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ABSTRACT

The @ulf of Alaska is a part of the northeastern Pacific Ccean that is
bordered on the north and east by the state of Alaska.' O the 300 to 400
thousand netric tons of marine animals that are annually harvested fromthe
@l f, 70% consi st of fish and shellfish that |ive on or near the sea bottom
with nmost of the remaining harvest consisting of pelagic forns, such as
salmon and herring. It is these bottomdwelling animals that are the subject
of this report. They are conposed of halibut and other flatfish species;
the cod, pollock, sablefish, and other fish species; the pandalid shrinp;
and the king, snow (Tanner), and Dungeness crabs.: Shrinp and crab are |anded
exclusively by US. nationals. The fishery for Pacific halibut is one of
the ol dest of the Gulf and now excludes all but U S. longline vessels. There
are small but expanding U S. fisheries on bottonfish other than Pacific halibut
The foreign traw and setline fisheries take the bulk of the bottonfish har-
vested each year, but these fisheries have been subject to strict regul ations
arising fromthe passage of the U S. Fishery Conservation and Managenent Act
(FCMA) of 1976. The Act establishes a fishery conservation zone (FCZ) three
mles off the coastal states seaward to 200 miles, under the exclusive fishery
managenent of the United States

Most of the bottomdwelling fish and shellfish of comrercial inmportance
are on the continental shelf (0-200 m) and upper region of the continenta
sl ope (200-500 m. Al US. fisheries on crab and shrinp, as well as the
longline fishery on Pacific halibut, take place in this zone. The foreign
traw fisheries, conposed for the nobst part of vessels from Japan, USSR, and
the Republic of Korea (ROK), concentrate their efforts along the outer conti-
nental shelf and upper slope (100-500 m, where nost of their harvests consi st
of pollock, Atka mackerel, and flatfish. A ong the |ower region of the
sl ope from 500 to 1200 m Japan and the ROK conduct setline fisheries for
sabl ef i sh. Since 1977, however, these fisheries occur west of long. 140° W
because of prohibitions to operating in the FCZ east of that |ine under
FCMA.  Since 1979, Japan has been carrying out a longline fishery for Pacific
cod in certain areas and seasons in the Gulf of Al aska.

Bottonfish and shellfish of the Qulf of Al aska are discussed in seven
faunal categories based on distributional and general life history features.
These are 1) the pandalid shrinmp that aggregate in nud bottom areas of the
shelf and are nost plentiful in the bays and nearshore waters of the Kodiak
Island region and westward south of the Alaska Peninsula; 2) crabs (king
snow, and Dungeness), rock sole, and scul pins that occur on the continenta
shelf; 3) Pacific cod and large mouth flounders (Pacific halibut, turbots)
that are apex predators in the bottom comrunities 4) Dover and rex soles
that are strictly benthic feeders in communities living in the soft bottom
at the edge of the continental shelf, 5) pollock and flathead sole of outer
shel f and upper slope depths, 6) rockfish group, Sebastes spp., that are
nost abundant in the region of the upper slope (200-500 m) and consi st of
many species; and 7) bathyal group consisting of sablefish, rattails, rockfish
of the genus, Sebastolobus, and species of snow crab that are nost abundant
in the 400 to 1200 m depth zone of the continental slope




[ NTRODUCTI ON

The @l f of Al aska contains valuable fish and shellfish resources. In
recent years, the annual catches of fish and shellfish fromthis region have
been within the range of 300 to 400 thousand nmetric tons (t) with an estimted
harvest value of more than $200 million. The US. fisheries are mainly in
Al askan coastal waters and in the many bays and inlets that border the Qulf
where such val uabl e resources as sal non, crab, and shrinp are caught. Hal i but ,
herring, sablefish, and small anounts of other fish are also taken by U S.
nationals. O the total amount of fish and shellfish that is caught each
year (1976-771, alnost half is taken by U'S. nationals. The foreign fisher-
ies, mainly those of Japan, USSR, and the Republic of Korea (ROK), concentrate
on the rich bottonfish resources that lie offshore in the deeper waters of
the continental shelf and sl ope.

The purpose of this report is to review our general know edge of major
conponents of these fishery resources of the @ulf of Al aska--the bottonfish,
crab, and shrinp--which amounted to 70% or nore of the total annual narine

catch of this region in recent years (1976-77). The review covers the fish-
eries and the biological and distributional features of the major species
maki ng up these fisheries;;. Such a review comes at an appropriate tinme because

of the recently instituted neasures to conserve the resources through the

Fi shery Conservation and Managenent Act of 1976 (FCMA) and the current inter-
est by U S. nationals in @lf of A aska bottonfish. The Act is ained not
only at rebuilding depleted fishery resources and maintaining |evels of

st ock abundance for optinmumyields but also at establishing conditions favor-
able to the successful devel opnment of major U.S. fisheries on bottonfish in
the Alaska region. To these ends, catch limits, area-tine closures, gear
restrictions, and other neasures are nowin effect in the Gulf of Al aska to
prevent overfishing and gear conflicts and to reestablish high I evels of
abundance for some stocks. In recent years, the annual harvest of bottonfish
inthe Qulf of Alaska by foreign nationals has fallen from94%in 1978 to
91% in 1979 (Table 1). This percentage will continue to be reduced as

U S. fishermen increase their catch of bottonfish.

Table 1.--Foreign and domestic harvest of bottonfish fromthe Qulf of Al aska
in 1978-79 (in 1000 netric tons, t).

1978 19791/
Fishery Catch (t) Percentage Catch (t) Percentage
Domestic 9.9 6 15.5 9
Foreign 166.6 94 162.0 91
Total 176.5 177.5

I/ Prelimnary estimates



In this review, only bottonfish and shellfish are considered. Bottom
fish are conposed of a variety of species ranging from the senidenersal
pol  ock, cod, and Atka nmackerel to the nmore bottomdwelling flatfish of
which Pacific halibut is nost faniliar (Table 2). Shellfish considered in
this review are the comercially valuable crabs (king, snow, and Dungeness)
and pandalid shrinp. Data sources for this review are: 1) Japanese fishery
statistics that have been provided by Japan to the United States through the
International North Pacific Fisheries Commssion (INPFC) and conpiled in the
INPFC Statistical Yearbook; 2) other foreign fisheries statistics available
t hrough bilateral agreenents with the United States; 3) Pacific halibut
catch and effort data given in the Annual Report series of the International
Paci fic Halibut Commission; 4) US. catch data contained in Annual Conmercial
Fisheries Statistics published by the A aska Department of Fish and Gane;
and 5) National Marine Fisheries Service (NWS) @ulf of Al aska survey results
summarized by Ronholt et al. 1978. Qher information sources are given
el sewhere in this review

Excluded fromthe review are pelagic fish (salnon, herring, snelt, and
others), squid, and bottomliving nollusks (clams and scallops). For a genera-|
treatnent of salnmn see Salmon Industries of the US. (1974). Macy et al.
(1978) provided a conprehensive review of the nonsal monid pelagic fish of
the Alaska region. Very little specific information is available on the
abundance, distribution, and characteristics of the Qulf of Al aska squid.

Ni ckerson (1975) presented a detailed treatnent of the razor clamresource
and fishery. Eldridge (1972) discussed the scallops of the Qulf of Al aska.

The metric systemis used in this report for depth, weight (of catches),
length (of individual fish), and temperature. English units are used wth
netric equival ents when neasurenents regardi ng commercial vessels and gears
are di scussed and when mnini mum si ze regulations are given for individual
species. Metric to-English conversions can be found in tabular formon
the inside of the back cover of this report.

PHYSI CAL  SETTI NG

The @ulf of Alaska is bordered by the Al askan coast from Di xon Entrance
to Unimak Pass (Figure 1). This coast is rugged and nountai nous and deeply
i ndented by fjords and other inlets of which Chatham Strait, Prince WIlliam
Sound, and Cook Inlet are notable exanples. Gaciers flow down into the
heads of some bays. In the northern part of the Qulf of Alaska and south of
the Al aska Peninsula are numerous islands of which Kodiak Island is the
largest. Major rivers that enpty into the Qulf of A aska are the Copper,
Susitna, and Knik.



Table 2.--Principal

speci es of

i mportance and species of mnor

bottonfish, crab, and shrinp of commerci al
importance in the Qulf of Al aska.

G oup Subgr oup Conmon and speci es nane
Bottomfish Flatfish Arrowtooth flounder (Atheresthes stomias)*

Dover sole (Microstomus pacificus)*
Flathead sole (Hippoglossoides elassodon)
Greenland turbot (Reinhardtius hippoglossoides)
Pacific halibut (Hippoglossus stenolepis)*
Rex sole (Glyptocephalus zachirus)¥*
Rock sole (Lepidopsetta bilineata)
Starry flounder (Platichthys stellatus)
Yellowfin sole {Limanda aspera)

Rockfish Dusky rockfish (Sebastes ciliatus)
Harlequin rockfish (Sebastes variegatus)
Northern rockfish (Sebastes polyspinis)*
Pacific ocean perch (Sebastes alutus)*
Rougheye rockfish (Sebastes aleutianus)
Redstripe rockfish (Sebastes proriger)*
Shortraker rockfish (Sebastes borealis)*
Shortspine thornyhead (Sebastolobus alascanus)

Sculpins Bigmouth sculpin (Hemitripterus bolini)
Great sculpin (Myoxocephalus polyacanthocephalus)
Red Irish lord (Hemilepidotus hemilepidotus)
Yellow Irish lord (Hemilepidotus jordani)

Cod and cod- Pacific cod (Gadus macrocephalus)*

like fish Pollock (Theregra chalcogramma)*
Rattails (several species)

Sablefish. Sablefish (Anoplopoma fimbria)*

Greenlings Atka mackerel (Pleurogrammus monopterygius)*

Skates Big skate (Raja binoculata)
Longnose skate (Raja rhina)

Crab © King crab Red king crab (Paralithodes camtschatica)*
Snow (Tanner) Snow (Tanner) crab (Chionoecetes bairdi)*
crab
Dungeness crab Dungeness crab (Cancer magister)*

Shrimp Pandalid Humpy shrimp (Pandalus goniurus)
shrimp Pink shrimp (Pandalus borealis)*

Sidestripe shrimp (Pandalopsis dispar)

* Principal species of commercial inportance
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Figure 1. --Qulf of Aaska showing key geographical locations and bathynetry.

The continental shelf reflects the rugged coastline; it is irregular
and frequently interrupted by subnarine valleys. These deep water valleys
or troughs separate broad bank areas such as Al batross and Portlock Banks

near Kodiak |sland and Davi dson Bank south of Unimak Island. In the western
Qulf of Alaska, these banks are generally covered with sand and gravel, which
indicates the high nobility of the overlying water. In contrast, the sea

vall eys adjacent to these banks are sedinent |aden. Rock croppings occasion-
ally occur along the edge of the banks and where the continental shelf meets
the deeper water of the slope. A pronounced feature of the western Qulf of
Alaska is a greater frequency and expansiveness of plateau-like banks than
in the eastern part of the @ulf (Figure 1).

The continental shelf extends from the coast seaward to depths of ap-
proximately 200 m where bottom depths increase rapidly toward the deep water
basin or abyssal plain of the Gulf of Alaska. The region of rapidly increas-
ing depth or slope can be subdivided into an upper slope of 200 to 500 m and
a lower slope greater than 500 m The 2000-m line can be considered the

depth boundary between the slope and abyssal plain. In general, bottom



Depth in meters

sedi ment becones finer with increasing
depth so that in the [ ower slope and
abyssal plain the sedinment consists
mainly of a mxture of clay and silt.
The abyssal plain of the Gulf of Al aska
contai ns submarine mountains that rise

t housands of neters from the ocean floor
These are remants of extinct vol canoes
whose upper parts have been eroded away
to form flattop seamunts or guyots

100

200

Seaward of the continental shelf,
there is a surface flow of water called
the Al aska Current which noves in a
nort hwest direction in the eastern Gulf
of Al aska and swings to the west and
sout hwest of f Kodi ak |sland and westward
toward Uni mak Pass. Its rate of flow
varies by season and is highest during
the winter where, off Kodiak Island, its
rate of flow may be 1 knot.'

300

400

Waters overlying the shelf are
subject to the greatest seasonal in-
fluences. Wnter-induced convection
acconpani ed by turbulence due to storns
results in uniformcold tenperature in
the upper 100 m It is during the wnter
that water piles up in coastal waters
because of meteorological conditions
and brings about a conpensating flow
seaward along the seabottom Wth the
shift in wind direction and decrease in
wind intensity during the sunmer, there
is surface fl ow seaward and a conpensating
transport of water shoreward above the
continental shelf. Summer heating and
runoff results in a stable tenperature

100

200}

300F

400K

. . . and establishment of a thernocline

Figure 2.--Typical tenperature (degrees Celcius) .

conditions in a vertical section of water Te”perat ures in shelf waters nay be as
col um avove the continental shelf and upper high as 80 to 12°C during the summer but
sl ope southeast of Kodiak Island during wnter less than 4°C in the winter (Fi gure 2).

(Marchy and sunmmer (August). These conditions
vary fromyear to year. (Information for tnis

figure was provided by James | ngraham Ccean- Seasonal effects dimnish with
WiPle g st and Aaska Fisheries Center, jpcreasing depth and distance from shore.

Along the outer shelf and upper slope
year-round tenperatures of 4° to 5°C persist throughout the periphery of the
Qlf of Alaska (Figure 2). Wth further increase in depth, water tenperature
shows no significant seasonal change but does decrease, reaching 2°C and | ess
at greater depths



Most of the commercial fisheries on demersal aninmal resources take place
in the region of the shelf and upper slope. Setline fisheries for blackcod
and rattails extend deeper into the |ower slope to about 1200 m No fisheries
take place in the abyssal plain or on the seamobunts where comercial quantities
of fishery resources are believed to be |acking

Associ ated with seasonal tenperature changes in the bottomwater of the
shelf are bathynetric shifts in many of the demersal animal popul ations from
shal l ow to deep during the cooling period and the reverse during the warning
peri od.

FI SHERI ES

The commercial fisheries on bottonfish and shellfish (crab and shrinp) of
the Gulf of Al aska can be placed into three historical periods. The first,
from 1867 to the years immediately following Wrld War Il, was characterized
by the devel opment of the cod, halibut, and sablefish fisheries by North Anerican
fishermen. The second period beginning in the 1960's saw the devel opnent of
the US. crab and shrinp fisheries (Figure 3) and the foreign fisheries on
bottonfish (Figure 4). The third and current period was ushered in by the
Fi shery Conservation and Managenent Act of 1976 which placed all fishery re-
sources within 200 mles of the U S. coastline under the jurisdiction of the
federal government. Annual catches of shellfish and bottonfish by U S. fisher-
men for 1960-79 are given in Table 3
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Figure 3. --Donestic harvest of shrinp and crab

in the Qif of Aaska (1960-79). Figure 4.--Annual catch of @ulf of Aaska bottom
fish by foreign fisheries (1960-79).



Table 3.--Comrercial |andings of crab, shrinp, and bottonfish by U S. vessels
operating in the @lf of Al aska, 1960-79

Tot al Tot al Bot t onfi sh Tot al

Year crab shrinp nonhal i but hal i but bottonfi sh
--------------------- TOOU MEIFIC T(ONS------------------------

1960 14. 8 3.6 1.4 14.0 15. 4
1961 19.9 7.2 0.6 15. 3 15.9
1962 24.9 7.7 0.6 15. 3 15.9
1963 29.0 7.5 0.7 12.7 13. 4
1964 29.5 5.9 0.9 10.5 11. 4
1965 47.2 7.3 0.8 12. 4 13.2
1966 55.7 13.2 0.8 12. 6 13. 4
1967 43.4 19.2 0.8 12.2 13.0
1968 25.5 20.4 0.1 7.9 8.0
1969 19.5 21.5 0.2 10.5 10.7
1970 19.1 33.7 0.4 11.3 11.7
1971 16.9 43.0 0.4 9.1 9.5
1972 27.7 38.0 0.8 8.6 9.5
1973 41.6 54.2 1.5 7.5 9.0
1974 43.0 46.7 1.4 5.8 7.3
1975 33.1 44 .5 1.4 6.8 8.2
1976 37.6 56.7 1.7 6.5 8.2
1977 28.5 50.9 2.3 5.3 7.6
1978 37.3 30.2 4.5 5.4 9.9
19799 34.6 20.2 6.8 7.2 14.0

1/ Prelimnary and does not include 1,521 t of bottonfish (nonhalibut)
taken by U S nationals in joint ventures with ROK and USSR in 1979.

The earliest known commercial fishery on bottonfish in the Gulf of
Al aska was by U.S. nationals hook-and-line fishing for cod on the banks off
the Shumagin Islands beginning in the 1860's. The Shumagi n grounds were one
of several fishing areas, including those in the Bering Sea, that were fished
by U S. vessels during the heyday of the cod fisheries of Al aska (Cobb 1916,
1927).  The cod fishery declined in the 1930's, and since 1941 the annua
catch of cod fromthe Gulf has been snmall and erratic.

The halibut fishery of the Gulf was a |ater devel opment than that for
cod and had its beginnings after Wrld War | when the fishery expanded its
operations from U S. west coast and British Colunbia waters northward. The
fishery continues to be inportant in the Gulf and now involves only U S.
vessel s.

The donestic sablefish fishery was relatively uninportant in the Culf
of Al aska fisheries until about 1935 when the annual catch began to rise.
After reaching a peak catch of 3,800 t in 1945, the catch of sablefish declined
In current years, the fishery |anded |ess than 1,100 t per year, but favorable
mar ket conditions and resource availability brought about a sharp rise to
2,400 t in 1979. Continued growh of the sablefish fishery is predicted



with a possible expansion fromthe eastern to the western part of the Qulf

of Alaska. The donestic harvest of all bottonfish by US. nationals reached
low | evels during 1968-77 due mainly to catch restrictions on Pacific halibut,
but a marked rise in the annual catch began in 1978. The inportance of
bottonfish other than halibut in the donmestic fishery has increased in the
1970's; and in 1979, for the first "time in decades, the nonhalibut catch
exceeded the donestic halibut catch (Figure 5).

1000 melric tons

®——=8 Total bottomfish
O= = =0 Pacific Halibut

1 1 1 1 | 1 L L 1 i J
1970 1972 1974 1976 1978 1980
Year

n L 3 } ) 4 I
1960 1962 1964 1965 1968

Figure 5. --Annual US. harvest of all bottonfish
conpared to that of Pacific halibut for the Qulf
of Al aska.

The high production fisheries for shellfish by U 'S. nationals and those
for bottonfish by foreign fleets had their beginnings in the late 1950's and
early 1960's, reaching peak levels in the 1960's or 1970's. For U.S. fisheries,
the year of high production for king crab was 1966 when 53.4 thousand t were
caught. The U.S. snow crab fishery had a later start than that of the king
crab fishery, reaching maxi num catch levels in the 1970's. The Dungeness
crab fishery, which is the oldest of the crab fisheries of the GQulf of Al aska,
underwent a rapid expansion in the 1960's when annual catches rose to 4,000
to 6,000 t, but annual production has decreased fromthe peak |evels of the
md-1960's. At present it can best be described as a sporadic fishery.
Donmestic shrinp catches *increased rapidly, in the early 1960's to levels
between 44 and 57 thousand t in 1973-77 and then declined in 1978-79



The foreign fisheries on Qulf of Alaska bottonfish started in 1962 when
a Soviet fleet consisting of 70 traw ers and support vessels began fishing for
Pacific ocean perch. The follow ng year a smaller fl eet of Japanese vessels
entered the @lf and directed its effort on Pacific ocean perch and sabl efish.
The Soviet and Japanese fisheries rapidly increased their catches of bottonfish
in the 1960's, bringing about declines in the abundance of Pacific ocean perch
and other bottonfish stocks. In 1973 and subsequent years, fishing vessels
fromother nations (Republic of Korea (ROK), Poland, and Taiwan) began fi shing
for @aulf of Al aska bottonfish.

Currently several distinct fisheries exist in the Gulf of Al aska. For
U S. nationals, there are fisheries exclusively for Dungeness crab, king crab,
snow crab, shrinp, and bottonfish, with each fishery having its own set of
regulations. There is the traditional halibut fishery involving U S. and
Canadi an fishernen. By 1981 this fishery will be conducted only by U.S.
national s.

U S -foreign joint ventures are in early stages of growth. [In these
fisheries, U S. vessels harvest pollock and other bottonfish and deliver them
to foreign processing vessels. @ilf of Al aska fisheries that are conducted
exclusively by foreign nationals are the traw fishery and setline fishery
for bottonfish. Each of these can be further subdivided by nation.

Regul ati ons

Fi shery Conservation and Managenent Act of 1976

This Act provided a neans by which the vast and inportant fishery resources
inUS waters could be protected from overfishing and nmanaged for optimal use.
The Act established a 3- to 200-nmile fishery conservation zone (FCZ, ) adjacent
to the territorial sea (0-3 miles) and gave the federal government the authority
to regulate the fisheries in the FCZ.  The major inpetus to the passage of FCVA
was the inadequacy of control on the foreign fisheries which had, by 1976,
drastically reduced the size of some inportant stocks of bottonfish (Pacific
ocean perch, sablefish, and other species) or contributed to the decline of
other resources (e.g., Pacific halibut) indirectly through incidental catches.

By this Act, regional fishery managenent councils (the North Pacific
Fi shery Managenent Council has responsibility for waters off Al aska) are
charged with devel oping fishery managenent plans (FMP) for each fishery in
the FCZ, both foreign and domestic. Such FMP's contain a specification of
optimumyield (OY) for a given resource which is based on an estimted annual
mexi mum sust ai nabl e yield (MSY) but nodified according to relevant ecol ogical,
econonic, and social considerations. For exanple, the OY of a stock mght be
set |lower than the MSY to allow an increase in the nunber of larger and nore
econom cal |y valuable fish or to increase stock density to make the resource
more econonically avail able. In some cases, the OY of a resource (e.g., flat-
fish taken in a bottomtraw fishery) would be established bel ow MSY to reduce
the amount of a valuable species, such as halibut, taken incidentally in the

fishery.



For the Qulf of Alaska, the FMP' & specify regul ations that have in
common the objectives of: 1) preventing overfishing, 2) rebuilding depleted
stocks, 3) noninterference of foreign fisheries in the conduct of US. fish-
eries, and 4) protecting resources (Pacific halibut, herring, salnmon) that
are fished exclusively by US. fishermen. Allowable catches for groundfish in
1979 are listed in Table 4 along with the total catches that were realized
that year and the estimated potential yield under optinmum conditions. The
al l owabl e catches for Pacific ocean perch and sablefish are bel ow current
equilibriumyield (Table 4) so that rebuilding of these depleted stocks can be
achi eved.

Table 4.--Estimated potential yields of Gulf of A aska bottonfish stocks (excluding
Pacific halibut) and actual yields obtained in 1979 by foreign fisheries.

Species Yield Condition Yield Actual
or under optimum of under current Allowable foreign
group conditionsl/ resource2/ conditions yieldﬁ/ catch
--------------------- 1000 metric tons-—-=-=--=------—o—co—e——o—o——o
Pollock ' 169-338 . 3y 168.8 103.2
Cod 34.8-69.1 + 3/ 34.8 13.2
Flounders 67 | + *2/ 33.5 13.5
Pacific ocean 125-150 - - 50 25.0 9.7
perch .
Other rockfish .7.6-10 + 3/ ‘ 7.6 1.4
Atka mackerel 33 + 3/ 26,8 10.9
Sablefish 22-25 | - : 17.4-19.8 13.0 6.9
Other species ? | ‘ 16.2 4.1

1/ Same as "maximum sustainable yield" (MSY).
2/ +, current conditions allow the stock(s) to be fished at MSY.
-, current conditions do not allow the stocks to be fished at MSY but at a
lower level.
/ Same as MSY.
4/ Yield that conforms to current socloeconomic and ecological demands and

current stock conditions.

1/ Fishery Managenent Plan for @l f of Al aska G oundfish (bottonfish =
groundfish); Fishery Management Plan for Snow Crab off Al aska.
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Species that are fully used by US. fishermen are designated as "prohibited"
and not allowed to be retained by foreign fishermen. These resources include
Pacific halibut, herring, salmon, shrinp, scallop, crabs, and coral. \Wen these
animals are taken incidentally, they nust be inmediately returned to the sea

In addition to catch linmitations, foreign fishernen are subject to rules
governing the reporting of catches, fishing nethods, and where and when fishing
can take place.. Every foreign fishing vessel nust have a valid pernit issued
by the U S. Departnent of Commerce and, if requested, provide acconmpdations
for a US. technical observer.

State of Al aska

The State of Al aska has jurisdiction over those donestic fisheries of
the @ulf of Alaska which occur in inside waters and the territorial sea (0-3
mles) and for certain aspects of domestic fisheries in offshore waters for
whi ch a Council -devel oped FMP has not yet been inplenented (king crab and
shrinmp fisheries). State management neasures vary anong, fisheries but include
gui deline harvest levels, closed seasons, area registration, gear linmitations,
size and sex restrictions (crabs), and limted entry. Details of these regu-
| ati ons and nmanagenent rationale may be found in the discussion of the indivi-

dual fisheries.

U.S. Fisheries

Dungeness Crab Fishery

Dungeness crab live in nearshore waters along the open coast and in bays
and inlets. Mle crabs growto sizes of 15-18 cmin carapace width, while the
females grow to lesser sizes. Crabs are fished principally by using circular-
shaped, netal-framed pots that are 3 to 5 ft (0.9-1.5m in diameter and |-1/2 ft
(0.4 m in height and covered with stainless steel wire nesh (Figure 6). The
crabs, attracted by the bait inside the pot, enter through one-way tunnels. A
4 to 4-3/8 inch (10-11 cm diameter ring is provided on top or on each side
of the pot to allow nost female and undersized nale crabs to escape. Pots are
set and retrieved from various types of vessels. In the Kodiak Island fishery,
Al aska sal mon seiners and power barges equipped with live tanks are used to
catch crab. Pots are fished mainly at bottom depths of 40 m and |ess

The Dungeness crab fishery is regulated by the State of A aska. only
specified gear (pots, ring nets, or diving gear) is allowed for harvest of
crabs. Femmle crabs and those nale crabs |less than 6-1/2 inches (16.5 cm in
carapace width may not be retained. Fishing is restricted to specified periods
which vary by management area. There are additional restrictions regarding
vessel registration, catch reporting, and nunber of pots allowed per fishing
vessel .

Annual catches of Dungeness crab fromthe Qulf of Al aska reached 4, 000
to 6,000 t during the years 1963-70, declined to less than 800 t in 1976-77

11
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Figure 6. --U.S. annual landings (2-year average) of Dungeness crab in the @ilf of Aaska, showing the principal
harvesting method.
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and rose sharply to between 2,700 and 3,300 t in 1978-79. Annual catches
do not reflect crab abundance change but are related to other factors such
as market conditions. Principal fishing regions have been the waters of
sout heastern Al aska and off Kodiak Island (Figure 7).

Bering Sea

Gulf of Alaska

Eniraner

- Tanner Crab
King Crab

D Dungeness Crab

Numbers are in 1000 Metric tons
* Less than 200 Mstric tons

Figure 7. --Average annual US. catch of crab by species for 1976-78, by region, in the Qilf of A aska.

King Crab Fishery

Red king crab is by far the nobst inportant of the three king crab species
taken in the @lf of A aska fishery. Small amunts of the other two species
(blue and brown king crab) are taken in the fisheries in southeastern Al aska.

Red king crab is fished throughout its range which includes the Qulf of Al aska,
Bering Sea, and northwestern Pacific. It is the largest of the king crab
species, the nales becoming nuch larger than the females. A male crab nmay
nmeasure 1.5 macross with | egs spread and weigh as nuch as 11 kg. Commercially
caught crabs may average 3 kg in weight. They mainly inhabit depths of the
continental shelf but may be found deeper, to 400 m Crabs are caught by neans
of large, heavy, rectangular-shaped pots (Figure 8) placed on the sea bottom
Attracted by bait, crabs enter through w de openings |ocated on both sides of
the pot.
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Figure 8.--US. annual landings (I-year average) O king crab in the Quf of Alaska shovi nd the principal
harvesting nethod.
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The @ulf of Alaska king crab fishery is exclusively a U S. fishery and
is regulated by the State of Alaska. Only pots and ring nets may be used de-
pending on area. Regulation's are aimed at providing a stable and productive
fishery. To ensure adequate reproduction, female crabs nmay not be taken and
harvest levels of nmales are set to allow a sufficient supply of males for
fertilizing the females. One male can provide for several females. To gain
stability in the fishery, regulations provide for a broad base of age groups
or year classes and hence prevent the fishery fromrelying on only one or two
year classes.

Amninumsize limt of 7 in (17.8 cm is set for king crab, but for
certain areas and tine periods the size limt mght be increased or decreased
depending on the condition of the stock. Fishing seasons are usually restricted
to the fall-winter period and end when a set harvest |evel has been reached.
There are additional regul ations concerning registration, reporting of catches,
and nunber of allowable pots per vessel

The Gulf of Alaska king crab fishery grew froma snall fishery in the
1940's to one in which the annual catch reached |evels between 38 and 54 thou-
sand t in the md-1960's. Since then, the catch has declined and, by 1971-75

average landings were 12.1 thousand t per year. In 1977-79, total |andings
were |less than eight thousand t per year, the |lowest since the early years of
the fishery. In the Kodiak region where the fishery is centered (Figure 7),

t he abundance of king crab has been at |ow levels due to poor recruitnent--
that is, the nunber of young crabs reaching commercial size has been bel ow
normal in recent years. Recruitment has inproved, however, which should be
reflected in higher catches in 1980-81

Snow (Tanner) Crab Fishery

The official trade nanme for Tanner crab is snow crab al though Tanner crab
was commonly used in the past. O the several species of snow crab occurring
inthe @il f of A aska, only one species, Chionoecetes bairdi, is comercially
fished for in this region and will be referred to as sinply snow crab. As with
Dungeness crab and king crab, males growto a larger size than females. Mles
may reach sizes of 19.0 cm in carapace w dth. In the Kodiak fishery, nales
generally average 15.1-15.5 cm

The fishery operates on the continental shelf to depths of 400 m  Three
basi c types of pots used in the Gulf fishery are: 1) a nodified version of
the king crab pot, 2) a pyranmidical pot, and 3) a conical-shaped pot (Figure 9)
The tunnel entrances of the king crab pot are reduced in size to accommodat e
the snow crab which are smaller than the king crab. The Pyram dalL- and conical -
shaped pots are lighter than the king crab pot and can be conveniently stacked
when not in use on the deck, of the fishing vessel. Vessels engaged in the
fishery vary in type and size by region. In southeastern Al aska, Yakutat,
Prince WIliam Sound, and Cook Inlet, small seine-type vessels of 32-85 ft
(10-26 m) in length domnate the snow crab fishery. To the westward, |arge
nodern steel-hulled vessels up to 135 ft (41 nm) in length are becomn ng nore
important in the fishery off Kodiak and in waters between the Semidi and Shuma-
gin Islands. These large vessels can operate in sea conditions in which smaller

vessel s cannot be used
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annual Landings (2-year average) of snow (Tanner) crab in the Qlf of A aska, show ng the

principal harvesting method.
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The snow crab fishery of the Gulf of Alaska is a recent devel opnent.
The first significant |andings of snow crab (54 t) occurred in 1967, although
smal | catches had been reported as early as 1961. Annual |andings of crab
rose rapidly after 1967 and, in 1973, a peak catch of 27.6 thousand t was
reached. The catches in 1974-78 remained relatively high (18-26.4 thousand t
per year). The Kodiak area has been the nost inportant of the fishing
areas for snow crab, w th annual |andings averaging 6.4 thousand t for
1976- 78. Lowest producing areas have been those associated with the coastal
and inside waters of southeastern Alaska (Figure 7).

The State of Al aska regulates the snow crab fishery of the Qulf of
Alaska. Harvest is restricted to males larger than 5.5 in (14.0 cn) in cara-
pace width for all managenent areas except Prince WIIliam Sound, where the
limt is 5.3 in (13.5 cnm. Fishing is restricted to seasons when meat yiel d
per crab is high and there will be no interference with breeding and hatching
of eggs. These seasons vary by managenent area but are generally confined
to the late fall and early spring. A range of harvest levels is also given
by the state for each managenent area based upon an apprai sal of what the
resource will bear. Additional regulations pertain to the units of gear
al lowed per vessel, area closures, and reporting of catches.

The snow crab fishery is in a healthy condition. Sone areas which have
had a history of heavy fishing are closely nonitored to prevent resource
depl etion.

Shrinp Fishery

Commercially fished shrinmp of the Gulf of Al aska consist of several
species all belonging to the same famly, Pandalidae. Pink shrinp is the
nost inportant species and nakes up at |east 85% of the comrercial shrimp
| andi ngs. They are small, and 60 to 160 individuals will weigh only 0.5 kg.
Harvest is acconplished principally by means of trawl s which are used in
pairs fromlarge nodern fishing vessels (Figure 10) or singly by smaller
vessels. Sone beamtrawling is also done. Mdst fishing takes place within
12 nmiles of the coastline at bottom depths of 50-200 m.

Shrinp fishing is regulated by the State of Alaska. There are area
closures and catch limtations to protect the stocks from overharvest. Land-
ing laws are enforced to prohibit the | anding and possession of shrinp in
closed areas or during closed periods. Traws and shrinp pots are the only
approved nethods for harvesting shrinp.

The shrinp fishery of the Gulf of Al aska dates back to 1915, but its
full devel opnent began in 1958 when a conbination of favorable market condi-
tions and inproved processing technol ogy (mechani cal peeling machines)
occurred. Annual landings rose from3,500t in 1958 to 20,000 t or nore in
1969 and subsequent years- The highest |anding on record was 56.7 thousand t
in 1976. Shrinp landings declined considerably in 1978-79 (Figure 10).

Shrinp are fished in the southeastern region, Prince WIIliam Sound,
Cook Inlet, and waters contiguous to Kodiak Island, the Shumagin Islands,
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Figure 10. --Annual U.S. l'andings (2-year average) of shrinp In the Qlf oF Aaska, showing the principal
harvesting method.
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and Unal aska Island. In 1960-71, over 90% of the annual shrimp catch of the
Gl f of Alaska came fromthe Kodiak island area, but in recent years the

i nportance of the Kodiak fishery has di mnished as reduced catch quotas have
forced fishermen to shift their efforts westward along the Al aska Peninsul a.
Reduced quotas have been in response to evidence of major declines in the
stock abundance in sone of the inportant and traditional fishing areas of the
Kodi ak region (Al aska Dep. Fish Gane 1979). The lowering of the catch quotas
in the Kodiak region is an effort by the State of Alaska to protect and rebuild
sone overfished stocks of that region. To enphasize this shift in fishing
effort, the Kodiak catch in 1977 decreased to 14.4 thousand t, while in the
same year the catch from waters west of Kodiak Island along the Al aska Penin-
sula increased to 33.7 thousand t (Figure 11). Since 1977, however, total
annual harvest for the Kodiak-Al aska Peninsula region has declined.

Alaska

78
Prince William Sound
& CopperBaring R

Gulf of Alaska

Numbers In 1000 metric tons

* Less than 200 metric tons

Figure 11. --Regional annual landings of shrinp by US. fishermen for 1976-78.
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Bottonfish Fisheries

The domestic bottonfish fisheries of the Gulf of Alaska are smaller than
the fisheries for crab, shrimp, and halibut. Annual |andings of bottonfish,
however, increased during the 1970's and reached an all-time high of over
8 thousand t in 1979. The nost inportant of the bottonfish fisheries at
this time is that on sablefish. This species occurs in waters off Mexico
and California and north to the Bering Sea; its center of abundance is in.
the Qulf of Alaska. Adult fish inhabit the deep cold bottom waters of bays,
straits, fjords, and the slope of the continental shelf. The Al askan dones-
tic fishery on this species has historically been centered in waters of
sout heastern Al aska where over 97% of the sablefish of the @ulf of Al aska
is harvested. -Fishing is by hook and line gear like that used in the North
Anmerican halibut fishery but with smaller size hooks and shorter spacings

bet ween the hooks along the groundline (Figure 12). Trap gear was used
extensively during 1971-76 but since 1977 has been repl aced al nost entirely
by longlining. In 1979, the domestic sablefish fleet in southeastern and

of fshore waters was conposed of 200 vessels, nost of which were longliners.

Hi storically, US. fishernen were the first commercial harvesters of
sablefish in outside waters of southeastern Alaska. Since the early 1940's,
the major portion of their sablefish catch cane from these waters. From
1967 to 1977, the U S. A askan sablefish fishery was centered in the inside
waters of southeastern Al aska, where it became an of fseason fishery in the
fall for halibut, crab, and salnon. Now, because of increasing markets for
sabl efi sh, coupled with catch and season restrictions by the State of Al aska 2/
in the inside waters of southeastern Al aska, the fishery has expanded its
operations to offshore waters where a high proportion of the annual catch
is now being taken. The expansion has been facilitated by the absence of
any interfering foreign setline fisheries in offshore waters. Under author-
ity provided by the FCMA, all foreign setline vessels were prohibited from
fishing east of long. 140°W beginning in 1978

Anot her donestic bottonfish fishery is that which supplies bait for
the crab and halibut fisheries. This fishery occurs from Prince WIliam
Sound west to the Aleutians. For many years, the bait catch was taken by
fishernen engaged in one of the main fisheries (crab, halibut, or shrinp).
In 1979, U S. trawlers began targeting on bait fish. The annual catch of
bottonfish for bait is not known but may range between 500 and 1,500 t.

2/ For some management districts in southeastern Alaska (essentially Car-
ence Strait), there is a seasonal closure of the sablefish fishery
from Novenmber 16 to June 14, while for other nore productive districts
for sablefish (essentially Chatham Strait), there is both a quota re-
striction (850,000 Ib = 386 nt) and a seasonal closure (Novenber 16 to

August 31).
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In 1979, U S. vessels, engaged in joint ventures with foreign processors,
caught 1.5 thousand t of groundfish conposed mainly of pollock and cod. (ther
bottonfish fisheries are often of a regional nature with inmportant ports of
| andi ng being Kodiak, Juneau, Petersburg, and Sitka, Alaska.- The catch is
used for human consunption and fish neal. These fisheries are gradually
expanding as narket conditions inprove and processing capabilities increase

North Anmerican Pacific Halibut Fishery

Pacific halibut is by far the largest of the bottonfish occurring in
the pacific. Individuals may reach a length of over 2 mand a weight exceed-
ing 200 kg; fish of this size are rare, however. Most halibut taken in the
fishery weigh between 5 and 100 kg and nay average 15 to 20 kg. Fenal es
grow to a larger size than males so that nost fish greater than 50 kg are
femal es

Pacific halibut inhabit bottom depths of the continental shelf and sl ope
and are nost intensely fished within this region at depths of 25 to 300 m
Only U S. and Canadi an fishermen are engaged in the comercial fishery for
this species. Fishing is done fromschooners and west coast comnbination-type
vessel s using longline gear (Figure 13). This gear consists of a groundline
that is laid along the seabottom Along the groundline at regular intervals
are attached lines called gangions with baited hooks. In addition to the
commercial fishery for halibut, there is a sport fishery which takes a m nor
portion of the total halibut |anded each year.

The International Pacific Halibut Conmmi ssion has the authority to recom
mend regul ations for achieving optimm yield to the menber governnents (U S
and Canada) on the North American halibut setline fishery and to perform
needed research. Present regulations restrict the fishery to a specified
period (spring to early fall) and catch level. Furthernore, fishermen nay
not take or possess a halibut that is less than 81.3 cmin length and may
fish only with hook and line. Those engaged in other fisheries, domestic or
foreign, are prohibited fromtaking or retaining any halibut, regardless of
si ze.

Under FCVA, foreign trawl fisheries are not allowed to fish in certain
areas of the @l f of Alaska during certain periods as a neans of protecting
young or spawning halibut fromthe foreign fisheries or preventing the inter-
ference of these fisheries with the conduct of the North American halibut
fishery. Canadian fishermen are being gradually phased out of the halibut
fishery in US @lf of Alaska waters so that by 1981 only U S. fishernen
will be allowed to harvest halibut in these waters.

Annual | andings fromthe Gulf of Alaska by North Anerican fishermen
reached an all-time high of 24 thousand t in 1962. H gh annual catches con-
tinued until 1966, followed by a decline; since 1974 the annual catch has
been less than 9,000 t. The decrease in stock abundance is believed to be
the result of a long-termreduction in the abundance of young halibut brought
about by unknown environnental changes but aggravated by the high North
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Figure 13.--Canadian and U.S. annual landings (2-year average) of Pacific halbut from the Gulf of Alaska, showing the principal
harvesting method.
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Anerican catches in the 1960's and the incidental catch of juvenile halibut
by the foreign fisheries since 1962. Wth the inposition of restrictions

on the foreign fisheries and a shift towards apparently favorable surviva
conditions for young halibut, there has been a noticeable increase in the
abundance of juvenile fish in recent years--encouraging signs for the future
of the stock and the fishery.

The North Anerican halibut fishery operates in both the northeast Pacific
and eastern Bering Sea, but 70 to 75% of the annual catch in this fishery
cones fromthe @lf of A aska. Halibut are fished throughout the GQulf, wth
hi ghest production comng from the Kodiak Island area followed by waters of

southeastern Al aska (Figure 14).

Bering Sea

Gulf of Alaska

w1000 melnc tons

Figure 14.--Average annual catch of Pacific halibut by US. and Canadian longline vessels in the Qilf
of Aaska by region (1976-78).

Foreign Fisheries

Trawl fisheries
Traw er fleets from Japan, USSR, and ROK have been harvesting a majority

of the approxi mate 200 thousand t of bottonfish that are removed annual ly
fromthe Gulf of Alaska. Polish and Taiwanese fishernen take a small proportion
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of the total catch each year. Bottonfish caught by the foreign traw fish-
eries include walleye pollock, Pacific cod, Atka nackerel, sablefish, Pacific
ocean perch, other rockfish, and a variety of flatfish. O these, pollock
make up the bulk of the total annual catches (Figure 15). Pol l ock is a cod-
like fish that may reach a length of 70 cm but nost pollock taken by the
fisheries fall within the size range of 35 to 55 cm Pollock are frequently
found aggregated at depths of 100 to 400 m along the outer continental shelf
and slope and in the deep water straits and enbaynents that are found in
sout heastern Al aska and around Kodiak Island. Pacific ocean perch is a spiny-
rayed fish that also prefers the near bottomwaters of the shelf's edge and
slope. Productive fishing areas for perch have been off southeastern Al aska,
Yakutat, Kenai Peninsula, and Kodiak Island (Figure 16). Mbst perch encoun-
tered in the fisheries are 25 to 40 cmin length; occasionally fish greater
than 45 cmare taken. O less inportance than Pacific ocean perch are other
rockfish species which are caught incidentally when the fishing fleets are
concentrating on Pacific ocean perch. The foreign traw fisheries take a
relatively small amunt of sablefish while targeting on other species. The
foreign setline fishery has been the principal harvester of the Gulf of
Al aska sabl efi sh.

A third species, Atka nackerel,
has becone since 1970 an im
portant conponent of the total
catch of all bottonfish. So far,
the Soviet fishery has been the
only significant harvester of
256 this species, taking an average

K of 20.6 thousand t per year in
o L a5 10 X 1974-78.  Like pollock, Atka

mackerel are found in large

a1 schools in waters of the outer
shelf. The Soviet fishery
captures fish that are 25 to
35 cmin length.

1977 1978

JAPAN 21.2 1.7

USSA. 192 185

18 05 1.6 06 0.4 1.5

Among the flatfish, turbot
36 , is the nmost inportant in the for-
222 eign trawl fisheries, contributing
ROK ) on the average 71% of the total
‘ annual catch of all flatfish.
= 2 Cther flatfish that make up a
significant part of the flatfish
e Fortock catch are Dover sole, flathead

R= Rockflsh

A= Atks Mackeral sole, rex sole, and rock sole

F= Flatfish

Q= Othar bottom!ish J (Numbers In 1000 metric tons) (V\a” et a| . 1978)

Both stern trawl ers and side
o 5. Gatch o ¢ bottontich | ; trawl ers have been used in the
1 gure L= tc cor’rp05|t|0n 0 ottonfis In the H H H
foreign traw fishery in 1977-78 by principal fish- forei gn traw fisheries of the
ing nations. Qul f of Alaska, but the role

of side traw ers has dim ni shed.
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Figure 16.--Location and magnitude of Pacific ocean perch catches in the @ilf of Aaska by the Japanese

trawm fishery. Catches are the average annual renovals in 1963-75.

Since 1978 only stern trawlers (Figure 17) have been used in the trawl fish-
eries of the Qulf of Alaska. Many of these stern trawlers are 246 to 335 ft
(75 to 102 m in length and between 2,000 and 4,000 gross tons. All have
freezing facilities and sone have fish neal plants. A small number of traw ers
are less than 500 gross tons. |n 1978, USSR had 32 traw ers operating in

the Gulf conpared to 26 for Japan, 11 for ROK, and 5 for Poland (Table 5).

sy

Figure 17.--Japanese stern traw er, uiin Haru No. 8, operating in the Qulf of A aska.
(Courtesy of US. Cbserver Program NWS, Seattle.)
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Table 5.--Nunber and type of vessels in the foreign fisheries on Gulf of
Al aska bottonfish in 1978.

Vessel ‘ Nation

type Japan USSR ROK Poland

Large stern trawlersi/ 10 32 11 5
Medium size stern trawlerszj 16 - -— -
Longline vessels 22 - 2 -
Transport vessels 26 7 4 -
0il tankers . 2 2 - -
1/ G oss tonnage of 1,500 tons or nore

2/ G oss tonnage of less than 1,500 tons

The foreign traw fisheries of the Gulf of A aska have undergone najor
changes since their beginnings in 1962. In the early and mid-1960"'s, Soviet
and Japanese traw ers concentrated on rockfish, mainly Pacific ocean perch,
and within a few years (1964-66) remved about 800 to 900 thousand t of
rockfish fromthe Gulf. This excessive renoval from a stock that in its
prefishing condition constituted between 1.5 to 2.0 mlliont of fish (Quast
1972) brought about a sharp decline in abundance. Annual catches of rockfish
reached al most 400 thousand t in 1965 and then fell to | ess than 100 thousand
t in 1969. By 1973, the annual catch was |less than 70 thousand t; in 1978
and 1979 it dropped to less
than 12 thousand t because of
catch restrictions (Figure 18).
A conparison of the catch per
unit of effort (CPUE), an indicator
L of stock density, from research
surveys conducted in 1961 with
3001 that from research surveys of the

early 1970's suggests as much as

o—8 Rocklish a 14-fold decrease in Pacific ocean
200 o painey Focifie Oeson Peren) perch density in some areas of the
Qlf (Figure 19). The fall in CPUE
i in the Japanese fishery is a reflec-
tion of this decline in stock abun-
dance (Figure 20).

400 ~

Catch {1000 metric tons)

100~

Wth the decline of the Pacific

0 J 1 § I W N S | )

1981 1963 1965 1967 1969 1971 1973 1976 1877 1979 ocean perCh st ock, fore.i gn traw
Year fisheries increased their efforts

to take walleye pollock and Atka
Figure 18. --Rise and decline in landings of Pacific macker el . Annual pol | ock catches

ocean perch followed by increase in the inportance .
of pollock in the foreign traw fishery of the Qilf i ncreased Sharply from 9.5 thou-

of Al aska. sand t in 1971 to 34.8 thousand t
in 1972. By 1974, the catch of
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Figure 19.--Changes in stock density of Pacific ocean perch and walleye pollock in the @Qlf of A aska
as suggested from changes in survey catch rates (kg/hr) between 1961 and 1974-75.
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this species reached 61.9 thousand t; and with increased efforts by RK
trawlers on pollock in 1976, the catch rose to 86.5 thousand t and then to
120.4 thousand t in 1977 (Figure 18). Mst of the pollock harvest has come
fromthe western Gulf of Al aska (Figure 21), with Japan, USSR, and ROK

the principal nations fishing this resource. The Soviet traw fishery has
also directed effort on Atka mackerel starting in 1979 when 7.3 thousand t
were taken. The catch of Atka mackerel rose to 28.4 thousand t in 1975 but
has since leveled off to 19 to 20 thousand t per year. Major fishing grounds
for this species in the Gulf of A aska are south of Kodiak Island and near
the Shumagin Islands (Figure 22).

Most bottonfish stocks that are fished by the foreign traw fisheries
appear to be in good condition. Results of research surveys suggest that
the pollock stock has increased substantially between the early 1960's and
the 1970's (Figure 19). Potential yield of this stock is estimated to be
about 166 thousand t per year, which the fisheries have yet to reach. In
1978 this potential yield or allowable catch has been allocated among the
various foreign and U S. fisheries. Atka nackerel is another inportant
resource that is in a healthy state with no evidence of overfishing. Oher
species, such as cod and various species of flatfish and rockfish, that are
taken in the foreign traw fisheries have not been adversely affected by the
fishing effort, but catch limtations have been established for these species
and species groups to prevent overfishing.

Stocks of Pacific ocean perch and sabl efish, however, are at |ow |l evels
of abundance relative to earlier years. The allowable catch of these species
has been set low to permt rebuilding of these resources (Table 4).

Setline Fishery

Since its inception in the Gulf of Alaska in 1963, the foreign set-
line fishery has concentrated on sablefish, a species which occurs throughout
the northeastern Pacific and Bering Sea but has its center of abundance in
Qulf of Alaska waters. As adults, sablefish prefer the slope region of the
continental shelf where they are fished by the foreign fleets from bottom
depths of 400 to 500 m and greater. The setline fishery captures sablefish
that are between 50 and 85 cmin |ength.

In the slope region of the shelf, the setline fishery captures other
species, particularly rattails, which at tines can be a major conponent of
the catch. Thornyheads 3/, along with flounders and other bottonfish, are

al so taken.

In 1978 the foreign setline fishery was allowed to conduct a directed
fishery for Pacific cod but only in the region of the Gulf of Al aska west
of long. 157° W Then in 1979, the allowed fishing area was expanded
from long. 157° Weastward to long. 140° Whbut only during the period

3/ Species of rockfish under the scientific name, Sebastol obus.
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Historically, the Japanese were the first foreign nation to fish for
sablefish in the Gulf of Al aska using setline gear. They began their opera-
tions in 1963 and were the sole foreign national in this fishery until 1972
when ROK fishermen began longlining for sablefish. When the Japanese began
fishing for Qulf of Al aska sablefish, they. attenpted to use sunken or near
bottomgillnets, but this nmethod was abandoned for |ongline fishing which
has renmmined, since 1964, their only node of fishing.

The standard unit of Japanese longline gear is called the hachi and con-
sists of a groundline 75 min length with 36 to 38 regularly spaced gangi ons
attached (Figure 24). At the end of each gangion is a hook which is baited,
preferably with squid. A Japanese longline vessel sets a string of 390 to
420 hachis connected end to end along the sea bottom This amounts to 29-30
km of groundline with approximately 15,000 hooks attached. It may take 2-1/2
hours to set the gear and 10 to 15 hours to recover it. Recovery begins
after the gear is set and starts with the first hachi that was set. After
| anding a sablefish, it is headed, gutted, and frozen for shipment to Japan.'
A typical Japanese longline vessel. is about 56 mlong with a gross weight of
500 tons. ROK fishernmen use a similar technique in longlining for sablefish.
They al so use a conical -shaped baited trap to capture sablefish (Figure 24).
In 1978 in the Gulf of Al aska, the Japanese operated 22 |ongline vessels
and the Koreans, 2 (Table 5).
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In the initial year of-the fishery,
than 2,000 t of sablefish, but the catch rose

Japanese vessels harvested |ess

1969.

eign setline catch reached its highest

pressure from the setline fishery,

to about 15 thousand t in
Wth the entry of ROK in the setline fishery in 1972, the total for-
| evel of 27.3 thousand t. Fishing
and to some extent fromthe trawl fish-

eries in the 1970's,

was apparently too nuch for the sablefish resource to

bear. Decline in abundance may have been as much as 50% in the Japanese
setline fishery as neasured by catch for boat-day (Figure 25). In 1977 a
catch limt of 19.5 thousand t was established through FCMA, and in 1978
this limt was further reduced to 8 thousand t as a means of rebuilding the
stock to forner levels. An additional restriction was inposed which prohi-
bited the operation of a foreign setline fishery in the eastern Qulf of

Al aska from Di xon Entrance northwest to the |ongitude of 140° W-a region
that had been one of the nmobst productive for the setline fishery in the past
(Figure 26).
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Figure 25. --Regional decline in the catch-per-unit of effort
fishery in Aaska waters.
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Figure 26. --Distribution of Japanese sablefish catches in the @Qlf of Aaska in 1972, the year when the
annual catch of teJapanese setline fishery peaked. In 1978, all foreign setline fisheries were pro-
hibited from fishing east of long. 140° Win the Quf of A aska.

CHARACTERI STI CS OF THE FI SHERY RESOURCES

Life Hstory

Conmerci al Crabs

Dungeness, king, and snow crabs are all very sinmlar in their repro-

duction and growth. Mating occurs in the spring. For each species,

the male grasps the female and waits until she sheds her old hard shell
before mating. Wth king and snow crab, the nmale then spreads sperm
over the female's pleopods while at the same time the femal e rel eases
eggs which beconme attached to the appendages under her abdom nal flap.
This results in fertilization at the tinme of mating. In contrast, a
Dungeness nal e places spermin receptacles underneath the female' s ab-
domnal flap, fertilization is not inmmediate but takes place several
nmonths later when the fenale rel eases her eggs in the absence of the

mal e.

Wth all the species, the mass of released eggs becones attached to
hair-1i ke appendages under the abdomen of the femal e where devel oprent

35



proceeds until hatching and releasing of the young. |In the case of Dungeness
crab (the nost fecund of the crab species), the egg mass may contain as many
as 1.5 nmillion eggs. King crab females nmay have from 50,000 to 400,000 eggs
and snow crab from 20,000 to 140,000 eggs.

Hat ching of the eggs occurs in the following spring. The larvae becone
pl anktonic and are subject to the movenments of tidal and ocean currents.
After 2 to 4 nonths, the actual duration depending upon the species of crab
and water tenperature, young crab settle to the sea bottom

Gowth of crabs is not a continuous process but occurs at brief intervals
when the 'shell is soft after molting. The frequency of nolting is high in
young crabs but becones less and less frequent as the crabs approach maturity.
After maturity, male and female crabs nolt no nore than once a year and just
prior to mating.

Rate of growth, age at maturity, and longevity vary anong the crab
speci es. Dungeness crab growth is quite rapid (Figure 27) with maturity
being reached at age 2 or 3, but longevity is short (8 years) conpared to
king and snow crabs. King crab nmature at age 6 or 7 and may live as long as
31 years. Maxinum age for snow crab may be 12 years, and they mature at
age 5 or 6 (David Sonerton, personal comrunication/). For all three crab
species, males grow to a larger size than fenales.

Crabs feed on a variety of
smal | bottom invertebrates and may

on occasion attack and consume 2,10[ y

smal| fish. They are also scav- ol /oungeness evas B
engers and will readily feed on J fearmwace watn) //——""(in'{:_::m "
the remains of dead aninmals. In ol / ’ ?
turn, crabs are preyed upon by / Tomnercao

large fish such as halibut, cod,

and others. In sone localities, 12or

the octopus can be an inportant
predat or of Dungeness crab.

Carapace s1ze (mm)

Adults of king crab, Dunge- 80
ness crab, and possibly snow crab
have an annual onshore-of fshore 30
movenent associated with breeding.
In late winter, king crab nove 0 e e
from deep water (200 to 300 m or A
greater) to depths less than 70 m
where mating takes place. Breed- Figure 27. --Gowth of male crabs--Dungeness, king, and
ing crabs will be found at shallow m&gﬁr@jhraﬁaéﬁdflri’gwelﬁm|(%7(1)19%)r fk(i)rn cr}%%ne(sﬁarca{lz?.t%'hodae
depths along the shore, in bays, cantschatica), and Somerton”and Low ?1977) for Tanner
and in subnerged banks such as crab {Chronoecetes bairdi).

4/ Personal communication from David Somerton, Department of Quantitative
Sciences, University of Washington, Seattle, WA
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Marnot Flats and Portlock Bank near Kodiak Island. Follow ng maturity, King
crab return to deep water where they feed throughout the summer, fall, and
early winter (MMillen 1967). Dungeness crab also have a seasonal depth
nmovenent but the range of depths is not as great as king crab. The ngjority

of Dungeness crab reside at depths | ess than 70 mso that nost novements are
confined to this zone. Crabs nove to shallow depths in the spring for breeding
and then return to deeper water where they stay for the remainder of the

year. There is no evidence of an onshore-offshore novenent for snow crab in
the Gulf of Alaska, but bathynetric shifts in popul ation have been reported

for other species of snow crab (Pereyra 1966; Yoshida 1941).

Shrinp

The life histories of commercial shrinp of the Gulf of Al aska are al
simlar so that a treatnment of one species, pink shrinmp, should be representa-
tive of the group. The renarkable feature of pink shrinp and its congeners
is that they are nales in their first years of |ife, metanorphose to fenales,
and function as females for the remainder of their Ilives.

Reproduction takes place each year in the fall, and, like the crabs
nmenti oned above, the nale deposits spermon the underside of the female.
As the, eggs are extruded, they are fertilized and become attached to hairs
on the abdomi nal segnments. Large fenmales may produce 2,000 or nore eggs
The eggs are carried by the female until hatching takes place the follow ng
spring. The released |arvae are planktonic for about 3 nonths after which
they assune the semidenersal habit of the adults. Mst growth is conpleted
inthe first 4 years of life when the shrinp may reach 11 to 18 cmin |ength.
Longevity is 5 or 6 years.

Pink shrinp are scavengers and predators. They prey on zoopl ankton
as well as small animals on the sea bottom  Many kinds of animals feed
on shrinp. I nportant predators anong fish are cod, halibut, turbot, pollock,
and flathead sole.

Seasonal novenents have not been observed for @ulf of Alaska pink shrinp
but pink shrinp in the Gulf of Maine are known to have an inshore-offshore
movenent (Cark & Anthony 1977)

Bott onfi sh

Bottonfish reproduce in various ways, the nost common of which is the
rel ease of pelagic eggs by the female and their sinultaneous fertilization
by the nale. This is true for nost flatfish, including halibut, and for
cod, pollock, and sablefish. The free-floating eggs develop in the plankton;
after a period of 1 or 2 weeks, the eggs hatch and planktonic |arvae energe
Duration of larval devel opnent varies anobng species--a few weeks In sone
species and alnpbst a year in others such as the Dover sole.

Qther bottonfish (nost sculpins, Atka mackerel, and greenlings) lay demer-
sal eggs. An aberrant anong flatfish, the rock sole is also a denmersal egg

37



layer. In this node of reproduction, the female will release eggs which are
then fertilized by the nmale. The adhesive eggs attach thenselves in a mmss
to rocks and other surfaces on the sea bottom  Devel opnent of the eggs and
their hatching takes place on the seabottom  The larvae are planktonic.

A third method of reproduction is that of rockfish of the genus Sebastes.
Mal es and fenal es of a species pair up during one season of the year when
internal fertilization occurs. Developnent of the eggs takes place within
the female, and after several nonths, the young emerge and becone dispersed
in the plankton. Wth Pacific ocean perch, copulation occurs in the fall
with release of the young in the follow ng spring.

The fourth type of reproduction is found among the Qulf of Al aska thorny-
heads, a rockfish group of only two species. The fenmale releases a nmass of
eggs that are held together by a gelatinous material. The gelatinous nass
then rises to surface waters where it becomes free-floating (Pearcy 1962).
Whet her fertilization takes place within the fenale or at the nonent when
the eggs are extruded is not known.

The nunber of eggs released at spawning varies by species and, within a
species, increases with the size of the female (Figure 28). Cod, followed
by halibut, are the nobst fecund of
the bottonfish--large females of
these species can spawn over a ml-

lion eggs. In contrast, the average
fecundity of Atka mackerel may be 5ar
only 9,000 eggs (Macy et al. 1978). sok

Spawning is seasonal and, for 45F
many bottom fish including halibut, ol
cod, sablefish, and pollock, occurs % '
during the wnter-spring period. 5 35F g Cod
There are exceptions such as the 5
Atka nmackerel and Irish lords (scul- Fl
pins of the genus Henil epi dotus) < 95k
whose spawni ng seasons extend from 3 /
late spring to early fall. E?O' /

I ndi vi dual growth varies con- T //"a""‘“
siderably anobng the comercially 10 Octan Perch yd
i mportant bottonfish. Pacific /m //
ocean perch is one of the slower oL o
grow ng speci es. It is long-lived o / e
and may be only 30 cmin length by 0 e w0
age 10 and weigh slightly less
than 0.5 kg. Halibut, by contrast, Flgure 2. - Increase in ecundlt% with length of
reach the |argest size of any botta- |sh for comercia mportant bottonfish.” Data
fish in the northeastern Pacific. OH‘ﬁ Gen (19 %cl [ e L'C ¢ hdesrcsh(%t 15%
Its growth is relatively slow during folrle?ézlgécoocckean perch and Shew (1978) f or
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its first 2 to 3 years of life; thereafter, growh is rapid, and by age 10,
a halibut may be 110 cmin length and weigh about 20 kg (Figure 29).  Cod,
foll owed by sablefish, are also rapidly growing fish. Among bottonfish,
femal es reach a greater size than nales, contrary to that found in crabs

Little is known about the
movenents of bottonfish. Seasona
2. mass mgrations covering great
di stances are conjectural. There
is, however, evidence of seasona
i nshore-of fshore novements for
Halibut several of the species. Adult fish
move from deep water to shal |l ow
depths in the spring where they
remain throughout the summer.
In the fall, there is a return
to deep water. The depths covered
by these novements vary by species.
In addition to seasonal novenents,
there may be vertical novenents in
the water columm associated with
tine of day. This has been ob-
served for pollock. The adults of
this species are found in aggrega-
tions near the sea bottom during
" Seblefish daylight hours. By late afternoon,
- t hese aggregations begin to rise
and, by evening, are dispersed in
near surface waters. The follow ng

Weight (kg)

Pacitic Ocean Porch , norning, they return to the sea
. . . bottom This is a typical pattern
15 . 20 25 . . .
Age for some species and is associated
with feeding, where foraging may be
Figure 29. --Gowh of Pacific halibut and other more intense during the evening and
inportant bottonfish of the QuIf of Alaska. early norning hours than at other

times of the day. These daily ver-
tical nmovenents may not al ways take
pl ace, and occurrence may be a func-
tion of light conditions, behavior
of prey, season, or other environ-
mental variable.

There are al so novenents related to the age of fish. The young of nany
species, particularly those of flatfish, are found on the bottom of bays,
inlets, and other nearshore areas where they grow and develop. As they
approach nmaturity, they nove into deeper water to join the adults. Pollock
and sabl efish young are found in near surface waters rather than on the
bottom and may be found in great nunbers in straits and nearshore areas. By
the time they reach first maturity, they may have joined the adult portion
of the population in bottom waters of the outer continental shelf. Thus
for many of the bottonfish, the young devel op separately fromthe adults and
enter the adult population at or near maturity from shal | ower depths.
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Bottonfish prey on a variety of organisms which may include sen denersal-
and pelagic-occurring forms, as well as animals that live on or near the sea
bottom  Halibut, cod, and to sone degree turbot are apex predators in the
denersal animal comunity. Adults of these species prey on a variety of
medium to large fish such as pollock, flatfish, and sculpins. They also feed
on crab, shrinp, and small prey such as smelt and krill.

Those bottonfish which are sem demersal (walleye pollock, Atka mackerel,
and Pacific ocean perch and other rockfish) feed predomnantly on snmall to
medi um si ze nektonic prey such as large anphipods and copepods, krill, snelt,
and other small fish. At times pollock are cannibalistic. Sablefish is
probably the nmobst ommivorous of the bottonfish, roaming from near bottom to
m d-dept hs of the slope region of the shelf and feeding on sem pelagic animals
such as squid and lantern fish as well as bottomdwelling fish and inverte-
brates. It is also a scavenger and will consune refuse and the renains of
ani mal s. Fromthe little that is known of the feeding habits of rattails,
it is believed that they too are ommivorous.

The strictly benthic feeders anong the bottonfish are various species
of flatfish, sculpins, eelpouts, and other less known fish groups. Anbng
the comercially inportant flatfish, the soles (Dover, rex, and rock) seek
out and consune small invertebrates (worns, snails, clams, brittlestars,
etc.) that crawl on or burrow into the seabed. Snall crustaceans that swim
close to the seabed may also fall prey to these soles. Flathead sole is
also a bottom feeder but will feed on snmall nektonic animls such as shrinp,
krill, herring, and snelt when the opportunity arises.

Marine manmals are the main consumers of bottonfish. Fur seals are
known to feed on walleye pollock and Atka nackerel. Sea lions will also
prey on walleye pollock and attack Pacific halibut and other flounders.
Bal een whales (e.g., blue and hunpback whales) that swallow |arge patches
of aggregated prey probably engulf at times schooling bottonfish, such as
pol | ock. Sperm whal es may also feed on bottonfish.

Birds take an unknown quantity of bottonfish, mainly pelagic juveniles
of bottonfish species.

Mrtality from natural causes (i.e., predation, disease, starvation,
stress) varies considerably anmong the bottonfish species. Pacific halibut
has one of the lowest natural nortality rates, allow ng individuals of this
species to sonetinmes live to a very old age. In contrast, walleye pollock,
Pacific cod, and Atka mackerel have a nuch higher natural nortality. To
appreciate these differences in natural nortality, survivorship curves are
given in Figure 30 for Pacific halibut, rock sole, and walleye poll ock.
These curves are based on an overall average natural nortality rate for
fish, age 3 and above, and hence do not show the variations in nortality by
age that is the general rule. If nortality from fishing were also considered,
then the survivorship curves would be steeper than shown in Figure 30.
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Figure 30. --Estimated decline in a year class of Pacific halibut, rock sole,
and walleye pollock from age 3 and above because of natural nortality. This
is a generalized view for species conparison and assunes a constant annual
rate of nortality.

Distribution of Resources

The depth distribution of bottonfish and shellfish shows several features.
For a given species, depths of common occurrence and abundance of the adults
remain fairly simlar throughout its geographical range. Sone variations
occur because of seasonal bathymetric novenments and changes in bottomtype
but, in general, each species appears to be confined to certain bottom depths.
Exanpl es of depth ranges for some of the principal Gulf of Al aska bottonfish
and shellfish are given in Figure 31. This is a generalized schene for the
Kodi ak Island area and is based on resource survey results and fisheries
i nformation.

Besi des showi ng the depth specificity of each species, Figure 31 also
shows the separation by depth of species- or species groups having strong
phyl ogenetic ties. Thus, anong the snow crabs, there is essentially a
shel f-occurring species (Chionoecetes bairdi) and the slope-dwelling species
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CC. tanneri and C. angul atus).

Among rockfish, nenbers of the
genus Sebastes are confined to
the upper slope and shelf depths,
wher eas species of Sebastol obus
extend their depth range into

the lower slope region. Simlarly,
among the gadids, cod is found at
shal | ow depths, pollock at inter-

medi ate depths, and rattails in
deep water. This depth replacenent
of species and species groups
having simlar evolutionary origins
is not unique to bottonfish and
crab but nmay be found in other
animals of the sea and has its
paral l el among | and ani mal s where
replacenent is in relation to |and
el evati on.

A third feature associ ated
with depth distribution is that
the deeper occurring species or
groups tend to have a greater
geographi cal distribution than
those in shallow water. The geo-
graphi cal range of the slope
species (Dover sole, rex sole,
turbot, Pacific ocean perch,
sabl efish, and rattails), for
exanpl e, extends fromthe Bering
Sea south to California. Many of
the shall ow water or shelf species
(king crab, certain species of
snow crab, Atka mackerel, vyellow
fin sole, and pink shrinp), however,
are confined principally to Al askan
wat er s.

Relative density {weight)

Fromsimlarities in depth
distribution, life history, and
other characteristics, seven faunal
groups can be distinguished anong
the bottonfish and shellfish of the
Qlf of Alaska: 1) pandalid shrinp;
2) shelf crab, rock sole, and scul-
pins: 3) cod and flounders; 4) walleye
pollock and flathead sole; 5) Dover
sole; 6) rockfish; and 7) a
| ower slope group. A
these groups follows.

and rex
bat hyal or
description of
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Pandal i d Shrinp

Shrinp aggregations, predomninantly of pink shrinmp (Pandal us borealis),
are found over mud bottomin the region of the outer continental shelf and
in submarine canyons that bisect the shelf. Sone of the npbst productive
shrimp fishing grounds in Al aska are found where these canyons extend shore-
ward into deep water bays. An exanple of such grounds is that |ocated on
the south side of Kodiak Island near Twoheaded I sl and.

It is in the Kodiak region and westward that the nore productive fishing
areas are found. In the eastern Qulf, shrinp abundance declines; and in
west coast waters, pink shrinp, Pandalus borealis, is replaced by the simlarly

appearing P. jordani

Shel f* Crab, Rock Sole, and Scul pins

This group consists of king crab, snow crab (C. bairdi), rock sole, and
scul pins and occupi es bottom depths of the shelf although, during the winter,
portions of their populations may be found in deeper water along the upper
part of the. shelf's slope. These aninals obtain all or nmost of their suste-
nance from feeding on benthic animals. They al so appear to have a conmmon
reproductive strategy. Rather than releasing their eggs into a pelagic en-
vironment like nost other inportant demersal species, they either retain
their eggs until hatching (king and snow crab) or rel ease a mass of eggs
whi ch adhere to the sea bottom where hatching takes place (rock sole and
scul pins). Thus, for these bottonfish and crabs, devel opment and hat chi ng
of the eggs occur in the bottom environment of the shelf.

Cosely akin to this shelf group is Atka mackerel. Although Atka nackere
is not strictly a bottomdwelling animal, it lays demersal eggs on the sea
bottom as does rock sole and sculpins. During the winter, Atka nackerel is
found aggregated near the shelf's edge off Kodiak Island (Figure 32) and
west war d.

Speci es of the shelf group are nost dense and abundant in the western
Gul f of Alaska as indicated fromthe fisheries on crab (Figure 7) and Atka
mackerel (Figure 71 and from bottonfish surveys (Figure 33). King crab are
not found south of British Colunbia and off the west coast of the United-
States, and other species (C bairdi, rock sole, and Atka mackerel) become
insignificant in the shelf fauna

Cod and Fl ounders

ot

This group consists of Pacific cod and the large flounders, Pacific

hal i but and arrowtooth flounder. They are all apex predators within the
denersal animal comunities of the northeastern North Pacific and Bering Sea

and feed on a variety of prey and prey sizes. In regions where adults of
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t hese species are abundant, they o ‘ . .
are found from shallow to deep 52 ﬁ/

water and in a variety of habitats.

In Al askan waters, Pacific cod
is nmost dense in the western Qulf
of Alaska (Figure 341, where large
schools nay be encountered at various
dept hs dependi ng upon the season of
the year. During the winter and
spring, cod appear to be mpst abundant
in. the canyons that cut across the
shelf and along the shelf's edge and
upper slope 100-400 m (Figure 32).
By late sunmmer, they have shifted to
shal | ower. depths. During wnter and
spring, productive cod areas are |o-
cated near Al batross Bank south of
Kodi ak Island and near Sanak I sl and
west of the Shumagin Islands Large
trawl catches of cod have also been
taken in the deeper portions of bays
along the Alaska Peninsula and around

PACIFIC COD
X <0.5t/hr
0.5-1.5 t/hr

1 T J 1 1 1
155°W 154° 153° 152° 151° 150° 149°

~ -

Kodi ak I sl and. )5

Pacific halibut is relatively . lw’,
abundant throughout the shelf and | ‘
upper slope region of the @ulf of Vg:/ e
Al aska. Some of the nost productive z H_,f ”\2‘
fishing grounds are found from the ] ]
Yakutat region to Kodiak Island R
(Figure 14). s

Turbot is abundant over a depth xS
range simlar to that of Pacific =58
hal i but (100-500 m). During the e
winter nonths, turbot aggregate in i
the deeper portion of this range.

H ghest density of turbot, as in- Figure 32. --Availability of Pacific cod and Atka

dicated from traw surveys, has been macker el durin? NVES 1978 wi nter travdi,\r;&/furvey
found in waters off southeastern in the Kodiak Tsland region using the research

Al aska (Figure 34). vessel M1ler Freemn.

X <0.1thr
O 0.1-0.7 t/hr
1-2 t/hr
4-5 t/hr

Pol |l ock and Fl athead Sole

These species are generally associated with areas of soft bottom at
depths of 100 to 600 m which include the submarine canyons that cut across
the shelf in various areas, outer shelf depths, and the upper slope. Wthin
this depth zone, there is a seasonal depth oscillation fromshallowto deep
in the fall and a return to shallow waters in the spring. Another common
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feature shared by these species is opportunistic feeding in which they can
shift froma diet of benthic animals to that of free-sw nmmng of f-bottom
ani mal s.

Vel | eye pollock is apparently the dominant animal in the denersal fish
community of the shelf and upper slope of the western Gulf of Al aska as well
as the eastern Bering Sea (Figure 35). Density and abundance decline in the
eastern @l f of Alaska, but there is a slight resurgence in abundance in the
i nside and outside waters of southeastern Alaska and British Colunbia. Far-
ther south off Wshington, Oregon, and California, pollock becomes of little
significance in ternms of abundance and is replaced by the ecologically simlar
Pacific whiting in the fish comunity.

Fl athead sole is one of the more inportant flatfish of the Gulf. Relative
density is high in the western and northeastern part of the Gulf of Al aska
and in the inside waters of southeastern Alaska (Figure 35). In the coasta
wat ers of Washington, Oregon, and California, abundance of flathead sole is
very | ow.

170° 160° 150° 140°
T I T T

@ rock soLe

Figure 33. --Apparent density (t/knf) of rock sole and sculpins in various regions of the Qilf of A aska
based on NWS bottom traw surveys (1973-76) at depths of 400 m and Iess.
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Figure 34.--Apparent density (t/knf) of Pacific cod and turbot in various regions of the Qlf of A aska
based on NWS bottom traw surveys (1973-78) at depths of 400 m and Iess.

Dover Sole and Rex Sol e

Both species are closely associated with the soft bottom comunity of
benthic aninals that occurs in the deep water portions of submarine canyons
that cut across the shelf and al ong the upper part of the shelf's slope.
Dover and rex sole are especially adapted to feeding on small detrital-
consunming invertebrates that live within the sedi ment (polychaete worns,
clans) or on or near the surface of the bottom (anphi pods and ot her smal
crustaceans, shrinp, and brittlestars). These soles have small nouths
VWen they are handled, a great amount of nucous, which may be a defense
reaction, is exuded

Dover and rex soles are found throughout the northeastern Pacific and

in the Bering Sea and are abundant in Oregon and California waters. The
magni tude of the @ulf of Alaska stocks is unknown.
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Rockfish (Sebastes) G oup

At the shelf's edge, and particularly along the upper slope of the
shel f (300-500 m), lie concentrations of the rockfish (Sebastes) group
This rockfish conplex is characteristic of the denersal fish community at
these depths fromCalifornia waters to the Gulf of Al aska and the Bering
Sea. Pacific ocean perch is a major conponent of this group. |n any region
of the Gulf of Alaska, there may be 20 or nore rockfish species occurring at
the shelf's edge and upper slope. Wth these species, fertilization of the
eggs and enbryonic devel opnent are internal. Seasons of copulation and
larval release, however, vary by species. Rockfish nmove on and off the sea
bottom and occur in schools. Many species of this group feed on small to
nmedi um si ze prey which they capture off the bottomor at m ddepths.

At one time before intensification by the foreign fisheries in the
1960's, Pacific ocean perch, together with other rockfish species, dom nated
the denersal fish community of the outer shelf and slope in the Qul f of

1Me 1”RN® 180° 1400

@ roLLock (O FLATHEAD SOLE

- 60°

T
Rl,

20

0.5

wal l eye pollock and flathead sole in various regions of theGulf

Figure 35. --Apparent density (t/kma) of
surveys (1973-78) at depths of400 m

of Alaska and eastern Bering Sea as suggested from nvrs bottom traw
and |ess.
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Alaska. Now, Pacific ocean perch abundance is low and catch restrictions
are in effect to rebuild this resource. Catch rates from the Japanese traw
fisheries before and after fishing intensification in the md-1960"s reflect
the marked change in Pacific ocean perch abundance (Figure 19).

Bat hyal G oup

I mportant species and species groups in the bathyal or slope region
(400-1200m of the @ulf of Al aska are sablefish, rockfish of the genus
Sebast ol obus, rattails, and snow crab (Figure 31). Adult sablefish occur
over a w de range of depths that includes the outer shelf, slope, and abyssa
region. The center of abundance by depth of adult sablefish appears to lie
at 400-1000m

As is typical of many of the species and species groups that reside at
bat hyal depths, sablefish are found throughout a w de area--from Baja Cali-
fornia in the south, to the Bering Sea in the north, and in waters off Japan
to the west. Geatest abundance is in the GQulf of Alaska, particularly in
the eastern Gulf of Al aska, where the highest annual catches have been taken.
Taggi ng studi es suggest that nost adult sablefish do not migrate any great
di stance, although there have been cases where individual fish, tagged and
rel eased in west coast waters, have been recovered later in the Bering Sea
(Wespestad et al. 1978). It would appear that nost sablefish remain in the
same general bottom area where they settled after their pelagic existence as
juveniles. There is sone evidence that, as sablefish age, there is a tendency
for themto nove into deeper water so that during research surveys the propor-
tion of young fish in the catches decreases with increasing depth and the
proportion of older fish increases (Alton 1972).

Rockfish of the genus Sebastol obus are characteristic animls of the
bat hyal region throughout the northeastern Pacific and in the Bering Sea
There are two species, S. altivelis and S. alascanus, the latter of which is
more abundant and is conmmonly called the-shortspined thornyhead. It is
taken. with some frequency in the Japanese longline fishery for sablefish and
cod and is part of the bycatch of foreign traw ers concentrating on poll ock
and Pacific ocean perch in Qulf of Al aska waters.

Rattails are conposed of a nunber of species, of which Chalinura pec-
toralis and Coryphaenoides acroleipis nmay be the nobst abundant. Both species
have been frequently encountered in |arge nunbers during deep water traw
surveys in west coast waters (Alton 1972; Day and Pearcy 1968) and in the
Bering Sea, Aleutians, and Sea of Okhotsk (Novikov 1970). Novikov has reported
on several occasions traw catches of Chalinura pectoralis amunting to 4 to 6 t.
Anot her abundant rattail in the Bering Sea is C. Cnereus. Rattails are an
i nportant conponent in the Japanese longline fishery for sablefish in the slope
region and nay at tines be a greater proportion of the total catch than sable-
fish. Like sablefish, rattails are generalized feeders, consuming a variety
of benthic and semipel agic prey.
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Anot her species or species group that characterizes the slope fauna is
the deep water snow crabs. Little is known about their distribution and abun-
dance in Alaskan waters. Of the west coast of the United States, Chionoecetes
tanneri is abundant in the slope region and has been taken during deep water
trap surveys of sablefish in the eastern Qulf of Alaska. The extent of its
di stribution and abundance in the western Gulf of Alaska is not-known although
a simlarly appearing snow crab., C angulatus, is found in the slope region of
the western Gulf of Al aska.

Distribution of bathyal fauna, characterized by sablefish, Sebastol obus
spp, rattails, and snow crab, extends to the seampunts that dot the abyssal
pPai n of the Gulf of Alaska. During seambunt studies by the National Marine
Fisheries Service in 1979, all four species or groups were found to be a
dom nant and common conponent of deep water trap catches (Pruter 1979).
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