estimted by Chikuni
(1975): eastern Bering Sea, 32,000 t; Aeutian Islands, 75,000 t; and Qulf of

Al aska, 150,000 t.

Stock Reduction Analysis

Treating each stock separately, Stock Reduction Analysis (SRA) was used
to analyze Pacific ocean perch in the @lf of Al aska, the Aleutian |slands
region, and the eastern Bering Sea. The nost recent survey estimates of
Paci fic ocean perch bionmass were 13,600 t in the eastern Bering Sea (Table 7)
and 107,800 t in the Aleutian Islands region. Recent traw surveys in the
@l f of Al aska have not lent thenselves to estimates of biomass, but relative
| evel s can be inferred from CPUE. Considering the catch history of Pacific

ocean perch, these levels would indicate that stocks are now low. To be
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consistent with the survey results, SRA estimates of P (P = B,/ B

is virgin biomass and B, is final 1983 bjomss) nust average |ess than 0.3.

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

tables of P (Tables 9-11), assuming different values for B, 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 fromthe range of B, constrained

by P~ 0.2 with 0.0 <r < 1.0. This interval is not a statistical confidence
interval, but an interval consistent with P2 0.2 and strong or weak
recruitnment. These estimates are shown bel ow

Estimates of
virgin bionass

assuming P22 0.2, r = 0.5 I nterval consistent
Regi on (thousand t) with SRA, P 0.2
Eastern Bering Sea 240 + 30
Al eutian |slands 560 + 60
Qul f of Alaska 1, 450 + 150
Tot al 2,250

SRA estinmates of maximum sustainable yield--Estimates of Maxi mum

Sustainable Yield (MSY) were calculated using the fornulas described in
Appendix B. High estinmates of MSY were cal cul ated assuming a

nomnal P2 0.25 with r = 0.0 (assunming F = M, and nmiddle estimtes were
calculated assuning P & 0.2 with r = 0.5. The constraint F = M was used
because it is unrealistic to assume expected recruitnment woul d remain constant
at |ow biomass |evels and because of the precedence of this relationship in
the groundfish stock assessment literature (Qulland 1970; Francis 1974). \hen

r = 0.0, SRA solutions for P<<0.25 were not possible because predicted catch
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woul d exceed bionmass at sone point in tine. 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 MY

are shown bel ow.

Estimates of MSY in t

Region .. PR 0.25, r = 0.0 PR 0.2, ¥ = 0.5 r = 1.0
“ (F =M
Eastern Bering Sea 4,984 2,840 0
Aleutian Island 11,865 . 6,627 0
"Gulf of Alaska ' 30,849 B 17,160 0
‘ Total 47,698 . 26,627 0

Rebui | di ng Schedul es

As noted before, our current survey estimates of stock bionmass (13,600 t
in the eastern Bering Sea, 107,800 t in the Aleutian Islands region) indicate
P<0.3. Wththis in mnd, SRA nodels were fit assuning P= 0.1,0.2, and
0.3, withr = 0.5 and P~ 0.25 withr = 0.0. Recall that when r equals 0.0,
SRA fits with P<<0.25 were not possible with our data sets. The estimated
hi storic stock bionass 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 fromthese fits (i.e., the estimated
stock biomass at the beginning of 1983) and predicted future bionmasses were
calcul ated for each study, region, assuming constant future instantaneous

fishing nortality rates of F = 0.0, 0.02, and 0.05 (Tables 12-14).
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Di scussion of Current Assessnents

Current Stock Conditions

Unless additional information is available, VPA and SRA tell us nothing
about current stock conditions. However, if current stock bionasses are
known, a unique VPA solution can be deternmined, as well as an SRA solution up
to the recruitment exponent r. Therefore, for both VPA and SRA, a conplete
assessment rests on survey estimates of current bionmss. However, being
cogni zant of the potential errors present in survey bionmass estimtes, we use
survey results nainly to establish the maxi mum SRA P value to be less than or

equal to 0.3.

Virgin Biomass
The nost robust paraneter estimated in both VPA and SRA is virgin

bi omass. The SRA and VPA estimates of fishable biomss (ages 9+) are shown

bel ow.
Virgin Bionmass Estimates in 1,000 t
Regi on VPA SRA (P2 0.2, r = 0.5)
Eastern Bering Sea 134 240
Aleutian Islands 386 560
@l f of Al aska 1,247 1, 450

Tot al 1,767 2,250

The difference in these estimates may possibly be explained by the
difference in natural nortality rates (M= 0.15 for VPA and M = 0.05 for SRA)

used in the assessnents, 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.

Maxi mum Sustai nable Yield
Roughly speaking, MSY is determned by the natural nortality rate and
stock-recruitnent relationships in a population. Estinates of MSY estimated

from VPA are conpletely different from those obtained through SRA

SPA estimate of MSY (M = 0.05)
VPA estimate PR 0,25 r = 0.0 P2 0.2 r = 0.5
Region ., of MSY (M = 0.15) (assuming F = M)
Eastern Bering Sea 10,050 4,984 2,840
Aleutian Islands 28,950 11,865 6,627
Gulf of Alaska 93,525 30,849 17,160
Total 132,525 47,698 26,627

These differences reflect differences in assumed natural nortality rates,
and for SRAwithr = 0.5, differences in the assuned stock-recruitnment
relationship. There are also biases in the nobdels and data that are very
difficult to evalute.

The VPA estinmates of MSY though much higher than the SRA estimates are
still considerably lower than the estinmates made by Chikuni (1975). It is now
apparent fromthe catch records (Table 1) and current stock conditions that
catches of this magnitude were not sustainable.

The SRA probably used the nore correct estimate of natural nortality
(M= 0.05), but estimates of MSY are conplicated by the recruitment exponent
r, which greatly affects the. estimates. Low s (1975) conbined estinmate (based
on production nodeling) of 12,000-17,000 t for the conbined eastern Bering Sea
and Aleutian Islands regions conpares well with the conbined SRA estinates of

9,467 t (P& 0.2, r = 0.5) to 16,849t (R 0.25 r = 0.0). If the
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productivity of the stocks is measured by MSY + (virgin bionass), our high MY
estimates give a productivity index of 2.1%conmpared with 2.2% estinated by
Archibald et al. (1983) for Pacific ocean perch in the Queen Charlotte Sound
region. \While we have sonme hope that the |arger MSYs cal cul ated from SRA nay
be attainable, it appears equally likely that the existence of a stock-
recruitnent relationship will curtail MSY to the nmiddle estimte of

26,627 t (B4 0.2, r = 0.5 for the three study regions.

Rebui | di ng Schedul es

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 fromlow stock levels. Wth a noderate stock-
recruitnent, 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 inportant to realize that for
F>0.0, the Equilibrium Bionass (EB) is significantly snaller than virgin
bi omass (B,). The EB is the asynptotic bionmass |evel towards which the stock
is moving. For r = 0.5 and F = 0.02, EB/B, = 0.51; for r = 0.5 and F = 0.05
EB/B, = 0.25; for r = 0.0 and F = 0.02, EB/B, = 0.71, and for r = 0.0 and
F = 0.05, EB/ B, = 0.50.

At this time, we do not know which value of r is correct; in fact, as far
as nodeling rebuilding goes, different values of r may be appropriate at
different stock biomass levels. As a stock rebuilds, strong recruitnent

(i.e., small values of r) becomes nore |ikely.
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An important fact is that for r = 0.5 and F = 0.05, there is virtually no
rebui l ding, and EB = 0.25B;. However., for r = 0.5 and F = 0.02, EB = 0.51B,,
and asynptotic yield is nearly the same as for F = 0.05. Therefore, to our
know edge, an F of 0.02 appears to be the maxi mum al | owabl e val ue consi st ent
with concern for these stocks. Even smaller values of F are desirable,
allowing for nore rapid rebuilding, and providing a cushion for modeling and
survey bias. These argunments are based on equilibriumconditions and do not
consider costs involved in reaching these equilibria.

Using the nost recent survey results, we estimate P < 0.3 for the eastern
Bering Sea, the Aleutian Islands region, and the Gulf of Al aska. However,

@l f of Alaska surveys have been fragmentary and cannot provide bionass
estimates. More accurate and nore recent surveys coul d strengthen our
conclusions. Future surveys will allow us to nmeasure the actual rate of
rebui l ding, and develop firmer estimates of the sustainable yield from these

st ocks.
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ECONOM C ANALYSI S

The SRA sinulation nmodels for the three areas and four cases described

below were run for a range of Fs.

Region Case 1 " Case 2 " Case 3 . Case 4
Gulf of Alaska’

Value r L T 0.5 - ‘ 0.5 : - 0.5 . 0.0
Value P 0.112 0.194 0.308 0.266

Aleutian Islands

Value r 0.5 0.5 0.5 0.0
Value P .. . -~ ‘ -0.111 s 0.198 - 0.303 0.240

Eaétern Bering::-Sea
Value r- N 0.5 ‘ 0.5 . - 0.5.. . 0.0
Value P - N 91101.‘ N Q.198 0.301 . 0.261
The ratio of 1983 biomass to virgin stock bionmass, P, differs anong cases 1,
2, and 3, as the estimates of the 1983 bi onasses becone successively higher
Case 4 differs fromthe other three cases in ternms #f both the values of P and
r. The latter difference, the assumed recruitnent parameter, is nore
significant. For cases 1 through 3, recruitnent is a function of bionass; for
case 4 it is constant and relatively high. Therefore, nore rapid rebuilding.
and nmuch 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 sinulation nodels to

estimate equilibrium profit as well as other economc variables. Revenue is
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assuned to be the product of catch in netrictons and a constant real ex-
vessel price of $330 per metric ton ($0.15 per pound). Real harvesting cost
is assuned to equal revenue in year 1 of the sinulation, (i.e., it is assuned
that econonic profits equaled zero in 1983, year 1 in the sinulation); and
cost is assuned to change proportionally with F.

Terminal yields and profits in 200-yr sinmulations provide approximations
of the equilibrium values associated with each F. They are approxi nations
because for cases 1-3 and F less than 0.1 equilibriumvalues are closely
approached but not reached in 200 years. The resulting equilibriumyield and
profit curvesare depicted in Figures 16-23. A dominant characteristics of
the equilibriumyield 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. Maxinmum 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 assunmed equal to
M.

The equilibrium profit curves differ fromthe yield curves in the
fol lowing ways: the profit curves are not as flat, the profit curves peak at
significantly lower Fs, and the maxi num 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 nuch less than the MBY 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 sinulations.
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Therefore, the confidence intervals about the point estimates of MSP Fs may be
quite |arge.

The equilibriumyield and profit curves and the associ ated MSYs and MSPs
provi de some useful information; however, with a long-lived and sl ow grow ng
species such as Pacific ocean perch, the concepts of MSY and MSP are of
limted use in evaluating alternative rebuilding schedules. Fifty year
bi onass and yield tine 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 tine paths are sinilar 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. Bionass and yield increase over the 50-yr sinulation for any

F < 0.07.

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

F=20.01, 0.03, or 0.05.

Case 3 (r = 0.5, P = 0.303)
1. Bionmass 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 sinulation 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 sinulation is higher for F = 0.07 than for

F =0.01, 0.03 or 0.05.

Al though the yield and bionass tine paths summarize the degree to which
rebui l ding 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
i nadequate in that: 1) it may be unreasonable to assune 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 cunulative discounted
profit (CDP) tine paths depicted in Figures 48-59 at |east partially elimnate
these two problems. The former problemis exanmined 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 conparison of four 20-yr rebuilding schedules. The
latter problemis reduced because. both harvesting costs and the need to
di scount future benefits and costs are addressed when cunul ative di scounted
profit is used as a neasure of the performance of alternative rebuilding
schedules. The CDP is reported for years 2 through 50 because an estimte of
the actual F in 1983 for each case and area is used in year 1 of each

si mul ati on.
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The CDP time paths are summarized as foll ows:

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 nunber 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 anong the four rebuilding schedul es considered
and in terns of nmaximzing COP, the optimal rebuilding F is 0.01 for
cases 1-3. It is interesting to note that although the optinmal rebuilding F
is the sane 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
knowi ng whi ch of these cases is a nore accurate description of the population
may not be critical in deternmining 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 schedul es
interns of CDP is affected by the discount rate and cost function used in the
simulation nodels. 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
| ower discount rate and/or higher harvesting costs would tend to result in a
nore 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% Wth the exception
of case 1, the rebuilding schedule that provided the highest CDP was the sane
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 nodels results to the harvesting cost function
was tested for two reasons. First, detailed cost information is not readily
avail able; and second, harvesting costs vary ampbng the vessels that would be
expected to participate in Pacific ocean perch fisheries. The sinmulations
were run with both 50% reductions and increases in the initial cost
functions. The use of higher costs decreases the CDP of each rebuil ding
schedul e and increases the relative CDP of |ower F schedules. An increase in
costs does not affect the choice of rebuilding schedul es 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 rebuil ding schedul es!
respectively, for the initial and 50% higher cost functions (see Tables 17
and 18).

The use of the 50% | ower cost function increases the CDP of each

rebui I di ng schedul e 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 terns 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 |ower
costs, respectively. For all other cases of each area, the 0.07 rebuilding
schedul e provides the highest CDP in year 50 with the |ower costs. Wth 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 nmight be preferable to
the four constant F schedul es di scussed above, sinulations were run for 18
additional schedules. Estimates of the cunulative 50-yr yield and di scounted
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
from0.01 to 0.05 in 20 years with constant increments each year, 3) an F that
increases from0.01 to 0.05 in 20 years with in creasing increments each year,
and 4) and 5) an F simlar to that in 3 but with, smaller increments during the
first 10 years. The next three sets of 5 schedules are simlar to the first
set but have base Fs of 0.02, 0.03, and 0.04 instead of 0.01. The 21st and
22nd schedul es 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 tabl es indicate that
the schedule that results in highest CDP is dependent on the case, costs, and
di scount rate used; and as noted above, the quota associated with each
rebuil di ng schedule varies by case
The sinulations discussed to this point have had foreign fishing

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

rebuil ding schedules with year 2 through 6 FF equal to 50, 100, 150, 200 and
250% of the estimated FFs in 1983. The cunulative inpacts on the domestic
fleet in ternms of yield, discounted profit or revenue, and discounted profit
per nmetric ton of foreign Pacific ocean perch harvest are presented by area
and case in Tables 32-67. Donestic costs are assumed to be determ ned by
donestic 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 statenents highlight the data presented in the inpact
t abl es:

1. The inpacts in terms of decreased donestic yield or discounted profit
increase roughly proportionally with FF, therefore, the inpact per nmetric 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)
rebuil ding schedules. However, discounted profits are affected nore than
yi el d.

3. The estimated reductions in domestic profit per ton of foreign catch
are sinlar for cases 1-3 for a given rebuilding schedule, but they are
significantly lower for case 4.

These statenents suggest that the rebuil ding schedule and not the |eve
of foreign effort is the principal determinant of the inpact per netric ton of
foreign catch. This is an inportant conclusion if fees are to be used to

control foreign catch.
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The short-terminplications of the alternative rebuil ding schedul es can
be put into perspective by conparing the near-termyield 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:

Case 1 "+ "Case _2_ Case 3 - Case 4
Gulf of Alaska : '
Actual 1983 catch 7,391 7,391 7,391 7,391
F=0.01 1,500 © 2,800 : 5,000 3,700
F = 0.02. 3,100 5,600 10,000 7,400
'F = 0.03 4,600 8,400 15,000 11,100
Aleutian Islands
Actual 1983 catch 667 667 667 667
F = 0.01 600 1,100 1,900 1,300
F = 0,02 1,200 2,200 ‘ 3,800 2,600
F=0.03 1,800 3,300 . :5,700 3,900
Eastern. Bering Sea. ‘ -
Actual 1983 catch 431 431 431 ‘ 431 -
F = 0,01 240 440 820 - 600
F = 0.02 : 480 880 1,620 1,200
F = 0.03 710 1,310 2,430 1,790

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 approximtely 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 |evel.

For the @ulf of Al aska, the 1983 | evel of catch could be obtained for the

four cases with Fs of approximtely 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
woul d 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 nmuch of the annual
harvest can be taken between August and Decernber. The 1984 optimm yi el d-
total allowable catches (OY-TACS), domestic annual processing (DAPs), joint
venture processing (JVPs), and total allowable |evel 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
Qul f of Al aska 11, 475 2,295 1,082 3,770 4,328
Al eutian |slands 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 traw fisheries targeting on other
groundfish. The analyses presented in a follow ng section, Possible Effects
of Reduced Pacific Ccean 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 inpact 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 approximtely 0.03, 0.016,
0.009, and 0.012, respectively. Wth 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 exanple, the foreign tonnage fee for perch were
set equal to the domestic ex-vessel price of approximately $330, foreign
fleets woul d probably have sufficient incentive to end all targeting and
reduce by-catch. A tonnage fee at this |evel would be higher than the
estimated i npact on domestic fleets per ton of foreign catch (see

Tabl es 40-43).

In comparing the alternative rebuil ding 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 sane 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).

POSSI BLE EFFECTS OF REDUCED PACI FI C OCEAN PERCH QUOTAS
ON EXI STING FI SHERI ES

Rebui I di ng Pacific ocean perch stocks to sone optimal |evel of abundance
may require a reduction in the harvest rate which, in turn, may require at
|l east a short-term reduction in catch quotas. The potential inpact of such
reduced Pacific ocean perch quotas on existing groundfish fisheries depends
largely on the fishing strategies enployed by the various fleets. If fleets
specifically direct their fishing activities or target on Pacific ocean perch,
then the main inpact is sinply a reduced perch catch; but if fleets
incidentally catch Pacific ocean perch while targeting on other species, then
the inpact 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
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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 inpact of reduced Pacific ocean perch
guotas on existing fisheries.

At the outset, we sinplify the discussion in tw respects. First,
reference to Pacific ocean perch will actually be references to a conplex of
five species which includes, in addition to Pacific ocean perch, shortraker,
sharpchin, northern and rougheye rockfishes. These five species were
consi dered jointly both because they occur in simlar habitats and are often
caught together and because they are simlar 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. Furthernore, of
the Japanese Pacific ocean perch catch within the Qulf of A aska, 90% is taken
by small trawlers and |large freezer traw ers.

To determ ne whether or not Japanese trawl ers target on Pacific ocean
perch, we examined the U S. observer catch data, haul by haul, sequentially
over each cruise sanpled during 1982. A total of 31 cruises aboard snall
trawm ers and 13 cruises aboard large freezer traw ers were exanmned. Al though
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 inplies intent and, presumbly,
sonme prior know edge of the likelihood of catching Pacific ocean perch; but,

due to chance and due to the poor selectivity of bottomtraws, the catches
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may not reflect intent. Considering that Pacific ocean perch is one of the
most val uabl e groundfish species groups and often forns dense schools which
can be detected by sonar, it is likely that some traw ers 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 consi stent and how pure nust 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 perfornmance
of vessels can be judged by conparing indices of various aspects of
targeting. Three indices of targeting were considered: 1) percentage by
wei ght 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
conprised at |east 50% of the catch; 3) percentage of all hauls in which
Pacific ocean perch conprised, at |least 50% of the catch. The first index is a
measure of the Pacific ocean perch contribution to the overall catch. Wen
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 nmeasure
of catch purity. Wen a high percentage of the total Pacific ocean perch
catch is, taken in hauls that are primarily pure Pacific ocean perch, it
i ndi cates that schools, rather than isolated individuals, were caught.
Al though this suggests targeting, it could also indicate the occasional chance
catch of Pacific ocean perch schools. The third index is a neasure of
consi stency. \Wen the percentage of all hauls containing at |east 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 |arge 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
pl otted agai nst percentage Pacific ocean perch in the total catch (Fig. 60).
Note the clear difference between vessel classes. Large, freezer trawers
have, in nost 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
Paci fic ocean perch. Large freezer trawers therefore appear to target on
Pacific ocean perch. Conversely, small trawers tend to have a |ow percentage
of Pacific ocean perch in the total catch and, in nmbst cases, a |ow percentage
of hauls with a high percentage of Pacific ocean perch. However, for sone
smal | traw ers, 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

per ch, however, in many cases, the catch records indicated that a vessel
interrupted its fishing activites of walleye pollock or flounders, then noved
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
shal lower water. Although small trawers generally do not target on Pacific
ocean perch, this pattern suggests short-termdirected effort, or swtch
targeting, to Pacific ocean perch by some vessels.

Al though this type of analysis cannot clearly show intent, it does
suggest that nost large freezer trawers and a few snall trawers 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 tramers and 2
of 31 small trawl ers targeted on perch in 1982. O the 1,923 t of Pacific
ocean perch taken by small trawers on 1982, 25% was taken by the two
targeting vessels. O the 5,042 t of Pacificocean perch taken by Iarge
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 Qulf of Al aska.
Consi dering that Pacific ocean perch is quite valuable in Japan and that
the Japanese are allocated a Pacific ocean perch quota, it is not surprising
t hat Japanese vessels appear to target on perch. Pacific ocean perch
targeting is inmportant 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 conposed of two parts, the directed catch and the

i nci dental 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 woul d

allow any directed catch, then the Japanese would have to either alter their
fishing tactics (i.e., time, depth, gear) to nminimze 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 woul d undoubtedly either reduce catch rates or increase harvesting
costs and consequently would be unwel cone to Japanese fishermen. Therefore

if Pacific ocean perch allocations are to be reduced, then it may be
appropriate to set |ow enough allocations to elinmnate the directed catch, but
not so lowthat they interfere with the ability of Japan or other nations to

obtain their allocation of other species.
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W attenpted both to estinate Pacific ocean perch allocations that m ght
neet these criteria and to assess the potential economc inpact of such
reduced allocations on Japanese trawers in the Qulf of A aska. Qur approach
was to examine the effect of sequentially elimnating targeted Pacific ocean
perch catch fromthe total catch, using increasingly inclusive definitions of
targeting. The procedure was as follows. First, all hauls having X% Pacific
ocean perch or greater were elinmnated fromthe catch records of the 13 large
freezer trawlers and 31 small trawlers exanined 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 nmultiplied by the
annual best blend catch estimtes by species and vessel class then sumed over
vessel class. Fourth, the remaining revenue was estimated by nultiplying the
remai ning catch of each species by the price per ton, then sunmng over
species (prices were based on 1982 and 1983 species prices paid by joint
venture processors to US. fishermen - Table 69). This analysis is sumarized
in Table 70 which shows the renmining catches of each species and the
remai ning- conbined revenue after elimnating targeted hauls where the
definition of targeting ranged fromhauls 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 inpossible 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
exanple, that all hauls which had nore 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 renaining catch



49

of Pacific ocean perch is presumably all taken incidentally to other species,
a Pacific ocean perch allocation of 2,207 t would have elimnated directed
catch yet would have allowed the Japanese trawmers to take their allocations
of other species. Since nost targeted hauls contain little beside Pacific
ocean perch, the elimination of these hauls |eaves the catches of nost 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
trawm ers woul d have experienced a 29% decrease in gross revenue, due al nost
entirely to the loss in Pacific ocean perch catch (Table 70).

The sane net hodol ogy used in the above anal ysis was applied to the 1983
U S. observer catch data. The results (Table 71) showed similar trends to
those of 1982 (Table 70). For exanple, assuming that all hauls which had nore
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,
woul d have decreased by only 21% due alnost entirely to the loss in Pacific

ocean perch catch (Table 71).

SUMVARY

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 nodel was used to estinate stock rebuilding rates
under a range of fishing rates. Finally, long-termyields and profits were
exam ned in an economni ¢ analysis and the effects reduced quotas woul d have on

existing fisheries were studied.
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Bi ol ogy

Paci fic ocean perch belongs to the famly Scorpaenidae and is one of 54
or nore species of the genus Sebastes occurring in the North Pacific Ccean and
Bering Sea. The species is semidenersal and inhabits the outer continental
shel f and upper slope regions along the North Anerican coast from La Jolla,
California to the A eutian Archipelago and eastern Bering Sea. Pacific ocean
perch is usually associated with gravel or rocky type substrate found in and
al ong canyons and subnarine depressions of the upper continental shelf. The
bathynetric range of S. alutus is reported as 70 to 640 m with conmercial
quantities generally occurring between 110 and 457 m Pacific ocean perch
undergo a seasonal bathynetric migration associated wth spawning behavior.
This migration. is characterized by a novenent into deep water during the late
winter and early spring to spawn.

Daily vertical shifts, apparently a function of light and feeding, have
been docunented. Perch dwell near the bottom during the day and migrate off
the sea floor during the night. Information concerning novement along the
continental slope, however, is fragmentary. In this study, it is assuned that
mgration of juvenile and adults from one region to another is negligible.

Paci fic ocean perch reach sexual nmaturity at 26-31 cmin length; nales at
6-7 years and females at 8-9 years. Mturation of both sexes appears to
depend nmore 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 l|arvae 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 colum and.

drift with the currents. Spawning sites are believed to be associated with
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circular or slow noving currents so that the pelagic |arvae 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
fromless than 1 year to as nuch as 5 years.

Age determinations from scales and surfaces of otoliths suggest that the
| ongevity 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. Gowh analyses are conplicated by
these age determnation difficulties, but it is clear that Pacific ocean perch

are long-lived and sl ow grow ng.

Description of the Fishery

Japan and the Soviet Union have been the principal nations exploiting the
Bering Sea and @ulf of Al aska Pacific ocean perch stocks. Mst of the Pacific
ocean perch catch is headed, eviscerated, and quick frozen, and is used
primarily for direct human consunption.

The Japanese fishery for Pacific ocean perch can be organi zed into three
maj or categories: the land-based fleet, the nothership fleet, and the North
Pacific tram fleet. The Soviets have enployed two basic types of vessels in
their fishing operations, side trawers and stern trawers. Only ninor
catches of perch have been made by other nations. Productive fishing areas in
the Qulf of Al aska have included the Shumagin |sland grounds, the Al batross
Bank off Kodiak Island, the Portlock Bank south of the Kenai Peninsula, and
the traw able 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 Al eutian

| sl ands.
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Pacific ocean perch are caught year round in the GQulf of Al aska and
during nost 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 chal cogramm; flounders; and Pacific cod, Gadus macrocephal us. In

the Aleutian Islands region, nmost of the 1964 to 1979 Japanese Pacific ocean
perch catch was caught during a 6-nonth period from April to Cctober.

The foreign fishery for Pacific ocean perch began in about 1960. During
the first year the foreign fleets renoved about 6,100 t of Pacific ocean perch
from the eastern slope region. By 1962, the fishery had expanded into the
Qulf of Alaska and Aleutian Islands regions. Gowh of this new fishery was
rapid. Wthin just 6 years of its inception, total removals (all regions
conbi ned) peaked with a harvest of 474,100 t. Soon after, total removals
declined alnost as rapidly as they had increased. In 1982 total catches

amounted to only 1.6% of the 1965 peak catch.

Previous Stock Assessnents

Previous assessnents of Pacific ocean perch have been based prinarily on
changes in catch per unit of effort (CPUE) in the comrercial traw
fisheries. CPUE data, however, have becone increasingly difficult to
interpret as an index of stock abundance. Quota restrictions, effort shifts
to different target species, and rapid inprovenents 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
bi onass estimate of 13,600 t for Pacific ocean perch in the eastern Bering

Sea.



The expl oi tabl e bionmass of Pacific ocean perch in the Al eutian |Islands
region (long 170°E to 170°W was estimated at 107,800 t. The bulk of the
bi omass (86.2% occurred in the depth range from 100 to 300 m

Al though many trawl surveys have been conducted in the Qulf of Al aska,
there currently exists no reasonable biomass estimates for Pacific ocean perch
in the region. However, the 1984 conprehensive resource assessnment survey in
the Gulf of Alaska should provide these data.

The biomass estimtes fromthe above-nentioned traw surveys probably
underestimate the true population size of Pacific ocean perch.

Cohort analysis gives an alternative to commercial CPUE and traw survey
stock assessment nethods of estimating abundance. This method circunvents the
need for effort statistics and estimates stock abundance in actual nunbers.

The abundance results from cohort analysis do not depend on fishing
effort; nmoreover, stock size is neasured in terns of absolute numbers of fish,
rather than as an index. Although cohort analysis is free fromerrors
associated with the estimation of fishing effort, this type of analysis is
subject to its own errors such as incorrect estimation of natural nortality,
fishing nortality, and the age of fish in the catch. However, regardless of
whi ch paraneter conbinations were used, the estimated trend in Pacific ocean

perch biomass was al ways decreasing.

Current Stock Assessnents
Stock assessments presented in this report are based on Virtual

Popul ation Analysis (VPA) and Stock Reduction Analysis (SRA). The assunptions
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of VPA and SRA differ significantly, so that the two nodels are capable of
providing relatively independent assessnents.

The aging controversy is particularly relevant to these assessnents of
Paci fic ocean perch. Ms-aging affects estimates of natural nortality,
estimates of the age distributions of the catch, and estimtes of growh.
Because VPA exanmined catch, and age data determ ned by surface reading of
otoliths, a natural mortality coefficient (M of 0.15 was used in all
applications of VPA

Because SRA anal yzes annual catch in weight rather than annual catch in
nunbers at age, M = 0.05 was used in SRA without concern for age distribution
of the catch.

Not only are VPA and SRA assessnments based on different natural nortality
rates, but they may also define the population biomass differently. For VPA
the popul ation biomass was estimted using either ages 5+ or 9+, and for SRA
the popul ation 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 paraneters 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 bionmass in the Al eutian
I slands stock may have declined 76.7-98.2% from 1964 to 1979. The @l f of
Al aska stock apparently underwent large reductions in biomass as well. The
1979 biomass estimates for this stock represented a reduction of 69.1-99.5%
fromlevels present in 1963.

The resulting VPA biomass trends al ways converged toward simlar

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 Qulf of Al aska stocks, respectively.
Estinmates of maxi mum sustainable yield (MSY) were cal cul ated fromthe VPA

runs for each stock and are shown bel ow.

Regi on. Estimates of MSY based on VPA
Eastern Bering Sea 10,050 t
Al eutian Islands 28,950 t
@l f of Al aska 93,525 t

Total 132,525 t

These MSY estimates are considerably |ower than earlier estinates for these

st ocks.
St ock Reduction Analysis (SRA) was al so used to anal yze Pacific ocean
perch in the Qulf of Alaska, the Aleutian Islands region, and the eastern

Bering Sea. Virgin biomass was estimated and is shown bel ow.

SRA estimtes of

Regi on’ virgin biomass (t)

Eastern Bering Sea 240, 000

Al eutian Islands 560, 000

@l f of Al aska 1,450, 000
Tot al 2, 250, 00O

Estimates of MSY were calculated from the SRA equations. Hgh estimtes

of MBY were calculated assuming a constant recruitment, and niddle estinates
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were calculated assunming a noderate stock recruitment relationship. The SRA

estimates of MSY are shown bel ow.

Mbder at e st ock-

Regi on Constant recruitmnent recruitnent relationship
Eastern Bering Sea 4,984 t 2,840 t
Al eutian |slands 11,865 t 6, 627 t
@l f of Al aska 30, 849 t 17,160 t
Tot al 47,698 t 26,627 t

One of the principal tasks in this report was to predict possible
rebuil ding 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. Wth a noderate stock-recruitnent
rel ationship, rebuilding is relatively slow even when there is no fishing. If
recruitnment is proportional to stock bionmass, no rebuilding can occur.

At this time, we do not know which recruitment assunption is correct. In
fact, as far as nodeling rebuilding goes, different values of recruitment may
be appropriate at different stock bionmass levels. As a stock rebuilds, strong
recruitnent beconmes nore |ikely.

To properly understand the results of the rebuilding predictions, it is
important to realize that when the stock is subject to a fishery, the

equilibriumbiomass (EB) is significantly smaller than virgin biomss (B)).
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An inmportant fact is that for our noderate recruitnent relationship and
with a fishing nortality (F) coefficient of 0.05, there is virtually no
rebuilding, and EB = 0.25B,. However, for F = 0.02 and EB =0.51B,
asynpototic yield is nearly the same as if F =0.05. Therefore, an F of 0.02
appears to be the maxi num all owabl e val ue consistent with concern for these
stocks. Even smaller values of F are desirable, allowing for nore rapid
rebuilding, and providing a cushion for nodeling and survey bias. These
arguments are based on equilibrium conditions and do not consider costs

involved in reaching these equilibria.

Econoni ¢ Anal ysis

Cost and revenue functions were added to the SRA simul ation nodels for
the three areas and for four cases. The four cases differ in terns of
estimated 1983 biomass and/or recruitment. The nodels were used
to: 1) generate equilibriumyield and profit curves; 2) generate 50-yr
bi omass and yield tinme paths for four alternative levels of fishing nortality
(F); 3) estimate the 50-yr curmulative yield and cunul ative discounted profit
(CDP) of 22 alternative rebuilding schedules for a range of harvesting cost
functions and discount rates; and 4) estimate the inpact of alternative levels
of foreign catch on domestic Pacific ocean perch fishernen.

Anmong the 22 rebuilding schedul es considered, the optiml schedule is
determined by: 1) the criteria used to rank the schedules; 2) the case that
is assumed to nost closely approxinmate 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 cunulative yields for the npst and |east restrictive schedul es
ranges only from approximately 10 to 15%

If the alternative schedules are ranked in terms of cunulative discounted
profit, the optinmal schedule is determined by the case, discount rate, and
cost function used. Wth the exception of the l|owest 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 |eve
for much of the 20-yr rebuilding period. Less restrictive schedules are
optimal for case 4. Wth the lowest cost function, one of the two |east
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 estinated 1983 bi onasses vary by case,
the quotas associated with a given rebuilding schedule vary by case
Therefore, even if the optimal schedule is the sane or simlar for severa
cases the associated optinal quotas will differ significantly.

The estimated inpact of foreign fishing on donestic discounted profit
increases roughly proportionally with foreign catch; therefore, the inpact per
metric ton of foreign catch is relatively constant with respect to foreign
catch. The inpact of foreign catch increases as donestic effort increases

Possible Effects of Reduced Pacific Qcean Perch
Quotas on Existing Fisheries

Rebui | ding Pacific ocean perch stocks to some optimal |evel 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 assessnent is made of the potential inpact of
reduced Pacific ocean perch quotas on existing fisheries

To determ ne whether or not Japanese trawl ers target on Pacific ocean
perch, we exanined the U S. observer catch data, haul by haul, sequentially
over each cruise sanpled 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 conprised at |east 50% of the catch; and 3) percent of all hauls
in which Pacific ocean perch conprised at |east 50% of the catch. The first
index is a neasure of the Pacific ocean perch contribution to the overal
catch. VWhen 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 nmeasure of catch purity. Wen 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 nmeasure of consistency.
When the percent of all hauls containing at |east 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 trawers have, in nost cases, relatively high scores for
all three indices of targeting and therefore appear to target on Pacificocean
perch. Conversely, small trawers tend to have a |ow percentage of Pacific
ocean perch in the total catch and, in nost cases, a |low percentage of hauls

with a high percentage of perch. Although snaller traw ers 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 sone vessels.

Al though this type of analysis cannot clearly show intent, it does
suggest that nost large freezer trawlers and a few small trawers were
directing their fishing activities specifically at Pacific ocean perch. Mre
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 @ulf of Alaska. If Pacific ocean perch allocations are to be reduced, it
may be appropriate to set these allocations such that they are |ow enough to
elimnate the directed catch, but not so lowthat they interfere with the
ability of Japan or other nations to obtain their allocation of other species.

W attenpted to estimate Pacific ocean perch allocations that mght neet
these criteria and to assess the potential inpact of such reduced allocations
on Japanese trawers in the Gulf of Alaska. If we assune that all hauls which
had nore than 50% Pacific ocean perch were targeted, then the perch catch
woul d 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 elimnated directed catch yet would have all owed
the Japanese trawmers to take their allocations of other species. Sinilar
trends were observed in the results of the 1983 U S. observer catch data

anal ysi s.
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APPENDI X A

PRODUCTI ON  STATI STI CS

The production statistics enmployed in this study (Table 1) were derived
froma 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
Fi sheries Commi ssion (INPFC) channels or directly to the United States were
used in compiling the remaining Japanese production statistics. Mdification
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 |and-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 renpovals, an effort was nade to
estimate the fraction of this species in the pre-1969 | and-based rockfish
cat ch.

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
determned. The results showed that S. alutus accounted for about 65% of the
total rockfish catch in the eastern Bering Sea sl ope region, and about 85% of
the catch in the Aleutian Islands region. Estimates of pure Pacific ocean

perch catches were then obtained under the assunption that the 1969 and 1970
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proportions were representative of Pacific ocean perch in the pre-1969 | and-
based rockfish catch.

Rockfish catches by the Japanese nothership and North Pacific traw
fleets were originally reported either by major species or lunped into a
category called "other rockfish." Since 1979 the category of "other rockfish"
has been split into two groups (A and B). Goup A is conprised 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) estimtes of
the Soviet Union's catches were used in this study for the years 1960-72.
Soviet production statistics published in INPFC documents (Anonynmous 1978;
(kada et al. 1980) were enployed for the period 1973-76. From 1977 to the
present, catch statistics reported via conventions set forth by the Magnuson
Fi shery Conservation and Management Act (M-CMA) were enployed in this study.

Catches of Pacific ocean perch by nations other than Japan and the Sovi et
Uni on were conbined 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
| NPFC statistical yearbooks and documents. After 1977, catch statistics were

obtai ned through reporting conventions of the M-CMA
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APPENDI X B

SUMVARY OF SRA METHODS

W shall provide a brief description of the Stock Reduction Analysis
(SRA) nodel that we hope will give the reader the ability to understand the
SRA stock assessnment. 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 nodel.

Fundanment al SRA vari abl es:

the year index.

k = the age at recruitnent to the fishable bi omass, assuned to be known
prior to SRA
n = the nunber of years of catch data to be anal yzed.
c;= the catch in weight in year i; these are the nunbers to be anal yzed.
B, = the fishable population biomass at the beginning of year i, including
recruitnent for that year.
R = the recruitment biomass to be added to the fishable stock at the

begi nning of year i.

P = B,./B;, the. ratio. of final biomass to initial biomass.

| nstantaneous nortality rates:

M = the annual instantaneous natural nortality rate, assuned to be known

prior to SRA
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F,= the annual instantaneous fishing nortality rate for year i, to be
estimated using SRA

Z=F + M the total instantaneous nortality rate for year i.

Parameters in the Deriso delay-difference equation:
s;= exp(-Z), the survival in the fishable biomss in year i.

p = the Brody weight coefficient, estimated prior to SRA

Paranmeters in the Cushing recruitment nodel:

r = the exponent in the Cushing recruitment nodel, assumed to be known

prior to SRA

R,= the Cushing recruitment coefficient to be estinmated using SRA

Parameters related to sustainable yield:

F = the fixed, long-term instantaneous fishing nortality rate for which B

and Y are cal cul at ed.

S = the equilibriumsurvival rate in the fishable bionmass.

U = the equilibrium exploitation rate.

B = the equilibrium popul ation bionmass under the fishing rate F.
Y = the equilibriumyield under the fishing rate F.

SRA is defined by the set of three. simultaneous nonlinear equations:

G= BF(1-s))/z,

(1)
B= (1 + p)s;.iB.1-05;.:5.,.B.,+R, and (2)
P=B, ../ By, (3)

Equation (1) is the usual catch equation; equation (2) is the Deriso (1980)

del ay-di fference 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
Cushi ng nodel :
R= R (B./B)", (4)

For r = 0.0 equation (4) is a constant recruitnent nodel, and for r = 1.0
recruitment is proportional to biomass. Thus, the increase inr from0.0 to
1.0 describes an increase in dependence of recruitnent 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 sinultaneous equations in n+3
unknowns (B, R, P, and F;, . . . F,). If we further assune that B, 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 =B B{[l - exp(-M] + plexp(-2M - exp (-M]}- (5)
What all this means is that if M p, and r are assuned to be known, then
fixing any one of the other unknowns (B, R, P, F,, . . . . F) wll define a
unique solution to the SRA equations (i.e., define a unique n+3-tuple
(B, R, P, F, . . .. T)).
In our assessnent of Pacific ocean perch, the paraneters M = 0.05 and
p = 0.38 were fixed and never changed. W varied the quantities B, and r,
each set of values defining a solution point (B, R, P, F;, .... F). For
each combination, of B, 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 assessnment on nominal values of P. The MSY was estimated from

SRA nodel s assuming P #20.25 and r = 0.0, as well as P~ 0.2 and r = 0.5.
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Gven a solution to the SRA equations (B, R P, F,..., F,) and a
fixed long-term instantaneous fishing rate F, the equilibrium bionass curve

can be estinated by

1

~ -~

= (R, /B,T)/11 4 ps” - (1 + s} T, N - (6)

and the equilibriumyield can be estimted by

Y = UB, (7)
where U = F(1-s)/Z.  Maxinum sustainable yield (MSY) occurs at that F where
(7) is. maximzed, or if (7) is nmonotoic, we select Y where F =M

The value of r is a critical paraneter when MSY is being estimated.

G ven SRA stock assessnents with the same nomnal value of P, for r = 0.0
recruitnent is constant and MSY is relatively large, while for r>00
recruitnent is dependent on stock size and the MSY will be smaller. Thus, for
a given value of P as r approaches 1.0, MSY becormes progressively snaller
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 assumng nomnal P values of P & 0.25 with
r = 0.0, and P~0.1, 0.2, and 0.3 with r = 0.5.

Because recruitnent does not depend on stock biomass when r = 0.0, stock
rebuilding is nmost rapid under this assunption. As r increases, recruitnment
becones increasingly dependent on stock size, and stock rebuilding is at a
slower pace. If r + 1.0, recruitnment is proportional to stock size and the

stock is unable to rebuild.



Table 1. Annual catch of Pacific ocean perch fromthe eastern Bering Sea, Aleutian Islands, and Qulf of
Al aska regions (thousands of nmetric tons).

Eastern Bering Sea Aleutian Islands Gulf of Aalaska
Other Other Other
Year Japan USSR nations Total Japan USSR nations Total ~Japan USSR nations Total
1960 1.1 5.0 -— 6.1 —— ———  ———- - —-—— | m—— - -
1961 13.0 34.0 47.0 —— ——— —-— —-——— —— 16.0 —-—— 16.0
1962 12.9 7.0 —-— 19.9 0.2 —-——- -— 0.2 ——— 65.0 —~— 65.0
1963 17.5 7.0 -— 24.5 0.8 20.0 —-— 20.8 6.3 130.0 —— 136.3
1964 13.6 " 11.5 -—— 25.1 ) 29.2 61.0 L ——— 90.2 13.4 230.0 -— 243.4
1965 8.5 9.0 - 17.5 37.0 71.0 L =—— 108.0 42.6 306.0 —-——— 348.6
1966 16.5 2.7 -—— 19.2 32.4 57.7 -— 90.1 65.0 135.8 -— 200.8
1967 20.8 T —-— 20.8 14.1 46.6 -— 60.7 '53.5 66.5 -—— 120.0
1968 24.4 3.1 -— 27.5 23.7 26.6 —_— 50.3 55.0 45,2 —-—— 1100.2
1969 15.0 Tr —— 15.0 15.6 23.2 -—— " 38.8 53.6 18.8 0.2 72.6
1970 8.7 Tr - 8.7 13.6 53.3 -—— 66.9 44 .4 Tr 0.5 44.9
1971 9.0 Tr -— 9.0 14.6 7.2 —-—— 21.8 47.8 29.7 -——- 77.5
-1972 i 4.8 0.2 -— 5.0 8.6 24.6 -— 33.2 50.6 24.0 3.0 77.6
1973 2.6 1.0 ——— 3.6 9 2.5 —-—— 11.9 47.4 5.6 3.4 56.4
1974 6.0 7.4 —_—— 13.4 21.7 0.8 -—— 22.5 37.0 11.0 3.0 51.0
1975 3.4 5.4 Tr 8.8 9.4 8.1 Tr 17.5 34.1 13.3 3.0 50.4
1976 - 2.6 12.1 0.6 15.3 10.8 3.7 Tr 14.5 35.4 8.5 1.6 45.5
1977 2.9 0.1 0.5 3.5 5.7 0.8 0.1 6.6 19,2 1.8 0.6 21.6
1978 2.0 Tr 0.4 2.4 4.8 0.2 0.2 5.2 3.9 0.6 3.5 8.0
1979 1.7 Tr 0.2 1.9 5.3 Tr 0.2 5.5 6.7 0.8 0.8 8.3
1980 0.4 0.0 0.0 0.4 3.3 0.0 0.4 3.7 9.2 1.2 0.4 10.8
1981 0.8 0.0 0.4 1.2 3.3 0.0 0.2 3.5 8. 0.0 2.0 10.5
1982 0.4 0,0 0.2 0.6 1.3 0.0 0.2 1.5 4.6 0.0 0.8 " 5.4

18



Table 2.--Pacific ocean perch catch and effort
Japanese mothership and North Pacific traw

in t

82

he eastern Bering sea slope region, 1968-1979.

data of stern trawers
fishery by vessel class

in the

Vessel class a/

3 4 5 6 7

Year . 8 9
(A) Catch in Metric Tons.
1968 895 3,847 695 1,938 378 10,012 1,776
1969 361 . 3,709 102 258 94 4,037 2,103
1970 77 . 215 78 55 301 3,168 1,495
L1971 96 1,558 "~ 35 203 992 1,855 459
1972 8 997 317 15 404 316 1,310
1973 - 377 - 199 487 146 398
1974 -- 640 90 520 700 609 735
1975 - . 578 - 204 343 784 171 293
1976 -- 310 188 152 772 70 545
1977 - 380 357 ;' 155 114 193 534
1978 - 531 154 178 54 130 545
1979 - 731" 201 42 104 44 85
(B) Fishing Effort in Number of Hours Trawled.
1968 10,360 29,815 = 2,627 1,770 148 6,697 4,564
1969 9,505 26,462 1,617 1,463 1,228 9,542 12,536
1970 10,346 29,370 1,778 239 3,420 12,241 13,945
1971 12,548 41,096 2,082 1,914 3,522 14,614 26,638
1972 16,630 30,207 2,896 1,831 5,823 16,081 24,502
1973 - 25,674 1,307 1,612 3,494 11,810 39,696
1974 - 28,953 2,720 3,941 3,668 17,096 39,112
1975 - 41,734 5,506 4,063 3,792 15,797 36,325
1976 - 48,293 4,064 455 1,899 14,720 25,958
1977 - 44,420 3,018 1,533 465 9,869 31,791
1978 - 59,446 5,589 3,802 468 9,853 35,256
1979 - 52,733 5,093 3,095 1,523 9,330 29,140
(C) catch in Metric Tons per Hour Trawled.
1968 .086 <129 +265 1.095 . 2.554 1.495 .389
1969 .038 «140 .063 .176 .076 .423 .168
1970 .007 .007 .044 .230 .088 +259 .107
1971 .008 .038 .017 .106 ©.282 0127 .017
1972 .001 .033 .110 .008 .069 .020 .054
1973 -——- .015 - +123 .139 .012 .010
1974 -_— .022 - .033 .132 © 191 .036 .019
1975 - 014 .037 .084 «207 .011 .008
1976 e .006 .046 .334 . 406 .005 .015
1977 - .009 .118 .010 .245 .020 .017
1978 -— .009 - .028 ©.047 «115 .013 .016
1979 -— .014 .040 .014 .068 .005

.003

a/ 'No data for classes 1 and 2.

tonnage classification of:

1= 71-100
2=101- 200
3=201- 300

4= 301-500 7=1501- 2500
5= 501-1000 8=2501- 3500
6=1001- 1500 9=3501 and above

1973-1979 data converted to pre-1973 gross
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Table 3.--Pacific ocean parch catch, and effort data of stern trawers
in the Japanese nother ship and North Pacific traw
fishery by vessel class in the Aleutian region, 1968-1979.

Vessel class a/

Year 4 5 6 7 '8 9
(A) Catch in Metric Tons.

1968 12,157 280 32 2,711 6,787 532
1969 7,290 440 - 4,839 1,125 144
1970 2,384 1,227 - 7,741 249 82
1971 3,322 " 889 1,038 4,984 2,249 449
1972 3,527 1,318 645 2,035 188 135
1973 4,596 - 995 11,881 - -
1974 10,679 1,564 1,326 2,507 25 16
1975 3,916 972 764 1,815 666 -
1976 4,862 823 786 1,600 83 -
1977 2,802 771 219 580 37 -
1978 2,342 480 140 855 183 -

1979 2,265 691 , 50 696 141 .16

(B) Fishing Effort in Number of Hours Trawled.

1968 8,575 115 8 - 216 759 772
1969 1,952 335 - 910 179 38
11970 1,755 600 - 976 161 25
1971 4,543 634 383 720 ° 785 176
1972 6,534 546 493 423 114 . 56
1973 3,999 -~ 658 533 36 -=
1974 13,912 1,822 967 529 70 22
1975 12,337 1,233 543 521 509 -
1976 10,179 897 698 575 251 -
1977 7,599 1,096 248 411 89 p—
1978 8,889 961 206 595 315 -
1979 9,517 1,110 68 631 213 29

(C) Catch in Metric Tons per Hour Trawled.

1968 1.42 2.43 4.00 12.55 8.94 0.69
1969 '3.73 1.31 . S -- 5.32 6.28 3.79
1970 1.36 2.04 - 7.93  1.55 3.28
1971 0.73 1.40 2.71 6.92 2.86 2.55
1972 0.54 2.41 1.31 4.81 ‘ 1.65 2.41
1973 1.15 - 1.51 3.53 - -
1974 0.77 0.86 1.37 4.74 0.36 0.73
1975 0.32 0.79 1.41 "~ 3.48 1.31 -
1976 - 0.48 0.92 1.13 2.78 0.33 -
1977 0.37 . 0.70 0.88 1.41 0.42 -
1978 0.26 0.50 0.68 1.44 0.58 - ==
1979 0.24 0.62 0.74 1.10 0.66 0.55

% No data for classes 1, 2, and 3 which are mainly side and pair

traw s.

1973-1979 data converted to pre-1973 gross tonnage classification
of :

I = 71-100 4 = 301-501 7 = 1501- 2500

2 = 101-200 5 = 501-1000 8 = 2501- 3500

3 = 201-300 6 = 1001-1500 0
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Table 4.--Pacific ocean perch catch and effort data of stern trawers in
t he Japanese nothership and North pacific traw fishery by
~vessel class in the, Qlf of Alaska region, 1968-1979.

Vessel class a/

Year 4 5 6 7 8 9
(A) Catch in Metric Tons.

1968 1,149 3,401 235 12,465 21,727 15,827
1969 4,227 2,143 . 360 10,096 28,008 8,700
1970 5,482 1,511 —-— 9,472 21,614 6,110
1971 2,887 2,772 - 13,088 14,522 14,37
1972 4,332 2,618 2,830 12,388 13,560 13,827
1973 12,315 . 2,691 2,350 10,342 7,317 12,333
1974 7,492 3,009 2,858 2,947 10,692 9,897
1975 2,338 4,568 4,644 4,928 10,941 6,706
1976 1,613 6,434 4,556 3,463 10,135 9,151
1977 2,522 2,357 1,682 2,281 6,511 3,891
1978 508 233 326 . 621 1,230 984
1979 1,046 234 696 952 1,935 1,631

(B) Fishing Effort in Number of Hours Trawled.

1968 1,246 3,496 51 2,255 4,185 4,846

1969 5,510 2,459 o247 2,351 7,394 5,886
1970 4,559 1,159 -- 1,687 4,108 3,166
1971 5,860 2,265 6 2,506 3,239 4,990
1972 11,437 1,957 1,256 2,979 4,401 5,930
1973 18,048 2,782 . 2,345 4,955 3,858 5,411
1974 14,380 3,318 3,250 1,702 6,476 7,314
1975 13,736 5,406 6,319 1,310 7,107 5,106
1976 11,674 - 7,315 4,828 1,015 4,758 5,205
1977 12,497 6,010 2,556 2,117 6,770 3,789
1978 11,387 2,824 2,639 1,933 6,786 2,328
1979 8,711 1,844 2,509 1,788 5,591 2,503

(C) Catch in Metric Tons per Hour Trawled.

1968 0.92 0.97 4.61 5.53 5.19 3.27
1969 0.77 0.87 1.49 4.29 .3.79 1.48
1970 1.20 1.30 — 5.61 5.26 1.93
1971 0.49 1.22 - 5.22 4.48 2.88
1972 0.38 1.34 2,25 4,16 3.08 - 2.33
1973 0.68  0.97 1.00 2.09 1.90 . 2.28
1974 0.52 0.91 0.88 1.73 1.65 1.35
1975 0.17 0.84 0.73 3.76 1.54 1.37%
1976 0.14 0.88 0.94 3.41 2.13 1.76
1977 0.20 0.39 0.66 1.08 0.96 1.03
1978 0.04 0.08 0.12 0.32 0.18 0.42
1979 0.12 0.13 0.28 0.53 ©0.35 0.65

%/  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
@lf of Al aska, 1961 and 1973-76, by region and depth zone!/

1961 CPUE (kg/h) " -7 1973-76 CPUE (kg/h)
Region?/ 101-200 m = .201-400 m - .. .. 101=200 m . 201-400 m
Fairweather 7.4 149.7 o 2.9 0.0
Yakutat 66.3 85.0 | 4.6 ) 6.2
Prince William 48.8 80.1 ' 10.9 1.5
Kenai . 80.4 31.8 4.7 0.0
Kodiak 25.2 2.9 2.4 1.7
Shelikof 2.4 10.5 | 1.4 1.0
Chirikof 135.0 67.8 | 18.3 0.4
Shu‘magi»n » 29,3 431.4 | » - . - .—
Sanak : 7.2 228.6 ) | 0o . 5;.5‘
Total = 50.1  75.6 6.1 3.4

1/ Source: Ronholt, Shippen, and Brown 1978.
’l Regions do not correspond to International North Pacific Fisheries
Conmi ssion statistical areas.
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Table 6.--Relative abundance of Sebastes alutus (catch in kg/h) in
resource assessnent surveys, 1978-81.

) No, of ) Relative
Year Area . station samples. - *abundance (kg/h) Reference
1978 Southeastern - 74 53 1/
1978 vakutat - 100 4 1/
1978 Kodiak .53 4 1/
1978 Chirikof 24 4 1/
1979 Kodiak 73 T 114 2/
1979 Chirikof 55 , 98 Y
1979 Shumagin 43 S 2/
1979 Southeastern 15 i 84 2/
19813/ Yakutat . 63 335 4/
19813/ Yakutat 59 , 193 a/
19813/ Cape Ommaney 72 143 27
19813/  Kodiak 17 80 4/

'/ Fel dman and Rose 1981.

2/ Cruise results, Nore-Dick 79-1.

% Beginning with 1981, surveys were confined to index sites which were areas
of recorded high production by comercial fisheries and thus are not directly
conmparable to earlier surveys.

% 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 nunmbers, and
bi onass of Pacific ocean perch in the eastern Bering Sea (EBS)
region as shown by data from cooperative U S -Japan traw surveys
in 39.79-82 and the traw survey cunducted by Japan in 1969.

Mean estimates " -

o Population 95% confidence intervals
CPUE numbers Biomass for biomass estimates
Depth strata Year (kg/ha) (millions) - (t) (t)
>100 m 1979 . 1.20 6.322 4,459 : S0 - 9,217
1981 ¢ 2.63 ' 14.317° ‘9,821 - 5,567 --14,074
1982 . 1.48 7.781 5,505 3,074 - 7,937

6,595 Average

' Aleutian Islands portion of
+ 7,000 EBS2/

13,595 Entire EBS fegion

189-366 m 1969 22.64 - 31,329 12,732 ~ 49,926

1979 3.15 6.273 4,363 -—
1981 5.41 10.814 7,486 - 4,065 - 10,908
1982 3.80 ©7.490 5,254 2,834 - 7,673

% Biomass estimate of the Aleutian Islands portion of the eastern Bering Sea
region, not sanpled in the 1979-82 EBS surveys. Estimate is based on data
fromthe 1980 U. S.-Japan Aleutian Islands survey.
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88

total virgin biomass (ages 5+) and exploitable
bi onass (ages 9+) by region, based on virtual population
anal ysis results enploying. MO 15 and a range of intial F-values

Midpoint estimates

‘Total virgin

(1,000 t)

Exploitable virgin

F-value biomass biomass

Region Year range (ages 5+) {ages S+)
Eastern ‘
Bering Sea 1963 0.05-1.00 188 134
Aleutian
Islands 1964 0.05-1.00 535 386
Gulf of : ‘
Alaska 1963 0.01-0.50 1,910 1,247

Total 2,633 1,767
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Pacific ocean perch in the @lf of Al aska,

analysis (SRA) estimated of P=B,,/B,

bi omass B)

and r,

highlighted in the analysis;

the SRA equati ons.

n.s.

stock reduction

the proportion of virgin

remaining in 1983 as a function of B; (in thousands of
assum ng M=QO. 05 and p=0.38. Underlined values are

means no solution exists to

Vvirgin SRA 'parameter r
biomass B4

0. 0.25 - 0.50 0.75 1.0
1,650  0+451 0.371 0.308  0.259 0.221
1,600 0.433 .7 0.348 0.283 0.233 0,195
1,500 0.391 . 04296 " 04226 " 04175 ©04137
1,450 0.366 0.266 " 0.194 0.142 0.104
1,400 0.339 ©0.231 0.156 " 0.104 0.067
1,350 0.307 - 0.190 0,112 0.059 04023
1,300 0.266 0.136 0.049 " NeSe : -
1,250 Nn.s. ' .

t)
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Table 10.--For Pacific ocean perch in the Aleutian Islands, stock reduction
analysis (SRA) estimate P=B,,/B,, the proportion of virgin biomss (B,
remaining in 1983 as a function of B ( 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
Virgin SRA parameter r
biomass By ‘ ' ‘
0,0 © 0425 0.50 0.75 1.0
630,000 0.437 0.361 0.303 0.258 0.223
620, 000 0.427 0.349 0.290 0.244 0.209
500,000 0.406 0.324 - 0.262 0.216 0.181
580, 000 0,383 0.296 0.232 0.185 0.150
560,000 © 0.357 0.264 0.198 0.150 0.116
540,000 0.328 0.228 < 0.159 0.111 0.078
520,000. 0.292 0.183 0.111 0.064 0.031
500,000 0.240 0.114 N.S.

495,000 N.S.
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Table 11 .--For Pacific ocean perch in the Eastern Bering Sea, stock reduction
anal ysis (SRA) estimates of P=B,,/B;, the proportion of virgin
bi omass (B;) remaining in 1983 as a function of B (in thousands
of t) and r, assumng M=0.05 and P =0.38. Underlined values are
highlighted in the analysis; n.s. neans no solution exists
to the SRA equations.

Virgin SRA parameter r
biomass Bj ' ‘ L .
0.0 0.25 '~ " '0.50 0.75 1.0

270,000 0.452 0.368 0.301 0.247 0.204
260,000 0.430 0.340 . ' 0.270 0.215 - 0.171
250,000 0.404 0.309 0.236 0.180 . 0.136

- 240,000 0.377 0.275 0.198 0.140 0.097
230,000 0.345 "0.235 ‘ 0.154 - . 0.095 0,052
220,000 . 0.308 0.187 0.101 0.038 n.s.
210,000 0.261 0.121 n.s. :

200,000 N.S.




Tabl e 12.-- For Pacific ocean perch in the Qlf of Aaska, stock rebuilding schedules (assum ng M=0.05 and
P =0.38) for stock reduction analysis (SRA) fits Pyur 0.1, 0.2, and 0.3 with r=0.5 and P»xx0.25 with
r=00 Bi omass estimates are in thousands of t, F is the instantaneous fishing nortality rate,
year 1 is 1983.

r=0.5, P=0.112 r=0.5, P=0.194 . r=0.5, P=0.308 r=0.0, P=0.266

Year of projection F=0.0 0.02 0.05 F=0.0 0.02 0.05 F=0.0 0.02 0.05 F=0.0 0.02 0.05
1 152 152 152 281 281 281 508 508 508 346 346 346
5 197 185 168 336 315 285 572 534 483 518 488 446
10 : 246 218 184 396 349 292 642 564 467 691 617 525
15 301 256 204 458 386 303 710 593 460 826 709 574
20 358 292 220 521 420 311 777 620 452 © 931 773 . 603
25 416 327 235 © 582 451 318 . 841 644 445 1,012 819 621
30 474 360 248 642 481 324 903 665 440 1,076 851 632
35 531 392 260 700 507 330 961 685 435 1,126 - 874 638
40 : 587 421 271 756 532 334 1,015 702 431 1,164 ~ 889 642 .
45 642 448 280 809 554 . 338 1,067 718 428 1,194 - 901 645 .
50 694 473 288 859 574 341 1,115 732 - 426 1,218 . 909 646
Bquilibrium biomass 1,350 687 336 1,450 738 361 1,650 840 410 1,300 927 648
Virgin biomass 1,350 1,350 1,350 1,450 1,450 1,450 1,650 1,650 1,650 1,300 1,300 1,300
Recruitment to : : . .
virgin biomass 42 42 42 45 45 45 51 51 51 40 40 40
Bg/EB 0.51 0.69 0.86 0.59 0.78 0.94 0.68 0.87 1.04 . 0.94 0.98 1.00

EB/VB 1.00 0.51 0.25 1.00 0.51 0.25 1.00 0.51 0.25 1.00 0.71 0.50

6



Table 13.-- For Pacific ocean perch in the Aleutian Islands, stock rebuilding schedules (assumi ng M=0.05 and
P=0.38) for stock reduction analysis (SRA) fits P gx(0.1, 0.2, and 0.3 with r=0.5 and Pxz0.25 with
with r=0.0. Biomass estimates are in thousands of t, F is the instantaneous fishing nortality rate,
and year 1 is 1983.

r=0.5, P=0.111 r=0.5, P=0.198 r=0.5, P=0.303 , r=0.0, P=0.240
Year of projection F=0.0 0.02 0.05 F=0.0 0.02 0.05 F=0.0 0.02 0.05 F=0.0 0.02 0.05
R 58 58 58 111 111 111 191 191 191 120 120 120
5 75 70 64 132 123 112 215 201 181 189 178 163
10 94 84 70 . 155 137 115 242 212 176 258 231 197
15 115 98 78 <179 151 118 268 224 174 311 268 217
20 137 112 84 203 164 121 294 234 171 353 294 230
25 159 125 90 227 176 124 318 244 169 385 313 238
30 : _ 182 138 95 -~ 250 187 126 342 252 167 411 326 242
35 204 150 100 273 197 128 364 260 - 165 431 335 245
40 225 162 104 294 207 130 385 267 - 164 446 341 247
45 ' 246 172 108 314 215 131 405 273 163 458 346 248
50 267 182 11 334 223 132 423 278 162 467 349 248
Equilibrium biomass 520 265 129 560 285 139 630 321 157 500 357 249
virgin biomass . 520 520 520 560 560 560 630 630 630 500 500 500
Recrui tment to , : . .
virgin biomass 16 16 16 17 17 17 20 20 20 16 16 16
Bg/EB

EB/VB 1.00 0.51 0.25 1.00 0.51 0.25 1.00 0.51 0.25 1.00 0.7 0.50

€6



Table 14.-- For Pacific ocean perch in the eastern Bering Sea, stock rebuilding schedules (assumng M0.05 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.
Bi omass estimates are in thousands of t, F is the instantaneous fishing nortality rate, and year 1

is 1983.
r=0.5, P=0.101 r=0.5, P=0.198 r=0.5, P=0.301 r=0.0, P=0.261
Year of projection F=0.0 0.02 0.05 ¥=0,0 0.02 0.05 F=0.0 0.02 0.05 F=0.0 0.02 0.05
T 22 22 22 48 48 48 81 81 81 55 55 55
5 - 30 28 26 57 54 49 92 = 86 78 83 78 71
10 37 33 28 67 59 49 103 91 75 111 99 84
15 ‘ 46 39 31 77 65 51 115 96 74 133 114 .92
20 55 45 34 87 70 52 126 100 73 150 125 97
25 65 51 37 98 76 53 136 104 72 163 132 109
30 74 57 39 107 80 54 146 108 71 174 137 102
35 : B84 62 41 117 85 55 156 1 7 71820 141 U103
40 93 67 43 126 89 56 165 114 70 - 188 144 104
45 102 71 45 135 92 56 173 117 70 193 145 104
50 110 75 46 143 96 57 181 119 69 197 147 104
Bquilibrium biomass S 220 112 55 240 122 60 270 137 67 210 150 105
Virgin biomass - 220 220 220 240 240 240 270 270 270 210 210 210
Recruitment to
virgin biomass 7 7 7 7 7 7 8 8 8 7 7 7
Bg/EB 0.50 ' 0.67 0.84 0.60 = 0.79  0.95 0.67 0.87° 1.03 0.94 0.98 0.

EB/VB. 1.00 0.51 . 0.25 1.00  0.51 0.25 1.00 0.51 - 0.25 1.00 0.7 0.50

¥6
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Table 15.--Estimated Pacific ocean perch maxi num sustainable yield (MY)
and associated biomass by area and case.

Case 1 ‘ Case 2 ' Case 3 Case 4

(r=0.5, (r=0¢l5’ (r=0.'5p (r=000'
Region N "Pag0.1) . 'Paz0.2) Pasr0.3) Pag0.25)
--------------------- 1,000 £t =——ememmmmece e
Gulf of Alaska ;
MSY 16.0 1742 19.5 47.5
Biomass - 363.9 375.4 427.5 " 161.0
Aleutian Islands .
MSY 6.2 6.6 7.5 18.3
Biomass 134.5 145.0 ‘ 163.2 61.9
Eastern Bering Sea ) -
MSY 206 208 3-2 ) . 7-7
Biomass 56.9 62.1 639.9 . .26.0

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 maxi num sustainable profit (MsSP)
and associated yield and biomass by area and case

Case 1 . ‘Case 2 : Case 3 Case 4
(r=0.5, (r=0.5, (r=0.5, (r=0.0,
Region Pag0.1) _Par0.2) PaR0.3) PaR0.25)
---------------------- 1,000' Se—mmccmm i
Gulf of Alaska
MSP (S) 3,560 ' 2,900 2,210 4,695
Yield (t) 14.8 14.7 ' 14.6 27.6
Biomass (t) ' 550 , 694 941 ,' 721
Aleutian Islands
MSP 1,365 1,095 855 1,990
Yield 5.7 5.5 5.6 - 11,9
Biomass 212 284 359 249
Bastern Bering Sea ‘ ‘
' MSP - 598 470 : 370 766
Yield 2.4 - 2.3 © 2.4 : 4.5

Biomass 90 122 ‘ 154 116
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Table 17 .--Estimated 50-year cunulative discounted profit for four
rebui |l di ng schedul es, by discount rate, case and area.

Discount rate = 5%

Case 1 . Case 2 Case 3 Case 4

(r=0.5, (r=0.5, (r=0.5, (r=0.0,
Region ) - Pz 0.1) Pa 0.2) - Pa2 0.3) Pas 0.25)
--------------------- SMilliON-eememm e
Gulf of Alaska
F=0.01 18.1%* 16.4% 10.8* 44.7
0.03 C17.7 13.3 2.3 52.6
0.05 14.9 : 6.3 : =-12.8 “ 53.8%*
0.07 10.3 - 3.8 =32.7 49.8
Aleutian Islands ,
F=0.01 7.0% 6.2% 4,2% 18.3
0.03 6.8 5.0 1.0 21.9
0.05 5.7 2.1 - 4.6 23.0%
0.07 3.9 - - 1.9 -12.1 22.1
Eastern Bering Sea
F=0.07Vv 3.0% - 2.7% 1.9% 7.3
0.03 3.0 2.2 0.5 8.6
0.05 = 2.6 1.0 - 1.9 8.9*%
0.07 2.0 - 0.7 - 5.0 8.2
Discount rate = 10%
Case 1 Case 2 ‘ Case 3 Case 4
(r=0.5, (r=0.5, (r=0.5, (xr=0.0,
Region ' © Pt 0.1) Pal0.2) B, 0.3) - Par0,25)
-------------------- SMillion~———emeccmmc e
Gulf of Alaska
F=0.01 5.2 5.,1% 4,0%* 14.4
0.03 ‘ 6.0% 4,9 1.6 20,7
0.05 ‘ 5.4 2,2 - 5.1 22.8%
0.07 3.5 - 2.4 -15.0 21.7
Aleutian Islands
F=0.,01 2.0 1.9% 1.6% 5.9
0.03 - 2.3% 1.8 0.7 8.6
0.05 2.1 0.8 - 1.8 9,8%
0.07 1.4 - 1.1 -~ 5.5 9.7
Eastern Bering Sea
F=0.01 0.9 0.8* 0,7* 2.4
0.03 1.0% 0.8* 0.3 3.4
0.05 1.0 0.4 - 0.7 3.8%
0.07 0.7 - 0.4 ~ 2.3 3.6

Note- An * indicates the rebuilding schedule with the highest CDP.
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Table 18.--Estimated 50-year cunulative discounted profit for four
rebui |l ding schedul es and for harvesting costs that are 50%
hi gher and 50% | ower than the initial costs by case and area.

50% Higher costs

case 1 Case 2, Case 3 Case 4

(r=0.5, (r=0.5, (r=0.5, - (r=0.0,
Region Pae 0.1) Ppz 0.2) Paz0.3) Paz 0.25)
O S $ Millionm====m=—————e—meeee
Gulf of Alaska : -
F=0.01 8.8*% L= 1.0% -20.9* 23.2%
0.03 2.7 -14.7 . -48.7 ‘ 18.1
0.05 - 5.7 - =32.3 -82.9 6.2
0.07 -16.0" -52.9 - -122.1 - =10.9
Aleutian Islands ) .
F=0,01 3.4 - 0.7% - 7.7% 10.8%
0.08 . 1.0 - 6.2 -18.2 9.8
0.05 - 2.3 -13.3 -31.1 6.3
o 0.07 - 6.3 -21.5 -45.9 - 0.9
Eastern Bering Sea . ‘ A
F=0,01 1.6% - 0.3* - 3.2* . 3.9*%
.0.03 0.8 - 2.6 - 7.6 . 3.1
- 0.05 - 0.4 - 5.6 -13.1 1.2
- 0.07 - 1.9 - 9.1 -19.4 = 1.4
50% Lower costs L
‘Case 1 Case 2 Case 3 '~ Case 4
(r=0.5, (r=0.5, (r=0.5, (xr=0.0,
Region ' Par0.1) Pag0.2) Pag0.3) Pag0.25)
--------- ———rmm—mee—=$ MilliOn---c—cemmc e
Gulf of Alaska
F=0.01 27.4 33.8 42.5 66.1
0.03 32.6 41.3 53.2 87.2
0.05 35.5 44.8 57.4* 101.4
0.07 36.5* 45.4* 56.7 110.4*
Aleutian Islands ‘
F=0.01 10.6 13.2 16.2 25.8
0.03 12.6 16.1 20.3 34.0
0.05 13.7 17.5 21,9% 39.6
0.07 14.1% 17.7* 21.7 43,3*
Eastern Bering Sea
F=0.01 4.4 5.7 7.0 10.7
0.03 5.2 6.9 8.7 1441
0.05 5.7 7.6 9.4* 16.5
0.07 5.9% 7.7* 9.3 17.9*

Note - An * notes the rebuilding schedule with the highest CDP with a
real discount rate of 5%
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Table 20. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates; and 3 cost
factors, Gulf of Alaska, Case 2.

Discount Rate = 54 . - “Discount Rate = 10%
-Cost Factor 50% 100% 150% = 50% 100% 150%
Yield ' Cumulative Discounted Profit
(1,000 t) = (% million) :
1 &64. 2 33.8 16. 4 -1.0 11.3 5.1° -1.2
2 716.7 41. 1 14. 3 -12. 6 17.0 5.5 -5.9
3 703. 7 38.9 15. 7 -7.6 14.9 5.7 -3. 5
4 696. 2 .37.8 16. 1. -5.6 13. 9 5.6 -2. 6
S 691. 2 37.0 16. 3 -4.5 13..3 S.6 -2.2
& &89. 4 38. 1 '15. 4 -7.3 19.1 5.3 -4. 4
7 724. 0 42. 4 12. 6 -17.1 18. 6 5.0 -B8. &
8 715. 3 41. 1 14.0 ~13.1 17.3 5. 4 -4.5
9 710.3 40. 4 14. 5 -11. 4 16. 6 5.4 ~5.8
10 707. 1 © 40.0 14.8 -10. 4 146.3 S. 4 -5. 4
11 710. 3 41.3 13.3 -14.7 18. 1. 4.9 . -823
i2 730. 6 43. 4 10.8 -21. 9 20.0 4.3 -11.5
i3 725. 4 42. 8 11. 9 ~19.0 19. 3 4. 4 ~-10.0
14 722. 5 42. 4 12. 3 -17.8 18. 9 4.8 -9 4
15 720. 6 42. 2 12. 6 -17.1 18. 7 4.8 -9.1
16 727. 6 43. 5 10.2 - -23.1 20. 5" 3.8 -12.8
17 736. 5 44. 2 8.6 -27.0 21.2. 3.3 -14.6
18 734.2 44. 0 2.3 -25. 5 20. 9 3.6 -13.8
19 732. 9 43. 9 9.6 -24. 8 20. 8 3.7 -13. 4
20 732. 1 43. 8 Q.7 -24. 4 20.7 3.7 -13.3
21 741.8 44 8 6.3 -32. 3 22.3 2.2 -17.8
22 762.7 45. 4 -3.7 -52. 9 24.5 -2.4° =29.4
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Table 21. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, Gulf of Alaska, Case 3.

Discount Rate = 5% Discount Rate = 10%
Cost Factor 504 . 100% 1350% S0% 100% 150%
Yield Cumulative Discounted Profit
(1,Q00 ¢t} (% million)
1 Q19. 2 42. 5 10. 8 -206. 9 15. 4 4.0 -7. 4
2 1008. &6 22.1 . 3.3 -435. &6 23. 3 2.5 -18.3
3 984. 7 42. 1 &. 7 -335. 6 20. 3 3.6 -13. 2
-4 ?71. 3 47. 5 8 0 -31.4 18. 8 3.8 -11. 2
9 962. 8 44. 5 8. 7 -22. 1 18. 1. 3.9 -10. 2
& - 964.3 48. 7 7.5 -33. 8 21. 1~ 3.4 -14. 3
7. 1023. 3 °24.1 -0.1 -54.2 25. ¢ 1.1 -23. 6
8 1007. 2 52. 4 3.1 -46.3 24. 0. 2.3 -19. 4
4 998. 4 91. 9 4.4 -42. 8 23. 1 2.7 ~-17.7
10 F?2. 8 20. 9 3.0 -40. 8 22. & 2.9 -16. 9
11 1002. 0 53. 2 2.3 -48.7 23. 95 1.6 -22. 4
12 1036. 7 53. 6 -3.9 -63. 4 28. 1 -0. 6 -22. 3
13 1027. 1 54. 8 -1.95 -57. 7. 27. 0 0.4 -26. 2
14 1021. 9 S4. 4 -0.4 -35.2 26. 6 0.8 -25. 0
15 1018. & 54.1 0.2 -53.8 26. 3 1.0 -24. 4
16 1033. 6 56. 0 -4 6 -465.1 29. 0 -1.3 -31. 5
17 1048. 9 " 96. 7 -8.1 -73.0 29. 9 -2.7 -35. 3
18 1044 6 96. 4 -4.8 -70.0 29. 5 -2.1 -33. 6
19 1042. 3 96. 3 -6.2 -68.7 29. 3 -1.8 - -33.0
20 1040. 8 96. 3 -5.8 -67.9 29. 2 -1.7 -32. 6
21 1059. 9 S7. 4 -12. 8 -82. 9 31. 4 -5.1 -41. &6
22 1099. 9 36.7 -32.7 -122.1 34.1 -135.0 -64.1
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Table 22. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, Gulf of Alaska, Case 4.

. Discount Rate = 5% . . Discount Rate = 10%
Cast Factor 30% 100% 130% . 90% © 100% . 150%
Yield . Cumulative Discounted Profit
(1,000 %) ‘ ($ million)

1 1129. 4 bb. 1 44 7 23.2 22. 1 14. 4 6.7
2 1284. 9 87. 4 54. 3 21. 2 35. 4 21. 2 7.1
3 1242. 1 80. 9 92.1 23. 4 30. S 19.2 . 7.9
4 1218. 3 77.. 4 30. 6 23. 9 28. 2 18. 0 7.8
S 1203. 4 75.2 49. &6 23. 9 26. 8 . 17. 3 7.7
- 1204. 7 77. 6 49. &6 21. 6 30.1 1i8. 1 6.1
7 1311. 3 ?1. 6 54. 8 18. 1 38. < 22. 1 3.3
8 1281. 4 87. 2 83. 7 20.°3 33. 6 20. 9 5.3
?  1265..1 84. <@ 52. 9 21.0 34.1 20. 2 6.4
10 1254.8 B3. 5 22. 4 21.2 33. 2 19.8 & 4
11 1270. 9 87.2 52..6 18.1 36. 2 20. 7 . 4 4
i2 1325. ¢ 95. 2 S54. 9 14. 5 42. 1 22. 7 3.2
13 1317. 4 2.7 54. 5 16. 3 40. 2 22.1 4 1
14  1307. 4 ?1. 3 54. 2 17.0 3e. 2 21.8 4.3
15 1301.2 ?0. 5 33. 9 17. 3 38. 7 21. 95 4.4
16 1329. 2 25.0 3. 9 12. 9 42. 7 22. 2 1.7
17 1359. 0 28. 5 94.5 10. 6 43. 0 22. 9 0.8
18 1350. 4 ?7. 4 34. 5 11. 6 44 1 22. 7 1.3
19 1345. 8 96. 8 54. 4 12. 0 43. 7 22. 6 1.5
20 1342. 9 6.5 594. 3 12. 2 43. 5 | 22. 5 1.5
21 1380.7 101. 4 53.8 6.2 47. &6 22.8 -1.9
22 1464. 7 110. 4 49. 8 -10. 9 393.0 21..7  -11. 48
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Table 23. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, Aleutian Islands, Case 1.

‘ ‘ -+ _ Discount Rate = 5% - Discoaunt Rate = 10%
Cost Factor S50% 100% 150% 50% 100% 150%
Yield . Cumulative Discounted Profit o
(1,000 t) ‘ . (% million)

1 193. 6 10. 6 7.0 3.4 3.3 2.0 0.7
2 205. 4 12. 7 7.2 1.6 4. 9 2.5 0.1
3 202.8 12.1 7.3 2.5 4.3 2. 4 0.5
4 201.2 11. 8 7.3 2.8 4.1 2.3 0.6
S 200. 1 11. 6 7.3 3.0 3.9 2.3 0.7
b 198. 9 11.8 7.0 2.3 4.3 2.3 0.2
7 206. & 13. 1 &. 9 0.7 5.3 2.9 -0. 4
T8 204. 9 12.7 7.1 1.4 . 4.9 2.5 -0.0
? 203. 9 12. 5 7.1 1.7 4.7 2.4 0.1
‘10 203. 2 12. 4 7.1 1.9 4.6 2.4 0.1
11 203. 2 12. 6 5.8 1.0 5.1 2.3 -0. 4
12 207.-7 13.3 6. 6 -0. 2 5.7 2.4 -0.9
13 206. 7 13. 1 6.7 0.3 5. 4 2.4 -0. 6
14 206. 1 13.0 6.8 0.5 5.3 2. 4 -0.5
15 205S. 7 13. 0 6.8 0. 6 5.3 2.4 -0.5
16 206. 7 13.3 6. 4 -0.5 5.7 2.3 -1.2
17 208. & 13. 6. 6.2 -1.2 5.0 2.2 -1.5
18 208. 2 13.5 6.3 -0.9 5.9 2.3 -1.3
19 207. 9 13. 4 6.3 -0.8 5.8 2.3 -1.3
20 207.7 13. 4 6.3 -0.8 5.8 2.3 -1.3
21 20%9. 4 13. 7 5.7 -2.3 6.2 2.1 -2.1
22 213.3 1 3.9 -6.3 7.0 1.4 -4, 3

14.
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Table 24. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, Aleutian Islands, Case 2.

Discount Rate = 54 . Discount Rate = 10%
Cost Factor S04 '100% - 150% 'S90% - 100% 150%
Yield Cumulative Discounted Profit
(1,000 ¢t} : ' (% million) ’

1 260. 1 13. 2 6.2 -0. 7 4. 4 1.9 -0. 6
2 281. 0 16. 0 - 9.3 -3. 4 & 7 2.1 -2. 3
3 275. 8 15. 2 5.9 -3. 4 5.8 2.2 -1.5
4 272. 8 14. 7. &a.1 -2. 6 S.4 2.1 -1.1
o) 270.8 14. 4 6.1 -2.1 5.2 2.1 -1.0
) 270. 2 14. 9 S.8 -3.2 5.9 2.0 -1.8
7 283. 9 16. 5 4. 7 -7.2 7.3 1.9 -3. 6
8 280. 5 16. 0 5.2 -35. 6 4. 8 2.0 -2.7
9 278. S5 -15. 8 5. 4 -4, 9 6.5 2.1 -2. 4
10 277.2 15. & 5.9 -4.5 6.4 2.1 -2.3
11 278. 9 16,1 4.9 -6. 2 7.1 1.8 -3. 4
12 286. 6 17.0 3.9 -2. 1 7.9 1.6 -4.7
13 284. 5 16. 7 4.4 -8.0 7.6 1.7 -4 1
14 283. 4 16. 6 4. & -7.5 7.4 1.8 -3. 9
1S 282. &6 16. 5 4.6 -7.2 7.4 1.8 -3.8
146 285. 4 17.0 3.7 -2. 64 8.0 1.4 -3.2
17 28%. 0 17. 3 3.1 -11.2 8 4 1.2 -35. 29
i8 288. 1 17. 2 3.3 -10. 5 8.2 1.3 -5. 6
i9 287. 6 17. 1 3.4 -10.3 8 2 1.3 -3. 95
20 287. 2 17.1 3.3 -10. 1 8.1 1.4 -35. 4
21 291. 1 17.5 2.1 -13. 3 8.8 0.8 -7.3
22 299. 5 17.7 -1.9 -21.5 Q.6 -1.1 -11. 9
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Table 25. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, Aleutian Islands, Case 3.

Discount Rate = 5% Discount Rate = 10%

Cost Factor ~S0% 100% 150% 50% 100% 150%
Yield. .Cumulative Discounted Profit
(1,000 t) . . ‘ (¢ million)

1 349. 5 16. 2 4.2 -7.7 5.9 1. 6 -2.7
2 383. 4 19. 9 1.4 -17.0 8.9 1.0 -5.9
3 374. 4 18. 7 2.7 -13.3 7.7 1.4 -4 9
4 36%. 3 1i8.1 3.2 -11.7 7.2 1.5 -4 2
5 366. 1 17.7 3.5 -10.8 6.9 1.5 -3.8
b 364. 6 18. 6 3.0 -12. 4 8.0 1.3 -5. 23
7 389. 0 20. & 0.2 -20.3 9.9 0.5 -8. 9
8 382. 9 "20.0 1.3 -17.3 9.1 0.9 -7.2
e 379.5 19. 6 1.8 -16.0 8.8 1.1 -6. 6
. 10 377. 4 19. 4 2.1 -15.3 B.6 1.2 -6.3
11 380. 9 20.3 1.0 -18.2 ?. 7 0.7 -8. 4
12 394. 0 21.2 -1.3 -23.7 10. 7 -0.1 -11.0
13 390. 4 20. 9 -0.4 -21. 6 10. 3 0.2 -9. 8
14 388. 4 20.7 0.0 -20.7 10. 1 0.4 -9. 4
15 387.2 20.7 0.3 -20.1 10.0 0.4 -9.1
16 - 392.8 21. 4 -1.5 -24. 4 11.0 -0. 4 -11.8
17 398. 6 21. 6 -2.9 -27. 4 11. 4 -0.9 -13. 2
18 . 397.0 21.5 -2. 4 -26. 2 11.2 -0.7 -12. 6
19 396. 1 21.5 -2.1 -25. 7 11. 2 -0. 6 -12. 4
20 395. 6 21.5 -2.0 -25.5 11.1 -0. 6 -12. 2
21 402. 8 21.9 -4 .4 -31.1 12.0 -1.8 -15. &
22.  817.9 21.7 -12. 1 -45. 9 13.0" -3.5 -24. 1
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Table 26. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding, schedules, 2 discount rates, and 3 cost
factors, Aleutian Islands, Case 4.

- Discount Rate = 3%Z.. . Discount Rate = 10%
Cost Factor S0% 100% 1'50% S0% 100% 150%
Yield : . Cumulative Discounted Profit
(1,000 t) ‘ o (% million)
1 431. 8 25.8 18. 3 10. 8 8. & 3.9 3.2
2 420. 5 34.2 22. 6 11.0 13. 7 8.8 3.8
3 474. 5 31. 6 21.9 11. 3 11. 8 7.9 3.9
4 4565. 5 30. 2 20. 9 11. 5 10. 9 7.4 3.8
S 459. 9 29. 4 20. 4 i1.4 10. 4 7.1 3.7
6 4560. 0 30.3 20. 5 10. 7 11. & 7.4 3.2
7 500. 3 35. 8 22. 9 10.1 15. 1 .2 3.3
.8 489. 1 34.0 22. 3 10. &6 13.8 8 7 3.5
? 482. 9 33.1 22.0 10.8 13.2 8.4 . 3.5
10 472. 1 32. 4 21. 7 10. 8 12. 9 8 2. 3.3
11 484 .8 34.0 21.9 2.8 14. 3 8 6 2.2
12 S509. 4 37.2 23. 1 2.0 16. 3 ?.5 2.7
13 502. 9 346. 2 22.8 2.5 13. 5 Q.2 2.9
14 428. 7 35. 6 22. &6 2.6 15.2 2.1 3.0
13 . 494. 4 35.3 22. 95 ?.7 15.0 2.0 3.0
16 S50&. 7 37.1 22. 7 8.3 16. 35 2.3 2.2
17 - 318. 0 38. 2 23. 1 7.7 17. 4 .7 2.0
i8 514. 8 38. 0 23.0 8.0 17. 1 2.6 2.1
19 213.0 37.8 23. 0 8.1 16. 9 2.5 2.1
20 512. 0 37.7 22. 9 8.2 16. 8 ?.5 2.2
21 52&6.1 39. 6 23. 0 6.3 18. 4 2. 1.1
22 258. 4 43. 3 22. 1 0.9 21. 4 .7 -1.9
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Table 27. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, eastern Bering Sea, Case 1.

Discount Rate = 5% . Discount Rate = 10%
Cost Factor S50% 100% 150% S0% 100% 150%
Yield Cumulative Discounted Profit
(1,000 ¢t) (# million)

1 79. 2 4 4 3.0 1.6 1.4 0.9 0.4
2 83.8 5.3 3.1 1.0 2.0 1.1 0.2
3 82. 8 3.0 3.2 1.3 1.8 1.0 0.3
4 82. 2 4 9 3. 2 1.4 1.7 1.0 0. 4
S 81.8 4.8 3.1 1.5 1.6 1.0 0.4
& 81.3 4.9 3.1 1.3 1.8 1.0 0.2
7 84. 2 5. 4 3.0 0.7 2.2 1.1 0.0
8 83. & 5.3 3.1 0.2 2.0 1.1 0.1
9 - 83.2 5.2 3.1 1.0 2.0 1.1 0.2
10 82. 9 5.1 3.1 1.1 1.9 1.0 0.2
i1 82. 2 5.2 3.0 0.8 2.1 1.0 -0.0
12 84. &6 2.9 2.9 0.3 2.3 1.1 -0.2
13 84.3 5.4 3.0 0.5 2.2 1.1 -0.1
14 84.0 3.4 3.0 0. 6 2.2 1.1 -0.1
15 83. 9 5.4 3.0 0.6 2.2 1.1 -0.0
16 - B4.2 5.9 2.9 0.2 2.4 1.0 -0.3
17 85. 0 S. 6 2.8 -0.1 2.5 1.0 -0. 4
18 84.8 5.6 2.8 0.1 2.4 1.0 -0.3
ie 84. 7 5.6 2.8 0.1 2.4 1.0 -0.3
20 . 84. 6 S. 6 2.8 0.1 2.4 1.0 -0.3
21 ~ 85.3 5.7 2.6 -0.4 2.6 1.0 -0. 6
22 B&6. 7 5.9 2.0 -1.9 2.9 0.7 -1. 4
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Table 28. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, eastern Bering Sea, Case 2.

Discount Rate = 54 ~: Discount Rate = 10%
Cost Factor 50% 100% . 1504 = '50% - 100% 150%
Yield S Cumulative Discounted Profit
(1, 000 t) ‘ ($ million)

1 111. & 5.7 2.7 -0.3 1.9 0.8 -0.2
2 120. 6 &. 9 2.3 -2.3 2.9 0.9 -1.0
3 118. 4 5.5 2.6 -1.4 2.5 0.9 - -0.6
4 117. 1 6.3 2.6 -1.1 2.3 0.9 -0.5
5 116. 2 6.2 2.7 -0. 9 2.3 0.9 - =-0.4
& 116.0 6.4 2.5 -1.3 2.6 0.9 -0.8
7 121. 9 7.1 2.0 -3.0 3.2 0.8 -1.5
B 120. 4 6.9 2.3 -2.3 2.9 0.9 -1.1
? 119. 5 6. 8 2.4 -2.0 2.8 0.9 -1.0
10 112.0 6.7 2. 4 -1.9 2.8 - 0.9 -0.9
11 119. 6 6.9 2.2 -2. 6 3.1 0.8 -1. 4
12 123. 0 7.3 1.7 -3.9 3.4 0.7 -2.0
13 122.1 7.2 1.9 -3.4 3.3 0.8 -1.7
14 121. 6 7.1 2.0 -3.1 3.2 0.8 -1. 6
15 121.3 7.1 2.0 -3.0 3.2 0.8 -1.6
16 122.5 7.3 1.6 -4.0 3.5 0.6 -2.2
17 124. 1 7.5 1. 4 -5 7 36 0.6 -2.5
18 123. 7 7.4 1.5 -4.5 3. 6 0.6 -2. 3
19 123. 4 7. 4 1.5 -4.3 3.5 0.6 -2.3
20 123. 3 7. 4 1.6 -4.3 3.5 0.6 -2.3
21 1 125.0 - 7.6 1.0 -5.6 3.8 0.4 -3. 1
s a2 128. & 7.7 -0.7 -2.1 q.2 -0. 3 -5.0
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Table 29, Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, eastern Bering Sea, Case 3.

.Discount Rate =.54 . Discount Rate = 10%
Cost Factor  50% 100Z = 150% S0% . 100% 150%
Yield . Cumulative Discounted Profit
(1,000 t) | ($ million)

1 149. 5 7.0 1.9 -3. 2 2.5 0.7 -1.1
2 163. 9 8.5 0.7 -7:1 3.8 0.5 -2.9
3 160. 1 8.0 1.2 -5.6 3.3 0. & -2.1
4 157.9 7.8 1.4 -4.9 3.1 0.7 -1.7
S 156. 5 7.6 1.5 -4.5 3.0 0.7 ~-1.6
6. 156. 8 8.0 1.4 -5.3 3.4 0.6 -2.2
7 166.3 B.9 0.2 -8.5 4.2 0.3 -3.7
8 163. 7 8.6 0.7 ~7.3 3.9 0.4 -3.0
-9 162: 3 . 8.4 0.9 -6.7 3.8 0.5 -2.8
10 161. 4 8.3 1:0 -6.4 3.7 0.5 -2. 56
11 162. 9 8.7 0.5 -7. 6 4.2 0.3 -3.5
12 168. 5 9.1 -0.4 -10.0 - 4.6 -0.0 -4, 4
13 166. 9 9.0 -0.1 -9.1 4.4 0.1 -4.1
14 166. 1 8.9 0.1 -8.7 4.3 .o0.2 -3.9
15 165. 5 8.9 0.2 -8.5 4. 3 0.2 -3.8
16 168.0 9.2 -0.5 ~-10.3 4.7 -0.1 -5.0
17 170. 4 <. 3 -1.1 -11.5 4.9 -0.3 -5. 6
18 169.7 9.3 -0.9 -11.0 4.8 -0.2 -5.3
19 169. 4 9.2 -0.8 ~-10.8 4.8 -0.2 -5.2
20 169. 1 9.2 -0.7 -10.7 4.8 -0. 2 -5.1
21 172. 2 9. 4 -1.8 -13.1 5.2 ~0.7 -6. &
22 178.7 9.3 -5.0 -19.4 5.6 -2.3 -10.2
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Table 30. Estimated cumulative yield and cumulative discounted profit
in year 50 for 22 rebuilding schedules, 2 discount rates, and 3 cost
factors, eastern Bering Sea, Case 4.

Discount Rate = 5% Discount Rate = 10%
Cast Factor 50% 100% 150% 50% 100% 150%

Yield Cumulative Discounted Profit

(1, 000 t) ($ million)

1 182.4  10.7 7.3 3.9 3.6 2. 4 1.1
2 207.5 14. 2 8.9 3. 6 5.7 3.5 1.2
3 - 200.6 13. 1 8.5 3.9 4.9 3.1 1.3
4 196. 8 12. 5 8.3 4.0 4. & 2.9 1.3
5 194. 4 12.2 8.1 4.0 4.4 2.8 1.3
b 194. 6 12. 6 8.1 3.6 4.9 3.0 1.0
7 211.8 14. 8 9.0 3.1 6.3 3.6 0.%
8 207.0 14. 1 8.8 3.5 5.8 3. 4 1.1
9 - 204.3 13.8 8.7 3.6 5.9 '3.3 1.1
10 202.7 13.5 B. & 3.6 S. 4 3.2 1.1
11 205. 3 14. 1. . 8.6, 3.1 6.0 3.3 0.8
12 215.8 15.5 20 2.6 6.8 3.7 - 0.6
13  212.8. 15.0 8.9 2.8 6.5 3.6 0.7
.14  211.2 - 14.8 8.9 2.9 6.4 3.6 0.8
15 210.2 14. 7 8.8 3.0 6.3 3.5 0.8
16 214.7 15. 4 8.9 2.3 6. 9 3.7 0.4
17 219.5 16. 0 ?.0 1.9 7.3 3.8 0.2
18 218. 1 15. 8 8.9 S 2.1 7.2 3.7 0.3
19 217. 4. 15. 7 8.9 2.2 7.1 3.7 0.3
20 216. 9 15. 6° 8.9 2.2 7.1 3.7 0.4
21 ‘223.0 16. 5 8.8 1.2 7.7 3.8 -0.2
? 17. 92 . 8.2 -1. 4 8.9 3.6 -1.7

22 = 236.



Tabl e 31.
Year 1
2 .0100
3 .0100
4 0100
S .0100
6 .0100
7 .01C0
8 .0100
? .0100
10 .0100
11 . 0100
12 .0100
13 .0100
14 Q100
15 .0100
14 .0100
17 .0100
18 .0100
19 . 0100
20 .0100
21 . 0100
22 .0500
Year 12
2 .0310
3 .0320
4 0330
S .0340
& .03350
7 .0360
g8 .0370
9 .0380
10 .03%90
11 . 0400
12 .0410
13 . 0420
14 . 0430
1% .0440
1& .0430
17 . 0460
12 .0470
19 . 0480
20 . 0490
21. . 0500
22 03500

Fishing nortality tinme paths for 22

2

. 0120
. 0140
. 0160
. 0180
. 0200
. 0220
. 0240
. 0260
. 0280
. 0300
. 0320
. 0340
. 0350
. 0380
. 0400
. 0420
. 0440
. 0460
. 0480
. 0500
. 0500

13

. 0301
. 0302
. 0305
. 0308
. 0313
. 0318
. 0324
. 0332
. 0341
. 0350
. Q360
. 0372
. 0385
. 0398
. 0413
. 0428
. 0444
. 0462
. 0480
. 0500
. 0500

-3

. 0101
. 0104
. 0109
. 0116
. 0125
. 0136
. 0149
. 0164
.0181
. 0200
. 0221
. 0244
. 0269
. 0296,
. 0325
. 0336
. 0389
. 0424
. 04461
. 0500
. 0500

14

. 0300
. 0300
. 0301
- 0302 .
. 0303
. 0305
. 0309
. 0313
. 0318
. 0325
. 0333
. 0343
. 0355
. 0369
. 0384
. 0402
. 0423
. 0446
. 0471
. 0500
. 03500

4

. 0100
. 0100
. 0101
. 0103
. Q1068
L0111
. 0117
. 0126
. 0136
. 0130
. 0167
. 0186
. 0210
. 0237
. 0269
. Q305
. 0346
. 0392
. 0443
. 0300
. 0500

15

. 0300
. 0300
. 0300
. 0300
. 0301
. 0302
. 0303
. 0305
. 0308
. 0313
. 0318
. 0324
. 0336
. 0348
. 0343
. 0382
. 0404
. 0431
. 0463
. 0300
. 0500
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Schedules 1-11

5

. 0100
. 0100
. 0100
. 0101
. 0102
. 0103
. 0106
.0110
. 0116
. 0125
. 0137
.0152
.0171
. 0196
T, 0227
. 0264
. 0309
. 0382
. 0426
. 0500
. 0500

&

. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200.
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0200
. 0500

7

. 0215
. 0230
. 0245
. 0260
. 0275
. 0290
. 0305

. 0320
. 0333
. 0350
. 0365
. 0380
. 0395
. 0410
. 0425
. 0440
. 0455
. 0470
. 0485
. 0500
. 0500

Schedules 12-22

14

. 0400
. 0400
. 0400
. Q400
. 0400
. 0400
. 0400
. 0400
. 0400
. 0400
. Q400
. 0400
. 0400
. 0400
. 0400
. 0400
. 0400
. 0400
. 0400
. Q400
. 0500

17

. 04095
. 0410
. 0415
. 0420
. 0423
. 0430
. 0435
. 0440
. 0445
. 0430
. 0455
. 04460
. 0465
. 047Q
. 0473
. 0480
. 0485
. 0490
. 0495
. 0500
. 0500

18

. 0400
. 0401
. 0402
. 0404
. 0406
. 0409
. 0412
. 0416
. 0420
. 0425
. 0430
. 0436
. 0442
. 0439
. 0456
. 0464
. 0472
. 0481
. 0490
. 0500
. 03500

rebui 1ding schedul es.

8

. 0201
. 0203
. 0207
. 0212
. 0219
. 0227
. Q0237
. 0248
. 0261
. 0279
. 0291
. 0308
. 0327
. 0347
. 0369
. 0392
. 0417
. 0443
. 0471
. 0500
. 0500

19

. 0400
. 0400
. 0400
. 0401
. 0402
. 0403
. 0404
. 0406
. 0409
. 0413
. 0417
. 0422
. 0427
. 0434
. 0442
. 0431
. 0441
. 0473
. 0486
. 0500
. 0300

9

. 0200
. 0200
. 0201
. 0202
. 0205
. 0208
. 0213
. 0219
. 0227
. 0238
. 0250
. 02635
. 0282
. 0303
. Q327
. Q3354
. 0384
. 0419
. 0457
. 0500
. 0500

20

. 0400
. 0400
. 0400
. 0400
. 0400
. 0401
. 0402
. 0403
. 0404
. 0406
. 0309
. 0413
. 0418
. 0424
. 0432
. 0441
. 04352
. 0466
. 0481
. 0500
. 0300

10

. 0200
. 0200
. 0200
. 02C0
. 0201
. 0202
. 0205
. 0208
. 0212
. 0219
. 0227
. 0237
. 0254
. 0272
. 0295
. 0323
. 0357
. 0397
. 0444
. QS00
. 0500

21

. 0300
. 0500
. 0500
. 0500
. 0300
. 0500
. 0500
. 0500
. 0500
. 0500
. 0300
. Q500
. 0500
. 0300
. 0500
. 0500
. 0500
. 0500
. 0500
. 0500
. Q300

11

. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0300
. 0500

22

. Q700
. 0700
. 0700
. 0700
. 0700
. 0700
. Q700
. Q700
. 0700
. 0700
. 0700
. 0700
. 0700
. 0700
. Q700
. Q700
. 0700
. 0700
.07Q0
. 0700
. 0300
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Table 32. Estimated cumulative 50-year reductions, in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, Gulf of Alaska, Case 1.

Per Cent of 1983 Foreign Fishing Mortality
S0% 100% 150%  ~ 200% 250%
(1,000 metric tons)

1 11.7 22. 6 32.9 42. 6 51. &
2 13. 3 25.7 37.4 48. 3 58. 5
3 12. 9 25.0 36. 3 46. 9 S56. 8
4 12. 6 24.5 35.6 46.0 55.7
S 12. 5 24. 1 35. 1 45. 4 55. 0
& 12.3 23. 9 34.7 454.8 54. 3
7 13. 4 25.9 37. 6 48. & 58. 8
B8 13. 1 25. 4 36.9 47. 6 57.7
9 12. 9 25.0 36. 4 47.0 57.0
10 12. 8 24.8 36. 1 46. 6 56. 5
11 12.8 24.8 36.0 44. & 56. 4
12 13. 4 26.0 37.7 48. 7 59. 0
13 13.3° 25.7 37.3 48. 2 58. 4
14" 13. 2 25.5 37.0 47.8 58. 0
15 13. 1 25: 4 36.8 47. 6 57.7
16 13.2 25.5 37.0 47.9 ' 58.0
17 13. 4 26.0 37.8 48. 8 1591
18- 13. 4 25. 9 376 48. &6 58. 8
19 13. 2 25.8 37.5 48. 4 S8.7
20 13.3 - 25.7 37. 4 48. 3 58. 5
21 13. 4 26.0. 37. e 48.8° 59. 1
13.7 26.5 S 49. 8 60. 3

N
N

38.
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Table 33. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, Gulf of Alaska, Case 2.

Per Cent of 1983 Foreign Fishing Mortality
50%  100%  150% 200% 250%
(1,000 metric tans)

1 9. 6 18. 9 27.9 36. 6 44 9
2 11.2 22.0 32. 4 42. 5 2.2
3 10. 8 21.2 31.2 40.9 50. 2
4 10.5 20.7 30.5 39. 9 49 0
5. 10. 4 20. 4 30.0 39.3 48. 3
& 10. 3 20. 2 29.8 39. 1 48. 0
7 11. 3 22.2 32.8 42. 9 2.7
8 11.0 21.7 32.0 41. 9 51. 4

.9 10.9 21. 4 31.5 41 2 50. &

10 10. 8 21.2 31.2 40.8 50.2
11 10. 8 21.2 31.3 41. 0 50. 4
12 11. 4 . - 22. 4 33.0 43. 2 S3.1
13 11,2 22. 1 32.5 42. 4. 52.3
14 11.1 21. 9 32.3 42. 2 51. 9
15 11.1 21.8 32.1 42. 0 51. 6
16 11. 2 22.0 32. 4 42. 5 52. 2
17 11. 5 22.5 33.2 43.5 53. 4
18 11. 4 22.4 33.0 43. 2 53. 0
19 11. 4 22.3 32.8 43.0 52. 8

20 11.3 22.2 32.8 42. 9 s2. 7

21 11. 5 22. 4. 33.3 . 43. 6 53. 5

22 11. 9 23.3 34.3 44. 9 55. 2
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Table 34. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, Gulf of Alaska, Case 3.

Per Cent of 1983 Foreign Fishing Mortality
30% © 100% - 150% 200% 250%
i (1,000 metric tons)

1 8. 3 16. 4 24. 4 32. 2 39.9
2 2.8 12. 5 28. 9 38. 2 47. 2
3 9.4 18. &6 27.7 3695 45. 2
4 2.1 18. 1 26. 9 35. 5 43. 9
2 2.0 17. 8 256. 4 34. 9 43, 2
6 ?.0 17.8 2&. 4 34. 8 43. 1
7 10. 0 -19.8 29. 3 38.7 47. 9
8 Q.7 19. 2 28. 5 37. 6 46. 5
9 2.5 18. 9 28. 0 36. 9 43, 7
10 9.4 18. &6 27.7 36: 5 43. 2
11 ?.95 18. 8 28. 0 36. 9 45. 7
i2 10. 1 20. 0 29. 7 39. 1 48. 4
¥E] 2.9 1?. 6 29.2 38.5 47. 6
14 ?.8 19. 4 28. 9 38. 1 47. 1
15 ?.8 19. 3 28. 7 37. 9 45. 9
16 2.2 1?. 6 29. 2 38. 5 47. &
17 10. 2 20. 1 29. 9 39. 95 48. 8
i8 10. 1 20. 0 29. 7 39. 2 48. 5
19 10. 1 19. 9 29. & 39. 0 48. 3
20 10. C 19. 9 29. 5 38. 9 48. 1
21 10. 2 20. 3 30.1 39.7 49. 1
22 10. &6 21.0 31.2 41. 2 31.0



Table 35.

114

Estimated cumulative 50-year reductions in domestic

catch resulting from 5 levels of foreign fishing during years

2-6 for 22

VONOCUHWN~

rebuilding schedules Gulf of Alaska, Case 4.

Per Cent of 1983 Foreign Fishing Maortality
S50% 100% 150% 200% 250%
(1,000 metric tons)

5.3 10. 4 15. 3 '20.°0 24. 6
7.5 14. 7 21.7 28.5 35.0
6.7 13.3 19.5 25. 4 31.5
6.3 12.5 18. 4 24.1 29. 6
6.1 12. 0 17.7 23.2 28. 5
6.4 12. 6 18. 6 24.3 29. 9
7.9 15. 4 22.8 29. 9 36. 7
7.3 14. 4 21.3 27.9 34.3
7.1 13. 9 20.5 26. 9 33.1
6.9 13. 6 20. 1 264.3 32.4
7.3 14. 4 21.2 27.8 34. 2
8.2 16. 1 23.7 31.1 38. 2
7.9 13.5 22.8 29. 9 36.8
7.7 15.2 22. 4 29. 3 36. 1
7.6 15.0 22.1 29.0 35. 6
8.1 15. 9 23. 4 30.7 37.8
8. 4 16. 6 24.9 32.1 39.5
8.3 16. 3 24. 1 31. 6 38.9
B.2 16. 2 23.9 31. 4 38. &
8.2 16. 1 23.8 31.2 38. 4
8.7 17. 1 25. 2 33. 1 40. 7
?. 6 1i8. 8 27.8 36.5 44, 9



in domestic cumulative discounted profit

Estimated 50-year reductions

Table 36.

levels of foreign fishing during years 2-6, for 22 rebuilding

resulting from 5

Case 1.

Gulf of Alaska,

schedules and for 2 discount rates,

107

Discount Rate

= 3%

Discount Rate

Per Cent of 1983 Foreign Fishing Mortality

150% 200% 250% - 20% 100% 130% 200% 250%

100%

S0%

($ million)
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in domestic cumulative discounted profit

levels of foreign fishing during years 2-6,

Estimated 50-year reductions

Table 37.

for 22 rebuilding

resulting from 5

schedules and for 2 discount rates,

Case 2.
. Discount Rate

Gulf of Alaska,

Discount Rate

10%

S%

Per Cent aof 1983 Foreign Fishing Martality

S0% 100% 1504 200% 250%4

($ million)

200%

250%

150%

100%

S0%
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reductions in domestic cumulative discounted profit

levels of foreign fishing during years 2-6,

Estimated 50-year

Table 38.

for 22 rebuilding

resulting from 5

Case 3.

Gulf of Alaska,

schedules and for 2 discount rates,

10%

Discount Rate

Per Cent of 1983 Fareign Fishing Mortality

S%4

Discount Rate

150%

2350% -

200%

250% 50% © 100%-

200%

150%

100%

S0%

(¥ million)
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rebuilding
250%

10%
200%

for 22

Case 4
150%

Discount Rate
100%4

Per Cent of 1983 Foreign Fishing Mortality

in domestic cumulative discounted profit
S0%

levels of foreign fishing during years 2-6,
Gulf of Alaska,

reductions
S%
250%
(% million)

200%

150%

Discount Rate
100%

Estimated 50-year

schedules and for 2 discount rates,
S0%

resulting from 5

Table 39.
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Table 40. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, Gulf of Alaska, Case 1.

Discount Rate = 5% "~ Discount Rate = 10%
o Per Cent of 1983 Foreign Fishing Mortality
S0% 100% 150% 200% 250% "50% 100% 150% 200% 250%

(3% per metric tan)

&7. 80 68.38° 68.95 &9. 51 70.07 26. 22 26. 42 26. 61 26. 80 26. 99

1

2 99. 04 ?%9.71 100.37 101.03 101.48 46. 39 46. 65 46. 92 47.17 47. 43
3 87. 40 88. 05 88. 69 B?. 32 89. 94 37.70° 37.93 38. 17 38. 40 38. &3.
4 81.90 82.54 83.17 83. 80 84. 41 33. 93 34. 16 34. 38 34. 60 34. 83
S 78. 85 79. 49 80. 11 80. 73 81. 34 31. 99 32. 21 32. 43 32. 65 32. 86"
& 85.77 86&. 42 87. 095 87. 68 88. 31 39. 07 39. 33 39. 59 39. 84 40.10 -
7 107.1& 107.87 108.56 109 .2&6 109.94 53. 01 $3.31 53.62 53.92 54. 22
8 F9. 00 99.69 100,37 101.05 101.72 46. 87 47.15 47. 44 47.72  48. 01
? ?5. 22 95. 91 6. 59 ?7. 26 97. 92 44. 24 44. 54 44. 82 43.10 45.38
10 ?3.15. 93.83 ?4. 51 93. 18 25.83 42.93 43, 21 43. 49 43. 77 44 04.
11 101.85 102.55 103.24 103.93 104.61 50. 77 51. 09 51. 41 51. 72 52. 03.
12 114.88 115.62° 116.35 117.07 117.79  59.395 59. 69 &0. 04 60. 38 6072
13 1092.79 110.52 . 111.24 111.96 112. 66 55. 49 55. 82 S6. 16  56. 49 56.82
14 107.49 108.21 108.93 109 .64 110.35- 53.88 54. 22 54.55 54.88  55.20
13 106.24 106.96 107.68 108.39 109:09 S53.08 53. 41 53.74  54.06 54. 3%
16 116.27 117.02 117.76 118.49 119.22 61. 45 61. 83 62. 20 &2. 5& &2. 53
17 122.23 123. 00 123.76 124.51 125 .25 &5.42 &65. 80 66, 18 b6, 56 66. 94
18 119.85 120.61 121.37 122 12 122 85 £3. 60 63.98 &4. 36 64.73 4&5.10
19 118.79 1192.56 120.31 121.06 121.79 - &2.86 &3. 24 63. 61 63. 99 &4. 36
20 118.23 118.99 119.74 120.49 121.22 62. 49 62. 87 63. 24 &3. 62 63. 98
21 129.23 130.02 130.81 131.58 132. 35 71. 24 71. 66 72. 07 72. 49 72.90
22

151.49 152.34 153.19 154.02 _154.8B5 88. 42 88. 99 89. 48 89. 97 0. 46

61T



Table 41. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, Gulf of Alaska Case 2.

Discount Rate = 5% Discount Rate = 10%
' Per Cent of 1983 Foreign Fishing Mortality
50% 100% 1504 200% 230% S50% 1004 i50% 200% 250%

(% per metric ton)

&0. 81 &1.07 61.32 61.57 61.82 24. 42 24. 51 24. 60 24. 49 24.77

1
2 ?1.12 ?1. 48 ?L.77 92.06 ?2.34  44. 01 44. 13 44 .25  44.37 44. 49
3 79.61 79.89 80.17 B80. 45 80. 72 35. 42 35. 33 35. 63 35.74 39. 84
4 74. 19 74. 47 74.74 73. 02 75. 29 31.72 31.83 31. 93 32. 03 32.13
o] 71.21 71. 49 71.76 72. Q3 72. 30 29.83 @ 29.93 30. 03 30. 13 30. 23
& 78. 54 78. 83 79.11 79. 40 79. 68 37. 06 37.19 37. 31 37. 43 37. 35
7 2. 31 9. 63 G99.94 100.25 100.55 50. 59 50.73 50. 88 91. 02 51..16
8 ?1.20 91.50 ?1.81 2. 11 22. 41 44. 532 44 &6 44. .79 44. 92 43.0&6
? 87. 48 87.78 g88. 08 -88. 38 88. &8 41. 97 42. 10 42. 23 42. 36 42, 4%
10 -85 46 85. 76 86. 06 86. 36 B&. 66  40. 68 40. 81 40. 24 41. 07 41. 20
11 ?4.40 24,72 25. 03 ?5. 34 ?5. &3 48. 38 48. 73 48. 89 49. 04 49. 19
12 107.05 107.38 107.70 108.03 108. 36 56. 89 57. 06 57. 22 57. 39 57. 35
13 '101.98 102.31 102.63 102.96 103.28° 53.08 53. 24 33. 40 93.56 53.72
14 ?%2.71 100.04 100.36 100.68 101.01 51. 31 51. 67 51.83 51. 99 92. 14
15 ?8. 50 ?8. 82 ??. 14 ?9. 47 99. 79 50. 73 50. 89 51. 05 91. 20 91. 36
16 108.62 108. 96 1092.30 10%9.64 109.97 539. 10 59. 28 59. 46 52. &3 97. 81
17 114.40 114.73 1153.10 115.44 115.78 &2. 74 63. 12 63. 30 63. 49 63. &7
18 112.04 112.38 112.72 113:07 113 40 &1. 14 61. 32 61. 50 61. &9 &1.87
1?2 111.00 111.34 111.68 '112.02 112.36 60. 41 60. 60 &0. 78 60. 26 &61.14
20 110.45 110.79 111.13 111.47 111, 81 &0. 06 60. 24 60. 42 &60. 60 60. 78
21 121.41 121.77 122.13 122.49 122 84 8. 73 &8. 23 &?. 13 6%. 33 &%, 354
143.37 143.76 144.15 144 354 144 92 85. 70 85. 95 86. 19 86. 43 86. 67
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Table 42. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, Gulf of Alaska, Case 3.

Discount Rate = 5% : Discount Rate = 10%
.Per Cent of 1982 Foreign Fishing Mortality
50% 100%4 150% 200% . 230% 20% 100% 1350% 200% 250%

(% per metric ton)

96. 10 56.21 - 36. 33 26. 45 96. 37 23. 20 23.24 23.29 23. 33 23. 37
83. 86 8&. 00 B&6. 13 86. 27 86. 40 42.3%9 42. 43 42. 50  42. 56 /2. &2
74. 33 74. 46 74. 39 74. 72 74.85 33. 87 33. 92 33. 97 34. 02 34. 07
&8. 97 6?. 10  69.22 1 6%.35 &9. 48 30. 22 30. 27 30. 32 30. 37 30. 42
&6. 04 66.17 &6, 29 &6. 42 &b, 53 28. 37 28. 42 28.47 28. 91 28. 56
73. 66 73. 8O 73. 23 74. 07 74:20 39. 71 35.77 35. 83 35.90 - 35: 96
4. 00 ?4. 15 ?4.30 94, 44 4 59 48. 95 49. 02 49,09 4Q. 16 49. 23
B85. 92 8&. 06 86. 20 86. 35 86. 49 42. 94 43. 00 43. 07 43. 13 43. .20
82. 24 82.38 B82. 52 82. 66 g2.81 ° 40. 42 40. 48 4Q. 35 40, 61 -40. 68
10 B0. 26 80. 40 g80. 34 80. &8 B0. 82 39.15 - 3%.22 39.28 39.35 3%2. 41
11 82.37 g89. 32 879. 67 B?.82 .89 97 47.10 47. 18 47. 26 47. 34 47. 41
12 101.75 101.90 102.06 102.21 102. 37 53. 24 595. 32 95. 40 55. 48 55. 37
13 6. 70 ?6. B6 7. 01 ?7.17 7. 32 51. 46 21. 34 51. &2 351. 70 21.78
14 ?4.46 - 4. 61 ?4. 77 ?4. 92 ?5. 08 49. 21 49. 99 20. 07 30. 13 50. 23
13 ?3.27 ?3. 42 93. 57 23. 73 ?3. 88 49. 15 49. 23 49. 31 49. 38 42 46
1& 103. 46 103. 62 103. 779 103. 93 104.11 . 37.51 97. 60 57. 69 57.78 °7. 87
17 109.11 102.28 109.45 102.61 109.78 &1, 26 &61. 35 61. 45 &1. 54 &1. 63
18 106.76 106.92 107.092 107.25 107.41 5%9. 48 99. 97 5%. &7 92. 76 9%. 85
19 105.73 105.8% 106.0&6. 106.22 106.3%9 38. 77 58. 86 58. 93 59. 04 27. 14
20 103.19  105.3% 105.32 103.&8 1035. 83 58. 42 58. o1 28. 860 . 3B. 70 98B. 79
21 116.13 116.30 116.48 116.65 1146.82 &7.04 67.14 &7. 24 &7. 35 &7. 495
2 137.88 138B.07 '13B.2&6 138.45 38. &4 83. 83 83. 76 84.08 B84 21 84. 33
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Table 43. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, Gulf of Alaska, Case 4.

Discount Rate = 5% Discount Rate = 10%

: Per Cent of 1983 Foreign Fishing Mortality
50% 100% 150% 200% 2507 90% 100% 150% 200% 250%

($# per metric ton)

37. 36 37. 40 37. 43 37.47 37. 51 18. &2 18. 63 18. 68 18. 71 i8. 74

1
2 &&. 58 | 66. 63 6. 69 &66.75 b6. 80 37. 24 37. 29 37. 34 37. 38 37. 43
3 54. 50 54. 54 54. 58 54. 62 54. 67 28. 57 28. 61 . 28. 64 28. &7 28. 71
4 48. 25 48. 99 49. 03 49. 07 49. 11 24. 89 24. 93 24.926, 24.99 25. 02
b 45. 99 446. 03 446. 07 46. 11 46. 195 23. 06 23. 09 23. 12 23. 15 23. 18
& 95. 10 95. 16 55. 23 33. 30 85. 36 31.03  31.08 31.14 31.1%9 31.25-
7 73. 01 75. 09 75.17 75. 24 73. 32 43. B9 43. 92 43. 98 44, 05 44, 11 .
8 &6, 53 6b6. 60 . b6. 67 &66. 74 66. 81 37.73 37.78 37. 84 37. 20 37.9&6
T &62. 73 62. 80 62. 86 62. 93 63. GO 35. 1% 35. 23 33. 30 33. 36 33. 41
10 &0. 73 60. 80 60. 87 60. 23 61. 00 33. 24 34. 00 34. 05 34. 11 34.17
11 70. 96 71. 05 71. 14 71.23 71. 33 42. 32 42. 40 42. 48 42. 56 42. &3
12 83. 04 83 14 83. 24 83. 33 83.43  50.18 50. 26 50. 35 30. 43 50. 51
13 77.75 77. 84 77.93 . 78.03 78. 12 46. 34 46. 41 46. 49 46. 37 46. 65
14  75.43 75. 32 75. 61 75.70 75. 80 44. 79 44. B& 44 .93 . 45. 01 453. 09 -
13 74. 23 74. 32 74. 41 74.51° 74. 60 44 Q02 44 10 44 18 44 26 44. 33
16 85..19 B5. 30 85. 41 85. 33 85. 64 92. 63 52.73 52. 83 52. 92 53. 02
17 ?0. 70 ?0. 81 ?0. 92 Z?1.04 ?1.15 S56. 25 96. 35 56.43 - 5&. 35 596. 63
18 eg 22 88. 33 88. 44 88. 55 B8. &6 54. 43 54. 53 54. 63 54. 73 54. 82
19 87. 16 87. 27 87. 38 B87. 49 87. 60 53.72 53. 81 53. 21 54. 01 °24. 11
20 Ba&. 62 86. 73 8&4. B4 86. 25 B7. 06 53. 38 53. 47 53. 57 S53. &7. 53. 76
21 7. 99 ?8. 12 98. 25 98. 38 78. 51 &2. 06 62. 18 &2. 29 62. 41 &2. 52

22 1192.97 120. 12 120.28 120.44 120. 60 78. 6B 78. B2 78. 97 79. 11 79. 26

AAN
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Table 44. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, Aleutian Islands, Case 1.

Per Cent of 1983 Foreign Fishing Mortality
90% 100% 150% 200% 230%
(1,000 metric. tons)

1 1.4 2.9 4.3 5.6 7.0
2 1.6 3.3 4.8 6. 4 7.9
3 1.6 3.2 4.7 6.2 7.7
4 1.6 3.1 4.6 6.1 7.5
5 1.5 3.1 4.5 6.0 7.4
6 1.5 3.0 4.5 5.9 7.3
7 1.7 3.3 4.9 & 4 8.0
8 1.6 3.2 4.8 6.3 7.8
9 1.6 3.2 4.7 6.2 7.7
10 1.6 3.1 4.7 6.2 7.6
11 1.6 3.1 a.7 6.2 7.6
12 1.7 3.3 4.9 6.5 8.0
13 1.6 3.3 4.8 6. 4 7.9
14 1.6 3.2 4.8 6.3 7.8
15 1.6 3.2 4.8 6.3 7.8
16 1.6 3.2 4.8 6.3 7.8 "
17 1.7 3.3 4.9 6.5 8.0
18 1.7 3.3 4.9 6. 4 8.0
19 1.7 3.3 4.9 6.4 7.9
20 1.6 3.3 4.8 6. 4 7.9
21 1.7 3.3 4.9 6.5 8.0
22 1.7 3. 4 5. 0 6.6 8.2
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Table 45. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, Aleutian Islands, Case 2.

Per Cent of 1983 Foreign Fishing Mortality
S0% 100% 15Q% 200% 230%
(1,000 metric tons) ‘

1 1.2 2.3 3.5 4. 6 5.7
2 1.4 2.7 4.1 5. 4 6.7
3 1.3 2.6 3.9 5 2 o 4
4 1.3 2.6 3.8 5.1 6.3
5 1.3 2.5 3 7 5.0 b2
b 1.3 2.5 3.7 4.9 6.1
7 1.4 2.8 4.1 S. 4 6. 8
8 1.3 2.7 4.0 5.3 6.6
@ 1.3 2.6 3.9 5.2 6.5
10 1.3 2.6 3.9 5.2 &. 4
11 1.3 . 2.6 3.9 5. 2 6.5
12 1.4 2.8 4.1 S.5 6.8
13 1.4 2.7 4. 1 5. 4 &. 7
14 . 1.4 2.7 2.0 5. 4 6.7
15 1.4 2.7 4.0 5.3 & 6
16 1.4 2.7 4.1 S. 4 6.7
17 1.4 2.8 4.2 5.5 6. 8
18 1.4 2.8 4.1 5.5 6.8
19 1. 4 2.8 4.1 5.5 6.8
20 1.4 2.8 3.1 5. 4 6.8
21 1.4 2.8 4.2 5.5 6.9
22 1. 4 2.9 4.3 5.7 7.1



125

Table 46. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, Aleutian Islands, Case 3.

Per Cent of 1983 Foreign Fishing Mortality
S0% 100% 1920% 200% - 230%
(1,000 metric tons)
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Table 47. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, Aleutian Islands, Case 4.

Per Cent of 1983 Foareign Fishing Mortality
S0% 1004 150% 200% 230%
(1,000 metric tons)

1 0.7 1.4 2.0 2.7 3.3
2 1.0 1.9 2.9 3.8 4.7
3 0.9 1.7 2.6 3.4 a2
4 0.8 1.6 2. 4 3.2 4.0
5 - 0.8 1.6 2.3 3.1 3.8
&6 - 0.8 1.6 2.4 3.2 4.0
7 1.0 2.0 3.0 4.0 4.9
8 0.9 1.9 2.8 3.7 4.6
9 0.9 1.8 2.7 3.6 4.5
10 - 0.9 1.8 2.6 3.5 4. 4
11 0.9 1.9 2.8 3.7 4.4
12 1.1 2.1 3.1 4.1 5.1
13 1.0 2.0 3.0 4.0 5.0
14 1.0 2.0 2.9 3.9 4.9
15 1.0 2.0 2.9 3.9 4.8
16 1.0 2.1 3.1 4.1 5.1
17 1.1 2.2 3.2 4.3 5. 3
18 1.1 2.1 3.2 4.2 5. 2
19 1.1 2.1 3.2 4. 2 5. 2
20 1.1 2.1 3.1 4.2 5.2
21 1.1 2.2 3.3 4. 4 5.5

1.2 2.5 3.7 3.9 6.0



in domestic cumulative discounted profit

Estimated 50-year reductions

Table 48.

levels of foreign fishing during years 2-6, for 22 rebuilding

resulting from 5

Case 1.

schedules and for 2 discount rates,

Islands,

Aleutian

10%

= 5%

Discount Rate

Discount Rate

Per Cent of 1983 Fareign Fiéhing Mortality

230%

200% 250% S0% 100% 150% 200%
(% million) : ‘

150%4

100%

- D0%
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in domestic cumulative discounted profit

Estimated 50-year reductions

Table 49.

rebuilding

for 22

levels of foreign fishing during years 2-6,

resulting from 5

Case 2.

Islands,

Aleutian

schedules and for 2 discount rates,

1 O.I

Discount Rate

3%

Discount Rate

Per Cent of 1983 Foreign Fishing Mortality

250%

1004 150% . 200% 235074

S0%

150%  200%

100%

°0%

(% million)
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in domestic cumulative discounted profit

Estimated 50-year reductions

Table 50.

levels of foreign fishing during years 2-6, for 22 rebuilding

resulting from 5

Case 3.

Islands,

Aleutian

schedules and for 2 discount rates,

10%

Discount Rate

S%4

Discount Rate

Per Cent of 1983 Fofeigﬁ Fishing Mortality

100% 1504 200% 2504 S0% 10064 150% 200% 250%

20%

( million)
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in domestic cumulative discounted profit

Estimated 50-year reductions

Table 51.

rebuilding

for 22

levels of foreign fishing during years 2-61

resulting from 5

Case 4.

Islands,

Aleutian

schedule& and for 2 discount rates,

10%

Discount Rate

Per Cent of 1983 Foreign Fishing Mortality

D%

Discount Rate

2007 230%4

1504

100%

1Q0% 150% 200% 250%

50%

S0%

(¢ million}

130

10
11
12
13
14
13
16
17

0.

0.

tJ

0.2
0. 2

18
19
20

21

2
2

0.

0.
0.

22



Table 52. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, Aleutian Islands, Case

Discount Rate = 5% Discount Rate = 10%
Per Cent of 1983 Foreign Fishing Mortality
S50% 100% 150% 200% 250% 50% 100% 150% . 200% 250%

($ per metric ton)

&7.12 &7. 30 &£7.48 b67. 66 &7. 84 2&. 00 26. 06 26. 13 26. 19 26. 2

1

2 8. 23 28. 44 28. 45 28. 85 2. 06 446. 08 46. 16 46. 2 44. 33 46. 41
3 86. &3 86. 83 87. 03 87. 23 87. 43 37. 42 37. 50 37. 57 37. 64 37. 71
4 81. 14 81. 34 81. 54 81.74 81. 74 33. &7 33.74 33. 81 33. 88 33. 25
S 78. 10 78. 30 78. 50 78. &9 78. 89 31.73 31. 80 31.87 31. 24 32. 01
& 85. 01 85. 21 853. 41 83. 61 85. B1 38. 78 38. B& 38. 24 3<. 02 3%. 10
7 106.31 106.53 106.75 106.97 107.19 52. &6 52. 795 32. 85 22. 24 53. 04
B 98. 17 78. 39 28. &0 ?8. 82 9. 03 44. 34 46. 63 46. 72 46. 81 456. 20
9 ?4. 41 4. 62 ?4. 83 5. 05 ?3. 26 43. 94 44. 03 44 12 44. 21 44, 29
10 2. 35 2. 54 2.77 2. 98 ?3. 19 42. &2 42. 71 42. 7% 42. 88 42. 97
11 101.62 101.24 101.46 101.&48 101.89 50. 42 S0. 52 50. 62 20. 72 °0. 82
12 114.00 114.23 114 .46 114 469 114 92 58. 96 5%. 07 59.17 59. 2 99. 39

13 108.93 109.153 109.38 109.61 10%9. 83 93. 11 35. 22 35. 32 35. 43 93. 33
14 106.63 106.85 107.08 107.30 107.53 53. 52 33. 42 53. 72 53. 83 53. 23
15 103.38 105.61 105.83 106.06 106.28 52. 71 52. 81 32. 22 93. 02 33. 12
16 115.38 115 61 115.8% 11&. 08 116,31 &1. 05 &1. 16 61.28 a1. 40 61. 51
17 121.32 121.546 121.8B0 122. 04 122 28 65. 00 65.12 &5. 23 65. 35 &5. 47
18 118.95 1192.18 119.42 119 66 119.89 63. 18 63. 30 63. 42 63. 54 63. &5
1 117.89 11813 118.37 11B. 640 118.84 &62. 44 &2, 36 &2. 68 &2. 8O 2.91
20 117.33 117.56 117.80 118.04 118 27 62. 08 e2. 2 &2. 31 &2. 43 62. 35
21 128.29 128.54 128.79 12%9.03 129 28 70.78 70. 21 71.04 71. 17 71.30
22 150.47 150.73 151.00 151.26 1951.53 87. 95 88. 10 88. 26 88. 41 88. 57
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Table 53. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, Aleutian Islands, Case 2.

Discount Rate = S% - ) Discount Rate = 10%
' Per Cenft of 1983 Foreign Fishing Mortality ' :
30% 100% 150% 200% 290% "90% IOQZ 150% 200% 290%

(% per metric ton)

&60. 23 60.30 - 60.38 60. 45 &0. 53 24. 25 24. 27 24. 30 24. 33 24. 35

1
2 F0. 30 ?0. 59 0. &8 ?0. 76 ?0. 85 43. 77 43. 81 43. 84 43. 88 43. 21
3 78. 95 7%. 03 79. 12 7%.20 7%9. 28 33. 20 35. 23 35. 26 3%5. 30 35. 33
4 73. 54 73. 62 73.70 73. 79 73. 87 31. 51 31. 54 31. 58 31. 61 31. 64
S 70. 36 70. 65 70. 73 70. 81 70. 20 29. &3 29. &6 29. &9 29. 72 29. 795
& 77. 21 77. 99 78. 08 78.17 -78. 235 36. 85 36. 89 36. 72 36. ?6 37. 00
7 ?8. 61 ?8. 70 98. BO Fe. 829 28. 29 50. 33 50. 37 90. 42 30. 446 50. 50
8 90. 51 ?0. &0 20. &9 90.78 0. 87 44 28 44. 32 44 36 44. 40 44. 44
9 86. 79 8&. B9 86. 98 87. 07 87.16 41.73 41. 77 41. 81 41. 85 41. 89
10 B4. 78 84. 87 B4. 76 85. 05 85. 14 40. 44 40. 48 40. 32 40. 36 40. 60
11 23. 72 23. 82 23. 91 ?4. 01 ?4. 10 48. 33 48. 37 48. 42 48. 47 48. 51
12 106.33 106.43 106.953 106.63 106.72 96. 61 54. 66  36. 71 36. 746 J56. 81
13 101.27 101.37 101.47 1Q1.37 101.6&7 52. 81 52. 86 52. 91 532. 96 33. 00
14 ?%. 01 ?9. 10 9. 20 ??. 30 9. 40 91.25 91.29 51. 34 51. 39 91. 44
15 7.7 ?7.89 Q7. 99 98. 09 8. 18 50. 46 50. 51 50. 36 30. 61 50. &6
16 107.91 108.01 108.11 108.21 10B. 32 2B8. 81 58. 86 58. 722 58. 97 9%9. 03
17 113. 67 113.77 113.88 113.98 -114.09 62. 54 62. 69 &2. 75 &2. 80 &2. 86
18 111.30 111.41 111.51 111.62 111.72 &0. 84 60. 90 &0. 95 61.01 &1. 06
12 110.27 110.37 110.47 110.58 110.&8 &0. 12 &0. 18 &60. 23 60. 29 &0. 34
20 109.72 102.82 102.93 110.03 110.13 59. 76 '539. 82 3%. 88 52. 93 9%. 98
21 120. 66 120.77 120.88 120.99 121.10 68. 41 68. 47 68. 53 &6£8. 59 &8B. 63

n
N

142. 56 142. 68 142.80 142. 922 143.04 85. 33 83. 41 83. 48 85. 33 85. 63

ceT



Table 54. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, Aleutian Islands, Case 3.

Discount Rate = 5% - Discount Rate = 10%
) " Per Cent of 1983 Foreign Fishing Mortality -
504 - 100% "150% 200% 250% S0% 100% 150% 200% 2950%

(% per metric ton)

56. 08 S56. 11 56. 15 56. 19 56.23 23. 18 23. 20 23. 21 23. 22 23. 24
85. 83 85.87 'B5.92 B85. 9& 86. 00 42. 36 42. 38 42. 40 42. 42 42. 43
74. 31 74. 35 74. 39 74. 43 74. 47 33. 85 33. 86 33. 88 33. 90 33. 91
68. 24 &8. 98 6%. 03 &9. 07  69.11 30. 20 30. 22 30. 24 30. 25 30. 27
66. 01 b6. 06 66. 10 66. 14 &6. 18 28B. 35 28. 37 28. 38 28. 40 28. 41
73..62 73. &7 73. 71 73. 76 73.80 @ 3568 35. 70 35. 72 35. 74 35. 76
93. 964 94. 00 4. 0S 4. 10 94 15 48. 91 48. 93 48. 26 48.98 49.00
8s. 88 85.92 B5.97 B86. 02 86. 06 42. 20 42. 92 42. 94 42. 96 42. 99
g2.2 82.24 B82.29 82. 24 82. 38 40. 38 40. 41 40.:43 40. 45 4047
10 80. 22 80. 26 80. 31 80. 35 80.40 39.12 39.14 39.16 39.18 39..20
11 B89. 32 B89. 37 89. 42 89. 47 89. 52 47. 06 47.08 47.11 47.13 ' 47.16
12 101.649 101.74 101.79 101.84 101.89 55. 19 55. 21 55. 24 55.27 ' 55.29
13 6. 65 96. 70 %6. 75 24, 80 96. 85 S51. 41 51.44 51. 46 51.49 51.952
14 ?4. 41 4. 464 94. 51 Q4. 56 24,61 4%. 87 49. 89 49. 92 49 94 49.97
15 93.21 93. 26 93. 31 93. 36 93. 41 49. 10 49. 13 49. 15 4918 49.2

16 103. 40 103.45 103.50 103.5&6 103. 61 57. 45 37. 48 37. 51 57.54 57.57
17 109.05 109.10 109.16 109.21 10%.26 61. 20 61.23 &1.26 61. 29 61. 32
18 106. 69 106.74 106.80 106.85 10&.20 59. 42 59.45  59. 48 59. 51 59. 54
19 105.&6&6& 105.72 105.77 105.82 10S.88 58. 71 sg8.74 - S8.77 58. 80 58. 83
20 105.12 105 18 105.23 105.28° 105. 34 58. 34 58. 39 -5B8. 42 58. 45 58. 48
21 116. 06 116.11 116.17 116.22 116.28 66. 97 &7. 00 67. 03 67. 07 67.10
22 137.79 137.85 137.91 137.97 138.03 83. 75 83. 79 83. €3 83. 87 83. 91
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Table 55. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, Aleutian Islands, Case 4.

Discount Rate = 5% ' Discount Rate = 10%
' Per Cent of 1983 Foreign Fishing Mortality
S0% 1007% 150% - 200% 29507 S0% 1007 150% 2004 - 250%

(% per metric ton)

1 37. 47 37. 49 37. 50 37. 51 37. 33 18. 65 18. &6 18. 67 18. 68 18. 69
2 &6. 80 b6. 82 &4, B4 &6. 87 &6, 89 37. 34 37. 36 37.37 37.39- 37.41
3 54. 69 24.70 24.72 54.74 S54.75 28. 63 28. 66 28. 67 28. 69 28. 70
4 49,12 49. 13 49. 15 49. 16 49.18 24. 96 24. 97 24. 28 24. 99  25. 00
S 456. 15 456. 16 46.18 46.19 46. 20 23. 11 23. 13 23. 14 23. 13 23. 16
& 29. 24 23. 26 99. 29 23. 31 39. 34 31. 07 31. 09 31. 11 31.13 31.15
7 75. 24 75. 26 75. 29 75. 32 75.35 43. 924 43. 96 43. 99 44. 01 44 03
8 66.73 &b6. 76 66.78. 66.80 66. 83 37. 80 37. 82 37. 84 37. 86 37. 88
9 &2.21 - &2.293 62. 96 &2. 98 &3. 01 35. 25 35. 27 335. 29 35. 31 33. 33
10 60. 90 60. 93 60. 95 &0. 98 61.00 34. 00 34. 02 34. 04 34. 06 34. 08
11 71.13 71.17 71. 20 71. 23 71. 26 42. 37  42. 40 42, 43 42. 46 42. 48
12 83. 27 83. 30 83. 24 83. 37 83. 40 20. 26 50. 29 50. 32 50. 35 50.38
13 77. %6 77.99 78. 02 78. 06 78. 09 46. 41 46. 43 46.46 - 46.49 0 46, 52
14 75. 63 795. &6 73. 69 75.72 75. 76 44. 84 44. 87 44. 90 44, 72 44 95
15 74. 42 74. 46 74. 49 74. 32 74. 35 44. 08 44. 11 44 14 44. 17 44. 19
16 85. 39 85. 43 83. 47 835. 51 85. 33 52. 69 2.72 S2. 76 2. 79 S52. 83
17 ?0. 92 -90. 9646 ?1. 00 71. 04 ?1. 08 S56. 32 54. 36 36. 39 56.43  54. 46
18 86. 43 88. 47 88. 51 88. 59 88. 5% 94. 50 354. 54 54. 37 54. 61 54 64
19 87. 346 87. 40 87. 44 87. 48 87. 52 53. 78 23. 82 23. 895 23. 88 593. 22
20 86. 82 B&. 86 8&. 70 864. 24 8&6. 98 53. 44  53. 47 53. 51 33. 54 33. 38
21 ?8. 21 ?8. 26 ?8. 20 ?H5. 39 ?8. 39 é2. 13 2.17 &2. 21 2. 23 62. 2

22 120.23 120.29 120.35 120.40 120.46 78. 76 78. 81 78. B& 78. 21 78. 26

YET
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Table 56. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules eastern Bering Sea, Case 1.

Per Cent of 1983 Foreign Fishing Mortality
20% ‘ 100% 1350% 200% 250%
(1,000 metric tons)

1 0.7 1.5 2.2 2.8 3.5
2 0.8 1.7 - 2.5 3.2 4.0
3 0.8 1.6 2. 4 3.1 3.9
4 0.8 1.6 2.3 3.1 3.8
5 0.8 1.6 2.3 3.0 3.7
& 0.8 1.9 2.3 3.0 3.7
7 0.8 1.7 2.5 3.2 4.0
8 0.8 1.6 2.4 3.2 3.9
9 0.8 1.6 2. 4 3.1 3.9
10 0.8 1.6 2.4 3.1 3.8
11 0.8 1.6 2.4 3.1 3.8
12 0.8 1.7 2.5 3.2 4.0
13 0.8 1.6 2. 4 3.2 4.0
14 0.8 1.6 2. 4 3.2 3.9
15 0.8 1.6 2.4 3.2 3.9
16 0.8 1.6 2. 4 3.2 3.9
17 0.8 1.7 2.5 3.3 4.0
18 0.8 1.7 2.5 3.2 4.0
19 0.8 1.7 2.5 3.2 4.0
20 0.8 1.7 2. 4 3.2 4.0
21 0.8 1.7 2.5 3.3 4.0
22 0.9 1.7 2.5 3.3 4.1
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Table 57. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, eastern Bering Sea, Case 2.

Per Cent of 1983 Foreign Fishing Mortality
50% 100% 130% 2004 2350%
(1,000 metric tons)

1 0.6 1.1 1.6 2.2 2.7
2 0.6 1.3 1.9 2.5 3.1
3 0.6 1.2 1.8 2.4 3.0
4 0.6 1.2 1.8 2.4 2.9
S 0.6 1.2 1.8 2.3 2.9
& 0.6 1.2 1.7 2.3 2.9
7 0.6 1.3 1.9 2.5 3.2
8 - 0.6 1.3 1.9 2.5 3.1
C 0.6 1.2 1.8 2. 4 3.0
10 - 0.6 1.2 1.8 2.4 3.0
11 0.6 1.2 1.8 2.4 3.0
12 0.7 1.3 1.9 2.6 3.2
13 0.6 1.3 1.9 2.5 - 3.1
14 0.6 1.3 1.9 2.5 3.1
15 0.6 1.3 1.9 2.5 3.1
16 0.6 1.3 1.9 2.5 3.1
17 0.7 1.3 1.9 2.6 3.2
18 0.7 1.3 1.9 2.6 3.2
19 . 0.7 1.3 1.9 2.6 3.2
20 0.6 1.3 1.9 2.5 3.2
21 0.7 1.3 2.0 2.6 3.2
22 0.7 1. 4 2.0 2.7 3.3
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Table 58. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, eastern Bering Sea, Case 3.

Per Cent of 1983 Foregign Fishing Mortality
S0% ‘ 100% - 130% . ..200% .. 230%
- (1,000 metric tons)

1 0.5 1.0 1.4 1.9 2.4
2 0.6 1.1 1.7 2.3 2.8
3 0.5 1.1 1.6 2.2 2.7
4 0.5 1.1 1.6 2.1 2.6
5 0.5 1.0 1.6 2.1 2.6
& 0.5 1.0 1.6 2.1 2.6
7 0.6 1.2 1.7 2.3 2.9
8 0.6 1.1 1.7 2.2 2.8
? 0.6 1.1 1.6 2.2 2.7
10 0.5 1.1 1.6 2.2 2.7
11 0.6 1.1 1.6 2.2 2.7
12 0.6 1.2 1.7 2.3 2.9
13 0.6 1.1 1.7 2.3 2.8
14 0.6 1.1 1.7 2.3 2.8
15 0.6 1.1 1.7 2.2 2.8
16 0.6 1.1 1.7 2.2 2.8
17 0.6 1.2 1.8 2.3 2.9
18 0.6 1.2 1.7 2.3 2.9
19 0.6 1.2 1.7 2.3 2.9
20 0.6 1.2 1.7 2.3 2.9
21 0.6 1.2 1.8 2.3 2.9
22 0.6 1.2 1.8 2.4 3.0
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Table 59. Estimated cumulative 50-year reductions in domestic
catch resulting from 5 levels of foreign fishing during years
2-6 for 22 rebuilding schedules, eastern Bering Sea, Case 4.

Per Cent of 1983 Foreign Fishing Mortality
S0%Z- - "100% - 150% ‘ 2007 230%
‘ © (1,000 metric tons)

1 0.3 0.6 0.9 1.2 1.5
2 0.4 0.9 1.3 1.7 2.1
3 0.4 0.8 1.2 1.5 1.9
4 0.4 0.7 1.1 1. 4 1.8
5 0.4 0.7 1.0 1.4 1.7
6 0.4 0.7 1.1 1.5 1.8
7 0.5 0.9 1.3 1.8 2.2
8 0.4 0.8 1.3 1.7 2.1
9 0.4 0.8 1.2 1.6 2.0
10 0.4 0.8 1.2 1.6 2.0
11 0.4 0.8 1.3 1.7 2.1
12 0.5 0.9 1. 4 1.9 2.3
13 0.5 0.9 1.3 1.8 2.2
14 0.4 0.9 1.3 1.8 2.2
15 0.4 0.9 1.3 1.7 2.2
16 0.5 0.9 1. 4 1.8 2.3
17 0.5 1.0 1. 4 1.9 2.4
18 0.5 1.0 1.4 1.9 2.3
19 0.5 0.9 1. 4 1.9 2.3
20 0.5 0.9 1. 4 1.9 2.3
21 0.5 1.0 1.5 2.0 2.5
22 0.6 1.1 1.6 2.2 2.7



in domestic cumulative discounted profit

Estimated 50-year reductions

Table 60.

for 22 rebuilding

Case 1.

levels of foreign fishing during years 2-6,

resulting from 5

eastern Bering Sea,

schedules and for 2 discount rates

Discount Rate

Discount Rate

10%

S%4

Per Cent of 1983 Fareign Fishing Mortality

100% 150% 200% 250% S0% 100% 150% 200% 250%
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in domestic cumulative discounted profit

levels of foreign fishing during years 2-6,

Estimated 50-year reductions

Table 61.

for 22 rebuilding

resulting from 5

Case 2.

eastern Bering Sea,

schedules and for 2 discount rates,

10%

Discount-Rate

Per Cent of 1983 Foreign Fishing Martality

S%4

Discount Rate

150%  200%  250% 50% 100% 150% 200%  250%
($ million) ' :
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in domestic cumulative discounted profit

Estimated 50-year reductions

Table 62.

rebuilding

for 22

levels of foreign fishing during years 2-6,

resulting from 5

eastern Bering Sea,

schedules and for 2 discount rates

Case 3.

10%

Diéﬁount Rate

Per Cent of 1983 Foreign Fishing Mortality

3%

Discount Rate

200%

250%

2390%

150%

100%

100% 150% 200%

50%
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reductionsin domestic cumulative discounted profit

Estimated 50-year

Table 63.

for 22 rebuilding

Case 4.

levels of foreign fishing during years 2-6,

resulting from 5

eastern Bering Sea,

schedules and f0r72 discount rates,

10%

Discount‘Rate

Per Cent of 1983 Foreign Fishing Mortality

3%

Discount Rate

200% 250% S04 100% 150% 200% 250%
- (% million) ’
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S0O%
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Table 64. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, eastern Bering Sea, Case 1.

Discount Rate = 5% ¥ Discount Rate = 10%

Per Cent of 1983 Foreigﬁ Fishing Mortality : .
20% 1004 150% 200% ~ 250% 50% 100% 130% 200% 250%

($# per metric ton)

68. 52 &8. 76 69. 00 69. 23 &9. 47 246. 39 26. 47 26. 53 26. 63 26. 71
?9.83 100.11 100.38 100.466 100.93 46. 61 46. 72 46. 83 46. 2?3 47. 04
g8. 179 88. 45 88.72 88.98 89. 24 37.91 38. 0t 38. 10 38. 20 38. 29

2. 68 82. 25 83. 21 83. 47 B3. 73 34.14 34. 23 34. 32 34. 41 34. 50
79. 63 72. 89 80. 15 80. 41 80. 66 - 32.19 32. 28 32. 37 32. 46 32. 535
B6. 21 86. 78 87. 04 87. 30 87. 57 39. 25 3%2. 39 3%9. 46 37. 56 392. 67
107. 26 108.25 108.53 108.82 107.11 33. 23 93. 35 S3. 47 53. &0 93.72
?9.79 100.07 100.33 100.63 100.%91 47. 08 47. 19 47.31 47. 43 47. 54
96. 01 ?6. 29 6. 37 ?46. 85 ?7. 12 44, 47 44, 54 44.70 44, 81 44, 92
10 3. 93 ?4. 21 74, 49 4. 77 ?5. 03 43. 14 43. 23 43. 34 43. 48 43. 59
11 102. 61 102.90 103.19 103.47 103.75 20. 96 51. 09 at. 22 91. 35 S51. 48
12 115. 69 115. 992 116.29 116£.59 116.89 59. 56 3%. 70 59. 84 52. 98 &Q. 12
13 110.59 110.89 111.18 111.48 111.78 95. 70 55. 83 93. 97 56.10 96. 24
14 108.28 108.58 108.87 10%.17 109 44 24. 09 34. 23 S54. 36 54. 49 24. &3
13 107.03 107.32 107.42 107.91 108.21 53. 28 23. 42 93. 35 53. &8 93. 82
16 117. 65 117.36 117.67 117.97 118 27 &1, &6 4a1. 81 &1. 26 62. 11 &2. 26
17 123. 04 123.335 123.67 123.98. 124. 29 &£5. &4 &5. 79 &£5. 95 &6. 10 b6. 25
18 120. 46 120 .97 121.28 121.59 121.8%9 63. 81 63. 97 64. 12 64. 27 6442
19 119.60 119.91 120.22 -120.33' 120.83 = 63.07 -~ 63.22  &3.38 &3. 33 63. 68
20 119.03 119. 24 . 11965 - 119. 926 120.27 62. 70 62.86 7 6301 63. 16 63. 31
21 130.04 130.37 130.69 131.01 131.33 71.46 71. 63 71. 80 71. 96 72.13
22 152.3% 152:-70 1353..05 133.39 - 133.73 88. 74. 88. 24 B87. 14. 89. 34 8<9. 53

QONCUNDWON -
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Table 65. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, eastern Bering Sea, Case 2.

Discount Rate = 5S4 o R Discount Rate = 10%
Per Cent of 1983 Foreign Fishing Maortality
50% 100% 150% 200% 230% S0% 100% 1504 200% 250%

($ per metric ton)

60. 26 &0. 34 60. 42 &60. 51 60. 59 24. 27 24. 30 24 .33 24. 34 24. 3%
Q0. 56 0. 65 ?0.75 20. 85 0. 24 43. 81 43. 85 43. 89 43. 23 43. 97
78. 99 79.08 79. 17 79. 26 72.36  35.23 335. 26 35. 30 35. 33 '35. 37
73. 97 73. 66 73.75 73. 84 73.94  31. 54 31. 57 31. 61 31.64 31. 67
.70. 60" 70Q. &7 70.78 7Q. 87 7Q. 96 29. &5 29. 68 29. 72 29. 75 29. 78
77. 96 78. 06 78. 13 78. 25 78. 34 36. 89 36. 23 36.97 - 37.01 37. 05
78. 68 8. 79 ?8. 89 ?8. 9% ?9. 10 30. 38 90.43 ° 50. 48 90. 33 50. 57
2?0. 57 Q0. &7 ?0.77 0. 87 0. 97 44. 32 44.37 44 .41 44: 46 44. 50
8&. 85 B&. 95 87. 05 B7.13 87.25 41. 77 41. 82 41. 86 41. 70 41. 95
10 84. E4 84. 24 85. 04 85. 14 85. 24 40. 48 40. 53 40. 37 40. &1 40. 66
11 ?3. 80 ?3. 20 ?4. 01 ?4.11 ?4. 22 48. 39 48. 44 48. 49 48. 34 48. 59
12 106.42 106.53 104.63 10&6.74 106.85 56. 68 96.73 56. 79 56. 84 5&6. 20
13 101.36° 101.446 101.57 101.68 101.78 52.87 52. 93 52.98 53. 03 53. 08
14 9?. 09 F92.19 ?2.30 - 99.41 9. 32 S1. 30 S1. 36 91. 41 91. 46 91. 51
15 97.87 7. 98 78. 09 28. 19 78. 30 50. 32 50. 38 50. &3 20. &8 50. 73
164 108.01 108.12 108.23 108.34 108.453 28. 88 58. 24 99. 00 37. 06 57.12
17 113.78 113.87 114.00 114.12 114. 23 62.71 &2.78 62. 84 62. 20 &62. 26
i8 111.41 111.52 111.63 111.75 111.86 60. 22 &0. 98 &61. 04 61.10 61.16
12 110.37 110.48 110.60 110.71 110.82 &0. 20 &0. 26 60. 32 &0. 38 &0. 24
20 1072.82 109.93 110.03 110.16 110 27 9%. 84 3%. 20 99. 26 60. 02 &60. 08
21 120.78 120.90 121.02 121.14 121.26 68. 50 68. 57 &8. 63 &8. 70 &8. 77
22 142.72 142.853 142. 928 143.11 143 24 83. 45 83. 33 83 61 85. &% 85.77

QONDPUNDLWN =
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Table 66. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, eastern Bering Sea, Case 3.

Discount Rate = S% " Discount Rate = 10%
Per Cent of 1983 Foreign Fishing Mortality

90% 100% 150% 200%4 2304 20% 100% 150% 200% 2350%
: ($ per metric ton)

S56.16 56.20 S56.24 54.28 56.33 23.21 23.23 23.24 23.26 23.27
85.94 B85.99 84 03 B6.08 B86.13 42.41 42.43 42.43 42.47 42 49
74.40 74.45 74.50 74.54 74.59 33.89 33.90 33.92 33.94 33.9&
6%.04 69.08 69.13 69.17 69.22 30.24 30.26 30.27 30.29 30.31
6b. 11 66.15 66,20 L6&. 24 66.29 28.38 28.40 28.42 28.44 28.45
73.72 73.77 73.82 73.87 73.92 3572 3574 3576 3579 35 81
94.07 94.13 94.18 94.23 94.28 48.96 48.99 49.02 49.04 49.07
85.99 B84£.04 B86.09 86.14 B846.19 42.95 42.97 43.00 43.02 43.04
82. 31 2.3 g2. 41 2.464 B2.51 40.43 40.45 40.48  40.50 40.52
10 B80.32 80.37 80.42 80.47 80.53 39.17 39.19 39.21 39.22 39.264
11  89.43 89.49 B89.54 B89.60 B89.65 47.11 47.14 47.17 47.19  47.22
12 101.81 101.87 101.93 101.98 102.04 55 25 55.28 35 31 55.34  35. 37
13 96.77 9683 94.88 94.94 96.99 51.47 51.50 51.53 51.5% 51.58
14 94.53 ©94.58 @4.64 94.69 94.75 49.92 49.95 49.98 50.01  S0.04
15 ©93.33 93.39 93.44 92.50 93.55 49.16 49.18 49.21 49.24 49.27
164 103.52 103.58 103.64 103.70 103.76  37.51 57.55 $57.58  57.61 57. &5
17 109.18 109.24 109.30 109.36 109.42 61.27 61.30 61.34 61.37 61.40
18 106.82 106.88 106.94 107.00 107.06 59.49 $9.52 59.55 §9.39 959 &2
19 105.79 105.85 103.91 105.97 106.03 58.77 ©S58.81 98.84 5887 58.91
20 105.25 105.31 105 37 105.43 105.49 S58.43 58.46 98.49 58.52 58.56
21 116.19 116.26 116.32 116.38 116.44 67.04 67.08 67.11  &7.15  &7.19
22 137.95 138.02 138.09 138.15 138.22 B83.83 B83.88 83.92 B83.97 84.01
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Table 67. Estimated 50-year reductions in domestic CDP per metric ton of foreign Pacific
ocean perch catch resulting from 5 levels of foreign fishing during years 2-6, for 22
rebuilding schedules and for 2 discount rates, eastern Bering Sea, Case 4.

Discount Rate = 5% , Discount Rate = 10%
i Per Cent of 1983 Foreign Fishing Mortality
S04 100% 150% 200% . 250% S0% 100% 150% 200% 250%

(% per metric ton}

37.34 37.36 37.37 37.38 37.40 18.60 18.61 18.&2 18.63 18.64
66.56 66.58 &b6. 60 L6, 62 bb. 64 37.22 37.24 37.26 37.27 37.29
54.48 S54.50 S4.51 54.53 S54.54 28.56 28.57 28.58 28.59 28.61
48.94 48.95 48.96 48.98 48.99 24.88 24.89 24.90 24.91 24.92
45.98 45.99 46.01 46.02 44.03 23.05 23.06 23.07 23.08 23.09
55.07 55.09 55.11 55.14 S55.16 31.00 31.02 31.04 31.06 31.08
74.98 75.01 75.04 75.06 75.09 43.82 43.84 43.87 43.89 43.91
66.50 66.53 66.55 66.58 66.60 37.70 37.72 37.74 37.76 37.78
42.70 62.72  62.75 2.77 62.80 3516 3518 3520 35.22 35 24
10 40.70 60.73 &0.75 60.77 &0.80 33.92 33.93 33.95 33.97 33.99
11 70.92 70.95 70.98 71.02 71.05 42.28 42.31 42.34 42.36 42.39
12 83.00 83.04 83.07 8310 83 14 S50.14 50.17 50.20 50.23 50.26
13  77.71  77.74 77.78 77.81 77.84 46.29 46.32 446.35 46.38 46.41
14 75.39 75.42 75.46 75.49 75.92 44.74 44.76 44.79 A44.82 44.85
15 74.19 74.22 74.26 74.29 74.32 43.98 44.01 44.04 44.07 44.09
16 85.14 85 18 B85.22 85.26 8530 52.58 52 61 32.63 S52.68 52.72
17 90.64 90.68 ©90.72 90.76 90.80 S56.19 5623 56.27 56.30 56.34
18. B8.16 88.20 68.24 68.28 £8.32 54.38 S54.42 54.45 54.49 54 52
19 87.10 87.14 B87.18 B87.22 87.26 53.47 53.70 53.73 93.77 53.80
20 B6.56. B6. .60 Bb6.L4 B& 68 B6.72 53.32 53.36 53.39 53.43 5346
21 97.93 ©7.97 98.02 ©98.06 98.11 62.00 6&2.04 62.08 62.12 62.16
22 119.89 119.95 120.00 12006 120.12 78.60 78.65 78.70 78.75 78.80

VONOCUDWUN-

9% T



147

Table 68.-- Catch (t) of Pacific ocean perch (POP) by nation and area; and
Japanese catch by vessel class, 1982.

Area

Bering Sea & - Gulf of ‘ Per-
Nation Aleutian I. Alaska Total cent
Japan 2,045 ‘ 7,087 9,132 90.3
Korea 111 831 ' 941 9.3
Taiwan 0 . 35 35 0.3
Us-Jv 0 .3 , 3 0.0

Total 2,156 7,956 ‘ 10,112

Per cent 21.3 78.8

Japanese POP catch in Gulf of Alaska

Per- -
Vessel class . Catch (t) cent
Small trawler 1,923 27.1
Surimi trawler 80 1.1
Large frgezer trawler ' 5,042 71.1

Longliner 42 0.6
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Table 69. --Estimated species prices paid by joint venture processors to
U.S. fishermen in the Qulf of Al aska, based on 1982 and 1983
dat a.

Species' S/t
Pacific ocean perch 290
walleye pollock 90
Pacific cod : 210
Thornyhead 390
Other rockfish 1 300
Flatfish - T 140
Atka mackerel , ‘ 130
Sablefish 390

Squid ) ’ 330




Table 70.--Catch (t) which would have been harvested in 1982 if all
Paci fic ocean perch (POP) had been elim nated.

haul s with >X%

Other Atka

Walleye Pac. Thorny- rock Flat mack- Sable- $
X POP pollock cod head fish fish erel fish Squid x 106
100 6,965 20,760 1,725 44‘2 1,181 6,082 1,731 375 182 6.06
90 5,995 20,622 1,708 439 1,138 6,025 1,721 3N 180 5.74
80 4,624 20,553 1,677 437 1,006 5,997 1,707 365 176 5.28
70 3,685 20,528 1,625 429 867 5,955 1,706 358 172 4.94
60 é,786 20;497 1,540 a1 683 5;850 i)693 338 169 . 4.57
50 2;507 20,419 1,482 408 533 5,752 1,676 522 162 - 4.3
40 1,734 20, 250 1,392 385 449 5,600 1;635 304 153 4.07
30 1,293 19,979 1,273> 355 375 75,350 1,599 é82 143 3.81
20 862 19,565 1,149 315 210 5,027 1,510 251 126 3.48
1'0 446 18,427 898: 235 - 105 4,404 ""1,365 210 105 3.01

YAl



Table 71 .--Catch (t) which would have been harvested in 1982 if all

perch (POP) had been elim nated.

hauls with >X% Pacific ocean

Other Atka

Walleye Pac, Thorny- rock- Flat- mack- Sable- $
X POP pollock cod head fish fish erel  fish Squid X 10°
100 4,857 15,846 1,694 506 1,073. 6,048 2,564 ‘291 228 5.09
90 4,419 .15,739 1,679 503 1,061 5,989 2,552 289 224 4,92
80 3,789 15,739 1!672‘ 498 1,002 5,989 '_2,542 287 221 4,72
%0 3,146 i5,688 1,6317 490 938 5,913 2,528 283 213 4.48
60 2,528 15,688 1,566 476 855 5,822 2,512 274 207 4,23
50 2,012 15,625 1,507 460 764 5,7267' $ 2,489 264 194 - 4.01
40 1,694 15,565 1,429 436 706 5,563 2,485 255 181 3.84
30 1,201 715,493 1,276 402 '5997 5,245l 2,349 243 158 3.53
20 775 15,233 1,i55 33 414 4,766 2,258 220 132 3.18
10 343 14,636 1,014 224 190 3,665 164 90 2.65

. 2,098

0ST
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FISHING DEPTH
cvaersrseeneme. 100-199 meters (N=1357})
------ 200-299 meters (N=21,036)

o=+ === 300-399 meters (N=3562)
400-499 meters (N=716)

Catch (percent)

124 96 18 20 22 24 26 28 30 32 34 36 38 40 42 a4 46
Length (cm) ‘

Figure 1. Size conposition of Pacific ocean perch by depth from
the Japanese @ulf of Al aska groundfish fishery in 1965.
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Figure 3. Percent conposition of Pacific ocean perch in the total
Japanese groundfish catch, by region, 1960-82.
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Figure 5. Estimates of population nunbers and mean biomass (age 5 to 20)
in each stock as determned by the cohort analysis base runs,

1963- 1976. Density index derived by Chikuni (1975).
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Figure 6. Virtual -popul ation-analysis estimates of biomass by year for

Paci fic ocean perch in the eastern Bering Sea region using a
range of initial F-values from0.05 to 1.0.



157

ALEUTIAN ISLANDS

M=0.15
600

500
400

300

Biomass (thousand t)

- 200

100k F =050

Fe10—

OIILILILLLILLIII;

1964 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79

Year

Figure 7. Virtual -popul ation-analysis estimates of bionass by year for
Pacific ocean perch in the A eutian Islands region using a range
of initial F-values from0.05 to 1.0.



Biomass (1x10%t)

158

GULF OF ALASKA

M=0.15
2000

1000 B

TR DU T 1
1061 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79

Year

Figure 8.  Virtual-popul ation-analysis estimtes of biomss by year for
Paci fic ocean perch in the Gulf of Alaska region using a range
of initial F-values fromO0.01 to 0.50.
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Figure 9. Expected recruitnent |ines describing the constant recruitment
level required to sustain a given virgin biomss, for M0.05
with p=0 38 and M=0.15 with p=0.52.
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Figure 10. For Pacific ocean perch in the GQulf of A aska, estimted population
bi omass (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, estimted popul ation
bi omass (assum ng 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
popul ati on bionmass (assuming M:0.05 and p=0.38) over tine for SRA

fits P0.25 with r=0.0, and P 0.1,

0.2, and 0.3 with r=0.5.
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Gulf of Alaska
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vFishing rate (F)’

For Pacific ocean perch in the GQulf of Al aska, estimted sustainable
yield (assuming M0.0S and P=0.38)for a given fixed instantaneous
fishing nortality 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.



164 -

Aleutian lIslands

—_——— r=0.0 P=0.240
ceesscacs r=05 P=0.303
—— r=05 P=0.198
- r=05 P=0111

. 20p
2
8 =
s |
g 15:
=
2 |-
> 10f
L2 =
o] -
[y
£ B
s -
3 51
A -
=
SRS U NN DU NN SR | IS N N SR N NNU NN S SR S | | |
0.05 0.10 0.15 0.20

Fishing rate (F)

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 nortality 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 16. Equilibriumyield (1,000 t) as a function of F for the Gulf of Alaska region, 3 cases.
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Figure 18.

Equilibrium profit ($1,000) as a function of F for the Gulf of Alaska region, 3 cases.
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Figure 20. Equilibriumyield (1,000 t) as a function of F for the Aleutian Islands region, 3 cases.
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Figure 21. Equilibrium profit ($1,000) as a function of F for the Aleutian Islands region, 3 cases.

TL1



— CASE 1
""""" CASE 2
===" CASE 3
5 . 00"
5.00+
4.00+
1Y
1 e
'E 3.001 . T T T e ——— T e
D L Fid T """"""'“-----......__.______.“_“.""““ ...........
. ‘ ’,/ ..........
2.00-1 ’I »..__.-
/7 -
/.
I o
s
1.00+ /,,'-"
/,
10.00 , : : , - : | . —
' 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
F
Figure 22. Equilibriumyield (1,000 t) as a function of F for the eastern Bering Sea region
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Figure 27.  Yield (1,000 t) time paths of 4 F's for the Qulf of A aska region, case 2.

LLT



N> IO~W

1

]

]

]

-n
g nae

800.004

700.004

600 . 00'

500. 004

0.01
0.03
0.05
0.07

400.00- T ——
300.00 LB T | | | | —T— -
1 16 21 26 31 36 41 46
YEAR
Figure 28. Biomass (1,000 t) time paths of 4 F's for the Gulf of Al aska region, case 3.
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Figure 33. Yield (1,000 t) tinme paths of 4 F's for the Aleutian Islands region, case 1.
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Figure 37. Yield (1,000 t) time paths of 4 F's for the Aleutian Islands region, case 3.
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Figure 38. Biomass (1,000 t) time paths of 4 F's for the Aleﬁtian Islands region, case 4.
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Figure 41.  Yjeld (1,000 t) tine paths of 4 F's for the eastern Bering Sea region, case 1.
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Figure 42. Biomass (1,000 t) tinme paths of 4 F's for the eastern Bering Sea region, case 2.
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Figure 43. Yield (1,000 t) time paths of 4 F's for the eastern Bering Sea region, case 2.
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Figure 44. Biomass (1,000 t) tinme paths of 4 F's for the eastern Bering Sea region, case 3.
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Figure 45

Yield (1,000 t) time paths of 4 F's for the eastern Bering Sea region,

case 3
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Figure 46

Bi onass (1,000 t) time paths of 4 F's for the eastern Bering Sea region,

case 4

96T



F = 0.01
""""" F = 0.03
“°7" F =-0.05
—— F = 0.07

6-007
’—””’—
5.00- /,/’ --------------------------
77—
e
'// —"——’——
4-00"‘/' ”’—”
i T ——
E e
L 3.o0¢y” e
T
2.004 "
0-00 ! L T T T T 1 ) T
6 11 16 21 26 31 36 41 46
YEAR
Figure 47.

Yield (1,000 t) time paths of 4 F's for the eastern Bering Sea region, case 4.
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Cunul ative discounted profit tine paths of 4 F's for the GQulf of Al aska region,

case 1.
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Figure 49,

Cunul ative discounted profit tine paths of 4 F's for the Qulf

of Al aska region,

case 2.
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Figure 50. Cumulative discounted profit time paths of 4 F's for the Gulf of Alaska region, case 3.
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Figure 51.

Cumulative discounted profit time paths of 4 F's for the Gulf of Alaska region, case 4.
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Figure 52

Cunul ative discounted profit time paths of 4 F's for the Aleutian Islands region,

case 1.

coc



NIPFrOoU ZO—rr—=x

-
b o np

0.01
0.03
0.05
0.07

-1.50 T 1 1 =1 1 T T T T
6 1" 16 A~——_26___ 31 _ ___ 36 __ 41— 4g—————
: YEAR
Figure 53, Cumulative discounted profit time paths of 4 F's for the Aleutian Islands region, case 2.
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Figure 54.

Cunul ative discounted profit time paths of 4 F's for the Al eutian Islands region, case 3.

voe



NIVBrrO0 ZO=rrmx

20.00-
16.00
2.00]

5.00,

4.00-

-
-
-

0.00

YEAR

Figure 55,

Cumulative discounted profit time

paths of 4 F's for the Aleutian Islands region, case 4.
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Figure 56. Cumulative discounted profit time paths of 4 F's for the eastern Bering Sea region, case 1.
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Cumulative discounted profit time paths of 4 F's

for the

eastern Bering Sea region, case 2,
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Figure 58. Cumulative discounted profit time paths of 4 F's for the eastern Bering Sea region, case 3.
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Figure:- 59. Cumulative discounted profit time paths of 4 F's for the eastern Bering Sea region, case 4.
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Figure 60.
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For each trip, POP as percent of total catch by weight

of

the Pacific ocean perch (POP) catch taken

in trawm 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 nmpst of the large freezer trawl ers and someof the small
tramers, nearly all of the POP catch is taken in hauls greater than
50% POP.  Likewise, for mostlarge freezer trawers, a relatively

hi gh percentage of hauls contain greater than 50% PCP.



	TABLE OF CONTENTS
	PREFACE
	INTRODUCTION
	BIOLOGY
	Description
	Distribution and Migration
	Maturity, Fecundity, Reproduction, and Early Life History
	Age and Growth

	DESCRIPTION OF THE FISHERY
	Vessels and Gear
	Japan
	Soviet Union
	Other Nations

	Fishing Grounds, Seasons, and Depth of Fishing
	Catch Trends

	PREVIOUS STOCK ASSESSMENTS
	CPUE Analysis
	Absolute Abundance Analyses

	CURRENT STOCK ASSESSMENTS
	Methods
	Virtual Population Analysis
	Stock Reduction Analysis
	Rebuilding Schedules

	Results of Current Assessments
	Virtual Population Analysis
	Stock Reduction Analysis
	SRA estimates of virgin biomass
	SRA estimates of maximum sustainable yield

	Rebuilding Schedules

	Discussion of Current Assessments
	Current Stock Conditions
	Virgin Biomass
	Maximum Sustainable Yield
	Rebuilding Schedules


	ECONOMIC ANALYSIS
	POSSIBLE EFFECTS OF REDUCED PACIFIC OCEAN PERCH QUOTAS ON EXISTING FISHERIES
	SUMMARY
	REFERENCES
	APPENDIX A. PRODUCTION STATISTICS
	APPENDIX B. SUMMARY OF SRA METHODS 
	TABLES
	FIGURES


