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ABSTRACT

This report contains an assessnent of the condition of groundfish in
the @ulf of Aaska region through 1982. The assessnents are based on
speci es- by- speci es anal yses of the data collected fromthe commerci al
fishery and research vessel surveys. Estimates of maxinmum sustainable
yield and equilibriumyield are presented to gui de nanagenent of the 1983
fishery.

Mbost of the resources in the Gulf of Al aska nanagenent regi on appear

to be in good condition, including walleye pollock, Theragra chal cogranms,

sabl efi sh, Anopl opoma finbria; Pacific cod, Gadus nmacrocephal us; Atka

mackerel, Pl eurogrammus nonopterygius; and the flatfishes. Pacific ocean

perch, Sebastes alutus, stocks are in poor condition and remain at |ow

| evel s of abundance. The equilibriumyield for the groundfish conpl ex
as a whole is estinmated between 433.6 and 719.4 thousand t, with a mean

of about 576.5 thousand t.
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WALLEYE POLLOCK
by

Mles S. Alton and Richard B. Deriso

Wl | eye pollock, Theragra chal cogramma, is indigenous to the North Pacific

and adjacent seas. Its greatest abundance lies at continental shelf depths of
100 to 300 m where nost of the harvest has taken place. It is a schooling fish
and may be found on or near the sea bottom as well as at mid- and near-surface
depths.  Adult pollock beyond the shelf have been found in near surface and in
the upper water layers. This has been observed in the Bering Sea Basin, south
of the Aleutian Islands, and off southeast Al aska. The total pollock bionass
has been estinmated to exceed 20 million metric tons (t) (Natural Resources
Consul tants 1981).

Fisheries for pollock take place in Canadian waters, the @ulf of Al aska,
Bering Sea, Aleutian Islands area, off Kanthatka Peninsula, the Kurile Islands
area, and in Japanese and Korean waters. I ndi vi dual stocks are often associated
with these main fishing regions. For 1979, the latest year of conplete statistics
for all regions, 3.6 million t were caught in the western Pacific and 1 mllion
t in the eastern Pacific. In the eastern Pacific the bulk of the catch is
taken in the eastern Bering Sea, followed by the Qulf of Alaska (Figure 1).

There is evidence that pollock in the Qulf of Al aska increased substantially
in biomass between the early 1960's and early and nmid-1970's (Figure 2).

During the 1973-77 period, its biomass was estimated to be 1 million t based
on research trawm surveys. The ngjority of that bionmass was found to lie in
the western Qulf of Alaska. Potential yield was set at 166 thousand t (Alton

et al. 1977).
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Figure 1. --All nation annual walleye pollock catch in the Al eutian
Islands, Gulf of Alaska, and eastern Bering Sea, 1977-81.



Susitan
o Kk R

V@ Prince
Wittiam 5, |

Yakutat

60° N

Yakutat
Region

Bering Sea

8 ka/h

1961 1974

- : - 7
S v 7
o %/./, v
/ . 20
Chirikof ko/h ‘.
&0 s e Region 55¢
\)(‘. QY ///,/ . \_- ."- v
o‘ x /771/// 1961 1975 Dixon
A ..'//‘// s Entrance
’ / Sanak .

Region

_Gulf of Alaska

~

Figure 2 -.-Changes in stock density of walleye pollock in the Gulf of Al aska as suggested
from changes in survey catch rates (kg/h) between 1961 and 1974-75.



4
Foreign nationals were the first to harvest significant anounts of

pollock in the Gulf of Alaska. They began traw ing operations in the GQulf

in 1962, targeting on rockfish, mainly Pacific ocean perch, Sebastes alutus

As rockfish abundance declined, there was a shift to pollock. Bet ween 1962
and 1971 the annual catch ranged from 1.1 to 17.6 thousand t. Pollock were
either taken in an intermttent directed fishery by Japan or as a by-catch
in the Japanese and U S.S.R rockfish fisheries. Reported catches for this
period are considered mniml because of the inadequacy of the Soviet statistics
In 1972 the foreign catch of pollock rose sharply to 34.1 thousand t and has
continued to rise so that by 1977 it began to exceed 100 thousand t (Table 1).
The highest annual catch has been 130.3 thousand t in 1981

Restrictions on the foreign fisheries of the Qulf of Al aska began in
1966 when the United States established a 12 m (19.3 kn) contiguous fishing
zone which prohibited foreign fishing and support of such fisheries in this
zone. This had very little or no effect on the foreign trawl fisheries for
pol l ock since the nmain fishing areas by the trawlers lie outside of this
zone. In the early 1970's, however, other restrictions were introduced
through bilateral agreements which limted the amount of pollock that could
be harvested, restricted access to pollock and other groundfish on certain
fishing grounds during certain periods of the year, and regul ated the way
trawms could be fished. Wth the passage of the Magnuson Fishery Conservation
and Managenent Act (MFCMA) in 1976 and its inplementation in 1977, |icensing,
catch, and time-area restrictions were placed on foreign vessels fishing in
the US. 200 m (321.9 km fishery conservation zone (FCZ). G oundfish
al locations, including pollock, were set for each nation. Pollock allocations

for more recent years, 1979-82, are given in Table 2. Tine-area closures and



Table 1 .--Annual catch (t) of walleye pollock by foreign nation, 1964-81.
Year Japan U.S.5.R. R.O:K. Poland Mexico Total
_____________ t = = e = e e m e e = = = e = = =
1964 1,126 Unknown 1,126
1965 2,749 " 2,749
1966 8,932 " 8,932
1967’ 6,276 " 6,276
1968 6,164 " 6,164
1969 17,553 " 17,553
1970 9,343 " 9,343
1971 9,018 440 9,458
1972 13,696 20,385 34,081
1973 6,706 30,130 36,836
1974 36,433 31,000 447 ) 61,880
1975 13,032 39,949 5,900 631 59,512
1976 11,796 37,825 36,906 -— 86,527
1977 41,953 41,588 35,579 1,256 120,376
1978 26,093 41,956 27,052 1,226 96,327
1979 31,920 17,300 25,739 19,551 8,677 103,187
1980 37,897 37,001 25,013 13,085 -—— 112,996
1981 51,885 —— 38,552 39,886 —-—— 130,323




Table 2.--Foreign fisheries allocations (t) of Gulf of Alaska walleye pollock by nation and area in 19791/, 19802/,
and 19813/.

Chirikof-Kediak

Shumagin Yakutat-Southeastern All areas
Nation 1979 1980 1981 1979 1980 1981 1979 1980 1981 1979 1980 1981
Japan 3,042 360 29,819 30,878 40,915 44,352 4,359 5,470 9,054 38,279 46,745 - 83,225
U.S.S.R. 16,436 16,025 none 30,008 24,917 none 3,864 none none 50,308 40,942 none
Republic of 22,116 24,878 17,082 none none 19,178 5,914 3,727 4,478 28,030 28,605 40,738
Korea : )
Poland 9,489 12,293 16,216 10,034 15,172 26,210 none none 4,251 19,523 27,465 46£677
Mexico 6,842 none noné ) 3,510 7,611 none 1,818 5,806 none 12,170 13,417 none
All nations 57,925 53,556 63,117 74,430 88,615 89,740 15,955 15,003 17,783 148,310 157,174 170,640

l/ 1 Dec.

1978 to 31 Oct.

1979.

2/ 1 Nov. 1979 to 31 Oct. 1980.

2/ 1 Nov.

1980 to 31 Dec.

1981.



gear restrictions put further linmtations on the traw fisheries for pollock
and other groundfish. The nmpbst current summary of these restrictions is given
in Figures 3 and 4.

After passage of the MFCVA, foreign fishing conpanies and state-run
fisheries enterprises began to enter into joint-venture arrangenments with U S.
fishing vessels in order to gain additional access to US. resources. The
joint-venture arrangenent consists of a contract between a foreign and U. S.
interest in which US. vessels catch the fish and | and them on foreign processing
vessels. Such ventures began at a nodest level in the Gulf of Alaska in 1978
and have grown rapidly in ternms of volunme of catch so that in 1982 the joint-
venture catch in the Qulf of Al aska reached some 75 thousand t (99% pol | ock) by
June of that year.

In 1982 the pollock catch by the foreign traw fisheries and joint
ventures may easily exceed 170 thousand t.

The rapid rise in the GQulf of Al aska pollock catch in recent years and
its growing inportance to U S. commercial interests necessitates a critical
eval uation of the condition of the resource. This includes fundanental
questions, such as, does our present know edge about this resource allow us to
determ ne whether the resource is declining, nmaintaining itself, or increasing
in abundance? In this report the condition of the resource and the adequacy
of our information base are examined. An attenpt is also made to project
future stock condition and recomend ways by which the current information

base can be inproved.

STOCK UNI TS
Bi ochenical genetic studies by Iwata (1975a,b) and Johnson (1977) found

di fferences between Asian stocks of walleye pollock and those in the eastern
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Bering Sea and Qulf of Alaska. Gant and Utter (1980) were able to find

smal | but detectable genetic differences between wall eye pollock of the

sout heastern Bering Sea and those of the Gulf of Alaska. In their cluster
analysis for genetic sinilarities, their sanples fell into two groups that
general |y corresponded to the southeastern Bering Sea fish and Gulf of Al aska
fish. Only one @ulf of Alaska sanple was included in the "Bering Sea" group;
two Bering Sea sanples fell within the "Gulf of A aska" group. The @lf of

Al aska sanmpl e which showed affinity to the Bering Sea sanples was obtained from
the Shelikof Strait region of the Gulf of Al aska in February while the remainder
of the Qulf sanples were taken east of the Shelikof region during July. The
Bering Sea samples, like the Shelikof sanple, were collected during the
late-winter/spring or spawning period. The affinity of the Shelikof sanple to
Bering Sea fish suggests a closer association of western GQulf pollock with
Bering Sea pollock than with pollock south of Kodiak and in the eastern Gulf of
Al aska. Further biochenical studies appear to be in order to clarify the
relationship of Bering Sea and western Gulf of Al aska fish.

If the placing of the Shelikof Strait fish with the Bering Sea fish is
correct, then this would support the suggestion by Hughes and Hi rschhorn (1979)
that an east-west separation of stocks may exist in the vicinity of Kodiak
Island. They found fromthe exam nation of research survey sanpling that
occurred in 1973-75 that an east-west difference in the density of two prom nent
year-classes was apparent. The 1967 year-class appeared in high density only
west of southeast Kodiak while the 1970 year-class was nost dense in the
sout heast Kodiak area and to the east. They also found east-west growth
differences in these year-classes.

Fi ndi ngs subsequent to the study by Hughes and Hirschhorn (1979) reveal ed

that major spawning of walleye pollock occurs in the Shelikof Strait region
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(Nunnallee et al. 1982). US.-US. S R ichthyoplankton surveys have also
suggested other, but perhaps mnor, spawning areas west of the Shelikof region
(Figure 5). These surveys have covered the western @Qulf of Alaska from the
vicinity of the Kenai Peninsula to Unimak Pass (Boretz 1981). No concentration
of spawning fish was evident between the Kenai Peninsula and Kodiak Island.

The findings of spawning areas in the Shelikof region and to the westward raise
questions as to the relationship of the pollock that spawn in these areas to
pollock in other areas of the @ulf, such as those south of Kodiak and the Kenai
Peninsula and in the Yakutat and southeastern Al aska areas. There has not been
an ichthyoplankton survey of the eastern @ulf of Alaska during the main spawning
months (March-April), so that the possibility that nmass spawning also occurs in
this region cannot be ruled out. Concentrated spawning is known for the inside
waters of southeastern Al aska.

We woul d enphasize that walleye pollock may be found in spawning condition
throughout the @ulf of Alaska (W Hirschberger, Northwest and Al aska Fisheries
Center, Seattle, WA 98112. Pers. commun., 1982). Small quantities of eggs
and larvae may be encountered at alnpost any time of the year (A Kendall,

Nort hwest and Al aska Fisheries Center, Seattle, WA 98112. Pers. commun., 1982).
But concentrations of fish for spawning appears to be confined to specific
areas during the spring nonths.

The results of the 1973-77 NWFS bottom trawl surveys were used to estimate
the walleye pollock biomass and its distribution in the Qulf of A aska (A ton
et al. 1977) (See Table 3). About 91% of the biomass lies in the western Qulf
of Alaska from approximtely Prince WIlliam Sound to 170° C west |ongitude.

They conputed a potential yield for each of the International North Pacific

Fi sheries Commission (INPFC) areas (Shumagin, Chirikof, Kodiak, Yakutat, and
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Table 3.-- Estimates of exploitable biomass and potential yield of walleye
pollock in the Qulf of Alaska by statistical areas of the
International North Pacific Fisheries Commission (in thousand t).

Area Biomass (B)1/ Yield (MSY = ABC)2/ Year of Survey
Shumagin 357-713 . 57-114 1974
Chirikof 340-680 54-109 ' 1973, 1975
Kodiak 255-511 41-82 1973
Yakutat 78-155 , 12-25 A 1975
Southeastern3/ 11-22 2—4 1976, 1977
All areas 1,041-2,081 166-334

1/ Range of biomass is based on catchability coefficient of 0.5 and 1.0.
2/ Maximum sustainable yield (MSY) = M(0.4)(B) = (0.,4)(0.4)(B).

3/ outside waters.
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Sout heastern). Originally allowable biological catch and allocations were nmade
for these INPFC areas to prevent any disproportionate anount of pollock from
being renoved from any one area; Allocations are currently made by three
regions.:  Shumagin, Chirikof-Kodiak, and Yakutat-Southeastern (Table 2). These
regional allocations are based on resource distribution.

In summary, there is sone tentative evidence for an east-west stock
separation of pollock in the vicinity of Kodiak Island based on studies by
Hughes and Hirschhorn (1979) on year-class density and growth features, and
on biochenmical genetic studies by Gant and Utter (1980). These studies need
to be followed up by others for clarification. It is in the Kodiak area that
pol l ock density increases substantially and continues at relatively high |evels
westward, as evidenced from research surveys and the fisheries. Areas of
concentrated spawning have been located in Shelikof Straits and west of there.
There needs to be surveys in the eastern Gulf to determ ne whether spawni ng
concentrations occur there too. It is not known whether the pollock that
engage in these areas of concentrated spawning represent individual stocks
nor where they reside at other times of the year. Current nanagement sets
optimum yield (OY) by three regions of the @ulf of A aska based on resource

distribution from research trawl surveys.

FI SHERI ES
Catch Patterns
Prior to 1973 Japan was the only foreign fishing nation that was report-
ing its fishery statistics inthe Gulf of Alaska in a detailed and consistent
manner.  Through INPFC, Japan provided annual fishery statistics to the US.
by statistical blocks of 1/2° lat. and |1° long. by nonth, gear type, and vessel

size (tonnage classification). By 1977 the MFCMA required that all nations
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fishing in the FCZ (3 to 200 miles offshore) report their catch and effort
statistics in the same manner as established by |NPFC

The U. S. observer program which was expanded with the passage of the
MFCMA, began to conpile their own estimate of the foreign catch by major
species and groups to ensure that allocations were not exceeded. The U S
observer program annual |y provi des what they consider their best estimte of
the catch within the Shumagin, Chirikof, Kodiak, Yakutat, and Sout heastern
areas by species, nation, vessel class, and gear for each nonth. The estimation
procedure, described by Vall et al. (1981), is a method of extrapolating catch
estimates per time period fromvessels having observers aboard to vessels
having no observer coverage. (Cbserver coverage (number of observer days/tota
vessel days x 100) grew from 10.2%in 1977 to 16.3%in 1979 and t hen declined
to 11%in 1981. Coverage wll increase in 1982. This estimation procedure was
fully inplenented in 1978. W use estimates based on that procedure for the
more recent (1978-81) catch information on pollock. The foreign reported catch

is used for previous years.

Foreign Trawl Fisheries
Japan, Republic of Korea (ROK ), US S R, and Poland nationals have

been the principal harvesters of walleye pollock in the Gulf of Al aska (Table
1). Mst of their catch has been fromthe Shumagin, Chirikof, and Kodiak areas
(Table 4 and Figure 6). In 1981 the Chirikof catch of alnost 65 thousand t was
the highest on record for that area, but the Kodiak catch declined from26.5 to
9.1 thousand t. The sharp contrast in catches between the two adjacent areas
in 1981 is believed to be the result of shifts in the availability of pollock
and the possi bl e avoi dance of the Kodiak area where there is a tendency of high

incidental catches of prohibited species
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Table 4.--Valleye pollock catch (t) by area and foreign nation in the GQulf of
Al aska (1977-82).%

Eastern
Western " Central - (Yakutat-
Nation Year (Shumagin) (Chirikof~Kodiak) Southeastern)
___________ T = = = - m m e m = e - - -
Japan 1977 8,626 25,969 7,358
1978 3,539 19,026 3,528
1979 1,366 27,700 2,862
1980 378 32,975 4,544
1981 14,125 33,604 - 4,156
Republic of 1977 34,166 1,413 -
Korea 1978 26,268 784 -
1979 23,312 - ' 2,427
1980 24,926 - 87
1981 17,191 16,961 © 4,400
USSR 1977 13,981 27,262 345
1978 1,494 ' 40,462 -
1979 170 17,087 43
1980 15,495 21,506 -
1981 ' - - -
Poland 1977 - 1,256 -
1978 - 1,226 -
1979 249 19,302 -
1980 5,848 7,237 -
1981 . ‘ 16,244 23,624 18
All ‘
nations o 1977 56,773 - 55,900 ‘ 7,703
1978 31,301 61,498 3,528
19792/ 30,218 67,597 5,372
1980 46,647 61,718 ° 4,631
1981 47,560 74,189 8,574

v/ For 1977, reported catch by foreign nations indicated; for 1978-80, a
"best blend" estimate as described by Wall et al. (198l), was used.

2/ 1Includes catch by Mexico
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Foreign trawing has mainly taken place in recent years during June to

Novenmber, probably because of the time-area closures and gear restrictions
during the early part of the year. This is reflected in the distribution of
the pollock catch during the year (Figure 7). There are exceptions such as the
U S.S.R operations in certain years (1978 and 1980) when the majority of their
pol l ock catch was taken from January to May. The Polish fishery also harvested
more pollock in the early part of the year in both 1980 and 1981. Mbst poll ock
are taken, however, during June to Novenber.

The Japanese have had a long history of harvesting pollock in the Qulf of
Alaska (Table 1). In recent years (1979-81) their catch of pollock has been
larger than that of other nations. They have al so been given the highest
pol l ock allocations in both 1980 and 1981, however, their catches for these
years have been less than their allocations. Since 1973 they have what could
be described as two types of traw fisheries in the Qulf of Alaska. (ne type
uses large trawl ers that have the capability of producing mnced fish called
surim, as well as frozen fish and neal. These trawlers target on pollock
The other fisheries involve freezer trawmers that fish for pollock as well as
other groundfish. The U S. observer programplaces these latter freezer
trawlers into two categories, small freezer trawlers and large freezer trawers.,
Many of the small freezer traw ers have a gross tonnage between 350 and 600
and frequently target on pollock, usually freezing the pollock whole or dressed
(headed and gutted). Their catch of pollock increased substantially in 1981
exceeding that of the large freezer trawers (Table 5). The latter type vesse
has a gross tonnage of 1,500 or greater and target usually on pollock or rock-
fish. They produce frozen fillets frompollock above a certain size or weight

and dressed fish from an internediate size category. Small fish and offal are
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Table 5.--Annual catch of Gulf of Alaska walleye pollock by Japanese traw er
vessel category (1976-81).

Surimi Small " Large
factory trawler freezer trawler freezer trawler
Year)/ (1,505->4,505 gr tons) (<1,499 gr tons) (1,500-4,504 gr tons) Total

-------------- 1,000 £ = = = = = = = = = = = = = = = =
1976 4.9 0.3 ‘ 6.6 1.8
1977 19.0 X 7.0 15.0 41.0
1978 17.8 , 6.7 | 1.5 26.0
1979 10.6 5.5 15.7 31.8
1980 20.4 | 8.6 | 8.5 . 37.5

1981  30.4 12,3 8.8 51.5

1/ Foreign reported catch for 1976 and 1977; best blend estimate for 1978-81.



21

made into fish neal. The surim type traw ers have, since 1977, been the
| argest producers of pollock in the Japanese fisheries |anding some 30.4
thousand t of pollock in 1981. Bottom trawing is generally the node of
fishing for Japanese traw ers, although sone off-bottom trawing takes place

The annual catch of pollock in the US SR traw fisheries is not known
for the years prior to 1971 and even the accuracy of their reported catches
for the early 1970's may be questionable. The U S.S.R pollock catch has
been substantial since 1972 and reached 42 thousand t in 1978. The U S S.R
was not given any allocation of pollock or any other fish resource in the Gulf
of Alaska in 1981

The Soviet fleet is conposed of only large freezer traw ers of two types--
BMRT's of 2,300 to 3,800 gr tons and RTM s of 2,100-2,200 gr tons (Nelson et
al. 1981). Pollock is frequently a targeted species. In the years 1977-80
pol | ock constituted 56 to 68%of their total CGulf of Al aska groundfish catch
(Table 6). As mentioned earlier, there were some years (1978 and 1980) in
which a significant portion of their catch was taken in the early part of the
year. Both pelagic and on-bottomtrawling is used in capturing pollock, which
are frozen whole, dressed, or as fillets. Small fish and offal are used for
fish neal

The RO K., for the nost part, uses large freezer trawers in the Qilf
of Alaska. Until 1981, the Koreans have focused nuch of their effort toward
pol l ock, which is reflected in the high proportion of pollock in their total
catch (Table 6). In 1981, however, a greater proportion of Atka mackerel

Pl eur ogrammus nonopterygi us, and other species were taken, as conpared to

previous years, but the total pollock catch reached its highest l|evel so far

in their @lf of Al aska fisheries



Table 6.--Total

percentage of walleye pollock taken

groundfish catch (in thousand t)

and,
in the foreign trawl fisheries

in parentheses, the

of the Qulf of Al aska, 1977-81
Year Japan. R.0.K. U.S.S.R. Poland All nétions
1977 86;1 (49) | 36.2 (98) 64.7 (64) 1.3 (97) 188.3 (64)
1978 50.9 (51) 34.3 (79). 62.6 (67) 1.3 (92) 149.1 (65)
19791/ 56.1 (57) 29.1 (88) 31.0 (56) 19.7 (99) 146.3 (70)
1980 71.7 (53) 31.4 (80) 54.6 (68) 13.3 (98) 171.0 (66)
1981 82.5 (63) 74.7 (52) - 41.1 (97) 198.3 (66)

1/ Includes catch by Mexico.
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Anot her marked change in 1981 was the increase in the pollock catch in the
Chirikof-Kodiak area. Prior to 1981 nost of the R QK pollock catch was
taken in the Shumagin area and particularly froma snall area between 168°W
l ong. and Davidson Bank (Figure 3). In the RO K fisheries, pollock is frozen
inthe round or filleted, with small fish and offal turned into fish neal
Polish trawl ers began fishing on a small scale in the Gulf of Alaska in
1975. By 1979 their catch reached 19.6 thousand t and in 1981 39.9 thousand t
was taken. In 1980 and 1981 Polish vessels took a considerable amunt of
their annual catch during the early part of the year. Pelagic traws are used
exclusively and this accounts for the high proportion of pollock in the tota
groundfish catch of the Polish fishery (Table 6). Pollock above a certain
Size are made into frozen fillets and intermedi ate size fish are headed and

gutted. Small pollock go into fish neal

Joint-Venture Fisheries

Various Japanese, R QK , and German (Federal Republic of Germany) fishing
conpani es and state fisheries (Poland) have entered into joint-venture fisheries
in the Gulf of Alaska with U S. interests. Such fisheries have grown rapidly
in recent years. Wlleye pollock is the main species in these fisheries and in
1982 the pollock catch as of June was 74.3 thousand t (Table 7). In both 1981
and 1982 the joint-venture fisheries operated mainly or conpletely in the
Sheli kof region on concentrations of prespawning and spawning pollock. The U.S.
catcher vessels are small stern trawmers that range in |ength between 25 and 50
m and from 120 to 200 gr tons. In the Shelikof fishery, pelagic trawls are used
in which the content of the catches is alnost all pollock. The individual catches
are not taken aboard the catcher vessel but are transferred via detached codends
to the foreign processing vessel where the pollock are processed into various

products--frozen fillet blocks, roe, fish frozen in the round, and fish neal



Table 7 .--Walleye pollock catch (t),
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injoint ventures in the Qulf of Al aska,

1980- 82.

Year Shumagin Chirikof Kodiak All areas
1980 113 4961/ 5271/ 1,136
1981 21 16,8362/ - 16,856
19824/ - 74,2823/ - 74,282

i/ April-May
2/ February-April
3/ January-May

&/ As of June 1982
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U.S. Fisheries

In 1981 the pollock catch in strictly U S. fisheries continued to remain

at a low level--less than 1 thousand t

Length and Age Conposition
Length and age information on pollock have come fromthe U S. observer
program for the period 1976-82. A description of the sanpling procedures for
length and age, as well as other information used by U S. observers aboard
foreign vessels are described by Nelson et al. (1981). Length-frequency
measurenents are taken from random sanples of about 150 fish per day by the
observer when walleye pollock was the target species. The age sanple consisted
of otoliths fromfive fish of each sex and for each 1 cminterval. Only one
age sanple was obtained per observer vessel trip
In estimating the age conposition of the annual catch by all nations for
the conbined major fishing areas of the @ulf of Al aska (Shunagin, Chirikof,
and Kodiak INPFC areas) the followi ng stepw se procedure was used
1. For a given year a weighted length conposition by sex was obtained
for geographical blocks of 1 1/2° lat. and 2° long. for each nation-
vessel class and by nonth. \Weighting was cal cul ated by converting
the weight of the catch per day aboard the observer vessels to
nunbers of fish; this was applied to the daily length conposition.
The nmean weight of the fish in a sanmple was divided into the daily
catch by weight to obtain the number in the catch
2. For each nation-vessel class the block-nonth |ength conpositions were
conmbi ned based on correspondence in length range, nodes, and sharpness
of modes. This may have involved up to 4-5 adjacent geographica

bl ocks for up to 2-4 consecutive months. The combined blocks generally
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corresponded to 5 geographical areas: western Shunagin, eastern
Shumagi n- Chi ri kof, Shelikof, western Kodiak, and eastern Kodiak
(Figure 8). \When comnbining block-months or tine-area cells by
nation-vessel class, the length conpositions were weighted by the
best blend catch converted to numnbers

3. The length conposition of each time-area cell for a given nation-
vessel class was converted to nunbers at age using an age-length key
from age data collected in that time-area cell. If the age data for
a tine-area cell were insufficient because of msmatch between the
l ength conposition and the age-length data or if the age sanple was
too snmall, the age data from adjacent tine-area cells were used to
build a sufficient key.

4, The age conpositions of the tine-area cells for each major geoqraphi -
cal area were combined for each nation-vessel class to give annua
catch in nunbers at age

5.  These annual catch in nunbers at age by nation-vessel class were
further combined to give an all nation-vessel class age conposition
for each mmjor geographical area. Finally, these were conbined for an
annual catch at age for all nations and vessel classes for the Shumagin
to Kodiak area

Age data on pollock in the Yakutat and Sout heastern | NPFC areas were very

limted and have not been examined in sufficient detail for inclusion in this

report.

Foreign Trawl Fisheries
The nean length and range of pollock fromweighted |ength frequencies were

exam ned by nation-vessel class for the January to June and July to Decenber
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Figure 8.-- Geographical subdivision used in estimating length conposi-
tion of walleye pollock weighted by catch in nunbers.



28

periods (Figures 9 and 10). Considerable variation is apparent in the nmean
length of fish taken in the eastern Shumagin-Chirikof area in the first half

of the year for 1978 to 1980. The |low nean length of pollock in the Soviet
fisheries accounts for sone of this variation. As nentioned earlier, the

Sovi ets have taken a considerable amount of their annual pollock catch in the
early part of the year in 1978 and 1980. Their 1978 catch had a high proportion
of 2- and 3-year-old fish (Table 8).

For other areas during the June to Decenber period there is generally a
correspondence in the mean fish |length between nation-vessel classes for the
same area and tine period. The range certainly varies considerably with a
tendency for the east Shumagi n-Chirikof area of having smaller length fish. In
the second half of the year, the nean length appears stable, with no apparent
trend -of increase or decrease in the nmajor pollock fishing areas (Figure 9)

For nost nation-vessel classes and tine-area periods the mean length is around
40 cm and greater.

The contribution of individual year-classes to the catch varied
consi derably during the 1976-81 peri od. In 1976 the 1972 year-class as
4-year-olds domnated the catch in both nunbers and weight (Figure 11)

The inportance of #is year-class becane evident as early as 1973 when, as
1l-year-olds, they occurred frequently and in large nunbers in the Nationa

Marine Fisheries Service (NWFS) surveys in the Kodiak area. |In 1977 and 1978
this year-class continued to be inportant in the fisheries. The two year-classes
following the 1972 year-class (1973 and 1974) were relatively poor contributors
to the fisheries. In 1978, two year-classes (1975 and 1976) appeared in large
nunbers in the catch as 2- and 3-year-olds and continued to be inportant in the

fisheries in 1979 through 1981. The 1977 year-class has al so been inportant
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J-1= Japanese small trawler

J2=

January — June

Japanese large trawler
J-3= Japanese surimi trawler

P= Poland
M= Mexico

K= R.0.K.
U= U.S.S.R.

YEAR WEST SHUMAGIN EAST SHUMAGIN—CHIBlKOF KODIAK
1977 U ——A-—‘
A p—) v A 32
1978 J.2] )2 -
J 1 —b J-1 A A 41
U —_—A A M
1979 K——— A v—A_
—A )3 A -3
1980 U A —A )3
K A —A — P —A 1
A P
1981 K A
K A A J-1
1982 K—A_
Y.
1 1 1 IJ ! | 1 i N 1 1 - | 1 1 i Jo
40 60 20 40 60 20 40 60
Length‘( cm )
July —- December
YEAR WEST SHUMAGIN EAST SHUMAGIN—-CHIRIKOF KODIAK
U _A U A
1977 —A  J2 al 32
Uu——=~A Jl—N J—
K VAN u FAN
—_ A )3 J3a—A
1978 )2 A A J-2
K A A AR R IR A
M—A
A P
U—— A M—A
1979 J-3 A —_A_ _J3
K —A_m —_ A )2 Y W— Y |
A ) R — —A J-1
— AN
A A
1980 K A v 3.2 VAN 3 — A )2
— A )2 — A A J-1
P A
—_A
1981 13 A K K A
K—2O Jo——a A J2
Jo—D_ A J1 - A @ 1
1 L [ | 1 1 1 1 1 L 1 1 IR 1 .
40 60 20 40 60 20 40 60
Length { cm )

Figure 9. --Mean length and |l ength range of walleye pollock in the
foreign traw catch from the Shumagin and Kodi ak areas.
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K = Korean trawler
J-1 = Japanese small trawler
J-2 = Japanese large trawler
J-3 = Japanese surimi trawler

—A January —June
July—December

Year YAKUTAT SOUTHEASTERN
A J-2
J-1 A
1978 A J-2
J-1 A
‘ —A )3 '
1979 J-2 A J-2 A
A J_1 J_z A
K A
1980 J2 —A |
A J-1 J2a__A
1981 | 4, A
1 ] L 1 L 1 1 1 1 1
20 40 60 20 40 60

Length {cm)

Figure 10.--Mean length and length range of walleye pollock in the
foreign tram catch from the Yakutat and Southeastern
International North Pacific Fisheries Conm ssion (INPFQ
statistical areas.



Table 8.--Estimates of the annual catch-at-age of walleye pollock in the western and central Qlf of A aska (Shunagin, Chirikot and Kodiak
International North Pacific Fisheries Commission areas) by age, 1976-81, by foreign trawers and joint-venture fisheries. Catch, age
and size of fish converted to age information from U S observer data. Insufficient age information for years prior to 1976
1976 1977 19781/ 1979 1980 1981
Mean Mean Mean Mean Mean Mean
Age Nos Weight wt. Nas Weight wt. Nos Weight wt. Nos Weight wt. Nos Weight W . Nos Weight wt .o
(yr) (103) (t) (kg)  (103) (t) (kg)  (l03) (t) (kg)  (103) (t) (kg) (103) () {kg) (103 (t) (kq3)
0 - - -—- -— - N 12 <1 -— -— _— - - - —— - -— -
1 -- -—- -—- 50 2 0.04 497 11 0.02 262 46 0.18 360 28 0.08 543 72 0.13
2 603 121 0.20 ‘ 13,189 2,346 0.18 47,651 5,327 0.11 1,773 440 0,25 65(806 11,187 0.17 6,439 1,360 0.21
3 13,562 4,409 0.32 7,676 3,149 0.41 111,332 26,357 0.24 76,305 28,678 0.38 30,386 15,497 0.51 33,195 16,597 0.50
4 94,}005 46,651  0.50 ia,ezl 9,013 0.48 13,819 . 7,977 0.58 55,977 32,184 0.57 54,088 31,912 0.59 75,766 53,936 0.71
5 32,137 19,166 0.60 92,616 64,281 0.69 19,338 12,785 0.66 9,669 7,607 0.79 31,732 21,895 0.69 55,285 39,805 0.72
6 8,997 6,703 0.74 24,204 20,156 0.83 34,446 27,144 0.79 7,661 6,486 0.85 11,526 9,567 0.83 16,868 13,663 0,81
7 2,515 2,129 0.85 8,990 9,016 1.00 7,684 7,340 0.96 14,473 13,918 0.96 6,768 6,565 0.97 4,6177 4,é86 0.95
8 2,515 2,508 1.00 1,823 2,034 1.12 2,669 - 2,793  1.05 4,951 5,115 1.03 7,123 7,052 0.99 3,752 3,901  1.04
9 1,561 1,447 0.93 795 833 1.05 1,488 1,744 1.17 1,591 1,766 1.11 2,988 2,946  1.02 3,760 3,797 1.0l
10 1 1 1.00 1,105 1,115 1.01 548 551 1.01 708 907 1.28 958 927 1.01 687 800 l.16
11+ --= ~— -— 574 728 1.27 574 693 1.21 499 634 1.27 666 766 1.15 202 266  1.32
Total 155,896 83,1352/ 169,843 112,6732/ 240,058 92,7223/ 173,869 97,7813/ 212,261 108,3423/ 201,114 138,5833/
Y Low average wt. of 2 and 3 yr olds due to bulk of catch of these ages taken by U.S.S.R. in.winter and spring of that year.

2/ Foreign reported catch.
3/ Best blend estimate from U.S. Observer Program.

1€
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Figure 11 .--Age conposition of the annual walleye pollock catch in
nunbers for all nations from the conbined Shumagin,
Chirikof, and Kodiak International North Pacific Fisheries
Commi ssion (INPFC) statistical areas, 1976-81.
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in the catch in 1980 and 1981. Thus, in recent years those consecutive year-
cl asses (1975-77) have made inportant contributions to the catch. The 1978
year-cl ass al so appears to be relatively strong fromits contribution to the

catch in 1980 and 1981 as 2- and 3-year-olds

Joint-Venture Fisheries

The nean length of fish in the joint-venture fisheries of the Shelikof
region has declined over the period 1980-82, but the node has increased (Figure
12). This appears to be due to a reduction of fish age-7 and ol der on the one
hand and variations in the contribution of age groups 4, 5, and 6 for 1980-82
on the other hand (Table 9). The 1978 year-class which was of grow ng inportance
inthe foreign trawl fisheries in 1980 and 1981 was first in abundance in the
joint-venture fisheries in 1982, followed by the 1976 and 1977 year-cl asses

The joint-venture fisheries take a disproportionate nunber of nale pollock
(Table 9). This is believed to be the result of off-bottomor md-depth traw
fishing in the joint-venture fisheries. Cbservers aboard foreign trawers
fishing outside of the Shelikof region have often noted the shift to nore nales
occurs when trawming off the sea bottom  Another possibility for the greater
nunber of males in the joint-venture fisheries is that the males may actually
be nore abundant in the Shelikof region during the pre-spawning and spawni ng
period. They nay enter the area and remain there during this period, whereas

the fenales may nove in to spawn and then depart

MAXI MUM SUSTAI NABLE YI ELD
A first approximation of the annual potential yield was obtained from

the following relationship

MSY = 0.4 M P, (see Alverson and Pereyra 1969) (1)
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Figure 12. --Length conposition of the walleye pollock catch in the

U S -foreign joint venture fisheries in the Shelikof region
of the Qulf of Alaska, 1980-82 (U.S. observer data).
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Table 9.--Walleye pollock age and sex conposition of the catch of United
States-Republic of Korea joint-venture fisheries in the Shelikof
region of the @ulf of Alaska in spring of 1980-82

Age (%) Sex

‘ ratio

Year Months 1 2 3 4 5 6 7 8 9+ (M/F)
1980 April - May 2 6 3 29 11 117 4 1.5
1981  March - April 1 4 8 58 17 6 2 3 2.1

1982 March - April 1 14 31 27 24 3 1.6
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where MSY is the maxinum sustainable yield, Mis the natural nortality rate,
and P, is the standing stock or exploitable biomass. Natural nortality was
estimated to be 0.4 which approximated the 0.43 estimated by the Japan Fishery
Agency (1974) for Bering Sea pollock and is the maxi num of the range (0.2-0.4)
calculated for @ulf of Alaska pollock by Hughes and Hirschhorn (1979).
Implicit in the above relationship was the assunption that P, is a virgin

bi omass, although in reality the Gulf of Al aska pollock had been under sone
fishing pressure at the- time this MSY estimate was made in 1977. Exploitable
bi onass was estimated from NVFS bottomtraw surveys conducted during the
years 1973-1977 by using the relationship:

(CPUE) (A)
Py = (2)

where A is the total area, a is the average bottom area covered by the traw,
and ¢ is a coefficient of catchability. For @ilf of A aska pollock, c¢ was
assuned to range between 0.5 and 1.0 and, thus, a range of bionass and MSY
estimtes was determned. These are shown in Table 3 by INPFC areas. The

[ ower end of the range has been used for allowabl e biological catch (ABC) for
the years 1977-81.

The validity of the MSY equati on above has been questioned in recent
literature (Francis 1974), and alternative equations have been devel oped
(Deriso 1982). W find little reason to place nuch confidence in the above
MSY equation and, consequently, in the MSY estimates in Table 3. Alternative
productivity estinates are developed later in this paper for use in estimting
short-term production. Long-term productivity neasures, such as a reliable
estimate of MSY, will be available, in our opinion, only after a |large nunber

of years of data on pollock abundance have been coll ected.
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CHANGE | N ABUNDANCE
In this section, research survey results, catch per unit of effort (CPUE)

fromthe fisheries, and catch-at-age as a neans of deternining annual change in

abundance are exam ned.

Di rect Resource Assessnent

Gul f of Alaska pollock has not been directly assessed at frequent enough
intervals nor in a manner to nonitor abundance change over time. Bottom traw
surveys in thensel ves may be adequate to detect major changes in pollock abun-
ance of several magnitudes, as was observed between the early 1960 International
Paci fic Halibut Conmi ssion (IPHC) surveys and those of NVFS in the md-1970's
(Al'ton 1981), but for changes of less than a magnitude there is too much varia-
tion or inprecision in the estimates to make any neaningful conparisons. There
is also the problemof the catchability of the bottomtraw. The catchability
is assuned to be a constant, but it seens certain that it varies fromsurvey to
survey. Pollock is semdenmersal in its schooling and hence its availability
varies by depth, season, and area.

The strategy of the Northwest and Al aska Fisheries Center (NWAFC) regarding
the direct assessnment of pollock is that surveys must include a conbination of
both bottomtraw ing and acoustical assessment with mdwater traw sanpling and
be done synoptically. For nonitoring change, such surveys should occur at |east
every 2 to 3 yr. Such an approach has begun in the assessnment of eastern Bering
Sea pol | ock. In the Gulf of Al aska, hydroacoustical assessment of pollock has
taken place in only a limted area-- Shelikof Strait in 1980 and 1981.

The hydroacoustic surveys in the Shelikof Strait region were directed on
pre-spawning and spawning fish. The 1981 surveys were the nobst conprehensive,

covering the period of peak spawning in late March and early April. Only one
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survey occurred in 1980 after the peak of spawning which accounts for the nuch
| ower estimate conpared to those for 1981 (Table 10). The decline in the
the estimates during the period of the 1981 surveys (Table IO suggest that the
bi omass nay have reached a maxinum in early March. Although a substantial bio-
mass of pollock was found in the spawning area, there did exist unknown anounts
outside of the area during the period from March to May. The evidence for this
cones from three sources

1. Foreign fisheries were harvesting pollock outside of the region during

the pre-spawning and spawning period in March and April, 1980 (Figure 13)
2. lchthyopl ankton, surveys have found evidence of mass spawning in
localities west of the Shelikof region (Figure 5)

3. AUS S R research traw survey that occurred during March-May of 1981
found a considerable anount of pollock within, as well as outside of,
the Shelikof region (Table 11)

The Soviet survey results nmust be viewed with caution however, particularly
in terns of absolute bionmass since |arge research catches are not wei ghed using
scal es but are approximated by | ooking at the volune of the catch, i.e., the
hai l ed weight (see article by Brown and Rose, in this Technical Menorandum on
the spring 1981 Soviet survey).

In summary, little can be said at this tine about the relative or absolute
change in wall eye pollock abundance during the 1970's and early 1980's through

direct research surveys

Catch Per Unit of Effort
The use of CPUE as a measure of abundance change in pollock is conplicated
by 1) the changing nature of the fisheries (nation, area, and time); 2) the
inability to separate direct effort of pollock and corresponding catch from
total effort on all species and catch; and 3) variability in the availability

of pollock. These conplications are comon to the assessnent of many fishery
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Table 10.--Estimates of walleye pollock bionmass in the Shelikof region of the
@l f of Alaska as determined from acoustic surveys in 1980 and 1981.

Biomasé (1,000 t)

Year Month Point estimate 95% confidence interval
1980 April 11-14 709 566 - 852

1981 ' March 3-15 4,380 2,922 - 5,838

1981 March 24-27 3,147’ | 2,074 - 4,230

1981 April 4-10 3,050 2,022 - 4,078
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Figure 13 .--Catch of walleye pollock (t) by U S S R trawers outside
the Shelikof spawning area, March and April 1980.
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Table 11 .--Estimates of walleye pollock biomass in central GQulf of Al aska
areas ; the estimates were made by U S. scientists and were based
on bottom traw catches obtained during a 14 March-28 My 1981
survey by the U S.S R ship Shantar (see article by Brown and

Rose, in this Technical Menorandum on the spring 1981 Sovi et
survey).

Area Biomass (1,000 t)
Shelikof 521
Albatross Bank 380
Chirikof ‘ 163

Total 1,064
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resources but are nore serious with pollock, since it is caught in nultispecies
trawm fisheries and its schools vary with depth relative to the sea bottom

In the evaluation of the Gulf of Al aska pollock resource by Bal siger and
Alton (1981), the reported catch and effort of surim trawers were used to
conpute CPUE because these trawers fish alnpost exclusively for pollock.
However, the annual CPUE s were limted (1977-80) and for 1980 it was difficult
to identify the catch and effort of surim trawers fromthose of simlar
tonnage class vessels in the Japanese frozen fish fisheries. In 1981 the
Japanese di scontinued reporting surim trawer catch and effort fromthose of
the other traw fisheries.

A special request was subnitted to the Japan Fi shery Agency in 1982 for
statistics in the surim traw er operations plus data on the freezer or frozen
fish trawers.

For the surim operations, annual series of CPUE were examined for vessels
of 2,505 to 3,504 gr tons and for vessels of 4,505 gr tons and greater. CPUE
for only those years in which there was substantial catch (greater than 1,000 t)
for each category of vessel was used to conpute CPUE. The larger trawers
(4,505 gr tons and greater) were used from 1973-77. For vessels of 2,505 to
3,504 gr tons there was a continuous series of adequate data for the period
1978-81 and only 1 yr of data (1973) for years prior to 1978.

A conparison of the 1973 CPUE's (Figure 14) indicated the greater fishing
power of the higher vessel tonnage class and justified the exam nation of the
CPUE's of the two vessel classes separately. The CPUE s of the greater tonnage
class declined from1973 to 1975 and then rose to its highest value of 12.3 t/h
in 1977. For vessels of 2,505 to 3,504 gr tons, CPUE was highest in 1973.(7.9

t/h) and ranged from5.2 to 6.2 t/h in later years (1978-81).
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Figure 14.--Catch per unit of effort (CPUE) of walleye pollock fromthe
Japanese and Republic of Korea trawl fisheries in the Gulf
of Al aska, 1973-81.
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The trends in surim traw CPUE s suggest that stock density may have
declined between 1973 and 1975 and then reached a high point in 1977. Since
1977, stock density would appear to have been stable.

Japanese scientists have conputed a standardi zed CPUE for frozen fish
trawers. The reference class was vessels of 2,505 to 3,504 gr tons. The
standardi zed CPUE increased fromO0.2 t/h in 1973 to 1.5 t/h in 1978, declined
to 1.0 t/h in 1979 and then increased again to its highest level (1.7 t/h) in
1981 (Figure 14). It is not possible to say how well those CPUE trends reflect
changes in stock density. As mentioned above, frozen fish trawers target on
ot her groundfish besides pollock and both targeted and nontargeted effort
relative to pollock were used in conputing the CPUE s.

The RO K trawers] as do the surim trawlers, frequently target on
pollock. The CPUE's from RO K"' s reported catch and effort since 1977, their
first year of conplete statistics, is shown in Figure 14. These CPUE s were
conputed for the Shumagin-Chirikof area combined, the principal areas fished by
the ROK during these years. CPUE was highest in 1977 (7.4 t/h) and declined
to 5.9 t/h in 1978 and 1979, and then rose slightly in 1980-81. There has been
some question about the accuracy of the R OK reporting, and there has been a
significant decline in the proportion of their total annual catch consisting of
pol | ock (Table 6).

In summary, CPUE as a direct measure of stock abundance change nay not be
applicable to Gulf of Al aska pollock because of the problens of determ ning
directed effort and shifts in availability. But as a general indicator of stock
change, it nay be said that there appears to be no sign from CPUE information
of resource deterioration. Stock abundance may have been unordinarily high in

1977, as suggested fromthe surim traws (4,505+ gr tons) CPUE and that of
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ROK It was in 1977 that the strong year-class of 1972 was inportant in the
fisheries as-5-year-olds. Its inportance declined in 1978 and there followed
two relatively uninportant year-classes (1973-74) in the fisheries. In nore

recent years (1980-81) the choice is either that resource abundance is stable

or that it is increasing, depending on which CPUE series is used.

Age Structure Analysis

Anal ysis was made of the age conposition data of annual catches of pollock
in the western Qulf of Alaska. The objective here is to provide estimtes of
expl oi tabl e bionass, surplus production, and other quantities characterizing
the status of this stock. Some of the terns used in this section may not be
familiar to the reader, so they are defined here. Exploitable biomss is the
sum over age-classes- of age-specific exploitable biomass. Exploitable bionass
by age is the product of age-specific biomass nultiplied by the proportion of
this age-class fully vulnerable to fishing gear. The latter term accounts for
both partial recruitment of year-classes into the fishery and selectivity of
gear. Productivity of the pollock resource can be neasured wth annual
expl oitabl e surplus production. Annual surplus production represents the
annual change in biomass adjusted for removals by the fishery. It is calculated
as the biomass at the beginning of the year ninus the biomass at the start of
the prior year plus annual catch. Exploitable annual surplus production (ASP)
is calculated in a simlar manner, except that it applies only to the exploitable
part of the stock.

The analysis procedures used enployed the nonlinear regression nethods
presented in Doubl eday (1976). The basis of this nethod is the Baranov catch

equation (Baranov 1918):
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c = __an___  [1-exp ('aFn - aMn)] L (3)

where C is catch (in nunbers of fish), Nis abundance at the beginning of the
year, F is fishing nortality, Mis natural nortality, and subscripts a and n

refer to age and year, respectively. Abundance is given as function of year-
class strength and survival from cunmulative fishing and natural nortality.

Fishing nortality is represented as a product of selectivity by age (s) and

full-recruitment fishing nortality (f,), i.e.

F s °f - (4)

This representation for fishing nortality is a critical assunption because it
al l ows such a substantial reduction in the nunber of paraneters to be estimated
that only catch-at-age data are needed as input data. Paraneter estimation is
achi eved by nonlinear regression of |og-transfornmed observed and predicted

catch. A nunber of applications of this mnethodol ogy was made

Results of Catch-Age Analysis

Application of the method to Gulf of Alaska pollock was nade first with
catch-age data for ages 3 to 10 during the years 1976 to 1981. Natural nortality
was set to 0.4 for all ages and selectivity was assuned to be 1.0 for ages 7 to
10. Estimates of exploitable bionmass and ASP are given in Table 12 along with
estimates from other applications discussed later. Estimates of year-class
strength at age 3 and full-recruitment fishing nortality are given in Table 13
Estimates of age selectivity and average weight appear in Table 14

The second set of applications of this nethod were made to examine the

sensitivity of results above to changes in the assuned value for natura
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Table 12.--Estimates of exploitable bionmass of walleye pollock and expl oitable
annual surplus production obtained from catch-at-age anal ysis.

Exploitable biomass

All foreign nation-vessel~gear Nations Nation-vessel-gear
types combined stratifiedl/ stratified?2/
M=0.3 M=0.4 M=0.5 © M=0.4 M=0.4
Year (a) - ) (b) (c) (d) (e)
1976 464 575 740 . - -
1977 608 699 835 : 402 392
1978 658 696 768 394 : - 396
1979 1,132 1,085 1,093 560 601
1980 1,837 1,583 1,438 874 ) 982
1981 2,698 2,081 1,698 1,441 1,641
Average © 1,233 1,120 1,095 734 802

" Exploitable annual surplus production

1976 228 207 178 ' - -

1977 159 106 42 101 114
1978 561 476 412 254 292
1979 802 594 442 410 477
1980 959 . 596 357 665 756
Average 542 396 286 357 410

1/ Includes joint venture fishery; for Japan, freezer and surimi trawler
catches are combined.

2/ Japan's freezer and surimi trawler catch kept separate.
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Table 13 .--Estimates of year-class strength of walleye pollock at
age 3 and full recruitment fishing nortailty rate obtained
from catch-age analysis. Abundance given in units of 10’
nunbers of fish. Fishing nortality for combined nations
is inside parentheses.

Nations and

Year Combined Nations Japan vessels

Year class nations stratified stratified

1976 1973 50 (0.16) - -

1977 1974 39 (0.16) 31 33
‘1978 1975 V 174 (0.15) 110 130
1979 1976 257 (0.11) 228 273

1980 1977 232 (0.10) 229 268

1981 1978 216 (0.07) 409 481

Average 161 (0.13) 201 - 237




Table 14 .--Age selectivity of walleye pollock from catch-at-age analysis.

Average wei ght

gi ven in parentheses.

These nunbers give the proportion of
to fishing nortality.

individuals fully vul nerable

from catch sanples is

Age Combined Japan Japan Joint
(yr) nations Poland U.S.S.R. R.OfK. ste;n surimi venture
3 0.25 (0.39) 0.09 0.29 0.06 0.17 0.10 0.01
4 0.57 (0.57) 0.30 0.34 0.32 0.69 0.43 0.06
5 0.86 (0.69) 0.26 0.71 0.66 0.98 0.66 0.69
6 0,95 (0.81) 0.54 0.68 1.00 1.29 0.94 0.72
71/ ~1.00 (0.95) 1.00 1.00 1.00 1.60 1;00 1.00
s/ 1.00 (1.04) 1.00 1.00 1.00 1.00 1.00 1;00
91/ 1.00 (1.05) 1.00 1.00 1.00 1.00 1.00 1.00
101/ 1.00 (1.08) 1.00 1.00 1.00 1.00 1.00 1.00
1/ Aésumed selectivity values.
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nortality. Runs with M= 0.3 and M= 0.5 show (Table 12) that both exploit-
abl e biomass and ASP estimtes are affected by this paraneter. Exploitable

bi onass estinmates for 1976-78 increase as natural nortality is increased, but
for 1979-81, biomass decreases as Mis increased from 0.3 to 0.5. The 1976
and 1981 biomass estimates are affected nost fromchanges in M W have
assumed that natural nortality is 0.4, but estimates of Mhave ranged fromO0.2
to 0.43.

The third set of applications of the catch-age method exam nes the sensi-
tivity of results to the assunmption that fishing nortality can be partitioned
into selectivity and full-recruitnent nortality without regard to differences
between nation vessels. Two anal yses were made. The first involves a strati-
fication of catch-age data into the four major nations involved in the Al askan
wal | eye pollock fishery (Poland, Japan, U S.SSR, RQOK) along with an addi-
tional category for the joint-ventures fishery. This stratification is accom
plished by fitting Equation (3) to each nation's catch-age data, where the
nunerator in Equation (3) is replaced by a paraneter, a'ng, for each nation (g),
and where the other fishing nortalities in that equation are the sum of fishing
mortalities over nation classes. Data for this stratification were not available
for the year 1976; consequently, this application covers the years 1977 to 1981
The second stratification is simlar to the one above except that Japan's catch
is stratified into two vessel classes: one is for stern trawers and the other
is for surim-type trawlers. Simlar results were found between the two strati-
fication schenes, but for the nonstratified treatnent exploitable bionass is
mar kedly higher for a given year than that resulting fromthe stratified analysis
(Table 12). As for ASP, the results between the nonstratified and stratified
treatments are considered acceptably sinmilar. The trend of increasing biomass

and ASP over the period 1977-81 occurs for all treatnents
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St andard deviations of the population estinmates were nade in our |ast
set of applications with the catch-age method. Owning to the conplexity of
parameterization in our nodel, a Mnte Carlo sinulation method known as the
boot strap techni que (Efron 1982) was enployed in the variance cal cul ations.
Thirty different catch-age data sets were stochastically generated fromthe
predictions of 'the conbined nation nobdel and then sanple neans and standard
devi ations were cal cul ated from output of nonlinear regressions to those data
sets. Estimation bias can also be exam ned, since sanple neans were calcul ated

Estinmates for exploitable bionmass and ASP are given in Table 15.

Di scussion of Catch-Age Analysis Results

Results from our anal yses of catch-age data indicate the walleye pollock
stock of the western Gulf of Al aska has been recently increasing, both in
exploitabl e biomass and in surplus production (Table 12). Results of the
conbi ned nation nmodel with natural nortality at 0.40 place average bi omass and
ASP of the exploitable stock at 1,120 and 396 thousand t, respectively (Table
12). The increasing trend in biomass is principally a consequence of increased
year-class strength in the 1979-81 tinme period, as conpared to recruitnent in
the years 1976 to 1977 (Table 13).

Several analyses were made in order to examine the uncertainty of results
obtained for the conbined nation nodel. The sensitivity analyses presented
earlier address the type of estimation uncertainty that arises fromassunptions
made in the conbi ned nation nodel about the numerical value for natural nor-
tality and the parametric structure of fishing nortality. The Mnte Carlo
boot strap nethod applied earlier shows estimation uncertainty in the conbined
nation results due to statistical bias of estimates and statistical uncertainty

of estimates. GCenerally, the standard errors of these results span results
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Table 15.--Sanple neans and standard deviations of exploitable bionass
of walleye pollock and expl oitabl e annual surplus production
estimated in the conbined nation catch-at-age nodel (M-O0.4)
using the Monte Carlo bootstrap method. Standard deviations
are in parentheses, and units are in thousands of metric tons.

Year Exploitable biomass Exploitable aspl/
1976 ' 590 (220) 177 ( 63)
1977 ‘ 689 (243) © 70 ( 84)
1978 669 (260) 429 (213)
1979 1,010 (457) | 543 (259)
1980 1,450 (697) 502 (306)
1981 ‘ 1,831 (937) -
Average 1,040 (448) | 344 (164)

l/.ASP = annual surplus production.
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obtained in. sensitivity analysis. By taking a one standard deviation error
around sanple neans, average bionass, and surplus production of the exploitable
stocks were found to range (in thousands of t) from592 to 1,448 and from 180
to 508, respectively. Although these ranges are rather |arge, the overal

preci sion of these nonlinear regressions has been high, as indicated by close
agreenent between observed and predicted catches in Figure 15 and also by the
fact that squared correlations (R) all exceed 0.95 in the regressions.

The estimates of biomass and surplus production fromthe Mnte Carlo
bootstrap analysis (Table 15) are preferred because they are |ess affected by
statistical bias than those, given in Table 12. The range in average bionass
and ASP (mean + st. dev.) spans those respective estimtes conputed fromthe

conbi ned and stratified treatments for M= 0.4 (Table 12)

CURRENT STOCK CONDI TI ON

Maxi mum sust ai nabl e yield (MsY) for walleye pollock in the Shumagin to
Kodi ak areas is estinmated to be 152 to 305 thousand t with a mdpoint of 228
thousand t. Exploitable annual surplus production (ASP) is estinated to have
averaged from 180 to 508 thousand t for the years 1976-80, with a point estimate
of 344 thousand t. The difference between MSY and ASP is attributed to 1) the
statistical inprecision of survey biomass estimtes and catch by age, and the
assunptions concerning the catchability of the traw; 2) the validity of the
MSY equation; and 3) values of natural nortality. Annual catches for the
Shumagi n to Kodi ak areas conbined reached some 139 thousand t in 1981, a |evel
that is below the lower estimates of both ASP and MSY. Apparently, the pollock
resource of the Shumagin to Kodiak areas has, as yet, not been fully harvested

The equilibriumyield (EY) in recent years (1976-80) for the Shumagin to

Kodi ak | NPFC areas has been estimated to fall within the range from 180 to 508
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to Kodiak areas conpared to that predicted from the age-

structure nodel.
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thousand t, the average exploitable surplus production. Although there has
been relatively strong recruitment since 1978, with estimates of high levels
of exploitable surplus production and bi omass, there should be caution in
using the higher level of the EY range for setting ABC in 1983. The age-
structure analysis covers only a small nunber of years (1976-81); additional
years will give us nore confidence in the results. Research surveys in the
central Gulf of Alaska in 1981 have not encountered any significant anmount of
prerecruit fish (see article by Brown and Rose, in this Technical Menorandum
on resource assessment surveys). Although CPUE is considered only a general

i ndi cator of abundance, there has not been any sharp increase in this indicator
for any nation-vessel class that m ght have been expected fromthe rise in
exploitable surplus production in 1978. For these reasons it would be prudent
to consider EY for the near term (1982-83) as falling in the | ower part of the
range, i.e.., 180 to 344 thousand t.

Until a better understanding of stock structure, resource distribution,
and recruitnent processes is achieved, the ABC should be partitioned between
t he conbi ned Kodi ak- Chirikof and Shumagi n | NPFC areas proportional to the
geographi cal distribution of biomss from the 1973-75 research traw surveys:
Shumagin (37%, Chirikof-Kodiak (63%.

For the eastern @ulf of Al aska, the Southeastern-Yakutat |NPFC areas,

the MSY is considered EY and ranges from 14 to 29 thousand t (Table 3).

RESEARCH NEEDS
Stock Units
Studi es by Hughes and H rschhorn (1979) and Grant and UWter (1980)
suggest that an east-west separation of stocks may exist for pollock in the

vicinity of Kodiak Island. There needs to be clarification of the result of
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t hese studies by further exam ning year-class growh and bi ochenical genetic
factors. Pol l ock tagging feasibility studies were begun in 1982, and if
results of these studies are favorable, tagging will be conducted- to exam ne

movenents relative to known spawning areas.

Recruitnent Processes

Spawni ng of pollock, as observed in the Shelikof Strait region, is very
intense, occurring during a brief period at the end of March to early April (A
Kendal |, Northwest and Al aska Fisheries Center, Seattle, WA 98112, pers. comm
1982). This has been consistent for the 3 yr, 1980-82, of observations and
suggests that such precise timng is anticipatory for events (currents, food)
favorable for survival of the eggs and larvae. Studies on the distribution and
survival of the eggs and larvae, as well as the young pollock in their first
and second year of life, would be useful in understanding changes in year-class
strength, as well as stock structure. Mre precise information on the relative
i nportance of known spawning sites is needed as well as disclosure of other

spawning sites in the Qulf of Al aska.

Distribution and Abundance of Adults

The discovery that the Shelikof Strait region is a nmajor spawning area for
pol  ock has raised questions about the origin of these fish relative to other
areas of the @Qulf of Alaska. In 1983, NWFS plans a synoptic survey of pollock
in the Shumagin to Kodiak areas to estimate resource distribution, abundance,
and conposition during the known spawning nonths (March-April). Bottom traw
surveys will be conducted for the on-bottom conponent of the pollock popul a-
tion. Biomass and its conposition will be estimated by acoustic surveys for

of f-bottom pollock. Ichthyoplankton surveys will be made in selective areas
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such as the Shelikof Strait region to estimate spawni ng bi onass from egg
abundance, fecundity, and other paraneters. The traw -acoustic survey wll be
the first of a time series to nonitor pollock abundance and conposition

The foreign fisheries will continue to be sanpled for estinates of age and
size conposition and for estimates of effective effort. Each additiona
year of catch-at-age data adds to our series begun in 1976 and will inprove our
esti mates of biomass and surplus production through age structure anal ysis.
The joint-venture fisheries in the Shelikof Strait region on pre-spawning and
spawning fish is expected to grow over that of 1982. A though U S. observers
sanmpl e the catches brought aboard the processing vessels in these fisheries for
estimates of age and size conposition, there has been no formal neans of
obtaining estimtes of directed effort and the catch of discards. This is a
serious discrepancy since the joint-venture fisheries are on the increase, the
catch is almst all pollock, and CPUE from such fisheries would provide not
only a measure of stock change but, associated with age data, a neans of esti-

mating total nortality (z) and its conmponents (M and F)

Envi ronnent and Species Interaction
Model i ng studies, and supportive field research nust be enphasized to 1)
understand the role of the physical environment in determning year-class
strength and growth differences between regions and year-classes, and 2)
estimate the potential inpact of changes in pollock abundance and size com
position on commercially inportant prey (shrinp, young stages of crab) and

predators (Pacific cod, Gadus macrocephal us; marine mammals; and Pacific

hal i but, Hi ppogl ossus stenol epis).
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SUMVARY
@ulf of Alaska walleye pollock continue to grow in comercial inportance
Since 1977 the annual catch has exceeded 100 thousand t, and in 1981, the
| atest year of conplete statistics, the catch reached 148 thousand t.
Most of the 1981 catch was taken by foreign fisheries (130.3 thousand t),
but the annual joint-venture fisheries catch increased sharply to 16.9
thousand t in 1981. Between January and June of 1982 the joint-venture
pol l ock catch was 74.3 thousand t.
The results of the 1973-77 NWFS bottom trawl surveys indicated that 91%
of the pollock biomass of the Gulf of Alaska |lies west of 148° west |ong
Over 90% of the annual catch is taken fromthis region, i.e., the INPFC
areas Kodiak, Chirikof, and Shunagin.
Maxi mum sustainable yield (MSY) for the @ulf of Al aska was estimated using
the relationship. MY = 0.4 MP,, where Mwas 0.4 and P, was expl oi table
bi omass estimated from the 1973-77 NWFS surveys. The range of MSY was 166
to 334 thousand t. The lower figure has been used in setting the allowable
bi ol ogi cal catch (ABC) because of the inprecision of the bottom traw
survey biomass estimate and the questionability as to the assunptions in
the above equation. The ABC is currently distributed among three regions
(Shumagi n, Chirikof-Kodi ak, and Yakutat-Southeastern) based on bionass
di stribution
The mean length of pollock taken by nobst nation-vessel classes in the
foreign traw fisheries has been around 40 cm or greater during the years
1976-81. In the joint-venture fisheries the mean length has been 39 to
41 cm
The 1972 year-class was inportant in the foreign catch during the years

1976-78. This year-class was followed by two year-classes, 1973 and 1974
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which were of relatively little inportance in the fisheries. In recent
years three consecutive year-classes (1975-77) have been inportant con-
tributors to the pollock catch. The 1978 year-class has been of growing
importance in the foreign fisheries in 1980 and 1981 and was first in
abundance in the joint-venture fisheries in 1982.

Catch per unit of effort (CPUE) as a direct measure of stock abundance
change is of linited applicability to Qulf of A aska pollock because of

the problems of determning directed effort and shifts in availability.

As a general indicator of stock change, CPUE trends show no signs of resource
decline.

Results for the analysis of annual catch-at-age for the years 1976-81 and
for the Shummgin, Chirikof, and Kodiak |NPFC areas conbined indicate an
increasing trend in exploitable biomass and surplus production. Average

bi omass and surplus production of the exploitable stocks range (in thousands
of t) from592 to 1,448 and from 180 to 508, respectively.

Results fromthe age-structure analysis are considered the best estimtes
of recent stock conditions. The equilibriumyield (EY) in recent years
(1976-80) for the Shumagin to Kodiak |INPFC areas has fallen in the range of
180 to 508 thousand t, the average exploitable surplus production for those
years. W advise that the EY for 1982 and 1983 be set within the |ower
hal f of the range (180-344 thousand t) and that ABC be partitioned anong
the Shumagin, and Chirikof-Kodiak |NPFC areas based on the proportional
distribution of bionass estimated from NMFS 1973-75 bottom trawl surveys.
We recommend further research on identification of stock units, recruitnment
processes, and the interaction of walleye pollock with other species and

the physical environnent.
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SABLEFI SH

by

James W Bal si ger

The sabl efish, Anoplopona finbria, resource in the northeast Pacific

Ccean is found in waters off northern Mexico to the Qulf of Al aska, westward
to the Aleutian Islands region, and into the Bering Sea. This resource has
been harvested by U S. and Canadian fisheries since early in this century, but
catches were relatively small and generally linmted to areas near fishing ports
from California to southeast Al aska. Catches in the Gulf of Al aska averaged
about 1,500 nmetric tons (t) from 1930 to 1950 and exploitation rates remained
very low until Japanese |ongliners began operations in the eastern Bering Sea
in 1958. The Japanese fishery expanded very rapidly and took 30,000 t as early
as 1962 (Narita 1982). In 1963 the Japanese longline fleet expanded to the
Aleutian region and the @ulf of A aska, and catches rapidly escalated until the
record all-nation catch from the northeast Pacific reached 67,000 t in 1972.
Following this peak year, northeast Pacific total catch averaged about 50,000 t
from 1973 to 1976.

Evi dence of declining stock abundance led to significant fisheries restric-
tions since 1977, and total catches have been reduced substantially. Until 1977,
the majority of the sablefish harvest was taken from the GQulf of Al aska. Begi n-
ning in 1978, regulations on foreign fleets in the Gulf of Alaska, coupled with
sharply increased U S. effort off Washington-California, have reduced the pro-
portion of total sablefish harvested in the Gulf. Sablefish catches off
Washington to California from 1978 to 1981 were 10,700 t, 17,300 t, 9,500 t,
and 11,600 t, respectively, and catches off Canada for this same tine period
averaged about 3,500 t (Parks 1982). Gulf of Alaska |andings are shown in

Tabl e 1.
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Table 1 .--Historical catches of sablefish in metric tons (t) by area and

nation in the Qulf of A aska; 1958-1981.

Gulf of Alaska (Shumagin-Southeastern)

Year U.S. Canada Japanl/ U.S.S.R. R.0.K. Total
________________ t______-____—__——_

1958 -— 2/ - -- - -
1959 967 2/ - - -- -
1960 1,348 2/ - - -- --
1961 606 2/ - - - -
1962 684 2/ - - -- --
1963 617 2/ 1,681 - - 2,298
1964 1,173 2/ 1,041 -- -- 2,214
1965 1,048 2/ 2,107 S— - 3,155
1966 1,051 2/ 3,514 - -- 4,565
1967 947 2/ 4,217 - - 5,164
1968 112 2/ 13,886 - - 13,998
1969 302 2/ 19,587 - -- 19,889
1970 369 2/ 21,397 - -- 21,766
1971 270 15 25,636 - - 25,921
1972 1,387 16 34,259 535 3083/ 36,505
1973 867 16 29, 246 109 583/ 30,296
1974 771 10 23,300 38 2,4313/ 26,550

1975 1,088 16 21,561 33 3,0003/ 25,698
1976 1,145 23 22,947 41 3,0003/ 27,514
1977 1,173 3 14, 367 4 1,586 16,785
1978 1,813 0 6,458 4 665 8,940
1979 2, 341 0 5,919 152 759 9,2264/
1980 2,204 0 4,831 416 891 8,342
1981 1,783 0 6,911 0 1,062 . 9,756/
v

Japanese catch is reported by fishing year through 1976; all others are

reported by calendar year.

"\“QME

Data not available.

Includes catches from other areas in the northeastern Pacific.
Includes 55 t by Mexico.

Includes 7 t by Poland.

Source: U.S. data through 1973 from Fishery Statistics of the U.S.,
Statistical Digests 49-68; 1974-76 data from Pacific Marine Fisheries
Commission (PMFC) data series, groundfish section; 1977-81 from Alaska
Department of Fish and Game Extended Jurisdiction Section Canadian data
1971-76 from PMFC data series, groundfish section; 1958-70 data not
available. Japanese, U.S.S.R., R.0.K. data from International North
Pacific Fisheries Commission document 1883; pers. commun., T. Sasaki,
Far Seas Fisheries Lab., Shimizu, Japan; U.S. Foreign Fisheries Observer
Program; Northwest and Alaska Fishieries Center, 2725 Montlake Blvd. E.,
Seattle, WA 98112,

i
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The directed foreign sablefish fishery in the Gulf of Alaska is linmted
by regulation to longline gear. An allowance is nmade for incidental catches in
the traw fisheries, and from 1979 to 1981 the-foreign traw catch of sablefish
was 686 t, 1,422 t, and 919 t, respectively; an annual, average catch of about
1,000 t.

Donestic sablefish gear in the Gulf of Al aska has consisted al nost exclu-
sively of longline gear although occasional small catches with pot gear have
been made. Significant regulations affecting Gulf of Al aska sablefish fish-
eries consist of maximum catch quotas derived fromestinates of equilibrium
yield (EY). From 1971 to 1981, a catch quota of 13,000 t was in effect for
foreign and donestic fisheries. For 1982 that catch quota was reduced to 8, 230
t. On the surface it appears that the catch quotas from 1977 to 1981 were not
restrictive since total catch for each of those years remained well below 13, 000
t. However, the allocation of catch quotas to foreign fleets was often late in
the year and probably affected the effectiveness of their operations

Beginning in 1978, those portions of the Gulf of Al aska east of 140° W
long. were closed to foreign longlining. This elimnated a formerly productive
part of the foreign longline fishing grounds. Likewi se, the inplementation of
the Fishery Managenent Plan (FMP) for Gulf of Al aska G oundfish (North Pacific
Fi sheri es Managenent Council) in 1979 closed the Davi dson Bank area (163°04' W

long. to 166°00" Wlong.) to all foreign fishing

CONDI TI ON OF STOCKS
Stock Structure
Experinents designed to identify sablefish stock structure in the Gulf of
Al aska continue. The National Mrine Fisheries Service (NWS), Al aska Depart-

ment of Fish and CGame (ADF&G, Japanese, and Canadian fisheries scientists have
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rel eased tagged sablefish over the past several years. The results of these
experinments indicated that sablefish throughout the northeast Pacific are of
one genetic pool. There is less agreenent on the degree of interchange of fish
between regions. Wespestad (1981) reported that interregional nigration is
small in comparison to stock size within each region and agreed with previous
reports (Low et al. 1976; Wespsstad et al. 1978) that management of the resource
is best conducted by discrete geographic regions.

Bracken (1982), however, described an analysis of Culf-w de sablefish
tagging data and suggested that sablefish nove extensively throughout the
@l f of A aska. The analysis showed fish under 60 cm tended to nove westward
while fish 60 cm or greater tended to nigrate eastward.

Bracken (1982) also presented a conceptual mpdel that identified south-
eastern Alaska and British Colunbia as a pooling area for large fish and that
much of the spawning occurs in that region. Small fish inhabit the shallow
nearshore areas and then enter deep water in their third or fourth year. From
there a significant portion of the fish mgrate to open ocean and nove westward
until they reach maturity. A large portion of the mature fish then nmigrate
back into the eastern Gulf to spawn. Bracken concluded by recomending
management of sablefish as a single stock CGulf-wide and suggested that |ower
harvest |evels throughout the Gulf of Alaska would speed rebuilding of the
depl eted spawning population in the southeastern area.

Currently, managerment of sablefish is by five management regions in the
Qul f of Alaska: \West, Central, Yakutat, Southeast inside waters, and Southeast
outside waters. Cearly, the questions of migration and stock structure are

basic to rational managenent of sablefish, but are yet unresolved.
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Year-Cl ass Strength

U S. observers on Japanese |longline vessels in the @Qlf of A aska have
collected data on length-frequency of sablefish taken in this fishery. Figures
| -4 depict these length frequencies by International North Pacific Fisheries
Commission (INPFC) area, year, and sex for the directed Japanese |ongline
fishery which operates in depths greater than 500 m For the years 1977-79 in
all areas except Yakutat, the distribution is uninodal and simlar to the size
distribution in the historic fishery with nean size of approximately 65 cm
In the Yakutat area in 1979, a group of fish of about 47-49 cm appeared; in 1980
the fishery took a large percentage of fish at a size of 49-51 cmin all areas;
by 1981 the size of this first node was approximately 55 cm  This apparent
strong year-class has been noted by others and has usually been identified as
the 1977 year-class (Balsiger and Alton 1981; Zenger 1981; Zenger and Hughes
1981; and Sasaki 1981). No other strong year-classes subsequent to 1977 are

yet apparent in the fisheries data.

Catch per Unit of Effort Data of the Japanese Longline Fishery

Until 1977, catch and effort statistics from the Japanese North Pacific
longline fishery provided consistent information for assessing the condition of
sabl efish stocks in the Qulf of Alaska. Catch per unit of effort (CPUE) in terns
of kilograms of sablefish per 10 hachi units of effort are shown in Table 2.

Prior to 1974, CPUE was generally greater than 200 (kg/I0 hachi) in all
| NPFC areas. |In 1975, CPUE dropped to as low as 154 in the Shumagin area and
was generally about 185 in the other areas. In 1976, CPUE increased in all
areas of the Qulf of Alaska. From 1976 to 1977, CPUE dropped in all areas

with the decline ranging from 13 to 34% and averagi ng about 25%
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Table 2 .--Catch per unit of effort (kg/l0 hachi) of sablefish in the @ulf of Al aska,
1967-79 (Okada et al. 1982).

Weighted average

, Shumagin-
Year Shumagin .Chirikof Kodiak Yakutat Southeastern Southeastern
1967 184 234 175 175 301 212
1968 153 226 272 282 257 263
1969 239 246 239 238 229 235
1970 221 245 266.... 255 229 235
1971 177 206 207 223 204 207
1972 220 198 210 203 207 208
1973 214 216 213 206 1203 209
1974 181 191 185 191 195 190
1975 154 188 181 ‘ 186 184 177
1976 165 201 182 196 191 186
1977 144 133 133 142 - 139 139
1978 1/ * 136 137 --=2/ 135
1979 * * 60 74 -— 109
1980 * * * * —-—— 122
1981 * * * * -—— 151

1/ prior to 1978, Japanese longliners were not permitted to fish in depths
shallower than 500 m. Since 1978, some of these longliners have been
permitted to fish in waters shallower than 500 m for Pacific cod. Therefore,
the total longline fishing effort no longer reflects total effort on sablefish.

2/ Yo foreign 1onglining has been permitted east of 140°W long. since 1978.
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In 1978, fishing regulations in the Gulf of Al aska were changed to permt
Japanese longliners to fish in depths shallower than 500 min the Shunagin-

Chirikof region for Pacific cod, Gadus macrocephal us. In 1979, the perm ssion

was extended to the rest of the Gulf. Also in 1978, catch limts for the Japanese
longline fishery were inposed. This resulted in a shift of Japanese longline
fishing effort towards Pacific cod in depths of 100-300 m while in the past

all the effort was directed at sablefish in depths generally greater than 500 m
Since target effort cannot be detected in the Japanese reported statistics,

this source of information is available only through 1977. Gkada et al. (1982)
provided Gulf-wide CPUE's to continue this data series (Table 2), but it is

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

| atest data points show significant increases in 1980 and 1981.

U S. Observer Data

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

A new data series of Japanese longline CPUE was cal cul ated using only
effort directed at sablefish as described above. These observer CPUE rates are
shown in Tables 3 and 4. Conparing the conbined CPUE' s for the Shumagin to
Yakutat area for 1977-80, it appears that a 25% decline occurred from 1977 to
1979, but in 1980 stocks recovered to about the 1977 |evel.

In 1981, CPUE was up sharply in the Chirikof and Kodi ak areas, but decreased

significantly in the Yakutat area. It should be noted that the observer sanple



Table 3

.--Catch per unit of effort

observed hauls from >500 m depth as deternmined by U S. observers

hooks in thousands is shown in parentheses.

(t/1000 hooks) for sablefish in Japanese longline fishery for

Nunber of observed

Yakutat

Year Shdmag;n Chirikof» Kodiak Southeast Shumagin—Yakutaf
1977 «237 (191) —-— +247 (510) .361 (500)- .428 (773) | «293
1978V «236 (549) .204»(494) «241 (1,525) .232 (1,155) ? .232

1979/ .140 (1,041) .202 (931) , .2287(1,781) .268 (1,359) ? .216

15801/ .286 (273) .275 (211)  .350 (347) .254 (209) - .298

1981 .238 (375) - .419 (220) +491 (203) .194 (104) -—- .334

Table 4.--Catch per unit of effort (t/1000 hocks) for large sablefish (67 cm and greater) in the
’ Japanese longline fishery for hauls from >500 m depth as determined by U.S. observers.,
Number of observed hooks in thousands is shown in parentheses.

Chirikof

Year Shumagin Kodiak Yakutat Southeast  Shumagin-Yakutat
1977 <123 (191) - .lGé (510) .211 (500) +269 (773) .179
1978 .140 (549) «107 (494) .141 (1,525) .126 (1,155) -——- .132
19?9 .085 (1,041) 109 (931) .117 (1,781) .149 (1;359) —_—— o117
1980 .133 (273) 089 (211) 174 (347) .086 (209) - .131
1981 .112 (375) -130 (220) .167 (205) .037 (104) -—- .122

1/ The area east of 140° W long. in Yakutat was closed to foreign longlining in 1978 and 1979.

L
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in the Yakutat area in 1981 was smaller than for any other year-area in the
table. This raises sone question as to the accuracy of this particular
statistic since it can be seen from Table 5 that the Yakutat area provided a
maj or part of the Japanese longline catch of sablefish in 1981. It is unlikely
that operations would have continued in the area if catch rates for the entire
season had remained at only about 50% of catch rates in the rest of the Qulf.

CPUE rates deternmined from the same observer data for sablefish 67 cm or
greater in the Japanese longline fishery can also be calculated (Table 4). The
apparent absence of large fish in the Yakutat area fishery is a cause for concern
however, the sanpling problem as noted above, should be considered

Japan-U.S. Cooperative Longline Survey

Each year since 1978, Japan and the U S. have cooperatively conducted a
longline survey in the GQulf of Alaska to study stock conditions of sablefish
and other |ongline-caught species. Results of the 1978 to 1981 surveys, as
reported by Ckada et al. (1982), are shown in Table 6. The index of abundance
is a summation of the CPUE of the longline gear for each of several depth cate-
gories multiplied by the area of the fishing grounds which lies in those depth
categories. The results depicted in Table 6 show the sablefish resource in
the Gulf of A aska increased strongly from 1978 to 1980 and remmined at about
the same level in 1981.

Sasaki (1981) and Ckada et al. (1982) noted that size conposition data in
the 1980 and 1981 surveys indicated young sablefish were in very high abundance
They predicted an increase in the sablefish resource in the comng years as the
very abundant young fish grow

U S. Pot Index Survey
The NMFS pot index survey conducted annually since 1978 has becone an

i nportant means of assessnent for sablefish stocks in the Southeast area since
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Table 5.--Distribution of Japanese longline catch of sablefish in the Qlf

of Al aska.
Area
Year Shumagin Chirikof Kodiak Yakutat
_______________ t = = - e e e m - e - - - -
1979 775 1059 1723 1890
1980 705 1204 1032 1154
1981 1225 1345 1167 2507
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Table 6.--1ndex of sablefish stock size from the Japan-U.S. cooperative
longline survey in the Gulf of Al aska

| ndex

Area 1978 1979 1980 1981
Shumagi n 2, 605 5, 347 8, 163 12,892
Chiri kof 4,717 30, 716 25, 947 23,032
Kodi ak 19, 044 24,134 28, 877 23,063
Yakut at 8,223 14,873 27,189 28, 332
Sout heast ern 8,725 10, 428 14,395 16, 229
Al Areas 43, 314 85, 498 104,571 103, 548

|/ Index is a function of catch per unit of effort in nunbers of fish
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the foreign longline fishery no longer operates there. Based on results of
surveys from 1978 to 1980, Zenger and Hughes (1981) estimted the stock was
capabl e of producing an allowable biological catch (ABC) of 2,580 t in 1981.
Fol l owi ng the 1981 survey (Zenger 1981) the popul ation index appeared to be
down about 50% from the previous year. The 1982 survey encountered problens
with weather and two stations were fished with inferior bait which nade the
results more difficult to interpret. The results, however, showed little

change from the 1981 survey.

Gow h of Sablefish

The ability to predict future yields of the sablefish resource and to
determine the current stock condition is dependent on the ability to accurately
age and determine the growth rate of sablefish.

Sabl efish growth rates reported in the literature vary widely. Sasaki
et al. 1975 (in Low et al. 1976) fitted a Bertalanffy growh curve to |ength-
at-age data for Bering Sea sablefish of both sexes (Figure 5). The growth
curve appears to be about average conpared to other female-only curves (Figure
5A) even though it includes the effects of the slower growing males. The
pool ed sex growh rate is substantially faster than nmale-only curves (Figure 5B).
Bal siger and Terry (1981) derived a growth curve. for Qulf of Al aska sablefish
of each sex based on follow ng nmbdal sizes in successive years in a nunber of
data sets. This growth curve shows relatively small initial sizes-at-age for
both sexes (Figure 5A and 5B), but displays a relatively fast rate of growth
such that size-at-age is larger than nost other curves by age-7.

Beami sh and Chilton (1982) used a new techni que of breaking and burning

otoliths prior to counting annuli. They obtained nmuch slower growth rates than
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previously reported. The growh curve attributed to Beanish and Chilton in
Figure 5 is relatively typical of their curves and is shown for conparison with
Japanese, NMFS, and ADFG growth curves (Bracken and Funk 1982). Beam sh and
Chilton's curves display large initial sizes-at-age, but relatively slow growh
rates, for both males and fennles. Bracken and Funk's Chatham Strait Site B
growth curve is intermediate between two other curves he produced fromdifferent
sites for both females and males and is shown in Figure 5 for conparison with
Japanese, NMWFS, and Canadian growth curves. The growh curves for both males
and females in Chatham Strait displays small initial sizes-at-age and sl ow
growth rates but does not reach an asynptote as quickly as the curves of Beam sh
and Chilton (1982).

The large differences in growh observed in north Pacific and Bering Sea
sabl efish could potentially be due to differences in aging techniques or to
actual differences in the growth rate in various areas of the Gulf of A aska and
Bering Sea. The break-and-burn aging technique of Beanmish and Chilton (1982)
has been validated by oxytetracycline injections and tagging studies and appears
to give accurate ages. Bracken (1982) gives sone evidence for the validation
of the surface reading technique, using tagging recoveries and follow ng nodes
in population length distributions. Simultaneous aging of the sane otoliths
usi ng both break-and-burn and surface readi ng techniques will be necessary to
fully conpare the two nethods. Further aging-analysis of sablefish from the
central and western areas of the @Qulf of Alaska will be necessary before gulf-

wide growth rates can be reliably established.

MAXI MUM SUSTAI NABLE YI ELD
Al though the sabl efish resource is nanaged by regions, the |ong-term pro-

ductivity in each region is assumed to be related to the overall condition of



81

the resource. Japanese and U S. scientists have estimated maxi mum sustai nabl e
yield (MSY) of the resource as a whole and apportioned an MSY to each region
based on historic production trends. The Japanese estimate of MSY for the
entire resource fromCalifornia to the Bering Sea is 69,600 t (Sasaki 1978).
Usi ng essentially the sane general production nodel as the Japanese, but with a
different weighting of data anong regions, Low and Wespestad (1979) estinated
MBY for the California to Bering Sea resource at 50,300 t.

By region, historical catches were Bering Sea (25%, Aleutian region (4%,
Gl f of Alaska (47%, and British Col unbi a-Washington region (25%. The appor-
tioned MSY estimates were then conpared to MSY estimates derived by applying
general production nodels region by region. The resulting nean and overal

estimate of MSY was 25,100 t for the Gulf of Al aska (Low and Wespestad 1979).

EQUI LI BRIUM YIELD

Determination of potential yield froma population of fish is dependent
on the size at which an individual fish becones available to the fishery.
Equilibrium yield (EY) for sablefish, as presented in the FMP, is based on data
from the Japanese longline fishery. Hence, the inplicit size at entry to the
fishery for which the EY figure is appropriate is the size of entry to the
Japanese longline fishery. Table 7 denonstrates that although there was vari -
ability by year and area, the average size did not change significantly from
1969 to 1979. (However, in 1981 the average size was less than 60 cm probably
reflecting the increased availability of the 1977 year class to the fishery.)
Thus, the current EY reflects yields with sablefish entering the fishery from
about 42 cm (0.55 kg dressed weight) until the fish are fully recruited at
sizes of 62-65 cm (1.91-2.18 kg dressed weight). Fish are 50% recruited at 55

cm (1.27 |b dressed weight) (Balsiger and Alton 1981)
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Table 7 .--Average size (cm of sablefish taken by the Japanese |ongline
fleet in the Qulf of Alaska from 1969 to 1981. (Data from foreign
reported fishery statistics for 1969-78, and from US. observer
data for 1979-81).

Year All Areas Shumagin Chirikof Kodiak Yakutat Southeast
________________ M = = = = = = == —_——————— -
1969 67.2 - 65.2 - 68.7 -
1970 66.2 - - 60.5 67.8 . 68.6
1971 65.4 61.4 60.6  63.6 66.3 66.0
1972 62.3 62.4 60.8 60.8 63.9 63.5
1973 62.8  63.2 61.2 63.7 . 63.7 64.4
1974 - - - - - -
1975  67.1 66.4 - - - 67.9
1976 66,2 66.3 65,5 64.1 65.9 68,4
1977 64.7 - 60.9 - 64.6 65.0
1978 67.4  65.8 67.0 67.0 69.9 -
1979 - 66.3 64.7 63.5 63.5 | -
1980 - 60.4 60.9 61.8 59.1 -
1981 - 58.9 56.1 59.7  55.8 -

Average 64.6 64.5 62,0 63.5 66.3 65.7
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On the basis of the decline of CPUE from 1976 to 1977 (Table 2), Low and
Wespestad (1979) determined EY for the GQulf of Alaska to be 14,000 t. The FMP
al l ocates 61% of the sablefish allocation to the area west of 140°Wlong. The
EY for this area where foreign longlining is pernmitted would have been 8,540 t.
Tabl e 3 shows sone increase in CPUE in 1981 for the Japanese longline fishery and
this evidence is supported by the 1981 Japan-U S. cooperative |longline survey
results. However, as noted above, nuch of the indicated increase is due to the
increased availability of small fish. Harvest levels in the @Qulf of Al aska
west of 140°W long. averaged 6,700 t from 1978 to 1980. If the estimated EY
for the area of 8,540 t was correct, some rebuilding of the stock should have
occurred by 1981, even in the large size categories. Evidence of increased
abundance of large-sized fish is lacking, as the CPUE's in Table 4 are not
persuasi ve

Due to uncertainty about when the abundant snallfish will attain the
size for which the estimate of EY pertains, there is insufficient evidence to
suggest a change in EY west of 140°Wlong. The estimate for that area of the
Qlf remains at 8,540 t

Due to the termination of foreign fishing in the eastern @ulf, it is
more difficult to estimate EY for that area. Zenger and Hughes (1981) defined
mar ket abl e-size fish as those 57 cmor larger (1.36 kg dressed wei ght), and
estimated al | owabl e bi ol ogi cal catch (ABC) of that portion of the stock at
2,500 t in 1980 for the Southeast area. The 1981 pot index survey (Zenger 1981)
showed a decline of 50%in this size range and EY for southeastern Al aska was
estimated at 1,290 t (Balsiger and Alton 1981)

It is quite unlikely that the resource suffered 50% nortality from 1980
to 1981. There was nmore likely a change in availability to both the pot

index gear and the U S. commercial gear fished in the Southeast area. |f EY
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is to be considered average production over a few years, than it was probably
i nappropriate to estinmate EY at 1,290 t based on the reduction observed from
1980 to 1981 in the pot index survey.

The 1982 pot index survey encountered difficulty, as described earlier
and al though results showed stock levels simlar to those in 1981, this infor-
mation is not conpelling. Until catch, effort, and size information fromthe
1982 U.S. fishery in the Southeast area is available, present stock condition
is difficult to assess. The value of EY is probably best established as a range
of 1,290 to 2,580 t.

Almost no current infornmation is available for the portion of the Yakutat
area east of 140°W long. other than the Japan-U. S. cooperative |ongline survey
The present estimate of 1,135t for the area was based partly on the sharp
decline noticed in the 1981 pot index survey in the Southeast area. Hence, the
estimate for this area should be discounted for the sanme reasons described
above for the Southeast area. A range for EY can be estimated using the 1980
estimate as the upper bound and the reduced 1981 estinmte as the |ower bound
1,135 to 1,510 t. Estimated EY values (t) by area are then

Yakutat ‘ Yakutat
Western Central W of 140°W E of 140°W . Southeast

2,225 4,075 2,240 1,135-1,510 1,290-2,580.
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PACIFIC COD
by

Harold H Zenger, Jr., and Nancie J. Cunm ngs

| NTRODUCTI ON

In North American waters, Pacific cod, Gadus nmacrocephal us, occur on the

continental shelf and upper slope from Santa Mnica Bay, California (34° N lat.)
north through the Qulf of Alaska, Aeutian Islands, and eastern Bering Sea to
Norton Sound (Bakkala et al. 1981).

Four nations, Japan, Republic of Korea, Poland, and the United States,
reported catches of Pacific cod fromthe Qulf of Alaska in 1981. Japan led all
with a catch of alnopst 28,000 t or 74% of the total all-nations catch of 37,728 t
(Table 1). During the past 10 yr, Japan and the U S.S.R have harvested the cod
resource in the aulf of Al aska npbst heavily, although the U S.S.R was excl uded
fromfishing in U S waters during 1981.

Historically foreign trawl and longline fisheries have taken cod inci-

dentally to target species, such as walleye pollock, Theragra chal cogramm,

and sabl efish, Anoplopona finbria, but often targeted on cod when found in

conmercial concentrations. In Novenber 1979, the North Pacific Fishery
Managenent Council permtted "a directed longline fishery for Pacific cod
bet ween 140° and 157° W/l ongitude seaward of 12 miles except during the U S
hal i but season." This allowed increased harvest of Pacific cod by foreign
longliners prinmarily in the Chirikof and Kodi ak statistical areas of the
International North Pacific Fisheries Commission (INPFC).

The all-nation catch of Pacific cod nore than doubled from 1979 to 1980.

In the same period, the Japanese catch alnost tripled, primarily due to



Table 1 .--Annual

catch in metric tons (t) of Pacific cod in the Qulf of Alaska by Internationa

Fi sheries Conmission (INPFC) area from 1971 to 1981 as reported for Japan

US SR,

North Pacific

Republic of Korea

(R OK), Poland, Mexico, the United States lﬂ and U.S.-foreign ioint vent ur e?
Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
_______________________ t___-____________—-.._———
Japan .
Shumagin 119 167 329 689 1,451 1,542 377 4,073 3,067 6,624 9,032
Chirikof 57 83 957 614 746 492 296 3,537 5,598 17,403 14,807
Kodiak 262 453 972 . 1,185 694 760 457 971 1,414 4,551 2,334
Yakutat 23 70 332 440 362 479 285 199 294 1,961 1,517
Southeastern 0 43 15 44 27 35 13 66 55 43 78
Total 461 816 2,605 2,972 3,280 3,308 1,428 8,846 10,428 30,582 27,768
U.S.S.R.
Shumagin 739 40 309 267 196 86 3) 361
Chirikof 829 a/ 0 514 50 995 165 906
Kodiakéf 176 2,696 1,732 2,096— 2,226 1,520 279 60 663 675
Yakutat 95 4/ 16 694 0 0 1
Total 176 2,696 3,395 2,136 2,551 2,995 525 1,141 835 1,942
R.0.K.
Shumagin 1,361 788 1,627 2,241
Chirikof 8 4,069
Kodiak ‘ , 25
Yakutat 562/ "3 731
Total 1,369 844 1,666 7,066
Poland
Shumagin 9 9 41
Chirikof 118 46 94
Kodiak 14
Total 14 127 55 135
Mexico
Shumagin 100
Chirikof 376
Kodiak 463
Total 939

eessssscontinued
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Table 1 .--continued.

Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
________________________ £ = = e e m e e e e e e e = = e e e e = = = -
U.S.
Shumagin 36 2 1 13 53 64 70 238
Chirikof ‘ 1 42 52 16 167 267 49 38
Kodiak 12 10 28 | 71 40 96 140 443 606 415 679
Yakutat 2 10 8 6 2 27 4 2
Southeastern 7 15 31 67 34 52 55 107 85 190 30
Total 19 61 59 143 127 221 270 783 985 728 987
U.S.-Foreign
joint ventures
Shumagin 7 11 13 T
Chirikof 17 223 58
Kodiak 6838/ 230
Total 7 711 466 58
Grand total 656 3,573 6,059 5,251 5,958 6,524 2,223 12,160 14,869 35,439 36,014
Percent of
total ground-
fish catch 0.5 l.8 3.4 2.6 - 3.3 2.2 1.2 7.4 9.1 17.0 15.1

68

Data supplied by Alaska Department of Fish and Game.

Catch, if any, reported in Other Species category.
Includes 7t from the Southeastern area.
Includes 0.6 t from the Yakutat area. -

Qreer

Data source NMFS Foreign Observer Program (French et al., 198ta and 1981b).
Reported as western Gulf in 1971 and 1972; includes Shumagin, Chirikof, and Kodiak INPFC areas.
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increased longline effort. Longline vessels accounted for approximately 90%

of the total Japanese cod catch in the Qulf of Alaska from 1979 to 1981 (Table 2).
Recently Pacific cod has becone an inportant commercial species for US.

fishermen. In 1978 the first joint venture harvesting of Pacific cod began,

and salteries and onshore filleting and freezing facilities were established

in the Shunagin Islands and at Kodiak. However, domestic landings for the Culf

of Al aska have renmined relatively small at less than 1,000 t through 1981.

Joint venture catches in 1981 were about 1,800 t, with the mgjority harvested

from the Chirikof area.

CONDI TION OF STOCKS

The maturity condition of adult Pacific cod collected during the spring
resource assessnent surveys conducted by the Northwest and Al aska Fisheries
Center (NWAFC) of the National Marine Fisheries Service (NWS) in 1981 and
1982 indicated that significant spawning occurs in |ower Shelikof Strait and
at Seguam Pass in the Aleutian Islands. A large spawning concentration was
| ocated between Cape Sarichef and Akutan Island in early 1982. Scattered
spawni ng occurred throughout the western Gulf of Alaska and on the north side
of the Aleutian Islands at least as far west as Seguam Pass.

Mean | engths of Pacific cod captured in the Gulf of Al aska by research
vessels in 1981 ranged prinarily between 45 and 60 cm (Table 3). Pacific cod
| engt h-frequency data collected from Japanese longline fisheries in the Shumagin,
Chirikof, and Kodi ak | NPFC areas by NVFS observers show that the catches in
1978 and 1979 were conposed primarily of fish that were estimated to be 4 or
more years old (Figures 1 and 2). The inpact of 3-yr-old cod entering the
fishery in the 40-55 cmrange in 1980 and dom nating the 1981 catches as 50-60

cmfish is seen in Figures 3 and 4.



Table 2. --Annual
| nt ernati onal
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Japanese longline catch, in netric tons (t) of Pacific cod, by

North Pacific Fisheries Commission (INPFC) statistical

area, and the percentage of the total Japanese all-gear cod catch
harvested by longliners, 1978-81.

Total Percentage
INPFC area longline of Japahese cod
Year Shumagin Chirikof Kodiak Yakutat .catch catch
_____________ £ m e e - m - = - - - - - -

1978 3,812 2,971 15 2 6,800 77
1979 2,952 5,467 935 184 . 9,538 91
1980 5,958 17,061 2,787 : 1,525 27,331 » 89

G
1981 8,509

13,847 1,870 1,048 25,274 91
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Table 3.--Mean and nodal lengths of Pacific cod sanpled during research vessel
surveys in 1981 in the @ulf of Al aska.

Internaticnal North

Pacific Fisheries Mean Mean
Commission (INPFC) = Vessel and ‘ length ° length
area Cruise No, _ (cm) (cm) No, of fish
Shqmagin " Pat San Marie, 81-1 | 4é.6 49 - 3,719
Chirikof Pat San Marie, 81-1 52.2 53 3,229
NOAA ship
Miller Freeman, 81-3 50.5 50 799
° Shantar, 8l-1 49.6 52 & 715
Kodiak Miller Freeman, 81-3 49,4 , 42 630
Shantar, 81-1 . 60.0 56 221
Oh Dae San, 8l-1 46,5 54 136
Ocean Harvester, 81l-1 6l.i 61 165
Yakutat Oh Dae San, 81-1 47.1 48 598
Ocean Harvester, 81-1 47.3 - 45 240

Southeastern Ocean Harvester, 81-1 48,5 42 25
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Figure 1. --Length-frequencies of
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North Pacific Fisheries Commission (INPFC) statistical areas
during 1978 by National MNarine Fisheries Service observers.
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Figure 2.--Length-frequencies of Pacific cod collected from Japanese
longline fisheries in the Shumagin, Chirikof, and Kodiak
International North Pacific Fisheries Conmi ssion (INPFQ
statistical areas during 1979 by National Marine Fisheries
Service observers.
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Figure 3.--Length-frequencies of Pacific cod collected from Japanese
longline fisheries in the Shumagin, Chirikof, and Kodi ak
International North Pacific Fisheries Commission (INPFQ
statistical areas during 1980 by National Marine Fisheries
Service observers.
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Figure 4. --Length-frequencies of Pacific cod collected from Japanese
longline fisheries in the Shumagin, Chirikof, and Kodiak
International North Pacific Fisheries Commission (INPFC)
statistical areas during 1981 by National Marine Fisheries
Service observers.
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Techni ques used to determne the age of Pacific cod fromscales are
currently under review at NWAFC, In this report cod ages have been estimated
by separation of |ength-frequency nodes (MacDonald and Pitcher 1979).

The age conposition of the-Gulf of A aska stock continues to be doninated
by the 1977 year-class. No indications of other strong follow ng year-classes
have been found, although 2- and 3-year-old Pacific cod were in evidence in
the Chirikof and Kodiak areas during 1981 surveys

Current estimated total exploitable biomass is based on the results of
six research vessel surveys conducted during 1981, one in 1980, and one in
1982

The standing stock for each INPFC area was estinated fromresearch
vessel catches, using the following relationship

Py = (CPUE)(A)/ca

where P, equals the average standing stock of the exploitable population,

A equal s the total area enconpassed by the survey, a is the average area
swept by the trawl during a standard tow, and c¢c is an efficiency coeffficient
related to the ability of the trawm to catch cod. The coefficient ¢ is not
precisely known but is assuned to lie in the range 0.5-1.0. The standing
stock estimtes were derived with ¢ = 1 and are assumed to represent mininmum
val ues of P,

For each cruise, bionmass estinmates were deternmined for their respective
| NPFC areas and depth intervals (Table 4). Surveys-in the Shumagin, Chirikof,
and Kodi ak | NPFC areas offered good areal coverage, whereas surveys in the
Yakut at and Southeastern areas were linmted to NWAFC rockfish and flatfish
abundance indexing sites. Biomass estimates for nonsurveyed regions in the

Yakut at and Sout heastern areas were not included since the distribution of



Table 4.--Mnimm exploitabl e biomass estinmates by International North Pacific Fisheries Commi ssion
(I NPFC) area or segnments thereof and by depth interval resulting fromdata collected during
research vessel surveys conducted from sunmmer 1980-1ate winter 1982.

) Vessel and : Estimated biomaés (metric tons)
INPFC area Cruise No. 51-100 m 101-200 m - 201-300 m 301-400 m Total
Shumagin Pat San Marie, 81-1 161,455 21,491 - - 182,946
(154°00'-163°00"' W
long.)
Shumagin Ocean Harvester, 80-2 25;195 25,876 1,335 ' - 52,406
(165°00'-170°00"' W )
long.) ’
Shumagin - 7 Ocean Harvester, 82-1 - 22,342 - ) - 22;342f
(165°00'-170°00"' W ’ :
long.)
Chirikof Pat San Marie, 81-1 56,740 49,885 4,082 - 110,707
(total area) Miller Freeman, 81-3 : )
Chirikof Shantar, 81-1 : 6,263 54,952 2,99 .8 64,217
(total area)
Kodi ak Shantar, 81-1 ' - 14,997 74 5 15,076
(150°30'-154°00"' W ' ' o
long.)
Kodi ak Miller Freeman, 81-3 - 11,763 315 - 12,078
(151°00'-154°00"' W
long.)
Kodiak o Oh Dae San, 81-1 2,770 21,115 - - 23,885
(150°00'-153°00"' W

long.)

eesssescontinued
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Table 4.--continued.

Vessel and

Estimated biomass (metric tons)

INPFC area Cruise No. 51-100 m 101-200.m 201-300 m 301-400 m Total
Kodiak Ocean Harvester, 81-1

(149°00'-153°00' W - 32,745 6,860 - 39,605
long.) .
Yakutat Oh Dae San, 8l-1

(139°00'-141°30' W : 2,197 3,177 308 5,682
long.) ‘

Yakutat Ocean Harvester, 8l-1 187 1,168 223 1,578
(140°00'-142°00"' W Pat San Marie, 81-2 '

long.)

Southeastern Ocean Harvester, 81-1 - 1,430 699 6 2,135

(55°00'=57°00' N
lat.)

Pat San Marie, 82-1

66
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Pacific cod does not appear to be continuous throughout those areas (Ronholt
et al. 1978). Therefore, a projected area-wi de standing stock figure may have
overesti mated cod abundance. Past practice has been to report the shall owest
depth interval as 0-100 or 0-91 m (0-50 fathom), often including area not
usual ly surveyed. In this report that interval was limted to 51-100 m and
the area (A) was reduced accordingly., Reducing the area used to calcul ate
expl oi tabl e bi omass for the shall owest depths had a relatively snall effect
on estimates for the Yakutat and Sout heastern areas where the regions with
bottom depths less than 50 m and cod density were relatively snall. However,
in the Shumagin, Chirikof, and Kodiak areas, regions with depths |ess than
50 m and cod density were nuch larger. No sanpling was conducted in waters
shal | ower than 50 min the latter areas in 1981, but echo-sounder transects
showed very little sign on the shallower banks. Thus it appeared justifiable
to use the 51-100 m interval to avoid inflated exploitable bionmass estimates
(Table 5). Pacific cod density in the 0-91 minterval cited in the 1979
status-of stocks docunent (Table 6) shows that the shallowest depths were the
| east productive, whereas cod were nost abundant in 51-100 min the nost recent
surveys

Differences in estimtes of exploitable bionass between 1979 and 1981
were apparently influenced by a number of factors

1) The 1981 estimates were based on research vessel survey data that
was |less disjointed in time and space than those used for the 1979 estinates

2) Since the 1979 estimates were made, a large year-class has appeared
and dom nated the cod population in the Gulf of Al aska, possibly increasing
the avail abl e biomass;

3) The 1981 estimates of available biomass for the Shunagin area were

based on the nost extensive survey that had been perfornmed since the early 1960's
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Table 5.--Estimated exploitable biomass in metric, tons of Pacific cod by Interna-
tional North Pacific Fisheries Commission (INPFC) areas and depth strata
from 1981 research vessel surveys, using trawl efficiency coefficient

c =10
INPFC area

Depth stratum ‘ South-
{meters) Shumagin Chirikof Kodiak . Yakutat eastern Total
________________ £ = = m = - e e == - == o= -
51-100 m 186,650 56,740 2,770 | 2,197 - 248,357
101-200 m 47,367/ 49,885 32,745 3,177 1,430 134,604
201-300 m 1,335%/ 4,082 6,860 . 308 699 13,284
Total 235,352 ' 110,707 42,375 ' 5,682 2,129 396,245

1/ Includes data collected during summer 1980 from the south side of the Aleutian
‘ Islands to 170°W long.
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Table 6.--Estimate& exploitable biomass in netric tons of Pacific cod by

| nt er nati onal

North Pacific Fisheries Conmi ssion (INPFC) areas and

depth strata from NVMFS Nort hwest and Al aska Fi sheries Center resource

assessment surveys, 1973-1978 (Low et al. 1979).
INPFC area

Depth ‘ South~
stratum (m) Shumagin Chirikof Kodiak Yakutat eastern?/ Total
0-91 m 10,597 502 8,585 8,452 - 28,136
92~183 m 22,554 141,775 70,516 9,062 - 243,997
184-366 m 6,388 44,129 39,111 524 - 90,152
Total 39,539 186,406 118,212 18,038 5,922 368,117

1/ Estimates in the Kodiak and Chirikof regions are from data obtained during

January-April 1977-78.
October 1973-75.

2/ No depth breakdown.,

Estimates from the remaining regions are from April-
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4) The 1981 biomass estimtes for the Yakutat and Southeastern areas
were based on linmted areal coverage and are probably |ow

5) The exploitable bionasses cal culated for the Chirikof and Kodi ak areas
in 1979 reflected | arge catches of cod nmade near the south and sout hwest sides
of Kodiak Island during 1977 and 1978 research vessel surveys. Since then
neither research nor commercial vessels have | ocated conparable cod concentra-
tions in those areas. Thus, notably reduced estimtes of available bionmass
resulted from the 1981 surveys; and

6) The Shumagin area's 101-200 m depth interval (Table 5) shows 47,367 t
as the exploitable biomass. This figure represents the summation of estimates
fromthe Pat San Marie's spring cruise (number 81-1) in the eastern Shunagin

area and the Ocean Harvester's sumrer survey (nunber 80-2) in the western

Shumagin area (Table 4). The figure for the Ccean Harvester's cruise (nunber

82-1) for the 101-200 mdepth interval was simlar to the previous QOcean
Harvester's survey results fromthe same depth and regi on, suggesting that

the cod population in the western Shumagin area may be relatively stable

MAXI MUM SUSTAI NABLE YI ELD

Cal cul ations of maxi mum sustainable yield (MSY) were based on the @il land
(1969) equation, MY = 0.4 BM and assuned that the bionass approxi nated
virgin stock levels and that natural nortality equaled 0.6, as reported by
Ketchen (1964) for Pacific cod stocks in British Colunbia

The term B, was assuned to equal the total exploitable standing stock
limts of 396,000-792,000 t, estimated from 1980 and 1981 research vesse
survey data, using ¢ = 1.0 and 0.5 respectively (Table 5). Maxi mum sust ai n-
able yield was calculated to lie within the range of 95, 000-190,000 t. The

range previously calculated by Low et al. (1979) was 88,000-177,000 t.
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EQUI LI BRI UM YI ELD
Previously, equilibriumyield (EY) was assunmed to equal MSY, and allowabl e
bi ol ogi cal catch (ABC) was set at a |ower level to reduce the incidenta

catch of Pacific halibut, H ppoglossus stenolepis. The ABC for Pacific cod

was established at 60,000 t in 1980 and has renained at that level. The
North Pacific Fishery Management Council apportioned total ABC to the western
central, and eastern reporting areas on the basis of traw survey estinates
of available biomass in each (Table 7). ABC s were assigned at 28% to the
western, 56% to the central, and 16% to the eastern reporting areas. |If the
1981 estimates of' bionmass and their areal distributions are accepted as the
best current information, then the percentages would be distributed as 59%
39% and 2% respectively. That distribution is supported by trends in Japanese
longline CPUE in the Qulf of Alaska. Catch rates of cod taken in the Chirikof
area have remained relatively stable from 1978 to 1981 (Table 8). However
catch rates in the Shumagin area have increased steadily over that 4-yr
period, approaching that of the Chirikof area in 1980 and surpassing it in
1981. This suggests an increase of considerable note for the westward portion
of the Pacificcod stocks since the 1977 year-class appeared in the fishery
in 1980. While the nmean exploitable biomass may be relatively stable across
the @ulf of Alaska, the geographic distribution may change over tine and the
apportionnent of ABC may require nmore timely fine tuning as catch levels
approach ABC in a given area

Recent catch |evels have been slightly nore than half of ABC, but there
appears to be no biological reason why ABC cannot be reached. One possible
reason why ABC has not been taken is that cod tend to di sperse after spawning,

greatly reducing their vulnerability to capture
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Table 7.--ABC s, estimated exploitable biomsses (1,000 t), 1981 all-nation
catch of Pacific cod (1,000 t), and percentages of each by Gulf
of Alaska (GOA) managenent region.

GOA management regionL/

Western Central Eastern
Allowable biological catch 16.6 33.5 9.9
(GOA Management . plan) 28% 56% 16%
Exploitable biomass 40-79 82-161 24-48
(GOA management plan) 28% ‘ 56% 16%
Exploitable biomass 235-470 153-306 7-14
(1981 research vessel surveys) 59% 39% 2%
1981 all-nation catch 11.6 23.8 2.4
(NMFS best blend estimates) 31% 63% 6%

1/ Western = Shumagin International North Pacific Fisheries. Commission (INPFC)
area.

Chirikof and Kodiak INPFC areas,

Yakutat and Southeastern INPFC areas.

Central
Eastern
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Table 8.--Annual Japanese commercial longline catch (t), effort (1,000 hooks);
and catch per unit effort (CPUE) (t/1,000 hooks) of Pacific cod
by International North Pacific Fisheries Commission (INPFC) area,

1978- 81.
INPFC Catch Effort CPUE
Year area (t) . (1,000 hooks) (t/1,000 hooks)
1978 Shumagin 465.9 900.9 0.517
Chirikof 1,106.8 1,717.5 0.644
Kodiak - - -
Yakutat - - -
1979 Shumagin 573.7 982.0 0.584
Chirikof 800.5 1,313.7 0.609
Kodiak 140.1 236.1 0.594
Yakutat 2.9 15.2 0,193
1980 Shumagin 579.7 923.5 0.628
Chirikof 1,048.9 1,660.2 0.632
Kodiak 126.6 251.0 0.504
Yakutat - | - -
1981 Shumagin 911.2 1,318.6 0.691
- Chirikof 1,013.0 1,611.0 0.629
Kodiak 49.4 136.9 0.360

Yakutat - - -
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As appeared to be the case in 1978, the commercial catches in 1981 were
dom nated by 4-yr-old or older Pacific cod with no evidence of a large foll ow ng
recruit year-class. Trends in abundance have not been predicted for the cod
population in the Qulf of Al aska

Recent harvests have not approached the established catch quotas in the
@Qulf of Alaska. It appears feasible to increase quotas even nore if a suitable
fishing gear or strategy can be devised to reduce the catch of prohibited

speci es.
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ATKA NMACKEREL
by

Lael L. Ronholt

| NTRODUCTI ON

At ka mackerel, Pleurogranmus nonopterygius, are distributed throughout

the Gulf of Alaska, but are primarily found in the Kodiak, Chirikof, and
Shumagin International North Pacific Fisheries Conmission (INPFC) statis-
tical areas of the western GQulf of A aska at depths from 50 to 350 m

Mor phol ogi cal studies by a Soviet scientist suggest that there are separate
stocks in the @Qulf of Alaska and Aleutian Islands (Levada 1979a).

Atka mackerel are harvested exclusively by foreign nations. Soviet
fleets domnated the fishery from 1972 to 1980 while the Republic of Korea
(ROK) domnated in 1981. Since 1978, Atka mackerel has ranged from
second to fourth in relative inportance by total weight |anded (Table 1).

During 1981, the bulk of the 18,727 t of Atka nmackerel was taken by
the ROK (799 and Japan (19%, Table 2. Fishing occurred mainly in the
summer and early fall. Japan harvested 61% of their total catch with |arge
freezer trawmers and 39% with small trawers, while the R O K harvested 83%
with large freezer trawers and 17% with small trawers. The Chirikof |NPFC
statistical area produced the bulk of the landings, 12,537 t, followed by
Shumagin (3,471 t), Kodiak (1,415 t), Yakutat (1,278 t), and Southeastern
(25 t).

-Since 1974, landings of Atka mackerel in the Gulf have ranged from 10, 950
to 27,776 t. Catches peaked in 1975, declined through 1979, and then increased
again in 1980 and 1981. Wth the exception of 1978 and 1981, the Kodiak area
has produced roughly 75% or nmore of the total yearly catch since 1975. The

Chirikof area provided most of the landings in 1978 and 1981.
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Table 1.--Foreign landings in the Qulf of Al aska
for major species or species group.

Year Species Weight (t)
1978 - ' Walleye Pollock 96,327
Atka mackerel 19,585
All flounder . 14,314
Pacific cod 11,369
Pacific ocean perch - : 8,169
1979 Walleye pollock 103,187
All flounder 13,474
Pacific cod - ‘ 13,174
Atka mackerel 10,950
. Pacific ocean perch’ 9,750
1980 Walleye pollock 112,996
Pacific cod 34,243
All flounder 15,496
Atka mackerel 13,162
Pacific ocean perch 12,447
1981 Walleye pollock 130,323
Pacific cod o 34,968
Atka mackerel 18,727
All flounder 14,442

Pacific ocean perch © 12,177




Table 2.--Foreign catches of Atka nackerel
Al aska by International

statistical areas.
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in netric tons
North Pacific Fisheries Commission (INPFC)

in the Qulf of

INPFC statistical areas

Shumagin Chirikof Kodiak Yakutat Southeastern Total
_____________ £ = = = e e m e e m e - == -

1974 U.S.S.R. 4,742 2,748 10,041 - - 17,531
Japan - - - - - 3/

17,531

1975 U.S.S.R. 2,132 743 23,688 1,213 - 27,776
Japan - - - - - 3/

27,776

1976  U.S.S.R. - - 19,721Y 32/ - 20,032
Japan - - - - - 3/

20,032

1977 U.S.S.R, 69 2,056 17,120 19,245
Japan - - - - 3/

19,245

1978 U.S.S«R. 184 17,320 883 0 0 18,387

Japan 243 265 338 125 165 1,136

R.0.K. 61 2 0 0 0 63

19,586

1979 U.S.S.R. 5 708 9,552 0 0 10, 265

Japan 322 8 227 11 0 - 568

R.0.K. 81 0 0 0 0 81

Mexico 11 4 21 36

10,950

1980 U.S.S.R. 899 90 9,484 0 0 10,473

Japan 35 179 1,511 171 Tr 1,896

R.0.K. 736 0 0 0 0 736

Poland 48 9 0 0] 0 57

13,162

1981 Japan 699 1,331 1,369 212 25 3,636

R.0O.K. 2,551 11,147 46 1,066 0] 14,811

Poland 221 59 0 0 0 280

18,727

1/ Reported as western Gulf of Alaska.
2/ Reported as eastern Gulf of Alaska.
2/ Reported as "other species" category.
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Annual size conposition data for Atka nackerel are available only
from the Kodiak INPFC area (Figures 1-2). The 1971-77 data are from
Levada 1979b, who describes them only as representing the Gulf of Al aska.
It is evident from Levada's discussions and froman analysis of related
catch statistics that these data came primarily from the Kodiak area.

The length frequency curves for 1971-77 shown in Figures 1 and 2 are
characterized by a single nmbde peaking near 29-34 cm and having a high
percentage of the sample condensed into a 3-4 cminterval. Wth the
exception of 1973, the mean length varied from 29-32 cm thus indicating
continued steady recruitnent.

Si ze conposition data for the 1975-81 Kodi ak fishery are avail able
fromeither the U . S. observer programor the Soviet literature (Levada
1979a, b; Fadeev and Kharin 1981) (Figures 3 and 4). From 1975 to 1977
the U S. observer data and the Soviet data are simlar with mean size
ranging from 27-31 cm In 1978-79 the catch size conposition curves were
bi omodal with increasing nmean size, while in 1980-81 the curves were
agai n of single mbde with the nmean size continuing to increase up to 41.8
cmin 1981. The 1978 and 1981 U.S. observer data should be viewed cautiously
due to the small sanple size.

The 1981 size conpositions of Atka mackerel are very similar for all
INPFC areas, with specinens ranging from30 to 50 cm and averagi ng 39-40
cm (Figure 5). The data fromthe Kodiak | NPFC area shoul d be viewed
cautiously due to the small sanple size. No age data are available from
the 1981 foreign catch of Atka mackerel which consisted of 63% fenal es

and 37% nmal es.

Condi tion of Stocks

Only limted information is available to define spawning tine and

areas for Atka nackerel in the Qulf of Alaska. Fadeev and Kharin (1981)
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KODIAK AREA
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Figure 1.--Size conposition of Atka mackerel
landings in the Kodiak International

Commi ssion (I NPFC) statistical

in the 1971-73 U S.S. R
North Pacific Fisheries
area (Levada 1979b).
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| KODIAK AREA
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Figure 2.--Size conposition of Atka mackerel in the 1974-77 U S. S.R
landings in the Kodiak International North Pacific Fisheries
Commi ssion (INPFC) statistical area (Levada 1979b).
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KODIAK AREA
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Figure 3.--Size conposition of Atka mackerel in the 1975-77 U S.S. R
I andings in the Kodiak International North Pacific Fisheries
Commi ssion (I NPFC) statistical area (Source: U S. observer
progran .
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KODIAK AREA
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Figure 4.--Size conposition of Atka mackerel in the 1978-81 |andings by
nation fromthe Kodiak International North Pacific Fisheries
Commi ssion (I NPFC) statistical area (Source: U.S. observer
program and Republic of Korea).
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Figure 5.--Size conposition of Atka mackerel in the 1981 landings from
the @ulf of Alaska by International North Pacific Fisheries
Commi ssion (INPFC) statistical areas and nation (Source: U S.
observer progranj.



120

by analysis of data collected aboard Soviet research and commercial fishing
vessel s have confirmed that spawning occurs fromJuly to Cctober in the

Al batross Bank area in the Kodiak INPFC area. Since Atka mackerel eggs are
adhesive, plankton surveys have yielded data only on the |ocations and occur-
rence of larvae. The occurrence of Atka nackerel |arvae on Al batross Bank
to Portlock Bank from Cctober through March has been docunented (Kendal

et al. 1980). The Soviet research vessel Seskar conducted an ichthyo-

pl ankt on survey from Uni mak Pass to Portlock Bank from4 April to 24 May
1978 (Borets 1979). Atka nackerel larvae were encountered throughout the
survey area. In nost instances |arval concentration occurred in close
proximty to known areas of adult Atka mackerel aggregations.

Catch per unit of effort (CPUE) data are available from U S
observers aboard foreign vessels and from Soviet fishery publications
(Table 3). Although the absolute. values of the CPUE data vary considerably
the same trends are evident for conparable. 1977-80 data from both resources.

Age determinations by Soviet scientists using scales and U S
scientists using otoliths do not agree; therefore, the age analysis for
Gul f of Alaska data has provided only questionable information (Levada
1979a, b; Fadeev and Kharin 1981).

Data from the U S. observer program which US. scientists have analyzed
for indications of year-class strength, are shown in Table 4. These data
indicated that for those years when data are available the |argest percentage
of the harvested fish were usually 3- or 4-year-olds. Estimates of mean
length at age by U S. scientists using otoliths collected by U S. observers

have been highly variable (Table 5).



Table 3. --Mean length, weight,

North Pacific Fisheries Conm ssion.

121

and catch per unit of effort (CPUE) of Atka
mackerel taken in foreign fisheries in the Kodiak International

statistical

as determ ned

by data collected by the U S. Cbserver Programand as reported by

Fadeev and Kharin (1981)

and Levada (1979a,b).

. Soviet

Mean Mean Observer estimated

Year length (cm) weight (g) CPUE (t/h) CPUE (t/h)
1974-75 27.0 0.26 - 1.5V
1976 30.0 0.31 -~ 2.0V
1977 - -- 0.24 2.2/
1978 35.0 0.53 0.05 1,12/
1979 35.2 0.66 3.73 3.12/
1980 - 0.74 0.71 1.92/

1/ radeev and Kharin (1981).
2/ Levada (1979a,b).
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Table 4.--Age and sex conposition of Atka mackerel from the Soviet fishery in
the Kodiak International North Pacific Fisheries Conm ssion statistical
area, 1974-80. (Data collected by U S. observers).

Composition (%) by age group . Sample Percentage

Year Month B 1 2 3 4 5 6 7 size female
1974-5 11,12,1 - 1 94 5 e/ - - 2,294 50
1976 12 - 1 71 24 3 - - 937 50
1977 - - - - - - - - 695 50
1978 6 - - 5 53 8 28 5 154 86
1979 8 - 28 7 49 14 2 - 4,282 56
1980 - - - - - - - - - -

)/ Trace (less than 1%).
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Table 5.--Mean length at age of Atka mackerel in the Soviet fishery in the
Kodi ak International North Pacific Fisheries Conmi ssion statistical
area, 1974-79. (Data collected by U S. observers).

Age (yr)
Year 1 2 3 ‘ 4 5 6 7
------------ Length (cm) = = = = = = = = = « « - -
1974-5 - 20 27 32 35 - -
1976 - 22 30 30 31 - -
1978 - -  32 34 37 36 38

1979 - 31 34 Y 38 39 -
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MAXI MUM  SUSTAI NABLE  YI ELD

In 1977 the available biomass of Atka mackerel in the Gulf of Al aska
was estimated at 110,000 t based upon Sovi et hydroacoustic and trawl surveys
in the Quf of Alaska and Aleutian Islands. Based upon Soviet research
whi ch supports the harvesting of 30% of the exploitable bionass, the
maxi mum sustai nable yield (MSY) was established at 33,000 t.

During 1979, the Soviets conducted a trawl survey of Atka mackere
inthe Gulf of Alaska. Based on this survey and on the assunption that
30% of the biomass was harvestabl e annual ly, biomass was estimated at
95,552 t and MSY at 28,700 t (Fadeev 1980).

More recent analysis of the stock condition and MSY was conducted by
Efimov (1981). To circunvent the di sagreenment concerning aging, Efinov
used fishery data to estinmate biomass ranging from69,210 t in 1975 to
89,167 t in 1979 (Table 6). He further estimated the MSY at 28,300 t for
fish of harvestable age (3 to 8 yr).

This MSY for Atka mackerel was derived from high bionass |evel rather
than the average popul ation that can be expected over a |ong period (1975-
79). The stability of the nean size of the individuals in the catch (1971-77)
and the increasing CPUE (1975-77) (Levada 1979b) denonstrated conti nued
strong annual recruitment into the commercial stock over that period and
therefore, continued good condition of the stock. The increasing CPUE s
and particularly the increasing nean size from 1975 to 1979 (Table 6)

i ndicated a strong year-class or classess nmoved through the fishery
resulting in increased biomass. Estimated MSY should be based upon the
average biomass of the early 1970's when the stock was stable and not on

the years of increasing biomss (1975-79).



125

Table 6.--Mean catch per unit of effort (CPUE) and estimated biomass of Atka
mackerel in the @Qulf of Al aska.

Year Mean CPUE (t/hr) Biomass (t) Mean size (cm)

1971 - - 31,93/
1972 - - o - 31,93/
1973 - ‘ - 34,33/
1974 ' - - | 29.43/
1975 N o 1.51/ | 69,2101/ | :29.52/
1976 2.0V 80,128V 30.73/
1977 2.2/ 84,354/ 30,63/ )
1978 2.3V : 88, 2861/ -

1979 2.5/ | 89,167/ 35,24/
1980 1.9/ - 39.02/

1981 - - -

1/ Efimov (1981).

2/ Fadeev and Kharin (1981).
3/ Levada (1979). ‘
4/ U.S. observer program data.
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The MSY can al so be estimated, using the equation devel oped by Al verson
and Pereyra (1967) and nodified by Qulland (1969):

MSY = a M B,
wher e

constant 0.4 (@lland 1969) or 0.5 (Al verson and Pereyra 1969),

a
M = instantaneous natural nortality rate, and
B,= virgin bionass.
Using the value of M= 0.6 (Efimv 1981), a = 0.4, and Efinov's
m ni num bi omass estimate of 69,210 t, a conservative MY of 16,610 t can
be calculated for the 3- to 5-year-old fish. Simlarly, a less conservative
MSY val ue of 26,750 t can be obtained using M= 0.6, a = 0.5, and B, =
89,167 t. The estimated range for MSY is then 16,610 to 26,750 t with a

nmean value of about 22,000 t.

EQUI LI BRI UM YI ELD

There are no data which suggest that the equilibriumyield (EY)

should vary from the MSY.

ALLOMBLE BI OLOGd CAL CATCH.

Increasing mean CPUE's in the Soviet comercial fishery 1975-79
viewed in conjunction with an increasing bionass and increasing nean size
denonstrated #at one or nore |larger than nornal year-classes are noving
through the fishery. Fadeev and Kharin (1981), using data collected by
Sovi et scientists aboard commercial and research vessels, found two
prom nent year-classes prevalent in the Qulf of Alaska in 1980 (1976-77).

These two year-classes produced 89% of the total catch. Therefore, in 1981
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availability of the 1976 year-class decreased drastically and in 1982 the
production of the 1977 year-class should drop simlarly. Wthout indication
of strong recruitnent, the available surplus yield my be expected to
decline. Fadeev and Kharin (1981) also report a reduction in the nean

CPUE of the Soviet fleet from2.5 t/h in 1979 to 1.3 t/h in 1980.

It now appears that during 1978 and 1979 the allowabl e biol ogi cal
catch (ABC) for Atka mackerel in the @lf of A aska could have been higher
to allow harvesting the increased biomass created by two larger than
nornal year-classes noving through the fishery.

The decreasing mean CPUE of the Soviet fleet in 1980 and the projected
passing of the two dominant year-classes through the fishery without
i ndication of strong recruitnent suggest that the ABC far 1983 should be

set no higher than the nean MSY estimate (22,000 t)

RECENT RESEARCH RESULTS, REQUI REMENTS AND SCHEDULE

During March-April 1978 the Northwest and Al aska Fisheries Center
conducted a groundfish resource survey along the southeast coastline of
Kodiak Island. As part of this survey certain biological data were
collected from Atka mackerel for the first time (Table 7). Length-weight
rel ati onships were described as follows:

0.0078196 (length (cm))3.114099

Males: weight (q)

Females: weight (q) 0.04818 (length (cm))2:369168
Data gathered during a repeat survey in the winter of 1980 revealed

that in the Kodiak area the weight-length relationships were very similar:

Males: weight (g) 0.010062 (length (cm))3.049887

0.047911 (length (cm))2.58848.

Females: weight (g)
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Table 7.--Length-weight relationships for Atka nackerel in the Kodiak
International North Pacific Fisheries Conm ssion statistical
area, March-April 1978 and February-April 1980.

Weight (g)
1978 1980
Length {(cm) o Males ‘Females ‘ Males Females
23 | 136 - | - -
24 155 - ‘ - -
25 176 - ' - -
26 199 208 208 -
27 - 224 229 ’ 234 -
28 251 252 261 267
29 280 | 275 ' 290 292
30 | 311 301 o 322 319
31 345 327 356 347
32 381 354 392 C 377
33 . 419 384 431 408
34 | 460 415 ‘ 472 441
35 503 a7 515 476
36 | _ 549 480 | 561 512
37 | 598 515 | ' 610 549
38 - ss2 662 588
39 . s90 716 629
40 | | - 629 | ‘ 774 | -
41 , | - - 835 -

Sample size 402 439 171 200




129

However, one sanple collected in the Chirikof INPPC area (1980) indicated
a higher exponential value or heavier fish for a given size (Table 8):

0.0034443 (length (cm))3.372805

Males: weight (qg)

0.0043341 (length (cm))3.285695,

Females: weight (qg)

Conparison indicated that the Soviet 1975-77 data (Levada 1979a) and
the weight-at-length for Atka mackerel in the Kodiak, area are simlar,
with the Soviet l|ength-weight relationship showing slightly lighter
individuals in the 25-35 cmrange and heavier individuals at > 37 cm
(Table 9). The difference in the |ength-weight relationship may be due
to sanpling error.

The relationship devel oped from the Soviet data, sexes comnbined, was
weight (g) = 0.00159 (length (cm))3.56,

During 1978 and 1980 the Northwest and Al aska Fisheries Center
conducted trial tagging studies during their groundfish surveys. Atka
mackerel were tagged using the "T'-bar type plastic tag successfully used
on sablefish. During 1978, tagged specinens were retained in a live tank

aboard the NOAA ship MIller Freeman and returned to Seattle where they

were placed in a live tank at the Seattle Aquarium Although there was
steady attrition and some tag |oss, several specimens survived nearly 8
months, still retaining tags.

Age readings of the sanples collected during the U S. groundfish
surveys in 1978 and 1980 have not been conpleted. Age data are avail able,
however, from scale sanples collected by the US S. R, Levada (1979a,b)

gives the following relationship between length and age:
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Age (yr) Mean Jlength (cm)

1 S " 12.2
2 B s 20.4
3 . 24.8
4 7 29.0
5 ‘ 32.2
6 '  ag.e
7 3647
8 | ' 38.4

The age composition of Atka mackerel in the Gulf of Alaska in 1975-

77 is presented in Table 10 (Levada 1979b). In 1975-77‘nearly 60% of the
catch consisted of 5-yr age group specimens and 25-30% 6-yr fish, while
in 1980, 44 and 45% of the catch was aged to be 4- and 5-yr groups (Fadeev
and Kharin 1981). Data provided by Levada shows that 5-year-old fish, on
the average, are 32.2 cm while the 1981 data indicated 5-year-old fish
are 38.7 cm  These discrepancies in nmean size at age indicate problens
in aging interpretation.

Analysis of the available U S. data base, therefore, has indicated.
lack of validity which makes it difficult to assess the status of the
Atka mackerel in the Qulf of Alaska. To adequately manage this resource,
data on the size-sex conposition of the catch, mean length, mean weight,
annual CPUE, and age are necessary. The greatest need is to resolve the
di screpancies in aging techniques obtained from otoliths and scales.
Tagging studies should also be undertaken as an aid to defining stocks,

their boundaries, and their migrations within areas. The mgjority of information
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Tabl e 8--Length-weight relationships for Atka mackerel in the Chirikof
International North Pacific Fisheries Conmission statistical area,

February- Apri | 1980.
Weight kg)

Length (cm) Male ‘ Female
31 - 344
32 411 : 382
33 | 456 423
34 ' 504 467
35 556 | 513
36 611 563
37 670 L 616
38 | 734 - 672
39 801 : 732
40 872 : 796
41 _ 048 | 863
42 , : 1,028 934
43 1,113 1,009

Sample size 98 71
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Table 9.--Conparison of US.-US SR

| engt h-wei ght data (sexes comnbined).

Weight (g)
U.S.S.R. data ) ’ "U.S5. data
Length

(cm) Kodiak, 1975-=77 Kodiak, 1978 Kodiak, 1980 Chirikof, 1980

12 12 - - -
20 66 - - -
25 162 1761/ - -
29 264 277 291 -
32 362 365 385 397
35 464 475 495 534
37 608 556 580 643
38 695 - .625 702
40 - - - 834
41 - - - 905
a2 - - - 981
43 - - - 1,061

1/ Males only
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Table 10 .--Age conposition of Atka mackerel landings from the Qulf of Al aska

1975- 77.
Mean
Composition (%) by age group length
: ‘ . of catch
Year 1 2 3 4 5 6 7 {cm)
19751/ - - 4 60 30 5 1 30.3
19761/ - 1 - 58 29 5 2 30.7
1977Y/ - 1 10 61 25 o2 1 T31.2
19802/ - 3 44 45 7 1 - 39.0

1/ Levada (1979b).
2/ Fadeev and Kharin (1981).
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avai |l abl e for Atka mackerel has been provided by the Soviets fromresearch
surveys and the comrercial fishery. Wth cessation of Soviet fishing efforts
in the @ulf of Alaska, continuity of the existing data will be lost. A
new data series can be devel oped based upon data collected by observers
sanmpling aboard foreign fishing vessels and data provided by foreign
nati ons harvesting the resource.

No specific research is presently schedul ed by the Northwest and

Al aska Fisheries Center for Atka mackerel in the @lf of Al aska.
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FLATFI SH

by

Craig S. Rose and Eric S. Brown

| NTRODUCT!I ON

From 1978 to 1981, the catch of flatfish, excluding Pacific halibut,

H ppogl ossus stenolepis, in the Gulf of Al aska has fluctuated around 14,500
metric tons (t) (Table 1). Japan, historically the primary exploiter of this
resource, continues to take mobst of the catch. The Republic of Korea (ROK),
which extended their fishing operations from the Shumagin International North
Pacific Fisheries Commission (INPFC) statistical area to the Chirikof and
Yakutat areas, accounted for 35% of the total Gulf of Alaska flatfish catch in
1981. The U.S.S.R  fishery, which had taken 6% of the flatfish catch in 1980,
was excluded fromthe Qulf in 1981. In addition to these fisheries, small
catches of flatfish have been taken by Poland and Mexico, as well as by joint
venture fisheries between U S. harvesters and U S.SSR and R O K processors.

A large portion of the flatfish catch has been incidental to targeted
efforts on other species. The catch per unit effort (CPUE) for flatfish,
therefore, may be affected as nuch by the coincidence of their distribution
with that of the target species as by their actual abundance. At this tinme, no
analysis is available which effectively separates out effort directed at flat-
fish. Also, flatfish age-composition data obtained from the commercial catch
is not sufficiently conplete and consistent enough to allow an analysis by

tinme and area.



Table 1.--Catch of flatfish (t)

38

by nation fromthe Gulf of Al aska during

1978- 81.
International
North Pacific
Fisheries ‘
Commission Joint-venture
statistical U.S,.~ U.S.-
area Japan U.S.S.R. R.0.K. Poland Mexico U.S.S.R. R.0.K. Total
_______________ tT = = = e m e m - e e - m e = = A -
Shumagin
1978 2,268 - 270 - - - - 2,538
1979 2,202 . 26 557 15 17 - - 2,817
1980 336 976 1,710 - - 8 - 3,030
1981 1,229 - 1,984 11 - - - 3,224
Chirikof
1978 2,268 188 26 - - - - 2,482
1979 488 107 - 4 19 - - 618
1980 936 40 - - - - 106 1,082
1981 1,349 - 2,300 4 - - 18 3,671
Kodiak
1978 3,809 '8 - 13 - - - 3,830
1979 4,100 . 231 - 77 - - 4,408
1980 5,086 823 - - - - 92 6,001
1981 2,099 - 7 - - - - 2,106
Yakutat
1978 2,955 - - - - - - 2,955
1979 3,238 5 47 - - - - 3,290
1980 4,071 - 24 - - - - - 4,095
1981 2,573 - 735 - - - - 3,308
Southeastern
1978 2,536 - - - - - - 2,536
1979 2,341 - 1 - - - -~ 2,342
1980 1,495 - - - - - - 1,495
1981 2,153 - - - - - - 2,153
Total
1978 13,836 196 296 13 - - - 14,341
1979 12,369 369 605 19 113 - - 13,475
1980 11,924 1,839 1,734 - - 8 198 15,703
1981 9,403 - 15 - - 18 14,462

5,026
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While the flatfish fishery includes many species, it is nmanaged as one
stock. The mmjor species, which account for approximately 90% of the tota

flatfish catch, are arrowmooth flounder, Atheresthes stom as; flathead sole

Hi ppogl ossoi des el assodon; rock sole, Lepidopsetta bilineata; rex sole @ ypto-

cephal us zachirus; and Dover sole, Mcrostonus pacificus. To allow a nore

conplete view of this fishery, the distribution of the catches from fisheries
statistics and the apparent abundance observed fromresource assessnent surveys
are presented for individual species and then for all flatfish conbined.

The research survey data presented in the following figures are derived
froma series of cruises from 1978 to 1981. Catch rates were cal cul ated by
depth strata and conpiled by 2° long. sections. These catch rates were then
expanded into a biomass estimate for the total bottom area of each section by
an area-swept nmethod, assunming that all flatfish in the path of the traw
were caught (catchability = 1.0). Although no definite values are available
for the true catchability, it is probably less than 1.0; therefore, it is

recomrended that these figures be used for relative conparisons only.

ARROAMCOOTH FLOUNDER

During the period 1978-81, the foreign catch of arrowtooth flounder ranged
from11,600 to 12,700 t and accounted for 81-86% of the total flatfish catch
(Table 2). Catches were evenly distributed anong the five INPFC statistica
areas with the Yakutat and Kodiak areas providing the largest yearly catches

Data fromresource assessnent surveys (Figure 1) show that the Kodiak and
Chirikof regions contained by far the |argest conponents of avail abl e bi omass
but that the remaining regions also contributed significantly to the tota
estimate. Aso, except for rock sole in the Shunagin region, the abundance of

arrom ooth flounder exceeded that of any other flatfish species in each area
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Table 2 .--Comercial catch (t) of arrowtooth flounder fromthe Qulf of Al aska
by year and International North Pacific Fisheries Comm ssion (INPFQ)

statistical area.

. ‘ - ‘ % of
INPFC statistical area ‘ total
Year Southeastern Yakutat Kodiak Chirikof Shumagin Total flatfish
_______________ I
1978 -~ 2,223 2,568 2,610 - 2,052 2,256 11,709 81.8
1979 2,273 3,022 3,480 520 2,345 11,640 86.4
1980 . . 1,415 3,736 4,528 871 2,138 12,688 80.8
1981 2,119 3,111 1,726 2,671 . 2,207 11,834 84.5
INPFC AREA
Southeast Yakutat Kodiak - Chirikof Shumagin
S0r | ! [ [ |
| | | |
< 40 | | | )
E 39 : : ! !
4 : 11 R '
£ |
g 20 | | [ !
@
! | ! [
10 | [ ! |
| ]
130° - 140° 150° 160° 170°

Longitude

Figure 1. --Biomass index (thousand t) of arrowtooth flounder based on
trawm surveys conducted in the @lf of A aska International
North Pacific Fisheries Commission (INPFC) statistical areas
in 1978-81.



141
ROCK SCOLE

In recent years, the bulk of the rock sole catch fromthe Gulf of Al aska
has cone fromthe Shunagin area where 627 and 235 t were taken in 1980 and
1981, respectively (Table 3). The total Gulf-w de catch reached 719 t in 1980
but fell to 447 t in 1981.

Research cruise data indicated that rock sole may be the second nost abun-
dant flatfish species in the Gulf. This data and information from the conmercial
fishery show rock sol e abundance to be highest in the central and western Qulf,

particularly in the Shumagin region (Figure 2).

FLATHEAD SOLE

The few hundred metric. tons of flathead sole taken during 1978-79 were
taken nostly from the Yakutat and Kodiak |INPFC areas (Table 4). In 1980, the
catch increased substantially to 822 t with a larger proportion comng from
the western Gulf. In 1981, the total catch fell slightly but there was a
significant shift of the catch distributions with 87% comng from the Chirikof
area al one.

Research cruise data (Figure 3) indicated that nmost of the popul ation
resides in the central and western Qulf with the Kodiak area containing the
| argest portion of the apparent bionmass followed by the Chirikof and Shumagin

areas.

REX SCLE
The @ulf of Al aska commrercial catch of rex sole has decreased in the |ast

4-yr from 1,257 to 371t (Table 5). The distribution of the catches has shown
a shift to the west, though the largest catches have consistently come from

the Kodi ak area.
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Table 3.--Conmercial catch (t) of rock sole fromthe Gulf of Alaska by year
and International North Pacific Fisheries Comm ssion (INPFC)
statistical area.

% of
INPFC statistical area total

Year Southeastern Yakutat Kodiak Chirikof Shumagin Total flatfish

________________ £ = = = - - m m e . m - -
1978 4 5 37 21 65 132 0.9
1979 3 6 88 6 254 357 2.7
1980 Trace Trace 89 2 627 719 4.6
1981 - 18 9 186 235 447 3.2
INPFC AREA
Southeast Yakutat Kodiak Chirikof Shumagin

20

Biomass index
o

130° 140° 150° 160° 1700
Longitude :

Figure 2. --Biomass index (thousand t) of rock sole based on traw
surveys conducted in the @lf of A aska International North
Paci fic Fisheries Commission (INPFC) statistical areas in
1978- 81.
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Table 4 .--Comrercial catch in netric tons (t) of flathead sole fromthe Qulf
of Alaska by year and International North Pacific Fisheries Conm ssion

(INPFC) area.

% of

' INPFC statistical area total
Year Southeastern Yakutat Kodiak Chirikof Shumagin Total flatfish

_______________ t =~ = = - e - - s - .- - ==
1978 Trace 136 114 7 28 285 2.0
1979 Trace 23 113 19 17 179 1.3
1980 Trace 222 . 409 102 89 822 5.2
1981 - 31 24 606 37 700 5.0
INPFC AREA
Southeast Y akutat Kodiak Chirikof ‘Shumagin

201 | | ! ! I

| I ! I |

. 15k | i | [ |

§ | I | | o

= | I I I |

é 10 | | | I I

.3 I | I I ]

5 | | | | |

: | ( I I |

| i I |

130° 140° 150° 160° 170°

Longitude

Figure 3. --Biomass index (thousand t) of flathead sole based on traw
surveys conducted in the @lf of Alaska International North
Paci fic Fisheries Comm ssion (INPFC) statistical areas in
1978- 81.
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Table 5.--Comercial catch (t) of rex sole fromthe Gl f of Al aska by year and
International North Pacific Fisheries Commission (INPFC) statistical
ar ea.

‘ ‘ % of
INPFC statistical area total
Year = Southeastern Yakutat  Kodiak Chirikof = Shumagin  'Total flatfish

_________________ S T T S
1978 272 69 507 269 140 1,257 8.8
. 1979 32 89 415 36 90" 662 4.9
1980 22 53 592 70 85 821 5.2
1981 19 20 148 93 90 371 2.7
INPFC AREA
Southeast Yakutat Kodiak Chirikof Shumagin

10

Biomass index
o
T

130° 140° - 180°. . 160° 170°
v o _Longit'ude

Figure 4. --Biomass index' (thousand t) of rex sole based on traw surveys
conducted in the Gulf of Alaska International North Pacific
"Fisheries Commission (INPFC) statistical areas in 1978-81.
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The research cruises have indicated that the greatest abundance of this
species is in the Kodiak area and westward (Figure 4). However, there is also

a significant abundance of rex sole in the Southeastern area.

DOVER SOLE
Until 1981, the catch of Dover sole fromthe Gulf of Al aska came nostly
fromthe Kodiak area. Yearly catches have slowy decreased from 827 t in 1978
to 454 t in 1981 (Table 6).
The research data show that abundance of Dover sole is highest in the
Kodi ak region, (Figure 5), but not as dominant as the conmercial catches
mght indicate. Yakutat, the second nost productive commercial area, had

relatively low bionass, as indicated by research surveys.

TOTAL FLATFI SH
The total catch of flatfish has remained relatively constant over the
1978-81 period, ranging from 13,400 to 15,700 t (Table 7). The catch has also
remai ned evenly distributed across the Qulf with only a slight shift to the
west. Research cruise data indicated that a |arge percentage of the flatfish
abundance is found in the central and western Qulf (Figure 6).
Qher flatfish species captured in the Gulf of Alaska are listed in Table 8.

O these, the nmpbst consistently occurring is the Geenland turbot, Reinhardtius

hi ppogl ossoi des, which is usually taken by deep longline fisheries in the far

western Qulf.

Consi dering the apparent status and state of know edge of flatfish stocks
inthe Qulf of Alaska, there is little reason to change the current allowable
bi ol ogi cal catch (ABC) for these species at this time (Table 9). Catch levels

for principal species, as well as for all species, have been very mnor conpared
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Table 6.--Commercial catch (t) of Dover sole fromthe Gulf of Alaska by year
and International North Pacific Fisheries Commission (INPFC) area.

% of
INPFC statistical area total
Year Southeastern Yakutat Kodiak Chirikof Shumagin Total flatfish

________________ B T NI
1978 33 132 ' 548 . ‘ 78 36 827 5.8
1979 24 83. 304 33 . - 85 529 3.9
1980 57 81 380 31 21 570 3.6
1981 15 126 196 69 48 . 454 3.3
INPFC AREA
Southeas't Yakutat Kodiak Chirikof Shumagin

Biomass index

130° 140° 150° 160° 170°
‘ Longitude

Figure 5. --Bionass index (thousand t) of Dover sole based on traw
surveys conducted in the @ulf of Alaska International North

Pacific Fisheries Commission (INPFC) statistical areas in
1978- 81.
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Table 7 .--Commercial catch (t) of all flatfish (except Pacific halibut) from
the Qulf of Alaska by year and International North Pacific Fisheries
Commission (INPFC) statistical area.

INPFC statistical area

Year Southeastern Yakutat Kodiak Chirikof Shumagin Total
________________ £ = = e m . - m - m - - - - - -
1978 2,536 2,955 - 3,830 2,482 2,538 14,341
1979 2,342 3,290 4,408 618 2,817 13,475
1980 1,495 4,095 6,001 1,082 3,030 15,703
1981 2,153 3,308 2,106 3,671 3,224 14,462
| INPFC AREA
Southeast  Yakutat Kodiak Chirikof Shumagin
100 r

Biomass index
o
o

130° 140° 150° 160° 170°
Longitude

Figure 6. --Bionass index (thousand t) of total flatfish (excluding
Pacific halibut) based on traw surveys conducted in the
Qul f of Alaska International North Pacific Fisheries Com
m ssion (INPFC) statistical areas in 1978-81.
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Table 8.--Nanes of "other species" of flatfish comonly encountered
in Qulf of Alaska fisheries.

Common name ', ‘ Scientific name

Petralé sole .~ Eopsetta jordani

Greenland turbot : Reinhardtius hippoglossoides
Deepsea sole ‘ Embassichthys bathybius
Slender sole - Lyopsetta exilis

Stérry flounder Platichthys stellatus
English soie ‘ . Parophrys vetulus

Bufter sole = . , ) Isopsetta isolepis

Yellowfin sole Limanda aspera
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Table 9.--Exploitable bionass and all owabl e biol ogi cal catch (APC) Y oof aulf
of Alaska flatfish?

Area
Item o Weééérn Central Eastern Total
-------- 1,000 t = ~ = == ~ -
Exploitable‘biomass . - 220 346 206 772
-Allowable biological catch 20.8 '30.6 16.6 67

1/ ABC has been set equal to maximum sustainable yield (MSY) and was
apportioned between the three areas on the basis of trawl survey data.

2/ From Gulf of Alaska Groundfish Management Plan (North Pacific Fishery
Management Council).
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to the abundance of these species and the maximm sustainable yield (MSY)

of the flatfish conplex.

Future monitoring of flatfish stocks in the Gulf of Alaska wll continue
to consider both commercial fisheries data and resource assessnment surveys.
Based on historical fishery and research data, index areas have been designated
which will be surveyed periodically to nonitor changes in the abundance, age,
and size conposition and distribution of flatfish. Present plans of the North-
west and Al aska Fisheries Center include surveying these areas at |east once

every 3 yr.
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PACI FI C OCEAN PERCH

by

Herbert H  Shippen and Janes W Stark

| NTRODUCTI ON

Paci fic ocean perch, Sebastes alutus, are captured throughout the breadth

of the @ulf of Alaska fishery conservation zone administered by the North
Pacific Fishery Management Council (NPFMC). Its range, however, extends well
beyond the Gulf of Al aska fromsouthern California to northeastern Asia (Mjor
and Shippan 1970).

During the 1950's and early 1960's, Pacific ocean perch was identified as
the dominant rockfish, as well as a prominent species in the demersal community.
Alverson et al. (1964) considered Pacific ocean perch to be "the dominant form
in the aggregate species catch" at depths from 100 to 149 fathons (183-272 nm.
Simlarly,. inreporting the results of Canadian research in surveys conducted
from 1963 to 1966 throughout the Gulf of Al aska, Westrheim (1970) stated that

Pacific ocean perch made up 90% of the rockfish catch.

STOCK UNI TS
Identification of stocks of Pacific ocean perch, as well as the determ-
nation of patterns of migration, is hanpered by the inability of these fish
to survive the rigors of capture and tagging, especially the deconpression in
being renoved from depth to the surface. For this reason, scientists study-
ing mgrations of Pacific ocean parch have had to base their conclusions on
apparent changes in abundance or sex ratio. Recently, biochenical nethods

have been enployed to study stock identification.
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On the basis of changes in distribution and sex ratio, Lyubinova (1963
-1965) hypot hesi zed that female Pacific, ocean perch, after spending the summer
and fall in foraging in the western part of the @il f of Al aska near Unimak
Pass, leave that area and nigrate in Septenber and Cctober to the southeastern
part of the Gulf where their young develop to be spawned the next spring.-

Anot her Soviet scientist (Fadeev 1968), however, reviewed the sane evidence
as Lyubinmova and cane to different conclusions: 1) Pacific ocean perch do not
make extrenme seasonal migrations along the shelf; 2) seasonal novenents of
Paci fic ocean perch are largely between deep and shallow bottoms within a
limted geographical area; 3) Pacific ocean perch forma series of |oca
popul ations which are only partly intermxed. Fadeev cautioned those fishing
for Pacific ocean perch that because of the fragnmented population and slow rate
of reproduction, fishing activities should be carefully distributed so as to
avoid exceeding the reserves of each local group

After a @lf-w de survey of rockfishes, particularly Pacific ocean perch
Westrheim (1970) on the basis of year-class strength and size conposition iden-
tified a division between Pacific ocean perch in the @ulf of A aska and those
found off British Colunbia south of Dixon Entrance

Based on differences in length conposition, growh, fecundity, etc., Chikun
(1975) identified four stocks of Pacific ocean perch: 1) GQulf of Al aska;

2) eastern Pacific (British Colunbia to California); 3) Aeutian Islands; and
4) eastern slops (Bering Sea to Kurile Islands).

Studi es using biochem cal nethods have refined the earlier work described
above. Wshard et al. (1980) identified three stocks of S. alutus, one off
Washi ngton and Oregon, another fromthe Gulf of Aaska, and a third fromthe
vicinity of Prince WIlliam Sound in the northern Qlf which had previously not

been recogni zed.
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CATCHES OF PACI FI C OCEAN PERCH IN THE GULF OF ALASKA

H storical Catches

Commercial fisheries of the United States and Canada for Pacific ocean
perch began in the late 1940's off the Pacific Northwest coast (Mijor and
Shi ppen 1970).

Soviet fisheries in the eastern Pacific Qcean started in the 1950's in
the Aleutian Islands area and Bering Sea and expanded into the central Qlf of
Alaska in 1960. A fleet of 160 Soviet ships operated in the eastern Qulf of
Alaska in 1965 (Chitwood 1969). A substantial part of the Soviet catch was
Paci fic ocean perch, but no records have been provided by the U S. S. R except
as part of a general rockfish catch.

Japan began trawl fishing operations in the Qulf of A aska in 1963 (Chit-
wood 1969) and has provided catch records for Pacific ocean perch since 1964.
The Pacific ocean perch catch by Japan peaked at about 64,000 t in 1966 and
declined to about 20,000 t in 1977. In 1978, with the establishment of regu-
lation by the NPFMC, other nations, principally the Republic of Korea (ROK),
have taken a substantial part of the catch, and Japan's portion has been about
10,000 t (Table 1).

The R O K began fishing in the Qulf of Alaska in 1966 (Chitwod 19691,
but records of her catch of Pacific ocean perch begin with 1976. The R QK
took nearly half the Pacific ocean perch catch fromthe Qulf of Alaska in 1978,
but has taken relatively little since then.

Pol and, Mexico, and the Federal Republic of Germany also have participated

in the fishery for Pacific ocean perch in the Qulf of Al aska, but their catches
have been ninor in conparison to the ambunts taken by the U S. S. R, Japan,

and the R O K
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Table 1 .--Pacific ocean perch catches” fromthe Gulf of Alaska by nation and | NPFCY

2/ INPFC = International North Pacific Fisheries Commission.

region, 1964-81 (does not include unknown catches by U S S.R prior to 1977).
‘ - South-
Nation Year Shumagin Chirikof  Kodiak Yakutat eastern Total
__________________ T = = m m m ke m m m m e m m a e -
Japan 1964 1,610 1,150 10,614 11 0 13,385
Japan 1965 9,171 12,555 '20,839 33 0 42,598
Japan ‘1966 14,373 21,068 28,368 422 718 64,949
Japan 1967 5,834 6,967 17,922 13,625 9,162 53,510
Japan 1968 1,216 2,481 8,236 30,874 12,163 54,970
Japan 1969 2,027 5,772 11,346 18,404 16,090 53,639
Japan 1970 504 5,592 11,366 10,602 16,317 44,381
Japan 1971 2,800 5,033 12,125 14,159 13,960 48,077
Japan 1972 4,233 2,837 11,439 15,481 16,628 50,618
Japan 1973 4,796 5,678 9,505 17,087 10,307 47,373
Japan 1974 4,082 3,497 8,096 10,690 10,615 36,980
Japan 1975 4,158 3,996 10,016 8,420 7,541 34,131
Japan 1976 4,557 3,645 8,730 9,625 8,796 35,353
R.0.K. 1976 1,339 26 177 45 28 1,615
Total 1976 5,896 3,671 8,907 9,670 8,824 36,968
Japan 1977 1,567 2,531 4,977 5,428 4,744 19, 247
R.0.K. 1977 560 T 0 - 0 0 560
U.S.S.R. 1977 . 536 594 588 108 4 1,830
Total .1977 2,663 3,125 5,565 5,536 4,748 21,637
Japan 1978 429 430 1,203 1,337 1,149 4,548
R.0.K. 1978 3,021 25 0 0 3 3,049
Poland 1978 0 0 4 0 (0] 4
U.S.S.R. 1978 193 280 82 7 8 570
Total 1978 3,643 - 735 1,287 1,344 1,160 8,171
Japan 1979 . 652 116 832 1,714 4,083 7,397
R.0.K. 1979 193 0 0] 498 ° 134 825
Poland 1979 2 3 0 0 0 5
U.S.S.R, 1979 30 122 908 5 0 - 1,065
Mexico 1979 67 18 372 0 0] 457
Total 1979 944 259 2,112 2,217 4,217 9,750
Japan 1980 169 533 2,507 4,649 2,912 10,770
R.0.K. 1980 353 0 0 55 0 408
Poland 1980 29 1 0 0 0 30
U.S.S.R. 1980 290 123 - 826 0 0 1,239
Total 1980 842 656 3,333 4,704 2,912 12,447
Japan 1981 741 1,495 1,882 3,927 2,297 10,343
R.0O.X. 1981 463 862 16 444 0 1,785
Poland 1981 29 13 0 7 o 49
Total 1981 1,234 2,370 1,898 4,377 2,297 12,177
1/ values for 1964 to 1977 are foreign reported statistics as submitted to the U.S.
Values from 1978 are from Anonymous 1979; 1979, Nelson et al. 1980; 1980, French
et al, 1981; and 1981, Nelson et al. 1982.
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Current Catches
The total catch of Pacific ocean perch fromthe GQulf of Al aska in 1981 was
12,178 t, nost of which was taken by foreign trawers. United States domestic
fisheries, including joint ventures, took 1.3 t.
In 1980 and 1981, the GQulf of Alaska catch of Pacific ocean perch by foreign
vessel s and by International North Pacific Fishery Conmmi ssion (INPFC) statistical

area was as follows:

INPFC 1980 1981
areas : Metric tons Percent ’ Metric tons Percent
shumagin o 841.7 6.8 1,234.5 10.1
Chirikof ' 656.5 5.2 ©2,370.0 19.5
Kodiak . 3,332.8 26.8 1,898.2 15.6
Yakutat: J 4,703.6 37.8 4,377.4 36.0
Southeastern 2,912.3 ' 23.4 2,297.1 18.9
Total 12,446.9 100.0 12,177.2 100.1

The distribution of the catch of Pacific ocean perch reflects allocations
by the NPFMC which has established the follow ng three managenent, or regul a-
tory, areas in the Gulf of A aska: the Western (Shumagin), the Central (Chirikof
and Kodiak), and the Eastern (Yakutat and Southeastern) areas (Figure 1). O
the 1981 allocation for the Qulf of Alaska, slightly nmore than half was assigned
to the Eastern area, about one-third to the Central area, and the renainder
to the Western area (Table 2). About 82% of the catch was allocated to foreign
nations while donmestic harvesters, including joint ventures, were allowed 8%

in addition, part of the Eastern area allocation was held in reserve.
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Figure 1 .--Regulatory areas in the Qulf of A aska of the North Pacific
Fi shery Management Council (NPFMC).
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Table 2.--Domestic and foreign aIIocatlons of Pacific ocean parch within
the Qulf of Alaska in 19817

NPFMC .
area Domestic Foreign Unallocated Total
-------- t - - = - .- - - (t) (%)
Western 102 3,048 - 3,150 12.2
Central 365 '8,852 a - 9,217 35.7
Eastern 1,534 8,920 2,986 13,440 52.1
Total 2,0Ql 20,820 2,986 25,807 100.0

% 7.8 80,7 11.6 - 100.0

1/ Based on a l4-month fishing year.

2/ Source: North Pacific Fishery Management Council (NPFMC) Gulf of Alaska
Groundfish F;shery Management Plan.



158

Japan received nost (73% of the Pacific ocean perch allocated to foreign
nations while other nations received |esser amunts (R O K, 18% and Pol and, 9%

(Table 3).

Most of the catch of Pacific ocean perch fromthe Gl f of Al aska was taken
during the sumer and fall months (Table 4). This seasonal distribution was
influenced by NPFMC regulations that prohibit or restrict traw fishing during

the early part of the year to protect the donestic fishery for the Pacific

hal i but, H ppogl ossus stenol epis.

O the four vessel classes participating in the fishery by Japan for Pacific
ocean perch, only two classes, the large freezer traw ers which took 63% of the
catch and the small traw ers which took 32% nmade significant contributions

(Table 4).

ABUNDANCE CHANGES
Research Survey Results
Denersal resource assessnent surveys to depths of 400 m were conducted over
the entire Gulf of Alaska in 1961 and again in 1973-76. Results of these
surveys, conducted before and after a period of intense fishing for Pacific
ocean perch during the nmid-1960's, document a substantial decrease in the
relative abundance of the species (Table 5)

Recent surveys of rockfish resources suggest that there have been sone
increases in the relative abundance of Pacific ocean perch. In the summer of
1978 the catch per hour for Pacific ocean perch renmained at the low |evels
experienced in 1973-76, but sonme inprovenent is evident in surveys conducted

in 1979 and 1981 (Table 6)
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Table 3.--Pacific ocean perch allocations by foreign nation and NPFMC area

in 198",
NPFMC area , Total
Nation Western Central Eastern (t) (%)
________ £t = - = = e~ -

Japan 2,125 6,295 6,779 : 15,199 73.0
Poland 318 914 626 1,858 8.9
R.0.K. ‘ 605 1,643 1,515 3,763 18.1

Total 3,048 8,852 8,920 20,820 100.0

% 14.6 ' 42.5 42.8 100.0

1/ Source: North Pacific Fishery Management Council (NPFMC) Gulf of Alaska
Groundfish Fishery Management Plan.



Table 4 .--Pacific ocean perch catch in the GQulf of Al aska by Japan in 1981 by region, vesse

class, and month (includes

Sebastes alutus, S. aleutianus, polyspinis, S. borealis, and S. zacentrus) (Nelson et al. 1982).
INPFC]/ region - Month
vessel class 6 7 8. 9 11 12 Total
_______________________ S
Shumagin
Small trawler 28.6 44,5 l.6 31.5 108.6 285.9
Surimi trawler " 11.0 19.8 2.6 0.7 34.8
Large freezer trawler 145.3 2.1 93.0 1.7 83,2 31.5 370.9
Longliner 5.1 4.7 9.0 2.1 0.6 3.4 8.5 3.5 4.6 6.1 1.3 50.3
Total 5.1 4.7 9.0 2.1 0.6 177.3 66.1 117.9 40.4 8.6 32.8 741.9
Chirikof .
Small trawler 55.7 25.9 8.7 1.1 11.6 104.1
Surimi trawler 13.3 5.6 24.4 7.4 0.4 6l.l
Large freezer trawler 65.1 281.8 732.0 79.5 131.2 1.8 1309.7
Longliner 1.6 1.1 0.7 1.1 2.0 3.3 1.4 2.2 3.4 1.9 20.3
Total 1.6 1.1 0.7 1.1 122.8 324.3 747.7 107.2 153.6 4.1 1495.2
Kodiak
Small trawler - 225.8 127.6 63.7 215.8 141.1 900.0
Surimi trawler 74.5 7.4 28.3 14.6 125.2
Large freezer trawler 516.8 108.1 71.8 94.8 23.6 838.0
Longliner 0.3 0.0 0.3 0.2 0.0 1.1 2.9 1.8 4.6 3.8 2.9 18.3
Total 0.7 0.0 0.3 0.2 0.0 818,2 246.0 165.6 329.8 168.5 2.9 1,881.5
Yakutat )
Small trawler 322.1 416.4 289.2 319.5 1.6 1898.5
Surimi trawler 1 133.4 134.5
Large freezer trawler 445.7 845.0 172.2 281.5 1867.2
Longliner 0.2 0.7 0.1 0.1 0.1 2.9 1.1 1.5 4.6 6.4 6.1 27.0
Total 0.2 0.7 0.1 0.1 1.2 770.7 1262.5 596.3 605.6 8.0 6.1 3927.2

essssescontinued
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Tabl e 4.--continued.

INPFC region - Month )
vessel class 1 2 3 4 .5 6 7 8 9 10 11 12 Total
_______________________ T = = e e e e e e e e e e e ek e e e e = m = = -
Southeastern Alaska
Small trawler 25.8 . 12.0 7.5 71.4 52.5 169.2
Surimi trawler
Large freezer trawler 294.0 41.6 44.2 824.0 522.5 400.6 2126.9
Longliner . : :
Total 319.8 41.6 56.2 831.5 593.9 453.1 2296.1
All regions !
Small trawler 6.0 658.0 6l14.4 375.2 575.4 819.3 315.4 3357.7
Surimi trawler 1.1 74.5 31.7 187.1 41.6 5.1 8.1 0.4 355.6
Large freezer trawler 1466.9 1242.3 1136.2 1209.6 701.3 550.0 33.3 6513.5
Longliner 6.5 7.0 10.5 3.1 1.8 9.4 15.8 8.2 16.0 5.7 19.7 12.2 '115.9
Total 12.5 7.0 10.5 3.1 2.9 2208.8 1904.2 1706.7 1842.6 1531.4 893,2

45.9 10343.0

1/ International North Pacific Fisheries Commission.

191
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Table 5.--Average catch per unit of effort (CPUE) for Pacific ocean perch in
the Qulf of Alaska, 1961 and 1973-76, by region and depth zone' .

1961 CPUE (kg/h) " 1973-76 CPUE (kg/h)

Region2/ 101-200 m 201-400 m 101-200 m 201-400 m
Fairweather 7.4 149.7 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
Kodi ak 25.2 2.9 2.4 11.7
Shelikof 2.4 10.5 1.4 1.0
Chirikof 135.6 67.8 18.3 0.4
Shumagin 29.3 431.4 - -
Sanak 7.2 228.6 0 53.5
Total 50.1 75.6 6.1 3.4

1/ source: Ronholt, Shippen, and Brown 1978.
2/ Regions do not correspond to International North Pacific Fisheries
Commission statistical areas.
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Table 6.--Relative abundance of Pacific ocean perch (catch in kilogranms per
hour) in resource assessment surveys, 1978-81.

No. of Relative
Year Area station samples abundance (kg/h) Reference
1978 Southeastern 74 53 1/
1978 Yakutat 100 ‘ 4 1/
1978 Kodiak 53 4 1/
1978 _ Chirikof 24 4 ‘ 1/
1979 Kodiak 73 114 ‘ 2/
1979 Chirikof 55 98 | 2/
1979 Shumagin 43 131 2/
1979 Southeastern 15 84 2/
19813/ Yakutat 63 335 "4/
19813/ Yakutat | 59 193 4/
19813/ Cape Ommaney 72 143 4/
19813/ Kodi ak 17 80 4/

1/ Feldman and Rose 1981,

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

3/ Beginning with 1981, surveys were confined to index sites which were areas
recorded high production by commercial fisheries and thus are not directly
comparable to earlier surveys.

é/ Cruise results, Ocean Harvester 81-1 and Pat San Marie 81-2,
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Commercial Fishery

Statistical information from Japanese trawl fisheries in the Gulf of Al aska
docunented a general decline-in Pacific ocean perch CPUE since the inception of
the fishery in 1964 until the present (Figure 2). For the Gulf of Alaska as a
whol e the comrercial CPUE during the 3-yr period from 1964 to 1966 was about
5.5 t/h, but during the most recent 3-yr period, 1979-81, it has declined to
about 0.3 t/h. It should be recogni zed, however, that nmore fishing effort was
directed toward Pacific ocean perch during the early years of this fishery than
has been the case nore recently except perhaps in the Southeastern area where

rockfish, including Pacific ocean perch, have remained a principal target species

AGE AND SIZE COWPCSI TI ON
During the early 1960's, before the period of intense fishing of Pacific
ocean perch by Japan and the U S.S.R, the dom nant age group in the catch
was 6-9 yr. About three-fourths of the catch was calculated to be 10 yr of
age or younger (Lyubinmova 1964)

Goliths fromPacific ocean perch for age interpretation have been col -
lected by U S. observers on foreign ships beginning with 1976. These otoliths
have been interpreted by a technical staff at the Northwest and Al aska Fisheries
Center. A review of the age structure of Pacific ocean perch catches collected
between 1976 and 1980 suggests that few, if any, year-classes of notable strength
have been recruited to the fishable part of the population in those years. In
the Shumagin area, the 345 otoliths exam ned from 1977 indicated no markedly
successful year-classes in the catch; although in the next year, 1978, there

was some increase in the 6- to 8-year-olds, these year-classes were virtually
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Figure 2. --Catch per unit of effort by International North Paci fic
Fi sheries Conmission (INPFC) statistical areas for Pacific
ocean perch in the Japanese culf of A aska traw fisheries,
1964- 81.
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depleted by 1979 (Figures 3 and 4). In the Chirikof area, remants of year-classes
fromthe 1960's were evident in 1978, together with a fair showing of 7- to
g-year-old specinmens. The scanty data from 1980, however, suggest that little
remai ned of these year-classes by that time. |In the, Kodiak area, specinens
fromthe 1971 and ol der year-cl asses appeared in the 1976 catch, and this
group of fish was present in 1977 and 1978. In 1979 and 1980, however, these
previously strong year-classes have declined, and no younger year-classes are
evident. In the Yakutat area, the fishery in 1975-77 had representatives from
the year-classes of 1963-70, but these fish appeared to be gone in 1978 and 1979
some nodest recruitnment of Pacific ocean perch seens to have occurred in 1980
in the Yakutat area. In the Southeastern area, the fishery in 1976 was domi -
nated by 12- to 17-year-old specinens. This group of fish apparently depleted
during the next two years and was virtually gone by 1978. Modest nunbers of
Pacific ocean perch fromthe 1962-71 year-classes appeared in 1979 in the
Sout heastern area, but they declined substantially in the 1980 catch. Thus, no
new and successful year-class in the Gulf of Al aska stocks of Pacific ocean
perch since 1972 is evident in 1980

Length conposition information has been collected from Pacific ocean perch
in the Gulf of Alaska by U S. observers stationed aboard foreign fishing vessels
(Table 7). The specimens taken in the Southeastern area are considerably |arger

than those comonly taken from the Chirikof area

MAXI MUM SUSTAI NABLE YI ELD
Maxi mum sust ai nabl e yield (MSY) is defined by the NPFMC managenent plan as
the |l argest average catch that can be taken continuously froma stock under

current environmental conditions. At present, the NPFMC estimates the Gulf of
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Table 7 .--Mean size conposition (fork length) of the catch of Pacific ocean
perch catch fromthe Qulf of Al aska as determi ned from sanples
collected by US. observers, 1975-81.

Sex and

INPFCL/ area 1975 1976 1977 1978 1979 1980 1981
Males =0 = - - = - - - = - = - - - - - C - = = = = = = = = = = = - - = -~
. Shumagin 30.2 30.7 29.2 29.6 32.1 - 3l.6
Chirikof 28.5 30.4 31.1 30.9 31.4 33.2 28.2
Kodiak 3.4 31.1 32.5 32.8 33.8 34.2 33.4
Yakutat 31.2 33.6 33.5 34.3 34.3 33.9 33.9
Southeastern  36.6 36.0 34.8 33.9 35.8 36.1 36.3
Females -

Shumagin 30.3 30.6 29 1 29.8 32.4 - 32.4
Chirikof 29.1 30.0 31.2 31.3 5.1 30.8 28.3
Kodiak | 32.2 31.0 33.1 33.5 33.1 34.9 34.0
Yakutat 31.2 33.7 34.5 35.4 35.6 35.1 35.1
Southeastern  37.4 37.7 35.8 34.8 37.4 37.5 37.7

1/ International North Pacific Fisheries Commission statistical areas.
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Al aska MBY for Pacific ocean perch to be 125,000 t but recognizes that current
stock levels are well below the nunbers that night produce this level. Chikuni
(1975) estimated the potential MY for Pacific ocean perch in the @lf of

Al aska at about 150,000 t, but he al so added a reservation that stocks mnust

first recover fromtheir present |ow |evels.

EQUI LI BRIUM YI ELD

Equilibriumyield (EY) is defined by the NPFMC managenent plan as the annual
or seasonabl e harvest that allows the stock to be maintained at approximately
the same |evel of abundance over a period of several years apart from the ef-
fects of the environment.

The NPFMC pl an as of Septenmber 1979 placed the Qulf-w de EY for Pacific
ocean perch at 50,000 t, a level well below the estinmated 125,000 t MSY, but
a level which still has not resulted in increased recruitnment to the popul a-

tion.

ALLOMBLE BI OLOd CAL- CATCH

The al | owabl e bi ol ogi cal catch (ABC) nay be set |ower than MSY to help re-
build depleted fish stocks. In the Gulf of Alaska the ABC for Pacific ocean
perch is set at 50,000 t, the sane as the EY. The ABC for 1981 was appor-
tioned to the three NPFMC regul atory areas as follows: Wstern, 5,300 t;
Central, 15,700 t; and Eastern, 29,000 t. The basis for the relative apportion-
ment was the distribution of the Pacific ocean perch catch by Japan in 1973-75.

Optinumyield (OY) may deviate from ABC for econonic, social, or ecol ogical
objectives; in the case of Pacific ocean perch in the Qulf of Al aska, the OY
was set for 1981 at 29,167 t, apportioned as follows to the three regulatory

areas:  \Western, 3,150 t; Central, 9,217 t; and Eastern, 16,800 t. The reported



171

anounts actually caught by the foreign fisheries in 1981 were approximately

half of the allocation in each area (Table 8).

For 1982 the outlook is for a sharp reduction in the OY for Pacific ocean
perch under Amendnent No. 10 to the Fishery Managenent Plan which is expected
to becone effective in early 1982. Under this provision, the OY for Pacific

ocean perch will decrease to 875t in the Eastern NPFMC regul atory area; the
Sout heastern INPFC area will be closed to foreign trawing; and the Yakutat

NPFC area will be open to foreign trawing with pelagic gear only

COMMENT ON THE CURRENT CONDI TI ON OF PACI FI C OCEAN PERCH STOCKS | N THE GULF
OF ALASKA

There is little evidence of any inprovenent in the condition of Pacific
ocean perch stocks. Recruitnent to the fishable stocks is sporadic and tran-
sient. The catch for 1981 was only about one-quarter of the allocated ABC
Because of the slow growth rate of the individual fish and apparent |ack of
successful vyear-classes, it nmay be several years before any significant change

in the status quo can be expected
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Table 8.--Alowable biological catch, optimum yield, foreign catch allocation,
and reported foreign catch for Pacific ocean perch in the Qulf of
Al aska in 1981.

Allowable Foreign Reported
NPFMC biological Optimum catch foreign
area ' catchd/ yieldl/ allocationl/ catch

_____________ o
Western ‘ - 5,300 3,150 3,048 1,234.5
Central 15,700 9,217 8,852 4,268.2
Eastern 29,000 16,8002/ 11,906 6,674.5

Total 50,000 29,167 23,806 12,177.2

A1/ Source: North Pacific Fisheries Managemeht Coucil (NPFMC) Fishery
Management Plan.
2/ Includes 3,360 t held in reserve,
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WALLEYE POLLOCK DATA FROM THE 1977-81 GULF OF ALASKA
RESOURCE ASSESSMENT SURVEYS
by

Eric S. Brown and Craig S. Rose

| NTRODUCT!| ON

From 1977 to 1981, Northwest and Al aska Fisheries Center (NWAFC) ground-
fish surveys were carried out throughout the Gulf of Al aska and Al eutian
I'slands region. Surveys taking place in the late spring and summer (1978-81)
used the high-opening 90/ 105" Noreastern trawl with roller gear and concen-
trated principally on rockfish along the Gulf of Al aska and Al eutian outer
shel f and upper slope (100-500 m). Wnter surveys (1977-81) were primrily
| ocated in the Kodiak Island area, where the Noreastern trawl was used al ong
with the 83/112' Eastern trawl with and without roller gear. These cruises
surveyed the Kodi ak and Chirikof continental shelf and upper slope and Sheli kof
Strait. This report examines the survey results relative to walleye pollock,

Theragra chal cogranma, which is a frequently occurring and abundant species in

the 100-500 m depth zone.

CATCH PER UNI'T OF EFFORT
Catch per unit of effort (CPUE) values indicating walleye pollock density
from the 1978-81 summer surveys are presented in Table 1 by depth and |ongitude.
This table indicates that while pollock are present in the eastern Qulf, their
density is relatively low The central Qulf contains the highest density of
pol I ock, particularly in the Kodiak region. Finally, the western Qulf also
supports a relatively high pollock density, wth highest CPUE's occurring in

the eastern Aleutian Islands region (1660 1680 W long.).
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Table 1 .--Catch per unit of effort (kg/nm’)l’ of walleye pollock by 2° Iong.
strips from 1978-81 Gulf of Al aska sunmer surveys (T indicates |ess
than 1 kg/nm).

Location : Depth interval (m)
Longitudinal INPFCZ/
(° W. Long.) areas 0-100 100-~200 200-300 300-500
-——-—; --------------- kg/nmi .~ = = = = ~ - =

130-132 | : 0 9 15 1
132-134 Soﬁtheastern | - | 3 ‘ é> 1
134-136 " - 1 2 1
136-138 L mmmemm—— | - Trace 0 Trace
136—140‘ ' - ‘ | 4 Trace -
140;142  | ~ Yakutat - 3 3 11
142—144‘ » - 2 4 1
laa-1a6 | - ) - -
146-148  —mmmmmmmmee- - Trace 1 -
148-150 | - 29 30 Trace
150-152 Kodiak - 142 143 Y
152-154  mmmemmmmmee - 210 128 1
154-156 | | - 248 86 ~ Trace
156-158 © Chirikof - 135 42 | 0
158-160 —=—mm——mm-m- - 201 12 -
160-162 - - - 68 - 16 -
162-164 - 29 129 -
164-166 Shumagin 2 - 88 119 - 42
166-168 ' 68 418 317 0
168-170 =—==mm—moeee Trace 35 113 0

1/ kg per nautical mile,

2/ International North Pacific Fisheries Commission statistical area.
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SIZE AND AGE COVPOSI TI ON

Annual and semi annual NWAFC groundfi sh assessment surveys, carried out in
the Kodiak and Chirikof International North Pacific Fisheries Conm ssion (INPFC)
statistical areas since 1977, have provided a data base for estimating yearly
pol  ock size and age conpositions which are presented in Figures |-3. A though
the objectives, and hence the nethods, of these surveys have varied somewhat,
this does not introduce sufficient variation to prevent the primary character=
istics of size and age structure from beconming apparent

Year-classes first appear in research catches in the late winter as
10-15 cmfish. Gowth continues to 15-20 cmduring spring and summer, reaching
the 20-25 cmrange by the following winter. Beyond 2 yr, variable growth
within year-classes makes it difficult to follow age groups using size conposi-
tion graphs al one.

The 1975 and 1976 year-classes are prominent in survey catches in the
Kodi ak, Chirikof, and Shelikof INPFC statistical areas (Figure 2). The 1975
year-class dom nates through 1979, followed in 1980 and 1981 by the 1976 year-
class. A significant concern in the management of these stocks is that research
cruise data shows no indication of any subsequent strong year classes. The
only exception was a relatively strong showing of age-lI fish in the Shelikof
region during the spring of 1981, which may have been due to very shall ow
sampling. If no new strong year-class appears, the pollock fishery may begin a
period of decline as the 1975 and 1976 year-classes age out of the fishery.

Simlar, though limted, data in the Shumagin area are shown in Figure 3
The 1979 data show the 1975-76 year-classes to be rather snall, with nost of

the fish comng fromthe 1973 and 1972 year classes. Most sanpling was carried
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Figure 1,.,--Size composition of walleye pollock from 1977-81 trawl
surveys in the Kodiak, Chirikof, and Shelikof International
North Pacific Fisheries Commission (INPFC) statistical areas.
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out along the outer edge of the continental-shelf, which nmay account for sone,
but not all, of the donminance of older and larger fish. The 1981 survey concen-
trated nore in shallow water and took consi derabl e amounts of age-l fish along

with individuals from the 1976 and 1977 year-cl asses

MEAN LENGTH AT AGE
Mean | engths at age for year-classes observed during winter surveys in
the central Qulf of Alaska are presented in Table 2. A npst all year-classes
pass 30 cm by their third year, 40 cm by their fifth year, and 50 cm by their
eighth year. There is a definite trend for nean |lengths of the domi nant 1975
and 1976 year-classes to be somewhat smaller than other classes at the same
ages. Though this difference is relatively small and decreases with age, this

may be an indication of density-dependent growh

AGE AT MAXI MUM BI OVASS

Estinmates of the rate of increase in mean individual weights were
obtained from the nean length at age data and a |ength-weight regression
Ri cker (1975) notes that the age of maxi mum bi omass for a year-class occurs
when the rate of individual growth equals the nortality rate. Based on the
year-cl asses observed in. the Kodiak, Chirikof, and Shelikof areas, if the nor-
tality rate is between 0.2 and 0.5, maximum biomass is achieved at around 4-yr
of age with results for nearly all year-classes falling between 3 and 5 yr
This agrees with the estimtes of Hughes and Hirschhorn (1979) who derived an

age range of 3.60-5.45
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Table 2.--Mean lengths at age (cm of walleye pollock observed during w nter
@l f of Al aska.

surveys in the central

iNpFc Y/ statis-
tical area and
year-class

Age

(yr)

Kodiak

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976 .
1977
--1978
1979

Chirikof

1967
1968
1969
1970
1971
1972
1973

1974
1975
1976
1977
1978
1979

Shelikof

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

2
13.52/ 2
16.02/ 2
2

3

22.7
12.02/

‘ 27.6

24.9

12.72/ 29.7

23.1
11.82/

25,2
13.72/ 30.0

34.9

32.7
38.1
32.5

40.7

37.6
40.3
37.6

43.1

43.5
43.7
39.8

44.8
45.9
42.8
39.3

AN A
G Led

45.5

46.3
48.0
42.2

48.8

46.8
44.8
43.9
44.4

49.3

47.4
47.8
45.4

48.0
49.6
51.3
49.9
45.7

49.0

50.6
50.0

47.1

54.4
56.5
53.3
53.0
48.3

54.9

51.6
52.4
49.3

51.9
50.9
58.0
51.2
47.9

52.8

52.1
51.4
47.1

1/ International North Pacific Fisheries Commission.
2/ Approximate values.
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WALLEYE POLLOCK DATA FROM THE SPRING 1981
SOVI ET SURVEY OF GROUNDFI SH I N THE KODI AK REG ON

by

Eric S. Brown and Craig S. Rose

| NTRODUCTI ON
During the spring of 1981, scientists from the Northwest and Al aska Fish-
eries Center (NWAFC), Seattle, and the Pacific Scientific Research Institute of
Fi sheries and Cceanography (TINRO), W adivostok, US. S.R participated in a
cooperative survey of groundfish resources in the Kodiak Island area. |Inforna-

tion on walleye pollock, Theragra chal cogramm, based on data collected aboard

the Soviet research vessel Shantar is presented in this paper.

The prinmary objectives of the survey were to evaluate the conposition,
distribution, and abundance of groundfish inhabiting the area with particular
enmphasis on walleye pollock and, to a |esser extent, Atka mackerel, Pl euro-

granmmus nonopterygius. Trawing was acconplished with mdwater and bottom

tramls while fish eggs and |arvae were sanpled with bongo and neuston nets.

CRUI SE PERIOD AND AREAS SURVEYED
Research was conducted from 14 May 1981 through 28 May 1981 over an
area which included the eastern Kodiak Island outer shelf (Al batross Bank)
southwest to the Shunmgin Islands and portions of Shelikof Strait (Figure 1).
The denersal portion of the survey consisted of one nmmjor survey period
from20 April to 21 May and an earlier, shorter period from 14 to 30 March.
The early period coincided with an ichthyoplankton survey of the study area

with relatively few bottom traw s being conpleted.
The mmjor survey period consisted of two surveys. The first traw sur-

vey was conducted fromthe Chirikof Island area to just east of the Shumagin
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Islands and included a portion of western Shelikof Strait. The second survey

covered Al batross Bank from 151°W long. to the Chirikof Island area.

SURVEY METHODS

Vessel
The Shantar is a Soviet BMRT style fisheries research vessel. No data are
available on overall length, tonnage, or horsepower, although typical vessels

of this class are approximately 3,000 gr tons and 91 min |ength.

Cear
The denersal sanpling gear used aboard the Shantar was a 31 m bottomtraw
equi pped with steel bobbins on the footrope. This trawl has a 6 m estinated
vertical mouth opening, 20 m horizontal opening, with 90 nm nesh in the w ngs
and 30 nm nesh in the cod end. Oval steel doors nmeasuring 5.5 mwere used

t hroughout the survey.

Sanpling Methods
Sanpling continued on a 24-h per day basis with each station traw ed for
1 h or less, depending upon bottom conditions. Large catches were estinated
by the Soviet method of "expert assessment” (Fadeev and Borets 1981) where two
or three of the nmpst experienced crew nmenbers woul d estimate the catch which
was later corrected by the factory production. It was noted by the Soviet
scientists that by md-cruise, estimtes by the experts, including nmenbers of
the scientific staff, were nearly identical. The species conposition of large
catches was determ ned by several sanples taken fromthe sane catch while small

catches of 1 t or less were conpletely processed.
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Survey Design
The sampling pattern for the survey of the eastern Kodiak outer continenta.
shelf, jointly agreed upon by US. and Soviet scientists, consisted of sec-
tions that were 3 mi of lat. by 5 mi of long. wi de. In each section, one haul
was conpleted at 150-200, 200-250, 250-300, and 350-400 m depths. During the
earlier survey from lower Kodiak Island to the Shumagin I|slands, including
Shelikof Strait, the Soviets sanpled stations which they had previously

sel ect ed.

RESULTS
O the 182 completed traws, there were 8 mdwater traws and 17 oppor-
tunisitc traw s |eaving 156 bottom trawls available for analysis. One of
these tows, considerably west of the Shumagin Islands, was not included in the
analysis. Fifty-six traws were selected fromthe Chirikof area, 18 from the

Shel i kof area, and 81 from the Kodiak area.

Catch Per Unit of Effort

Catch per unit of effort (CPUE) was calculated by dividing the catch of
wal | eye pollock per trawl haul by the distance towed in nautical miles (nmi).
Mean CPUE's for each area and depth strata were cal cul ated where data-were
avail abl e.

CPUE' s were generally highest in the Shelikof area, 111-1,663 kg/nm, and
| owest in the Chirikof area, 14-332 kg/nm (Table 1). There was no apparent
rel ationship between CPUE and depth except that values were npbst consistent in
the 100-200 m depth zone (111-500 kg/nm) and |east consistent in the 200-300 m

(19-1,663 kg/nm) and 0-100 m depth intervals (14-427 kg/nm).
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Table 1.--Catch per unit of effort (kg/nm) for walleye pollock by
areas and depths of the Kodiak region.

Area
Depth (m) Shelikof Chirikof Kodiak
————————— kg/mmi = = = = = = = = - -
0-100 427.3 l4.1 -
100-200 110.7 332.0 L 499,0
200-300 1,663.3 18.6 87.1
300-500 3.6 20.0 4.5

> 500 -- 0.3 0.1
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Bi omass
The standing stock or biomass in each area was approximted using the

follow ng relationship:
‘(CPUE) (A)

P, = ca

where P, is equal to the average standing stock in weight of the exploitable
popul ation, Ais the total area, a is the average bottom area covered by the
trawm per nautical mle, and c is a coefficient related to the degree which
pol lock are vulnerable to capture when in the path of the trawl. A simlar
met hod was used to estimate the population of pollock with nunmbers being sub-
stituted for weight in the CPUE function. For walleye pollock in the Gulf of
Al aska, the coefficient ¢ is not known; in this report, estimtes of bionass
have been calculated using a catchability coefficient of 1.0.

Based on a total survey area of nearly 28,000 nmi ? (Table 2), the bionass
of pollock in the surveyed regions has been estinmated at 1,063,000 t (Table
3). The Shelikof survey area contained nearly half (521,000 t) of the total
estimated biomass followed by the Kodiak (380,000 t) and Chirikof (163,000 t)
regions. By depths, the Shelikof 200-300 minterval (412,000 t) and the Kodi ak
100-200 minterval (369,000 t) provided the highest estinmates followed by the
Chirikof 100-200 m depth strata (136,000 t). Estinates of biomass declined
significantly in the 300-500 m depth intervals and were not calculated at

depths greater than 500 m

SIZE COWPOSI TI ON
The size conposition of pollock was estimated in areas and depths where
sufficient length-frequency data were collected. Data from individual catches
were expanded by their respective catches and applied to the total population
derived from the standing stock estimates to obtain the percentage of the

popul ation at each centimeter length interval.
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Table 2.--Areas (nm?% of the Kodiak region surveyed by the Soviet research
vessel Shantar and the nunber of successful bottomtraw s by areas

and depths.
Area
Shelikof . . Chirikof ‘ Kodiak
‘ Area No. Area No. Area No.

Depth (m) (nmi?) hauls - (nmi?)  hauls  (nmi2)  hauls
0-100 2,094 4 4,941 . 7 - -
100-200 2,500 2 4,419 19 7,989 27
200-300 .. 2,674. 11 1,338 13 © 1,294 36
300-500 1/ 1 177 10 461 16
> 500 - - 1/ 7 2
TOTAL 7,269 18 10,874 . 56 9,743. 8l

1/ Not calculated. .
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Table 3.--Biomass and popul ation estimates for walleye pollock by areas and
depths of the Kodiak region.

Area \
Shelikof Chirikof Kodiak

Biomass Population Biomass Population  Biomass Population
Depth (m) (t) (x109) (t) (x106) (t) (x108)
0-100 83,008 260 24,494 64 - -
100-200 25,855 72 135,626 333 368,774 721
200-300 .+ 411,866 984 2,268 6 10,433 20
300-500 - - 318 1/ 181 1/
- = ‘ =
TOTAL 520,729 1,316 162,706 403 379,388 741

1/ Less than 1 x106 individuals.
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Lengt h-frequency samples from each area are characterized by a dom nant
30-40 cm node and a | esser 40-50 cm node (Figure 2). The Shelikof and Chirikof
size distributions are further characterized by the presence of 20-30 cmindi-
viduals not seen in the Kodiak area. This difference would, to some degree,
be a result of sampling shallower depths in the Shelikof and Chirikof regions
compared to the deeper waters sanpled in outer Al batross Bank. The size fre-
quency curve for the Shelikof area is further characterized by sharp narrow
peaks throughout the range of lengths, a result of small sanple sizes fromthe
relatively few trawls conpleted in the area. Mean lengths ranged from 37.6 cm

in the Chirikof area to 40.6 cmin the Shelikof area.

AGE COWPOSI TI ON
Pol  ock age structures collected during the Shantar cruise are not presently
available for interpretation and analysis by NWAFC scientists. |nstead,

ages derived from pollock otoliths collected aboard the NOAA ship MIler Freeman

in the same areas and time periods were used along with the Shantar size com-
position data to estimate the age conposition from each area.

I ndividual s aged as 5- and 6-year-olds clearly dom nated the standing
stock from each area (Table 4). In the Kodiak and Shelikof areas, these fish,
whi ch represent the 1975 and 1976 year-cl asses, account for 65% of the total
estimated standing stock. In the Chirikof area, these two conbined year-
cl asses represented 54% with 2- and 3-year-old fish being better represented

than in the other areas.

CONCLUSI ON
Several aspects of the SHANTAR survey and subsequent data analysis should
be treated with caution. In each survey area, biomass calculations were ex-

trapol ated over adjacent areas not sampled. In the Chirikof and Shelikof areas
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in the Kodiak Island subareas (Figure 1), research vessel Shantar
spring 1981 survey.
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Table 4 .--Estimated age conposition (% of walleye
pol l ock taken in traw catches by the
Soviet research vessel Shantar.

Age Area
(yr) Shelikof Chirikof -~ Kodiak
_________ D

1 Trace 0 0
2 3.6 8.0 0.2
3 7.9 16.6 12.0
4 8.0 11.7 12,6
5 42.3 37.7 43.9
6 23.0 16.6 21.0
7 5.8 4.2 5.0
8 4.3 2.7 3.0
9 3.7 1.8 1.7
10 ‘ 1.3 0.6 0.6
11 0.1 Trace Trace

12 Trace Trace Trace
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where sanpling was relatively w despread, only mnor portions of each area went
unsurveyed. In the Kodiak area, sanpling wasconcentrated along the outer

shelf so that biomass calculations extrapolated to the unsurveyed inshore

gully areas of simlar depths may have created sonme unknown degree of bias.
QO her sources of possible bias include the relatively sparse sampling of Shelikof
Strait, where only 18 bottom trawls were conpleted, and the untested Soviet

met hod of estimating the volume of large catches which differs from quantitative

met hods used during NWAFC groundfish surveys.
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1982 U S. RESEARCH SURVEYS AND RESEARCH PLANS FOR
1983 IN THE NORTHEAST PACI FI C CCEAN

by

Thomas A. Dark and Mles S. Alton

FI ELD RESEARCH CONDUCTED IN 1982
United States
a) Qulf of A aska

1) Goundfish index sites

Bottom trawl ing surveys took place at various sites during the spring
to summer months to nonitor changes in the relative abundance and
conposition of rockfish and other groundfish. The NOAA ship Mller
Freeman was used in sampling the Cape Omraney site off southeastern
Al aska. Cooperative surveys involving Soviet research vessels took
place at sites in the Shumagin Islands, off Kodiak Island, and near
M ddleton Island. The Kodiak and Mddleton sites were surveyed again
in cooperative efforts involving a Republic of Korea research vessel.

2) Sablefish index sites

The four established sablefish, Anoplopoma finbria, indexing sites off

sout heastern Al aska were monitored again during May and June 1982 by
t he NOAA ship John N. Cobb. Auke Bay personnel began assuming respon-
sibility for the southeastern Al aska sablefish indexing survey and wll
conduct the survey in future years.

3) Pacific cod
The western part of the Shumagin International North Pacific Fisheries
Commi ssion (INPFC) statistical area was surveyed in February-March.
The objective of the survey was to find neans of inproving the assess-

ment of Pacific cod, Gadus nacrocephal us.
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4) Wl leye Pollock

The Soviet research vessel Ms Dalnii conpleted two ichthyoplankton
surveys totaling 145 stations, using U S. bongo plankton sanplers,
bet ween Kodi ak and Unimak Pass during April-My. The major objective

was to locate concentrations of walleye pollock, Theragra chal cogranmm,

eggs and |arvae. Also, the NOAA ship Chapnan collected pollock ovaries
in Shelikof Strait in early April. These sanples, along with others
collected in the area by observers fromthe joint ventures, wll be
used to determne pollock fecundity and associated information about
spawni ng.

b) Washington-California

1) Wdow Rockfish Assessnent Feasibility study

A commercial midwater traw vessel was chartered for 25 days during
March-April to conduct a study on the feasibility of assessing w dow

rockfish, Sebastes entonelas, distribution and abundance. The work

was conducted on five comercial grounds between 42°55 and 44°40'N.
lat. off central Oregon. bjectives were to 1) identify acoustically
detected schools and deternmine species conposition of the demersal and
sem denersal fish conplex on w dow rockfish grounds, 2) obtain estinates
of w dow rockfish biomass by ground and to assess the variability of
such estimates over tine, 3) determne size and age conposition of
wi dow rockfish popul ations, 4) examne feeding and schooling behavior
and how it varies diurnally, and 5) determine the feasibility of applying
sonar - hydroacoustic nmethods to line transect theory in assessing w dow
rockfish on a coastw de basis.

Sonar - hydr oacoustic data were collected from 725 km of tracklines.

Ten midwater trawls were conpleted to identify species composition of
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schools with different acoustic signatures. Predoninant nidwater
schooling species on the grounds were wi dow rockfish; Pacific whiting,

Merluccius productus; and shortbelly rockfish, Sebastes jordani.

Length, age, maturity, and stomach sanples were taken from Pacific
whiting and w dow rockfish.

Sabl ef i sh Abundance | ndexing Survey

A 40-day cruise will commence in Novermber 1982 to obtain indices of
sablefish at two index sites off California. This work is a continu-
ation of an indexing programinitiated in 1980 intended to track changes
in popul ation abundance in that region. Relative abundance is neasured
by catches taken in traps fished 10 to a groundline in 5 depth zones
from411l to 1,006 m Fishing time is standardized to 24-h per set

using corrodible magnesium clips which release tunnel closing devices.
Heal t hy sabl efish which are surplus to the need for biological data are
tagged and released in a continuing effort to determne nigrational

behavior and to identify nanagement units.

FI ELD RESEARCH PLANS FOR 1983
United States
of Al aska'

G oundfish index sites

Tentative plans are to continue U S.-foreign cooperative bottom
trawm surveys at selected sites to nonitor abundance and conposition
changes in rockfish and other groundfish.

Sabl ef i sh index sites

Monitoring of sablefish abundance and conposition will continue at

selected sites in the eastern Gulf of Al aska using fish traps.
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3) Walleye Pollock

An acoustic-mdwater traw survey of walleye pollock will be conducted
in the western Qulf region during March-April. This work will be a
maj or part of a survey effort directed at obtaining a nore accurate
fishery-independent estimate of the biomass of the exploitable resource.
It will involve two vessels and require a mnimm of 50 days. The
region to be surveyed extends fromthe east side of Kodiak Island to
Uni mak Pass, including Shelikof Strait. The survey effort wll be
focused around the peak of pollock spawning in Shelikof Strait and
will be coordinated with research vessels conducting bottomtraw
sanmpling in the same region. Tentative plans are to investigate

the ecology of pollock larvae resulting from the spawning in Shelikof

Strait.

b) Washington-California

Maj or conprehensive bottomtraw - hydroacoustic surveys were conducted
off the west coast in 1977 and 1980. The third triennial conprehensive
survey will be conducted during July-Septenber 1983. Two bottom traw vessels
and one hydroacoustic-midwater tram vessel wll operate between central
California and northern Vancouver Island in waters 55-366 m deep. (hjectives
will be to 1) determine the distribution and abundance of commercially avail abl e
Pacific whiting and selected shelf rockfishes, 2), assess major biological
characteristics of target species, and 3) obtain neasurenments of acoustic

target strengths of certain seni-denersal species.
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