3.0 AFFECTED ENVIRONMENT

EFH means those waters and substrate necessary to fish for spawning, breeding, feeding, or growth to
maturity. For the purpose of interpreting the definition of EFH, “waters” include aquatic areas that are
used by fish and their associated physical, chemical, and biological properties and may include areas
historically used by fish where appropriate; “substrate” includes sediment, hard bottom, structures
underlying the waters, and associated biological communities; “necessary” means the habitat required to
support a sustainable fishery and a healthy ecosystem; and “spawning, breeding, feeding, or growth to
maturity” covers a species’ entire life cycle.

This chapter contains descriptions of the North Pacific Ocean and the environment of the Bering
Sea/Aleutian Islands, as well as the Gulf of Alaska. The descriptions focus on physical and
oceanographic features, major living marine resources (their biology, habitat, and current status of the
resource), and the social and economic conditions associated with the various fisheries. The BSAI and
GOA ecosystems are complex. Although a lot is known, much of the vast marine ecosystem remains a
mystery. A section on climatic regime shifts is provided to add insight on the long-term dynamics of the
physical environment. This is important because major climatic regime shifts occurring in the North
Pacific environment have affected the dynamics of living marine resources in the BSAI and GOA.

Chapter 3 also contains descriptions of the resources and issues identified by the Council as important
when predicting the direct, indirect, and cumulative impacts that will accrue from the proposed action.
The topics in this section are arranged in the following order: physical environment and habitat features,
biological environment, ecosystem considerations, and human activities.

References to original literature throughout the section identify scientific sources and guide readers to
further information. All references called out throughout this document are listed in Chapter 7. Each
reference contains the information necessary to find the respective paper, report, journal article, or book,
following standard library citation format. Any reader desiring to access one of the references given
should be able to read or borrow a copy from a public library. Resource libraries located in Alaska and
the Pacific Northwest such as the NOAA Fisheries Alaska Fisheries Science Center (AFSC) Library in
Seattle, Washington; the Auke Bay Fisheries Laboratory near Juneau, Alaska; the State Library in
Juneau, Alaska; and the libraries at the University of Alaska and the University of Washington will be
more likely to have these particular references on their shelves. Other libraries can obtain these
references through interlibrary loan systems.

3.1 Physical Environment and Habitat Features

Alaska is the largest state in the United States with a total area of 1,593,438 square kilometers (km?),
including 70,849 km® of coastal water over which the state has jurisdiction and approximately

690,000 km* of wetlands with more than 8,000 km® of estuarine wetlands (low-wave energy
environments) and approximately 190 km* of marine wetlands (high-energy wave environments).
Alaska’s productive marine waters include the North Pacific Ocean, Bering Sea, Chukchi Sea, and Arctic
Ocean—more than 70 percent of the total area of the United States continental shelves is in Alaska.
Alaska’s immense size provides potential EFH from its 55,000 km of tidal shoreline, its more than
15,000 identified anadromous waterbodies, and its two major offshore marine ecosystems, the GOA and
the EBS.
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3.1.1 Gulf of Alaska

The GOA has approximately 160,000 km* of continental shelf, which is less than 25 percent of the EBS
shelf. The GOA is a relatively open marine system with land masses to the east and the north.
Commercial species are more diverse in the GOA than in the EBS, but less diverse than in the
Washington-California region. The most diverse set of species in the GOA is the rockfish group;

30 species have been identified in this area.

The dominant circulation in the GOA (Musgrave et al. 1992) is characterized by the cyclonic flow of the
Alaska gyre. The circulation consists of the eastward-flowing Subarctic Current system at approximately
50° N and the Alaska Coastal Current (Alaska Stream) system along the northern GOA. Large seasonal
variations in the wind-stress curl in the GOA affect the meanders of the Alaska Stream and nearshore
eddies. The variations in these nearshore flows and eddies affect much of the region’s biological
variability.

The GOA has a variety of seabed types such as gravely sand, silty mud, and muddy to sandy gravel, as
well as areas of hardrock (Hampton et al. 1986). Investigations of the northeast GOA shelf (less than
200 meters [m]) have been conducted between Cape Cleare (148° W) and Cape Fairweather (138° W)
(Feder and Jewett 1987). The shelf in this portion of the GOA is relatively wide (up to 100 km). The
dominant shelf sediment is clay silt that comes primarily from either the Copper River or the Bering and
Malaspina glaciers. When the sediments enter the GOA, they are generally transported to the west. Sand
predominates nearshore, especially near the Copper River and the Malaspina Glacier. Most of the
western GOA shelf (west of Cape Igvak) consists of slopes characterized by marked dissection and
steepness. The shelf consists of many banks and reefs with numerous coarse, clastic, or rocky bottoms,
as well as patchy bottom sediments. In contrast, the shelf near Kodiak Island consists of flat relatively
shallow banks cut by transverse troughs. The substrate in the area from Near Strait and close to Buldir
Island, Amchitka, and Amukta Passes is mainly bedrock outcrops and coarsely fragmented sediment
interspersed with sand bottoms.

Temperature anomalies in the GOA illustrate a relatively warm period in the late 1950s, followed by
cooling (especially in the early 1970s), and then by a rapid temperature increase in the latter part of that
decade. Subsurface temperature anomalies for the coastal GOA also show a change from the early 1970s
into the 1980s, similar to that observed in the sea surface (U.S. GLOBEC 1996). In addition, high
latitude temperature responses to El Nifio southern oscillation events can be seen, especially at depth, in
1977, 1982, 1983, 1987, and the 1990s. Between these events, temperatures in the GOA return to cooler
and more neutral temperatures. The 1997/98 El Nifio southern oscillation event, one of the strongest
recorded this century, has significantly changed the distribution of fish stocks off California, Oregon,
Washington, and Alaska. The longer-term impacts of this event remain to be seen.

Piatt and Anderson (1996) provide evidence of possible changes in prey abundance due to decadal scale
climate shifts. These authors examined relationships between significant declines in marine birds in the
northern GOA during the past 20 years and found that significant declines in common murre populations
occurred from the mid- to late-1970s to the early 1990s. Piatt and Anderson (1996) found marked
changes in diet composition of five seabird species collected in the GOA from 1975 to 1978 and from
1988 to 1991. Their diet changed from capelin-dominated in the former period to one in which capelin
was virtually absent in the latter period.

On a larger scale, evidence of biological responses to decadal-scale climate changes is also found in the
coincidence of global fishery expansions or collapses of similar species complexes. For example, salmon
stocks in the GOA and the California Current are out of phase. When salmon stocks do well in the GOA,
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they do poorly in the California Current and vice versa (Hare and Francis 1995, Mantua et al. 1997). For
more information about the GOA physical environment, refer to the draft or final programmatic
groundfish SEIS (NMFS 2001a, 2004).

3.1.2 Bering Sea

The Bering Sea is a semi-enclosed, high-latitude sea. Of its total area of 2.3 million km’, 44 percent is
continental shelf, 13 percent is continental slope, and 43 percent is deep-water basin. Its broad
continental shelf is one of the most biologically productive areas of the world. In contrast, the Aleutian
Island shelf is very narrow. The EBS contains approximately 300 species of fish, 150 species of
crustaceans and mollusks, 50 species of seabirds, and 26 species of marine mammals (Livingston and
Tjelmeland 2000). However, commercial fish species diversity is lower in the EBS than in the GOA.

A special feature of the EBS is the pack ice that covers most of its eastern and northern continental shelf
during winter and spring. The dominant circulation of the water begins with the passage of North Pacific
water (the Alaska Stream) into the EBS through the major passes in the Al (Favorite et al. 1976). There
is net water transport eastward along the north side of the Al and a turn northward at the continental shelf
break and at the eastern perimeter of Bristol Bay. Eventually EBS water exits northward through the
Bering Strait, or westward and south along the Russian coast, entering the western North Pacific via the
Kamchatka Strait. Some resident water joins new North Pacific water entering Near Strait, which
sustains a permanent cyclonic gyre around the deep basin in the central BS.

The EBS sediments are a mixture of the major grades representing the full range of potential grain sizes
of mud (subgrades clay and silt), sand, and gravel. The relative composition of such constituents
determines the type of sediment at any one location (Smith and McConnaughey 1999). Sand and silt are
the primary components over most of the seafloor, with sand predominating the sediment in waters with a
depth less than 60 m. Overall, there is often a tendency of the fraction of finer-grade sediments to
increase (and average grain size to decrease) with increasing depth and distance from shore. This
grading is particularly noticeable on the southeastern BS continental shelf in Bristol Bay and
immediately westward. The condition occurs because settling velocity of particles decreases with
particle size (Stokes Law), as does the minimum energy necessary to resuspend or tumble them. Since
the kinetic energy of sea waves reaching the bottom decreases with increasing depth, terrigenous grains
entering coastal shallows drift with water movement until they are deposited, according to size, at the
depth at which water speed can no longer transport them. However, there is considerable fine-scale
deviation from the graded pattern, especially in shallower coastal waters and offshore of major rivers,
due to local variations in the effects of waves, currents, and river input (Johnson 1983).

The distribution of benthic sediment types in the EBS shelf is related to depth (Figure 3.1-1).
Considerable local variability is indicated in areas along the shore of Bristol Bay and the north coast of
the Alaska Peninsula, as well as west and north of Bristol Bay, especially near the Pribilof Islands.
Nonetheless, there is a general pattern whereby nearshore sediments in the east and southeast on the
inner shelf (0 to 50 m depth) often are sandy gravel and gravelly sand. These give way to plain sand
farther offshore and west. On the middle shelf (50 to 100 m), sand gives way to muddy sand and sandy
mud, which continue over much of the outer shelf (100 to 200 m) to the start of the continental slope.
Sediments on the central and northeastern shelf (including Norton Sound) have not been so extensively
sampled, but Sharma (1979) reports that, while sand is dominant in places here, as it is in the southeast,
there are concentrations of silt both in shallow nearshore waters and in deep areas near the shelf slope.
In addition, there are areas of exposed relic gravel, possibly resulting from glacial deposits. These
departures from a classic seaward decrease in grain size are attributed to the large input of fluvial silt
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from the Yukon River and to flushing and scouring of sediment through the Bering Strait by the net
northerly current.

McConnaughey and Smith (2000) and Smith and McConnaughey (1999) describe the available sediment
data for the EBS shelf. These data were used to describe four habitat types. The first, situated around
the shallow eastern and southern perimeter and near the Priblof Islands, has primarily sand substrates
with a little gravel. The second, across the central shelf out to the 100 m contour, has mixtures of sand
and mud. A third, west of a line between St. Matthew and St. Lawrence islands, has primarily mud (silt)
substrates, with some mixing with sand (Figure 3.1-2). Finally, the areas north and east of St. Lawrence
Island, including Norton Sound, have a complex mixture of substrates.

Important water column properties over the EBS include temperature, salinity, and density. These
properties remain constant with depth in the near-surface mixed-layer, which varies from approximately
10 to 30 m in summer to approximately 30 to 60 m in winter (Reed 1984). The inner shelf (less than

50 m) is, therefore, one layer and is well mixed most of the time. On the middle shelf (50 to 100 m), a
two-layer temperature and salinity structure exists because of downward mixing of wind and upward
mixing due to relatively strong tidal currents (Kinder and Schumacher 1981). On the outer shelf (100 to
200 m), a three-layer temperature and salinity structure exists due to downward mixing by wind,
horizontal mixing with oceanic water, and upward mixing from the bottom friction due to relatively
strong tidal currents. Oceanic water structure is present year-round beyond the 200-m isobath.

Three fronts, the outer shelf, mid-shelf, and inner shelf, follow along the 200-, 100-, and 50-m
bathymetric contours, respectively; thus, four separate oceanographic domains appear as bands along the
broad EBS shelf. The oceanographic domains are the deep water (more than 200 m), the outer shelf
(200 to 100 m), the mid-shelf (100 to 50 m), and the inner shelf (less than 50 m).

The vertical physical system also regulates the biological processes that lead to separate cycles of
nutrient regeneration. The source of nutrients for the outer shelf is the deep oceanic water; for the mid-
shelf, it is the shelf-bottom water. Starting in winter, surface waters across the shelf are high in nutrients.
Spring surface heating stabilizes the water column, then the spring bloom begins and consumes the
nutrients. Steep seasonal thermoclines over the deep EBS (30 to 50 m), the outer shelf (20 to 50 m), and
the mid-shelf (10 to 50 m) restrict vertical mixing of water between the upper and lower layers. Below
these seasonal thermoclines, nutrient concentrations in the outer shelf water invariably are higher than
those in the deep EBS water with the same salinity. Winter values for nitrate-N/phosphate-P are similar
to the summer ratios, which suggests that, even in winter, the mixing of water between the mid-shelf and
the outer shelf domains is substantially restricted (Hattori and Goering 1986).

Effects of a global warming climate should be greater in the EBS than in the GOA. Located further north
than the GOA, the seasonal ice cover of the EBS lowers albedo effects. Atmospheric changes that drive
the speculated changes in the ocean include increases in air temperature, storm intensity, storm
frequency, southerly wind, humidity, and precipitation. The increased precipitation, plus snow and ice
melt, leads to an increase in freshwater runoff. The only decrease is in sea level pressure, which is
associated with the northward shift in the storm track. Although the location of the maximum in the
mean wind stress curl will probably shift poleward, how the curl is likely to change is unknown. The net
effect of the storms is what largely determines the curl, and there is likely to be compensation between
changes in storm frequency and intensity.

Ocean circulation decreases are likely to occur in the major current systems: the Alaska Stream, Near
Strait Inflow, Bering Slope Current, and Kamchatka Current. Competing effects make changes in the
Unimak Pass inflow, the shelf coastal current, and the Bering Strait outflow unknown. Changes in
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hydrography should include increases in sea level, sea surface temperature, shelf bottom temperature, and
basin stratification. Decreases should occur in mixing energy and shelf break nutrient supply, while
competing effects make changes in shelf stratification and eddy activity unknown. Ice extent, thickness,
and brine rejection are all expected to decrease.

Temperature anomalies in the EBS illustrate a relatively warm period in the late 1950s, followed by
cooling (especially in the early 1970s), and then by a rapid temperature increase in the latter part of that
decade. For more information on the physical environment of the EBS, refer to the draft or final
programmatic groundfish SEIS (NMFS 2001a, 2004).

3.1.3 Aleutian Islands

The Aleutian Islands lie in an arc that forms a partial geographic barrier to the exchange of northern
Pacific marine waters with EBS waters. The Al continental shelf is narrow compared with the EBS
shelf, ranging in width on the north and south sides of the islands from about 4 km or less to 42 to 46 km;
the shelf broadens in the eastern portion of the Al arc. The Al comprises approximately 150 islands and
extends about 2,260 km in length.

Bowers Ridge in the Al is a submerged geographic structure forming a ridge arc off the west-central Al.
Bowers Ridge is about 550 km long and 75 to 110 km wide. The summit of the ridge lies in water
approximately 150 to 200 m deep in the southern portion deepening northward to about 800 to 1,000 m at
its northern edge.

The Al region has complicated mixes of substrates, including a significant proportion of hard substrates
(pebbles, cobbles, boulders, and rock), but data are not available to describe the spatial distribution of
these substrates.

The patterns of water density, salinity, and temperature are very similar to the GOA. Along the edge of
the shelf in the Alaska Stream, a low salinity (less than 32.0 ppt) tongue-like feature protrudes westward.
On the south side of the central Al, nearshore surface salinities can reach as high as 33.3 ppt, as the
higher salinity EBS surface water occasionally mixes southward through the Al. Proceeding southward,
a minimum of approximately 32.2 ppt is usually present over the slope in the Alaska Stream; values then
rise to above 32.6 ppt in the oceanic water offshore. Whereas surface salinity increases toward the west
as the source of fresh water from the land decreases, salinity values near 1,500 m decrease very slightly.
Temperature values at all depths decrease toward the west.

Climate change effects on the Al area are similar to the effects described for climate change in the EBS.
For more information on the physical environment of the Al, refer to the draft or final programmatic
groundfish SEIS (NMFS 2001a, 2004).

3.1.4 Streams that Support Federally Managed Salmon

A significant body of information exists on the life histories and general distribution of salmon in Alaska.
The locations of many freshwater water bodies used by salmon are described in documents organized and
maintained by the Alaska Department of Fish & Game (ADF&G). Alaska Statute 16.05.870 requires
ADF&G to specify the various streams that are important for spawning, rearing, or migration of
anadromous fishes. This is accomplished through the Catalog of Waters Important for Spawning,
Rearing or Migration of Anadromous Fishes (Catalog) (ADF&G 1998a) and the Atlas to the Catalog of
Waters Important for Spawning, Returning or Migration of Anadromous Fishes (Atlas) (ADF&G 1998b).
The Catalog lists water bodies documented to be used by anadromous fish. The Atlas shows locations of
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these waters and the species and life stages that use them. The Catalog and Atlas are divided into six
volumes for the six resource management regions established in 1982 by the Joint Boards of Fisheries
and Game. Additional information on streams that support federally managed salmon is available from
ADF&G at http://www.state.ak.us/adfg/habitat.

3.2 Biological Environment
3.2.1 Biology, Habitat Usage, and Status of Magnuson-Stevens Act Managed Species

This section provides an overview of the biology and habitat use of FMP-managed species for which
EFH must be defined. For additional information on habitat use by these species, refer to Appendix F.
For additional information on the biology and population status of these resources, refer to the most
recent Stock Assessment and Fishery Evaluation (SAFE) Reports for BSAI Groundfish (North Pacific
Fishery Management Council [Council] 2002a), GOA Groundfish (Council 2002b), BSAI King and
Tanner Crab (Council 2002c¢), Alaska Scallops (Council 1998), and the draft programmatic groundfish
SEIS (NMFS 2001a).

This section is divided into BSAI (3.2.1.1) and GOA (3.2.1.2) species and habitat descriptions. In many
cases, a more complete description is given in one section with a reference in the other; for example,
Pacific cod is described at length in the BSAI section, while the GOA description of Pacific cod adds
some information pertinent to GOA distribution with a reference back to the BSAI section. The reverse
is true for Greenland halibut, for example. Following the BSAI and GOA sections is a section on crab
species and their habitats (3.2.1.3), salmon species and their habitats (3.2.1.4), and scallops and their
habitats (3.2.1.5).

3.2.1.1 GOA Groundfish

This section contains descriptions of the principal target groundfish species that may be affected by
proposed fisheries management changes. Information presented for these species includes a brief
description of the biology, habitat, and population status as noted in the most recent stock assessments.
The information presented for each species supports the development of this SEIS and is not intended to
be exhaustive.

Detailed information on groundfish species and additional information on principal target species can be
found in Appendix F of this EIS and in the following documents: Environmental Assessment for EFH
(Council 1999a); EFH Assessment Report for the Groundfish Resources of the BSAI Region (Council
1998a); EFH Assessment Report for the Groundfish Resources of the GOA Region (Council 1998b); the
2000 Stock Assessment and Fishery Evaluation Reports (SAFE Report) for the Groundfish Resources of
the BSAI and GOA Regions (Council 2002a, 2002b); and the draft programmatic groundfish SEIS
(NMFS 2001a).

3.2.1.1.1 Walleye Pollock

Pollock (Theragra chalcogramma) is the second most abundant groundfish stock in the GOA. It is
widely distributed throughout the North Pacific Ocean in temperate and subarctic waters (Wolotira et al.
1993). Pollock is a semidemersal schooling fish, which becomes increasingly demersal with age.
Approximately 50 percent of female pollock reach maturity at age 4, at a length of approximately 40 cm.
Pollock spawning is pelagic and takes place in the early spring on the outer continental shelf. Pollock are
comparatively short-lived, with a fairly high natural mortality rate estimated at 0.3 (Hollowed et al. 1997,
Wespestad and Terry 1984) and a maximum recorded age of around 22 years. Pollock in the GOA are
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thought to be a single stock (Alton and Megrey 1986) originating from springtime spawning in Shelikof
Strait (Brodeur and Wilson 1996).

Pollock are found throughout the water column, from the surface down to 500 m (Witherell 2000).
Seasonal migrations occur from overwintering areas along the outer shelf to shallow waters (90 to 140 m)
for spawning (Witherell 2000). In the GOA, major spawning concentrations of pollock have been
observed in Shelikof Strait and the Shumagin Islands (DiCosimo and Kimball 2001). Major exploitable
populations are found primarily in the western/central areas of the GOA (147° W to 170" W).

The diet of pollock in the EBS has been studied extensively (Dwyer 1984, Lang and Livingston 1996,
Livingston 1991a, Livingston and DeReynier 1996, Livingston et al. 1993). Juvenile pollock are pelagic
and feed primarily on copepods and euphausiids. As they age, pollock become increasingly piscivorous
and can be highly cannibalistic. Juvenile pollock are known to be the dominant fish prey of adult pollock
in the EBS. Other fish consumed by pollock include juveniles of Pacific herring, Pacific cod, arrowtooth
flounder, flathead sole, rock sole, yellowfin sole, Greenland halibut, Pacific halibut, and Alaska plaice.
On the shelf area, the contribution of these other fish prey to the diet of pollock tends to be very low

(i.e., usually less than 2 percent by weight of the diet [Livingston 1991a, Livingston and DeReynier 1996,
Livingston et al. 1993]). In the deeper slope waters, however, deep-sea fish (myctophids and
bathylagids) are a relatively important diet component (12 percent by weight), along with euphausiids,
pollock, pandalid shrimp, and squid (Lang and Livingston 1996).

Larvae 5 to 20 mm long consume larval and juvenile copepods and copepod eggs (Canino 1994, Kendall
et al. 1987). Early juveniles (25 to 100 mm) primarily eat juvenile and adult copepods, larvaceans, and
euphausiids; late juveniles (100 to 150 mm) eat mostly euphausiids, chaetognaths, amphipods, and
mysids (Brodeur and Wilson 1996, Grover 1990, Krieger 1985, Livingston 1985, Merati and Brodeur
1997, Walline 1983). Juvenile and adult pollock in Southeast Alaska rely heavily on euphausiids,
mysids, shrimp, and fish as prey (Clausen 1983). Euphausiids are the dominant prey of GOA pollock,
making up a relatively constant proportion of the diet by weight across size classes. Shrimp and fish are
the next two important prey items. Copepods are a less dominant food source (Yang 1993). Fish prey
become a larger fraction of GOA pollock diet with increasing size. A high diversity of species is preyed
upon. Over 20 different fish species have been identified in the stomach contents of GOA pollock, with
capelin being the dominant prey (Yang 1993). Commercially important prey species include Pacific cod,
pollock, arrowtooth flounder, flathead sole, Dover sole, and Greenland halibut. In addition to capelin,
forage fish, including eulachon and Pacific sand lance, were also found in pollock stomach contents.

The main source of predation mortality on GOA pollock at present appears to be the arrowtooth flounder
(Livingston 1994, Hollowed et al. 2000). Cannibalism is also known to be a major source of mortality in
this species. Other dominant GOA groundfish populations that prey on pollock include sablefish, Pacific
cod, and halibut (Albers and Anderson 1985, Best and St-Pierre 1986, Jewett 1978, Yang 1993). Pollock
is one of the top five prey items (by weight) for Pacific cod, arrowtooth flounder, and halibut in this area.
Other predators include great sculpins (Carlson 1995) and shortspined thornyheads (Yang 1993). In the
GOA, halibut and Pacific cod tend to consume larger pollock, while arrowtooth flounder consume
pollock that are mostly under age 3. Predation mortality on juvenile pollock in the GOA appears to be an
increasingly controlling factor on recruitment. Before the apparent ecological regime shift of the late
1970s, environmental factors controlling larval survival appeared to be the dominant factor controlling
recruitment. Since this shift, however, juvenile predation by expanding populations of predatory flatfish
and cod has become the principal controlling factor.

Pollock is a major prey item for Steller sea lions and harbor seals in the GOA (Merrick and Calkins 1996;
Pitcher 1980a, 1980b, and 1981). Harbor seals tend to have a more diverse diet, and the occurrence of
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pollock in their diet is lower than in sea lions. Pollock is a major prey item for both juvenile and adult
Steller sea lions in the GOA. It appears that the proportion of animals consuming pollock increased from
the 1970s to the 1980s, and this increase was most pronounced for juvenile Steller sea lions. Sizes of
pollock consumed by Steller sea lions range from 5 to 56 cm, and the size composition of pollock
consumed appears to be related to the size composition of the pollock population. However, juvenile
Steller sea lions consume smaller pollock on average than adults. In 1985, age-1 pollock was dominant
in the diet of juvenile Steller sea lions, possibly a reflection of the abundant 1984 year class of pollock
available to Steller sea lions in that year.

Research on the diets of marine mammals and birds in the GOA has recently been greatly accelerated
(Sections 3.2.3.1, 3.2.3.2,3.2.3.3, 3.2.3.5, and 3.2.3.6) (Brodeur and Wilson 1996; Calkins 1987,
DeGange and Sanger 1986; Hatch and Sanger 1992; Lowry et al. 1989; Merrick and Calkins 1996;
Pitcher 1980a, 1980b, and 1981). The main piscivorous birds that consume pollock in the GOA are
black-legged kittiwakes, common murres, thick-billed murres, tufted puffins, horned puffins, and
probably marbled murrelets. The diets of common murres have been shown to contain around 5 to

15 percent age-0 pollock by weight, depending on the season. Both horned puffins and tufted puffins
consume age-0 pollock (Hatch and Sanger 1992). The amount of pollock in the diet of tufted puffins
varied by region in the years studied, with very low amounts in the north-central GOA and Kodiak Island
areas, intermediate (5 to 20 percent) amounts in the Semidi and Shumagin islands, and large amounts

(25 to 75 percent) in the Sandman Reefs and eastern Al. The proportion of juvenile pollock in the diet of
tufted puffins at the Semidi Islands varied by year and was related to pollock year-class abundance.

Pollock support the largest fishery in Alaska waters. In the GOA, pollock constitute 25 to 50 percent of
the catch. For 2003, the estimate of GOA pollock exploitable biomass (age 3+) was 699,000 metric tons
(mt) (Figure 3.2-1). The stock is currently at low levels, but is projected to increase with recruitment of a
recent large year-class.

3.2.1.1.2 Pacific Cod

Pacific cod (Gadus macrocephalus), also known as grey cod, are moderately fast-growing and short-lived
fish. Females reach 50 percent of maturity at about 67 cm, corresponding to an age of about 6.7 years,
and are highly fecund. A 67-cm female cod will produce more than 1 million eggs. Annual mortality of
adults is estimated to be about 0.37 percent. Maximum age has been estimated at 18 to 19 years based on
otolith samples. Estimates of natural mortality vary widely, ranging from 0.29 (Thompson and Shimada
1990) to 0.83 to 0.99 (Ketchen 1964).

In the late winter, Pacific cod converge in large spawning masses over relatively small areas. Spawning
takes place in the sublittoral/bathyal zone near the bottom. In the GOA, this habitat occurs along the
continental shelf and slope, between about 40 to 290 m. The eggs sink to the bottom and are somewhat
adhesive (Hirschberger and Smith 1983). Optimal temperature for incubation is 3 to 6° C, optimal
salinity is 13 to 23 ppt, and optimal oxygen concentration is from 2 to 3 ppm saturation. Little is known
about the optimal substrate type for egg incubation.

The larvae are epipelagic, occurring primarily in the upper 45 m of the water column shortly after
hatching, and they move downward in the water column as they grow. Adults occur in depths from the
shoreline to 500 m. Average depth of occurrence tends to vary directly with age for at least the first few
years of life, with mature fish concentrated on the outer continental shelf. Preferred substrate is soft
sediment, from mud to clay sand.
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Pacific cod is a demersal species that occurs on the continental shelf and upper slope from Santa Monica
Bay, California, through the GOA, Al and EBS to Norton Sound (Bakkala 1984). GOA, EBS, and Al
cod stocks are genetically indistinguishable (Grant et al. 1987), and tagging studies show that cod
migrate seasonally over large areas (Shimada and Kimura 1994). The southern limit of the species’
distribution is about latitude 34° N, with a northern limit of about latitude 63° N.

In the GOA, Pacific cod are most abundant in the central area, where large schools are encountered at
varying depths. Cod are concentrated on the shelf edge and the upper slope (100 to 200 m deep) in the
winter and spring. These fish over-winter in this zone and spawn from January to April; then they move
to shallower waters (less than 100 m deep) in the summer.

Pacific cod are omnivorous. In terms of percent occurrence, the most important food items in the GOA
and BSALI are polychaetes, amphipods, and crangonid shrimp. In terms of numbers of individual
organisms consumed, the most important items are euphausiids, miscellaneous fishes, and amphipods. In
terms of weight of organisms consumed, the most important items are pollock, fishery offal, and
yellowfin sole. Small Pacific cod were found to feed mostly on invertebrates, while large Pacific cod are
mainly piscivorous (Livingston 1991b). Predators of Pacific cod include halibut, salmon shark, northern
fur seals, Steller sea lions, harbor porpoises, various whale species, and tufted puffins (Westrheim 1996).

In the GOA, the 2003 exploitable biomass (age 3+) was estimated at 452,000 mt (Figure 3.2-2). Pacific
cod are considered to be at medium relative abundance, but have been declining due to recent poor year
classes.

3.2.1.1.3 Yellowfin Sole

Yellowfin sole (Limanda aspera) are relatively slow-growing and long-lived fish. Females reach

50 percent maturity at 29 cm (about 10.5 years old) and are highly fecund, producing up to 3.5 million
eggs (Nichol and Acuna 2001). Annual natural mortality of adults has been estimated at 0.12. Maximum
age for this species is 31 years.

Adults are benthic and occupy separate winter and spring/summer spawning and feeding grounds. Adults
overwinter near the shelf-slope break at approximately 200 m and move into nearshore spawning areas as
the shelf ice recedes (Nichol 1997). Spawning is protracted and variable, beginning as early as May and
continuing through August, occurring primarily in shallow water at depths less than 30 m (Wilderbuer
and Nichol 2002). After spawning, adults disperse broadly over the continental shelf for feeding. Eggs,
larvae, and juveniles are pelagic and are usually found in shallow areas (Nichol 1994). Larvae are
planktonic for at least 2 to 3 months until metamorphosis occurs, usually inhabiting shallow areas.

Adults feed mainly on bivalves, polychaetes, amphipods, and echiurids. Adults exhibit wintertime
migration to deeper waters of the shelf margin to avoid extreme cold water temperatures, and feeding
diminishes during this time.

Yellowfin sole are distributed from British Columbia to the Chukchi Sea (Hart 1973). The center of their
distribution is on the EBS shelf where they are managed as a single stock. In the GOA, yellowfin sole
are managed with other flatfish species in the shallow water flatfish category.

3.2.1.1.4 Greenland Halibut
Greenland halibut is the name of the flatfish Reinhardtius hippoglossoides, commonly referred to as the
Greenland turbot in North Pacific groundfish fisheries. The name “Greenland halibut” is used throughout

this document. The biology, habitat use, and population information for Greenland halibut are described
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in Section 3.2.1.2.4, as this species is primarily distributed in the EBS and is managed as part of a larger
group, deep water flatfish, in the GOA.

3.2.1.1.5 Arrowtooth Flounder

Arrowtooth flounder (Atheresthes siomas) are common from central California and Oregon through the
EBS (Allen and Smith 1988). Arrowtooth flounder occupy continental shelf waters almost exclusively
until age 4, but occupy both shelf and slope waters at older ages, with concentrations at depths between
100 and 200 m (Martin and Clausen 1995). Spawning is protracted and variable and probably occurs
from September through March (Zimmermann 1997). Larvae are planktonic for at least 2 to 3 months
until metamorphosis occurs, and juveniles usually inhabit shallow areas. For female arrowtooth flounder
collected off the Washington coast, the estimated age at 50 percent maturity is 5 years, with an average
length of 37 cm. Males mature at 4 years and 28 cm (Rickey 1995). The natural mortality rate used in
the stock assessment is 0.2 (Turnock et al. 1997b, Wilderbuer and Sample 1997). Annual natural
mortality of adults has been estimated to be about 15 percent.

The habitat for the arrowtooth flounder is described in Section 3.2.1.2.5 for BSAI stocks, as the majority
of the habitat usage information relates to the EBS.

In the GOA, arrowtooth flounder are the most abundant groundfish species. Exploitable biomass of
arrowtooth flounder was estimated to be 1,302,000 mt in 2003 (Figure 3.2-3). Under current fishing
practices in the GOA, arrowtooth flounder are often discarded when caught, although the number
retained has increased from 2 percent in 1992 to 43 percent in 2000. Higher catches in recent years result
from higher biomass levels, corresponding incidental catch in other target fisheries, and increased
marketing efforts for arrowtooth meal and surimi (DiCosimo and Kimball 2001).

3.2.1.1.6 Rock Sole

Two species of rock sole occur in the North Pacific Ocean, a northern rock sole (Lepidopsetta polyxstra),
and a southern rock sole (L. bilineata). These species have an overlapping distribution in the GOA
(Turnock et al. 2002). Spawning takes place during the late winter/early spring, near the edge of the
continental shelf at depths from 125 to 250 m. Eggs are demersal and adhesive (Forrester 1964). Larvae
are planktonic for at least 2 to 3 months until metamorphosis occurs. Juveniles inhabit shallow waters
until at least age 1. The estimated age at 50 percent maturity for female rock sole is 7 years at a length of
33 cm (Stark and Somerton 2002). The best estimate for natural mortality is 0.20 for the GOA

(Turnock et al. 1997a). The maximum age for rock sole is approximately 20 years.

Rock sole are distributed from southern California waters north into the GOA and the EBS to as far north
as the Gulf of Anadyr. The distribution continues along the Al westward to the Kamchatka Peninsula,
and then southward through the Okhotsk Sea to the Kurile Islands, Sea of Japan, and off Korea. Centers
of abundance occur off the Kamchatka Peninsula (Shubnikov and Lisovenko 1964), British Columbia
(Forrester and Thompson 1969), the central GOA, and in the southeastern BS (Alton and Sample 1976).
Rock sole prey on benthic invertebrates such as bivalves, polychaetes, amphipods, and miscellaneous
crustaceans, and, in turn, are prey for marine mammals. In the GOA, rock sole are managed as a shallow
water flatfish.

3.2.1.1.7 Flathead Sole

Flathead sole (Hippoglossus elassodon) are distributed from northern California northward throughout
Alaska (Wolotira et al. 1993). In the northern part of its range, the species overlaps with the related and
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very similar Bering flounder (Hippoglossoides robustus) (Hart 1973). Because it is difficult to separate
these two species at sea, they are currently managed as a single stock (Walters and Wilderbuer 1997).
Adults are benthic and have separate winter spawning and summer feeding distributions. From
overwintering grounds near the continental shelf margin, adults begin a migration onto the mid- and
outer-continental shelf in April or May. The spawning period occurs in the spring, primarily in deeper
waters near the margins of the continental shelf (Walters and Wilderbuer 1997). Eggs are large and
pelagic. Upon hatching, the larvae are planktonic and usually inhabit shallow areas (Waldron and Vinter
1978). Exact age and size at maturity are unknown, but recruitment to the fishery begins at age 3. The
maximum age for flathead sole is approximately 20 years. An estimated natural mortality rate of 0.20 is
used for stock assessment (Turnock et al. 1997a, Waldron and Vinter 1978).

Flathead sole range from northern California, off Point Reyes, northward along the west coast of North
America and throughout the GOA and the EBS, Kurile Islands, and possibly the Okhotsk Sea (Hart
1973). Flathead sole feed primarily on invertebrates such as amphipods, ophiurids, and decapods.
Adults also feed on Tanner crab, osmerids, bivalves, and polychaetes.

In the GOA, exploitable biomass for 2003 was estimated to be slightly declining (Figure 3.2-4).
3.2.1.1.8  Other Flatfish

With the exception of arrowtooth flounder, rex sole, and flathead sole, GOA flatfish are managed in two
groups as “deep water flatfish” and “shallow water flatfish.” Deep water flatfish include Dover sole,
Greenland halibut, and deepsea sole. Shallow water flatfish include northern and southern rock sole,
yellowfin sole, starry flounder, butter sole, English sole, Alaska plaice, and sand sole. In the GOA, rex
sole and flathead sole are managed separately. The exploitable biomass for rex sole for 2003 was
estimated at 71,330 mt (Figure 3.2-5). Fishing for this species is constrained by halibut bycatch limits.
Dover sole is the primary target species for deep water flatfish, and the estimated current biomass is
68,260 mt (Figure 3.2-6). Biomass estimates for Dover sole have a high degree of uncertainty due to the
lack of deep water sampling in the triennial GOA trawl survey. The GOA 2003 exploitable biomass for
shallow water flatfish was estimated at 349,990 mt (Figure 3.2-7).

3.2.1.1.9 Sablefish

Sablefish (4noploma fimbria) are found in the GOA, westward to the Al, and in gullies and deep fjords
generally at depths greater than 200 m such as Prince William Sound and Southeast Alaska. Sablefish
observed from a manned submersible were found on or within 1 m of the bottom (Krieger 1997). Studies
have shown sablefish to be highly migratory for at least part of their life cycle (Heifetz and Fujioka 1991,
Maloney and Heifetz 1997), and substantial movement has been documented between the BSAI and the
GOA (Heifetz and Fujioka 1991). Thus, sablefish in Alaska waters are assessed as a single stock (Sigler
et al. 1999). Adults reach maturity at 4 to 5 years and a length of 51 to 54 cm (McFarlane and Beamish
1990). Spawning is pelagic at depths of 300 to 500 m near the edges of the continental slope (McFarlane
and Nagata 1988). Larvae are oceanic through the spring; by late summer, small pelagic juveniles (10 to
15 cm) have been observed along the outer coasts of Southeast Alaska, where they predominantly spend
their first winter in shallow waters. While small numbers of sablefish appear on the outer shelf and
upper slope at age 2, juveniles are found primarily during their first to second years in nearshore bays and
during their second and third years on the continental shelf of the GOA and the EBS (Rutecki and Varosi
1997a, Umeda et al. 1983). After that, sablefish are found on the outer continental shelf and are found
mainly on the slope and in deep gullies in their adult distribution. Sablefish are long-lived, with a
maximum recorded age of 62 years in Alaska (Sigler et al. 1997). For stock assessments, a natural
mortality rate of about 0.10 has been estimated (Sigler et al. 1999).
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Sablefish are distributed from Mexico through the GOA to the EBS, along the Asian coast from Sagami
Bay, and along the Pacific sides of Honshu and Hokkaido islands and the Kamchatkan Peninsula. Larval
sablefish feed on a variety of small zooplankton, ranging from copepod nauplii to small amphipods. The
epipelagic juveniles feed primarily on macrozooplankton and micronekton (i.e., euphausiids). The older
demersal juveniles and adults appear to be opportunistic feeders, with food ranging from a variety of
benthic invertebrates, benthic fishes (as well as squid), mesopelagic fishes, jellyfish, and fishery discards.
Feeding studies conducted in Oregon and California found that fish (mainly pollock) made up 76 percent
of the diet (Laidig et al. 1997). Other studies, however, indicate a diet dominated by euphausiids
(Tanasichuk 1997). Nearshore residence during their second year provides the opportunity to feed on
salmon fry and smolts during the summer months. Young-of-the-year sablefish are commonly found in
the stomachs of salmon taken in the Southeast Alaska troll fishery during the late summer. Sablefish are
also prey for halibut, lingcod, seabirds, and marine mammals such as sea lions. Killer whales and sperm
whales in the GOA have been known to take sablefish from longline gear as it is being retrieved. Other
predators include hagfishes, sharks, and Pacific cod (GOA).

Alaska sablefish are considered a single stock and are assessed in a combined area (BSAI and GOA) with
an age-structured model incorporating fishery and survey catch data and age and length compositions.
Survey data come from annual sablefish longline surveys in the GOA and biennial longline surveys in the
BSAIL These surveys indicate that the stock size peaked in the mid-1980s because of a series of strong
years and has declined to lower levels ever since.

Recent important year classes are 1997, 1995, and 1990. Abundance has fallen in recent years because
the high recruitment levels of the late 1970s have not been repeated. The dominating factor determining
the age composition is the magnitude of the recruiting year classes. The selectivity of the fishery has
cumulative impacts on the age composition due to fishing mortality, and the current composition is also
the result of a fished population with a several-decades catch history.

In the GOA, the 2003 exploitable biomass of sablefish was estimated at 182,000 mt (Figure 3.2-8). The
sablefish stock in the GOA appears low and stable, a change from previous assessments where the
abundance appeared low and slowly declining. The stock cycled through two peaks in 1970 and 1985
and has decreased substantially since 1988. Exploitable and spawning biomass is projected to increase
slowly in coming years.

3.2.1.1.10 Rockfish

At least 32 rockfish species of the genera Sebastes and Sebastolobus have been reported to occur in the
GOA and BSAI (Eschmeyer et al. 1984), and several of them are of commercial importance. Pacific
ocean perch (Sebastes alutus) has historically been the most abundant rockfish species in the region and
has contributed most to the commercial rockfish catch. Other species such as northern rockfish

(S. polyspinis), rougheye rockfish (S. aleutianus), shortraker rockfish (S. borealis), shortspine
thornyheads (Sebastolobus alascanus), yelloweye rockfish (Sebastes ruberrimus), and dusky rockfish
(S. ciliatus) are also important to the overall rockfish catches.

Rockfish in the GOA are currently managed as four assemblages: (1) slope rockfish, (2) pelagic shelf
rockfish, (3) demersal shelf rockfish, and (4) thornyheads. Demersal shelf rockfish are a separate
management assemblage found only in the eastern GOA east of longitude 140° W. Slope rockfish are
those species that, as adults, inhabit waters of the outer continental shelf and continental slope generally
in depths greater than 150 to 200 m. Pelagic shelf rockfish are defined as those species that inhabit
waters of the continental shelf of the GOA and that typically exhibit a mid-water schooling behavior,
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although they can sometimes be found associated with the bottom. Demersal shelf rockfish comprises
several species of shallow, nearshore bottom-dwelling rockfish. Separate ABCs, overfishing levels
(OFLs), and total allowable catches (TACs) are set for each assemblage, except for slope rockfish, which
are further subdivided into four subgroups with separate ABCs, OFLs, and TACs: (1) Pacific ocean
perch, (2) shortraker and rougheye rockfish, (3) northern rockfish, and (4) other slope rockfish. These
groups are described below.

3.2.1.1.10.1 Pacific Ocean Perch

Pacific ocean perch is primarily a demersal species that inhabits the outer continental shelf and upper
continental slope regions of the North Pacific Ocean and the EBS from southern California to northern
Honshu Island, Japan (Allen and Smith 1988). The species appears to be most abundant in northern
British Columbia, the GOA, and the Al. As adults, they generally live on or near the seafloor at depths
ranging from about 150 to 420 m.

Though more is known about the life history of Pacific ocean perch than about other rockfish species
(Kendall and Lenarz 1986), much uncertainty still exists. Similar to other rockfish, Pacific ocean perch
have internal fertilization and release live young (Love et al. 2002). Insemination occurs in the fall, and
release of larvae occurs in April or May. Pacific ocean perch larvae are thought to be pelagic and drift
with the current, but larval studies of rockfish have been hindered by difficulties in species identification.
Recently, post-larval and early young-of-the-year Pacific ocean perch have been positively identified in
offshore, surface waters of the GOA (Gharrett et al. 2002), which suggests that this may be the preferred
habitat of this life stage. Later-stage juveniles are believed to migrate to an inshore, demersal habitat,
where they seem to inhabit rockier, higher relief areas than adults (Carlson and Straty 1981; Straty 1987;
Pearcy et al. 1989; Krieger 1993). As they mature, juveniles move to progressively deeper waters of the
continental shelf. Large schools of juvenile Pacific ocean perch have been found on the shelf near
Albatross Bank and Shumagin Bank (Westrheim 1970). Older juveniles are often found together with
adults at shallower locations of the continental slope in the summer months. Krieger (1993) noted that
adult (longer than 25 cm) Pacific ocean perch are associated with pebble substrate on flat or low-relief
bottom, whereas juvenile Pacific ocean perch exhibit a preference for rugged areas containing cobble-
boulder and epifaunal invertebrate cover. Other studies have also shown that adult Pacific ocean perch
may prefer a relatively smooth, trawlable bottom (Westrheim 1970; Matthews et al. 1989). Commercial
fishing data indicate that adult Pacific ocean perch are most prevalent on the shelf break, slope, and
inside major gullies and trenches running perpendicular to the shelf break (Lunsford et al. 2001).

Pacific ocean perch are a slow-growing species that, in the GOA, reach maturity at approximately

10 years, or 36 cm in length (Heifetz et al. 1997). Maximum recorded age is 84 years in the GOA and

98 years in the Al (Heifetz et al. 2002). The natural mortality rate likely is between 0.02 and 0.08
(Archibald et al. 1981, Chilton and Beamish 1982), and the midpoint of these two values (0.05) is used as
the natural mortality rate in the current stock assessments for Pacific ocean perch in Alaska.

Trawl survey and commercial fishery data have consistently indicated that most of the adult population
occurs in patchy, localized aggregations. Pacific ocean perch appear to exhibit an annual bathymetric
migration from deep water in winter (approximately 300 to 420 m) to shallower water (approximately
150 to 300 m) in the summer and fall (Westrheim 1970). In addition, investigators in the 1960s and
1970s speculated that Pacific ocean perch sometimes inhabited the mid-water environment off-bottom.
Evidence to support this conjecture has recently come from commercial fishing data in the GOA since
1995, when catches in pelagic trawls fished off-bottom have accounted for as much as 20 percent of the
annual harvest of Pacific ocean perch (Heifetz et al. 2002). Separate schools of males and females have
been observed on feeding grounds in Unimak Pass at depths of 150 to 185 m. Spawning concentrations
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have been observed at depths of 350 to 400 m off Prince William Sound and Yakutat Bay. Known
spawning areas are southeast of the Pribilof Islands in the EBS and in the GOA near Yakutat. Major
feeding areas are found off Unimak Pass and Kodiak and adjoining islands.

Pacific ocean perch are mostly planktivorous (Yang 1996). Small juveniles feed on calanoid copepods;
large juveniles and adults feed on euphausiids, and to a lesser degree, on pandalid shrimp and squids.
Predators of Pacific ocean perch are sablefish, Pacific halibut, and sperm whales (Major and

Shippen 1970).

In the GOA, a foreign Pacific ocean perch fishery began in the early 1960s. This fishery developed
rapidly, with massive efforts by the Soviet and Japanese fleets. Catches peaked in 1965 with landings of
350,000 mt. This apparent overfishing resulted in a precipitous decline in catches in the late 1960s.
Catches continued to decline in the 1970s and early 1980s and were only 1,100 mt by 1985. Landings
rose as the fishery became increasingly domestic after 1985, declined again in the early 1990s, and then
increased to nearly 12,000 mt in 2002. Due to concern that the stocks of Pacific ocean perch were not
recovering sufficiently from their relatively low condition, a rebuilding plan was implemented in 1995.
Soon thereafter, strong year-classes contributed to increased abundance, and the stock was considered
rebuilt in 1997. Pacific ocean perch is now believed to be relatively abundant, compared to its low level
in the 1980s and early 1990s, and abundance appears to be increasing. The 2003 estimated biomass in
the GOA is 298,820 mt (Figure 3.2-9).

3.2.1.1.10.2 Shortraker and Rougheye Rockfish

Shortraker (Sebastes borealis) and rougheye rockfish (S. aleutianus) inhabit the outer continental shelf
and upper continental slope of the northeastern Pacific from the EBS as far south as Point Conception,
California (Kramer and O’Connell 1988). Total exploitable biomass for this management group in the
GOA in 2003 was estimated to be 66,830 mt (Figure 3.2-10). Trawl surveys have found juvenile
rougheye rockfish at many inshore locations and also offshore on the continental shelf. In contrast, very
few juvenile shortraker rockfish have ever been caught, and their preferred habitat is unknown. Adults of
both species are semidemersal and are usually found on the continental slope in deeper waters and over
rougher bottoms than Pacific ocean perch. Shortraker and rougheye adults appear together often in trawl
hauls and are concentrated in a narrow band along the slope at depths of 300 to 500 m. Habitats with
steep slopes and frequent boulders were used at a higher rate than those with gradual slopes and few
boulders (Krieger and Ito 1999). Little is known about the biology and life history of these species, but
they appear to be long-lived, with late maturation and slow growth. Shortraker rockfish have been
estimated to reach ages in excess of 120 years and rougheye rockfish in excess of 140 years. Natural
mortality rates have been estimated in Heifetz and Clausen (1991) at 0.025 for rougheye rockfish and
0.030 for shortraker rockfish. Like other members of the genus Sebastes, they are ovoviviparous (bear
live young), and birth occurs in the early spring through summer (McDermott 1994).

Food habit studies conducted by Yang and Nelson (2000) indicate that the diet of rougheye rockfish is
primarily shrimp and that various fish species are also consumed. The diet of shortraker rockfish is not
well known; however, based on a small number of samples, the diet appears to be mostly squid, shrimp,
and deepwater fish such as myctophids. Because shortraker rockfish have large mouths and short gill
rakers, it is possible that they are potential predators of other fish species (Yang 1993). The main
predators of both species are not known.
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3.2.1.1.10.3 Northern Rockfish

Northern rockfish (Sebastes polyspinis) in the northeast Pacific range from the EBS, throughout the Al
and the GOA, to northernmost British Columbia (Allen and Smith 1988). Little is known about the
biology and life history of northern rockfish. Like other members of the genus Sebastes, they bear live
young, and birth is believed to occur in the early spring. There is no information on larval and early
juvenile biology or habitat. Older juveniles are found on the continental shelf, generally at locations
inshore of the adult habitat. Trawl surveys and commercial fishing data indicate that the preferred
habitat of adults is on relatively shallow rises or banks on the outer continental shelf at depths of
approximately 75 to 150 m (Clausen and Heifetz 2003). The fish appear to be associated with relatively
rough bottoms on these banks, and they are mostly demersal in their distribution. Northern rockfish,
similar to other rockfish, are long-lived and slow-growing. Maximum age determined is 44 years for the
GOA and 72 years for the Al; natural mortality rate for the GOA is estimated to be 0.06.

Northern rockfish are generally planktivorous (feed on plankton) with euphausiids being the predominant
prey item in both the GOA and the Al (Yang 1993, 1996). Copepods, hermit crabs, and shrimp have also
been noted as prey items in much smaller quantities. Predators of northern rockfish are not well
documented, but likely include larger fish such as Pacific halibut that are known to prey on other rockfish
species.

Although northern rockfish are lower in value than Pacific ocean perch, they have supported a valuable
directed trawl fishery in the GOA since at least 1990. In this region, the northern rockfish fishery was
separated from the slope rockfish fishery in 1993 to prevent overfishing. Biomass for northern rockfish
in the GOA is estimated to be 108,830 mt for 2003 (Figure 3.2-11). Due to poor recruitment in recent
years, population modeling suggests that abundance may decline in future years, but there is relative
uncertainty in the biomass estimates, catch history, and life history parameters for this species.

3.2.1.1.10.4 Other Slope Rockfish Species

Numerous other rockfish species of the genus Sebastes have been reported in the GOA and BSAI
(Eschmeyer et al. 1984), and several are of commercial and ecological importance. Most are demersal or
semidemersal, with different species occupying different depth strata (Kramer and O’Connell 1988). In
common with all rockfish, they have internal fertilization and release live young (Love et al. 2002).
Little or nothing is known concerning life history attributes of most of these rockfish in Alaska waters.
Because they are long-lived and slow growing, natural mortality rates are probably low (less than 0.10).
There is no information on food habits for any of the other slope rockfish species in Alaska, although
some of the more common, smaller species such as sharpchin, harlequin, and redstripe rockfish appear to
be planktivores. Other slope rockfish species are taken primarily as bycatch in trawl and longline
fisheries.

In the GOA, although the other slope rockfish management group comprises 17 species, 6 species alone
make up 95 percent of the catch and estimated abundance: sharpchin (Sebastes zacentrus), redstripe

(S. proriger), harlequin (S. variegatus), yellowmouth (S. reedi), silvergrey (S. brevispinis), and
redbanded rockfish (S. babcocki).

3.2.1.1.10.5  Pelagic Shelf Rockfish
In the GOA, pelagic shelf rockfish consist of dusky rockfish (Sebastes ciliatus), yellowtail rockfish
(S. flavidus), and widow rockfish (S. entomelas). Genetic and morphometric studies indicate that two

distinct species of dusky rockfish occur in the North Pacific Ocean: an inshore, shallow water, dark-
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colored variety and a lighter-colored variety found offshore (Clausen et al. 2002). These two species are
presently being described in a formal taxonomic paper. Black rockfish were formerly in the pelagic shelf
group, but they were removed from both the group and the GOA groundfish Fishery Management Plan
(FMP) in April 1998. Light dusky rockfish is by far the most important species in the group, both in
terms of abundance and commercial value. Life history information on light dusky rockfish is extremely
sparse. Females give birth to live young apparently in the spring, but there is no information on the
larval or early juvenile stages. Older juveniles have not been sampled in large numbers, but appear to
live on the continental shelf, generally at locations inshore of adults. Catches of adults are concentrated
at a number of relatively shallow, offshore banks of the outer continental shelf at depths of 100 to 149 m
(Reuter 1999), indicating that this is their preferred habitat. Although light dusky rockfish are classified
into the pelagic shelf group, this may be inappropriate, as the fish are commonly taken by bottom trawl.
The other three species in the group appear to be more pelagic in their distribution. Light dusky rockfish
have an estimated natural mortality rate of 0.09, an indication that this species is faster-growing and
shorter-lived than most other rockfish. The maximum age for dusky rockfish is 59 years.

Trophic interactions of dusky rockfish are not well known. Food habit information is available from just
one study, with a relatively small sample size for dusky rockfish (Yang 1993). This study indicated that
adult dusky rockfish consume primarily euphausiids, followed by larvaceans, cephalopods, and pandalid
shrimp. Predators of dusky rockfish have not been documented, but likely include species that are known
to consume rockfish in Alaska, such as Pacific halibut, sablefish, Pacific cod, and arrowtooth flounder.

The estimated exploitable biomass for pelagic shelf rockfish in the GOA for 2003 is 62,500 mt

(Figure 3.2-12). Based on trawl surveys, light dusky rockfish recruitment is a relatively infrequent event.
Biomass estimates since 1988 show a population peak of 83,000 mt in the late 1980s, followed by low
population levels of 30,000 mt from 1990 to 1992, and then an increase in population between 1993 and
1998. However, none of these changes appears to be statistically significant, and the actual trend in
abundance for this complex is unknown.

3.2.1.1.10.6 Demersal Shelf Rockfish

Demersal shelf rockfish include seven species of nearshore, bottom-dwelling rockfish: canary rockfish
(Sebastes pinniger), China rockfish (S. nebulosus), copper rockfish (S. caurinus), quillback rockfish

(S. maliger), rosethorn rockfish (S. helvomaculatus), tiger rockfish (S. nigrocinctus), and yelloweye
rockfish (S. ruberrimus). The Council manages demersal shelf rockfish as a distinct assemblage only off
the Southeast Outside District (SEO), an area that is further divided into four management units along the
outer coast: the south SEO (SSEO), central SEO (CSEO), north SEO (NSEO), and East Yakutat
(EYKT). Yelloweye rockfish comprise 90 percent of the catch and are the focus of this section.

Yelloweye rockfish occur on the continental shelf from northern Baja California to the EBS, commonly
in depths less than 200 m (Kramer and O’Connell 1988). They are long-lived, slow-growing, and late-
maturing. Yelloweye have been estimated to reach an age of 118 years, and their natural mortality rate is
estimated at 0.02 (O’Connell and Funk 1987). They are ovoviviparous (live bearing) with parturition
(birth) occurring primarily in late spring through midsummer (O’Connell 1987). Yelloweye inhabit areas
of rugged, rocky relief, and adults appear to prefer complex bottoms with “refuge spaces” (O’Connell
and Carlile 1993). Demersal shelf rockfish are highly valued, and a directed longline fishery is held for
these species. However, yelloweye are also taken as bycatch in the halibut fishery; therefore, a large
portion of the TAC and ABC are set aside for bycatch. In 1998, 31 percent of the total demersal shelf
rockfish landings occurred as bycatch in the halibut fishery (O’Connell et al. 1999).
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Yelloweye are large, predatory fishes that usually feed close to the bottom. Food habit studies indicate
that the diet of yelloweye rockfish is dominated by fish remains, which comprised 95 percent, by volume,
of the stomach contents analyzed. Herring, sand lance, and Puget Sound rockfish (S. emphaeus) were
particularly dominant. Shrimp are also an important prey item (Rosenthal et al. 1988).

Demersal shelf rockfish have been landed incidental to other groundfish and halibut fisheries since the
early 1900s. Some bycatch was also landed by foreign longline and trawl vessels targeting slope rockfish
in the eastern GOA from the 1960s through the mid-1970s. Beginning in 1979, a small, primarily
nearshore-based, rockfish fishery began in Southeast Alaska, targeting the nearshore, bottom-dwelling
component of the rockfish complex. The demersal shelf rockfish catch increased from 106 mt in 1982 to
a peak of 901 mt in 1993 and decreased back down to 282 mt in 2000. Directed fishery landings have
been constrained by other fishery management actions (DiCosimo and Kimball 2001). In the GOA, the
2003 estimated biomass for demersal shelf rockfish is 17,510 mt (Figure 3.2-13).

3.2.1.1.10.7 Thornyheads

Thornyheads in Alaska waters comprise two species: the shortspine thornyhead (Sebastolobus
alascanus) and the longspine thornyhead (S. altivelis). Only the shortspine thornyhead is of commercial
importance. It is a demersal species found in deep water, from 93 m to 1,460 m, from the EBS to Baja
California (Ianelli and Gaichas 1999). The longspine thornyhead inhabit depths from 370 to 1,600 m.
Little is known about thornyhead life history. Like other rockfish, they are long-lived and slow growing.
The maximum recorded age is probably in excess of 50 years, and females do not become sexually
mature until an average age of 12 to 13 and a length of about 21 cm. Thornyheads spawn large masses of
buoyant eggs during the late winter and early spring (Pearcy 1962). Juveniles are pelagic for the first
year.

Thornyhead rockfish inhabit the outer shelf and slope region throughout the northeastern Pacific and
EBS. Yang (1993, 1996) showed that shrimp were the top prey item for shortspine thornyheads in the
GOA, while cottids were the most important prey item in the Al.

The 2003 estimated exploitable biomass for thornyheads was 85,760 mt (Figure 3.2-14). Assuming
average recruitment when fished, thornyheads are expected to decline. The abundance of this complex is
relatively high. Due to the long-lived nature of this species, the overall harvest rate recommendations
have been about 4 percent of the total age 5+ (exploitable) biomass.

3.2.1.1.11 Atka Mackerel

The biology and general habitat use for Atka mackerel are discussed in Section 3.2.1.2.11, BSAI
Groundfish. In the GOA, an estimate of exploitable biomass has not been available since 1996 due to
extreme survey-catch variances. Atka mackerel are considered to be at a low level of relative abundance.
The Atka mackerel fishery has been managed as a bycatch-only fishery since 1997, with very low TACs
intended to provide bycatch for other directed fisheries. There may be some evidence of localized
depletion; this species has exhibited vulnerability to fishing pressure in the past. The dramatic decline of
the Atka mackerel fishery in the GOA suggests that the area may be the edge of the species’ range and
may be populated only when recruitment, possibly as juveniles, from the Al portion of the range is
strong.

In the GOA, the Atka mackerel population existed primarily in the Kodiak, Chirikof, and Shumagin areas
and supported a targeted foreign fishery in the 1970s through the early 1980s. Catches peaked in 1975 at
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about 27,000 mt and dropped to almost nothing in 1986. All landings since then have been taken by the
domestic fishery.

3.2.1.2 BSAI Groundfish
3.2.1.2.1 Walleye Pollock

Walleye pollock (Theragra chalcogramma) are the most abundant fish species within the EBS. The
biology of walleye pollock is described in Section 3.2.1.1.1. Although the stock structure of EBS pollock
is not well defined (Wespestad 1993), three pollock stocks are recognized in the BSAI for management
purposes: EBS, Al, and Aleutian Basin stocks. The general habitat use of walleye pollock is described
in the GOA groundfish section. In the EBS, the largest concentrations occur in the southeast, north of
Unimak Pass.

Various studies have modeled pollock cannibalism and other sources of predation, particularly in the
EBS (Dwyer 1984; Honkalehto 1989; Knechtel and Bledsoe 1981, 1983; Laevastu and Larkins 1981;
Livingston 1991b, 1993, 1994; Livingston et al. 1993; Livingston and DeRenyier 1996; Wespestad and
Dawson 1992). Early efforts treated cannibalism in either a static or a dynamic fashion. Trends in recent
efforts have used more standard stock assessment procedures such as virtual population analysis or
integrated statistical catch-at-age models (Methot 1990). The following features summarize the effects
of cannibalism and other factors affecting pollock recruitment and population dynamics:

* Cannibalism is the largest source of juvenile predation and is apparently responsible for observed
declines in recruitment at high levels of pollock spawning biomass.

* In the current state of the EBS, cannibalism appears to be the most important source of predation
mortality for age-0 and age-1 pollock.

» Predation mortality rates are not constant, varying over time with changes in predator abundance.

» Surface currents during pollock’s early life stages may be an important factor in juvenile pollock
survival due to differential food availability and predation levels.

*  The pollock population trend experiences a high degree of year-class variability. However, the level
of catches appears to result in relatively conservative harvest rates (approximately 15 percent per
year) that are reasonably sustainable.

While cannibalism is the significant source of juvenile mortality in the EBS, several other groundfish
predators are also important consumers. Other predators of juvenile pollock include arrowtooth flounder,
Pacific cod, halibut, and flathead sole (Livingston 1991b, Livingston and DeReynier 1996, Livingston et
al. 1993). These species are some of the more abundant groundfish in the EBS, and pollock constitute a
large proportion of their diets. Other less abundant species that consume pollock include Greenland
halibut, Alaska skate, sablefish, Pacific sandfish, various sculpins, and small-mouthed flounders such as
yellowfin sole and rock sole (Livingston 1989, Livingston et al. 1993, Livingston and DeReynier 1996).
Age-0 and age-1 pollock are the targets of most of these predators, but Pacific cod, halibut, and Alaska
skate may consume pollock ranging from age 0 to greater than age 6.

Pollock is a significant prey item for Steller sea lions and for other species of marine mammals in the
EBS. Studies suggest that pollock is a primary prey item of northern fur seals when feeding on the shelf
during summer (Sinclair et al. 1997, 1994). The pollock consumed by fur seals are primarily age-0 and
age-1 fish. Older age groups of pollock may appear in the diet when young pollock are less abundant
(Sinclair et al. 1997). Pollock have been noted as a prey item for other pinnipeds, including harbor seals,
spotted seals, and ribbon seals. Harbor seals tend to have a variable diet, and the pollock component
varies with abundance. Spotted and ribbon seals feed on pollock in the winter and spring in the areas of
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drifting ice, and pollock are their most common prey during these seasons (Lowry et al. 1997). Fin,
minke, and humpback whales in the EBS are also known to be pollock predators. Stomach samples from
the whale species have been very limited, so the importance of pollock in their diets has not been well-
defined (Kajimura and Fowler 1984).

In the EBS, age-0 and age-1 pollock are variably the dominant component in the diets of northern
fulmars, black-legged kittiwakes, common murres, and thick-billed murres. Red-legged kittiwakes also
consume pollock, but tend to rely more heavily on myctophids (Hunt et al. 1981, Kajimura and Fowler
1984, Springer et al. 1986). These species are the dominant avifauna of the EBS (Kajimura and Fowler
1984, Shuntov 1993). Fluctuations in kittiwakes’ chick production have been linked to the availability of
fatty fishes, such as myctophids, capelin, and Pacific sand lance (Hunt et al. 1995). Changes in the
availability of prey, including pollock, for surface-feeding seabirds may be due to changes in sea surface
temperatures and the locations of oceanographic features such as fronts, which could influence the
horizontal or vertical distribution of prey (Decker et al. 1995, Springer 1992).

Pollock support the largest fishery in Alaska waters. In the BSAI pollock comprise 75 to 80 percent of
the total annual catch. In the BSAI for 2003, the exploitable biomass in the EBS was projected at

11.1 million mt (Figure 3.2-15). The stock has increased and stabilized due to recruitment of a strong
1996 year-class and a series of average ones thereafter.

3.2.1.2.2 Pacific Cod

Pacific cod is a demersal species that occurs on the continental shelf and upper slope from Santa Monica
Bay, California, through the GOA, Al, and EBS to Norton Sound (Bakkala 1984). The EBS represents
the center of greatest abundance, although Pacific cod are also abundant in the GOA and Al. Major
spawning aggregations occur between Unalaska and Unimak islands, southwest of the Pribilof Islands,
and near the Shumagin group in the western GOA (Shimada and Kimura 1994). The general habitat use
of Pacific cod is described in the GOA groundfish section.

In the BSAI, the exploitable biomass was estimated at 1,680,000 mt for 2003 (Figure 3.2-16). The stock
has declined for several years due to poor year class production, but it appears to have stablized.

3.2.1.2.3 Yellowfin Sole

In the EBS, yellowfin sole is the most abundant flatfish species and is the target of the largest flatfish
fishery in the United States. The biology of the yellowfin sole is described in the section on GOA
groundfish. Information specific to the EBS is presented in this section. Spawning occurs in June and
July in the shallow waters of Bristol Bay to Nunivak Island. Adults exhibit summertime spawning and
feeding on sandy substrates of the EBS shelf. Widespread distribution occurs mainly on the middle and
inner portion of the shelf. Yellowfin sole feed primarily on benthic invertebrates, with polychaetes,
amphipods, decapods, and clams dominating the diet in the EBS (Livingston 1993).

For 2003, in the BSAI, exploitable biomass is projected to be 1.55 million mt (Figure 3.2-17). The stock
has recently been at high levels, and abundance peaked in 1985 due to good recruitment in the early
1970s and low exploitation. Biomass has declined 1 mt since the peak in 1985 and is projected to remain
stable or continue a slow decline in the near future.

Yellowfin sole stocks were overexploited by foreign fisheries from 1959 to 1962. Since that time,
indices of relative abundance showed major increases during the late 1970s. Since 1981, while
abundance has fluctuated widely, biomass estimates indicate that the population remains high and stable.
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Information on yellowfin sole stock conditions in the BSAI comes primarily from the annual EBS trawl
survey. Estimates of yellowfin sole biomass derived from these surveys have been more variable than
would be expected for a comparatively long-lived and lightly exploited species (Wilderbuer 1997).
Nichol (1997) hypothesized that much of the yellowfin sole resource is found at depths less than 30 m
during the summer when bottom trawl surveys are conducted. In a recent assessment, Wilderbuer and
Nichol (2002) modeled a linear relationship between annual survey abundance estimates and bottom
water temperature. Results suggested that the timing of the spawning migration may be temperature
related, which could cause the survey to underestimate the abundance of yellowfin sole in cold years
when a larger portion of the stock is inshore.

3.2.1.2.4 Greenland Halibut

Greenland halibut (Rienhardtius hippoglossoides) are a relatively fast growing species. Females reach
50 percent maturity at approximately 60 cm (approximately 9 years old) and produce 60,000 to

80,000 eggs. Spawning occurs in winter, may be protracted (starting as early as September and
continuing until March) (Bulatov 1983), and is located in the eastern Bering Sea slope. The eggs are
benthypelagic (suspended in the water column near the bottom) (D’yakov 1982). The larvae are
planktonic for up to 9 months until metamorphosis occurs, usually with a widespread distribution through
shallow waters. Juveniles are believed to spend the first 3 or 4 years of life on the continental shelf, then
move to the continental slope as adults (Alton et al. 1988, Templeman 1973). Greenland halibut are
demersal to semipelagic. Adults inhabit continental slope waters with annual spring/fall migrations from
deeper to shallower waters. Greenland halibut are a moderately long-lived species, with a maximum
recorded age of 21 years (lanelli and Wilderbuer 1995) and an estimated natural mortality rate of 0.18
(Ianelli et al. 1997).

Greenland halibut (Reinhardtius hippoglossoides) are distributed from Baja California northward
throughout Alaska, although they are rare south of Alaska and are primarily distributed in the eastern
BSAI (Hubbs and Wilimovsky 1964). Greenland halibut have an amphiboreal distribution, occurring in
the North Atlantic and North Pacific, but not in the intervening Arctic Ocean. In the North Pacific,
species abundance is centered primarily in the EBS and, secondarily, in the Aleutians. On the Asian side,
they occur in the Gulf of Anadyr along the EBS coast of Russia, in the Okhotsk Sea, around the Kurile
Islands, and south to the east coast of Japan to northern Honshu Island (Hubbs and Wilimovsky 1964,
Mikawa 1963, Shvetsov 1978). Juveniles are absent in the Al, suggesting that populations in that area
originate elsewhere, and have been found on the northern part of the EBS shelf in summer trawl surveys
(Alton et al. 1988).

Juveniles feed primarily on euphausiids, polychaetes, and small walleye pollock. Pelagic fish are the
main prey of adult Greenland halibut, with pollock often a major species in the diet (Livingston 1991b).
Greenland halibut also feed on squid, euphausiids, and shrimp. Predators include Pacific cod, pollock,
and yellowfin sole.

Exploitable biomass of Greenland halibut in the BSAI was projected at 112,000 mt for 2003

(Figure 3.2-18). The stock biomass peaked in the early 1970s, followed by a persistent decline in current
population levels due to poor recruitment. Biomass is projected to remain low in the foreseeable future
due to small year-classes produced in the 1980s and 1990s.
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3.2.1.2.5 Arrowtooth Flounder

The biology of the arrowtooth flounder is discussed in GOA Section 3.2.1.1.5. The very similar
Kamchatka flounder (Atheresthes evermanni) also occurs in the EBS. Because it is not usually
distinguished from arrowtooth flounder in commercial catches, both species are managed as a group.
Values of 50 percent maturity for the EBS stock are 42.2 cm and 46.9 cm for males and females,
respectively (Zimmerman 1997). The maximum reported ages are 16 years in the EBS and 18 years in
the AL. Arrowtooth flounder are very important as a large, aggressive, and abundant predator of other
groundfish species. Predators include Pacific cod and pollock, mostly preying on small fish.

Arrowtooth flounder occupy separate winter and summer distributions on the EBS shelf. From over-
wintering grounds near the shelf margins and upper slope areas, adults begin a migration onto the middle
and outer shelf in April or May each year with the onset of warmer water temperatures. Larvae have
been found over a widespread area of the EBS shelf in April and May, and also on the continental shelf
east of Kodiak Island during winter and spring (Waldron and Vinter 1978, Kendall and Dunn 1985).
Juveniles remain in shallow areas until they reach the 10 to 15 cm range.

Exploitable biomass of BSAI arrowtooth flounder was projected to be 597,000 mt for 2003

(Figure 3.2-19). The huge increases in biomass seen in the 1990s resulted from strong year-classes
produced from 1980 to 1989. The stock is expected to decline slightly in the future, as recent year
classes have been average or below average.

3.2.1.2.6 Rock Sole

Two species of rock sole occur in the North Pacific, a northern rock sole (Lepidopsetta polyxstra), and a
southern rock sole (L. bilineata). The northern species primarily comprise the BSAI populations, where
they are managed as a single stock (Wilderbuer and Walters 1997). General biology of rock sole is
described in Section 3.2.1.1.6. Information specific to the EBS is presented in this section. Adults are
benthic and, in the EBS, occupy separate winter (spawning) and summertime feeding distributions on the
continental shelf. Adults spend the summertime on the sandy substrates of the EBS shelf. Distribution is
widespread on the middle and inner portion of the shelf. In winter, adults migrate to deeper waters of the
shelf margin for spawning and to avoid extremely cold temperatures. Feeding diminishes during this
time. The best estimate for natural mortality is 0.18 for the BSAI (Wilderbuer and Walters 1992).

General habitat requirements for rock sole are discussed in the GOA groundfish section; information
specific to the EBS is presented in this section. Rock sole spawning in the eastern and western BS was
found to occur at depths from 125 to 250 m, close to the shelf/slope break. Rock sole are abundant on
the EBS shelf and, to a lesser extent, in the Al. Rock sole occur throughout the continental shelf (less
than 250 m deep) and are particularly abundant in the Bristol Bay area during the summer. Spawning
concentrations occur north of Unimak Island at the mouth of Bristol Bay and east of the Pribilof Islands
(Shubnikov and Lisovenko 1964).

Exploitable biomass for rock sole was projected to be 887,000 mt for 2003 (Figure 3.2-20). Biomass in
the 1990s increased due to strong year-classes produced from 1980 to 1987 and in 1990. The stock is
expected to decline in the future, as recent year-classes have been below average. Recent catches have
remained stable at approximately 30,000 to 60,000 mt per year.
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3.2.1.2.7 Flathead Sole

The general biology and habitat use of flathead sole is described in Section 3.2.1.1.7. Information
specific to the EBS is included in this section. In the northern part of its range, the species overlaps with
the related and very similar Bering flounder (Hippoglossoides robustus) (Hart 1973). Because it is
difficult to separate these two species at sea, they are currently managed as a single stock (Walters and
Wilderbuer 1997). In the EBS, fish species represented 5 to 25 percent of the diet (Livingston et al.
1993). Predators include Pacific cod, Pacific halibut, arrowtooth flounder, and also cannibalism by large
flathead sole, mostly on fish less than 20 cm standard length.

Exploitable biomass in the BSAI for flathead sole was projected at 550,000 mt for 2003 (Figure 3.2-21).
The increase in biomass in the 1980s and 1990s resulted from strong year-classes produced from 1977 to
1987. The stock is expected to decline in the future as recent year-classes have been average to below
average. Recent catch levels are indicative of increased bycatch rates in other fisheries (corresponding to
higher biomass) and developing markets (Witherell 2000).

3.2.1.2.8 Other Flatfish

In the EBS, eight other flatfish species are managed under the FMPs: Alaska plaice (Pleuronectes
quadriterculatus), rex sole (Glyptocephalus zachirus), Dover sole (Microstomus pacificus), starry
flounder (Platichthys stellatus), English sole (Parophrys vetulus), butter sole (Isopsetta isolepis), sand
sole (Psettichthys melanostictus), and deepsea sole (Embassichthys bathybius). Although less is known
regarding these species, adults of all species are benthic and are believed to occupy separate winter
spawning and summer feeding grounds. Adults overwinter in deeper water and move into nearshore
spawning areas in the late winter and spring. Spawning takes place as early as November for Dover sole
(Hagerman 1952) but occurs from February through April for most species (Hart 1973). Most flatfish
eggs are pelagic and sink to the bottom shortly before hatching (Alderdice and Forrester 1968, Hagerman
1952, Orcutt 1950, Zhang 1987), except for butter sole, which has demersal eggs (Levings 1968).

In the EBS, Alaska plaice is the most abundant and commercially important of the other flatfish species.
In 2002, it was removed from the “Other Flatfish” management group and is managed as a separate stock.
It is a comparatively long-lived species and has frequently had an assessed age as high as 25 years. For
stock assessment purposes, a natural mortality rate of 0.25 is used (Wilderbuer and Walters 1997).
Spawning takes place on hard sandy ground, usually in March or April (Zhang 1987), in deeper waters of
the shelf margin. The eggs and larvae are pelagic and transparent and have been found in icthyoplankton
sampling in late spring and early summer over a widespread area of the continental shelf. Larvae are
planktonic for at least 2 to 3 months until metamorphosis occurs, usually inhabiting shallow waters.
Little is known of the feeding habits, spawning, growth characteristics, seasonal movements, population
age, or size structure for the other seven species in the BSAI other flatfish management category.

Alaska plaice inhabit continental shelf waters in the North Pacific, ranging from the GOA to the Bering
and Chukchi seas and in Asian waters as far south as Peter the Great Bay (Pertseva-Ostroumova 1961,
Quast and Hall 1972). From overwintering grounds near the shelf margins, adults begin a migration,
primarily less than 100 m, onto the central and northern shelf of the EBS. Alaska plaice appear to feed
primarily on polychaetes, marine worms, amphipods, and echiurids (Livingston and DeReynier 1996,
Livingston et al. 1993). Predators include Pacific halibut (Novikov 1964), yellowfin sole, beluga whales,
and fur seals (Salveson 1976).

Exploitable biomass (age 4+) of Alaska plaice in the BSAI was projected to be 107,000 mt for 2003. It is
expected that the stock will remain stable in the near future. Aging data have indicated a series of strong
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year classes increased biomass to a peak in the mid-1980s, and the biomass has been at average levels
since.

3.2.1.2.9 Sablefish

The general biology and the habitat use of sablefish are discussed in GOA Groundfish, Section 3.2.1.1.9.
Exploitable biomass was projected to be 31,000 mt in the EBS and 39,000 in the AI for 2003

(Figure 3.2-22). The stock had declined due to low recruitment from 1982 through the mid-1990s, but
appears to have stabilized at a low biomass level.

3.2.1.2.10 Rockfish

General information on rockfish is discussed in Section 3.2.1.1.10. Information specific to the BSAI is
included in this section. BSAI Pacific ocean perch and northern rockfish are each managed as a single
species in the BSAI area, whereas shortraker rockfish and rougheye rockfish are managed in a species
complex with a combined OFL level. Other rockfish includes all Sebastes and Sebastolobus species in
the BSAI other than Pacific ocean perch, northern rockfish, shortraker rockfish, and rougheye rockfish.
Shortspine thornyheads account for more than 90 percent of the estimated biomass of the other rockfish
assemblage in the BSAL

3.2.1.2.10.1 Pacific Ocean Perch

The general biology and habitat use of Pacific ocean perch is described in the GOA groundfish section.
In the BSAI, 2003 exploitable biomass of Pacific ocean perch was projected to be 374,000 mt

(Figure 3.2-23). Several above average year-classes were produced during the 1980s in the Al area,
which increased the stock somewhat in this area. In the EBS, catches peaked in 1961 (47,000 mt); in the
Al, catches peaked in 1965 (109,000 mt). Stocks and catches declined, reaching their lowest levels in the
mid-1980s. Joint-venture fisheries of the 1980s were replaced by the domestic fleet by 1990. Since then,
catches have been 8,000 to 20,000 mt per year.

3.2.1.2.10.2 Shortraker and Rougheye Rockfish

Information on the general biology, population status, and habitat use of shortraker and rougheye
rockfish is discussed in the GOA groundfish section. In the Al, combined catches of shortraker and
rougheye rockfish have ranged from 441 to 1,130 mt from 1993 to 2002. In the EBS, the catch of
shortraker and rougheye rockfish was 42 mt and 104 mt during 2001 and 2002, respectively; prior to
2001, the catches of EBS shortraker and rougheye rockfish were combined with northern and sharpchin
rockfish. Harvest limits for shortraker and rougheye rockfish are determined by multiplying an
exploitation rate by a recent estimate of stock size, which is obtained from bottom trawl surveys in the
BSAIl region. Average shortraker and rougheye estimates from the Al trawl surveys from 1991, 1994,
1997, 2000, and 2002 were 11,480 mt for shortraker rockfish and 27,317 mt for rougheye rockfish. An
EBS slope survey was recently initiated, and it produced 2002 biomass estimates of 565 mt and 1,463 mt
for rougheye and shortraker rockfish, respectively.

3.2.1.2.10.3 Northern Rockfish

Information on the general biology and habitat use of northern rockfish is discussed in the GOA
groundfish section. The catch of northern rockfish from the EBS and Al regions in 2002 was 112 mt and
3,601 mt, respectively. Much of the catch of northern rockfish in the Al region occurs as bycatch in the
Atka mackerel fishery, leading to high discard rates. Harvest limits for northern rockfish are determined
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by multiplying an exploitation rate by a recent estimate of stock size, which is obtained from bottom
trawl surveys in the BSAI region. An average of northern rockfish biomass estimates from the 1991,
1994, 1997, 2000, and 2002 Al trawl surveys is 155,000 mt. An EBS slope survey was recently initiated
and produced a 2002 biomass estimate of 33 mt for northern rockfish.

3.2.1.2.10.4 Other Rockfish Species

Numerous other rockfish species of the genus Sebastes have been reported in the GOA and BSAI
(Eschmeyer et al. 1984), and several are of commercial importance. Most are demersal or semidemersal,
with different species occupying different depth strata (Kramer and O’Connell 1988). All are viviparous
(Hart 1973). Little or nothing is known concerning life history attributes of most of these rockfish.
Because they are long-lived and slow-growing, natural mortality rates are probably low (less than 0.10).
The diet of species for which such information exists seems to consist primarily of planktonic
invertebrates (Yang 1993 and 1996). Other rockfish species are taken both in directed fisheries and as
bycatch in trawl and longline fisheries.

In the BSAI, the 2001 estimated exploitable biomass of other rockfish for 2003 was 18,000 mt in the EBS
and 15,000 mt in the Al. Historically, the peak catch for other rockfish in the EBS occurred in 1978 with
the removal of 2,600 mt. In the Al region, peak catch occurred in 1979 with the harvest of 4,500 mt.
Catches in more recent years have been lower and mainly incidental to other deepwater fisheries
(Witherell 2000).

3.2.1.2.11 Atka Mackerel

Atka mackerel (Pleuogrammus monopterygius) are one of the most abundant groundfish species in the
Al, where they are the target of a directed trawl fishery (Lowe and Fritz 1999). Adults are semipelagic
and spend most of the year over the continental shelf in depths generally less than 200 m. Adults migrate
annually to shallow coastal waters during spawning, forming dense aggregations near the bottom
(Morris 1981, Musienko 1970). In Russian waters, spawning peaks in mid-June (Zolotov 1993) and from
July through October in Alaska waters (McDermott and Lowe 1997). Females deposit adhesive eggs in
nests or rocky crevices. The nests are guarded by males until hatching occurs (Zolotov 1993). The first
in situ observations of spawning habitat in Seguam Pass were documented in August 1999 (Lauth, R.,
personal communication, NMFS Alaska Fisheries Science Center). Atka mackerel nests, nest-guarding
males, and spawning females were observed and verified with underwater video and self-contained
underwater breathing apparatus (SCUBA) diving operations. Planktonic larvae are found up to 800 km
from shore, usually in the upper water column, but little is known of the distribution of Atka mackerel
until they are about 2 years old and appear in the fishery and in surveys. Nichol and Somerton (2002)
examined the diurnal vertical migrations of Atka mackerel using archival tags and related these
movements to light intensity and current velocity. Atka mackerel displayed strong diel behavior, with
vertical movements away from the bottom occurring almost exclusively during daylight hours and little
to no movement at night. Genetic studies indicate that Atka mackerel form a single stock in Alaska
waters (Lowe et al. 1998). However, growth rates can vary extensively among different areas

(Kimura and Ronholt 1988, Lowe et al. 1998, Lowe and Fritz 1999). Differences in growth rates
consistently observed throughout their Alaska range are believed to be phenotypic characteristics
reflecting differences in the local environment. Age and size at 50 percent maturity have been estimated
at 3.6 years and 33 to 38 cm, respectively (McDermott and Lowe 1997). Atka mackerel are a relatively
short-lived groundfish species. A maximum age of 15 years has been noted; however, most of the
population is probably less than 10 years old. The current assumed value of natural mortality is 0.3,
which is consistent with values of natural mortality derived from methods that do not rely on growth
parameters, which vary according to area (Lowe and Fritz 1999).
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Atka mackerel are distributed from the east coast of the Kamchatka Peninsula, throughout the Al and the
EBS, and eastward through the GOA to Southeast Alaska (Wolotira et al. 1993). Their current center of
abundance is in the AL, with marginal distributions extending into the southern BS and the western GOA
(Lowe and Fritz 1999).

Atka mackerel are an important component in the diet of other commercial groundfish, mainly
arrowtooth flounder, Pacific halibut, and Pacific cod; seabirds, mainly tufted puffins and thick billed
murres; and marine mammals, mainly northern fur seals and Steller sea lions (Byrd et al. 1992,
Livingston et al. 1993, Fritz et al. 1995, Sinclair and Zeppelin 2002, Yang 1996). Atka mackerel are also
components in the diets of the following marine mammals and seabirds: harbor seals, Dall’s porpoise,
thick-billed murres, and horned puffins (Yang 1996). The diets of commercially important groundfish
species in the Al during the summer of 1991 were analyzed by Yang (1996). More than 90 percent of the
total stomach content (by weight) of Atka mackerel in the study was made up of invertebrates, with less
than 10 percent made up of fish. Euphausiids (mainly Thysanoessa inermis and T. rachii ) were the most
important prey items, followed by calanoid copepods. The two species of euphausiids comprised

55 percent of the total stomach contents, and copepods comprised 17 percent. Larvaceans and hyperiid
amphipods had high frequencies of occurrence (81 percent and 68 percent, respectively), but comprised
less than 8 percent of the total stomach content weight. Squid was another item in the diet of Atka
mackerel; it had a frequency of occurrence of 31 percent, but comprised only 8 percent of total stomach
content. Atka mackerel are known to eat their own eggs. Yang (1996) found that Atka mackerel eggs
comprised 3 percent of the total stomach content and occurred in 9 percent of the analyzed Atka
mackerel stomachs. Pollock were the second most important prey fish of Atka mackerel, comprising
about 2 percent of the total stomach content. Myctophids, bathylagids, zoarcids, cottids, stichaeids, and
pleuronectids were minor components of the Atka mackerel diet; each category comprised less than

1 percent of the total stomach content.

For 2003, the exploitable biomass of Atka mackerel in the Al was projected at 358,000 mt (Figure
3.2-24). Biomass of Atka mackerel increased during the late 1970s and early 1980s and again in the
early 1990s. The stock has shown a declining trend in biomass since 1991 which ended in 2000, after
which the stock showed a large increase in biomass in 2001, bolstered by a very strong 1998 year class.
The assessment model estimates above average (greater than 20 percent of the mean) recruitment from
the 1977, 1986, 1988, 1992, 1995, and 1998 year classes. The 1998 year class is estimated to be the third
largest year class in the time series, after the 1977 and 1988 year classes. The most recent assessment
indicates a downward trend in abundance after 2001, although it appears stable at this time.

3.2.1.3 BSAI King and Tanner Crabs

An estimated 70 percent of the invertebrate epifaunal biomass in the EBS consists of red king crab
(Paralithodes camtschatica); blue king crab (P. platypus); golden king crab (Lithodes aequispina);
scarlet king crab (L. couesi); opilio Tanner crab (Chionoecetes opilio), also called snow crab; bairdi
Tanner crab ©. bairdi); grooved Tanner crab ©. fanneri), triangle Tanner crab ©. angulatus); and four
species of sea stars. The mean invertebrate epifaunal biomass in the southeastern BS is 4.1 grams per
square meter (g/sq. m?). In the southeastern BS, echinoderms, especially Asteria amurensis, represent
84.4 percent (1.6 g/m?) of the epifauna biomass in water less than 40 m deep. In 40 to 100 m of water,
A. amurensis represents 12.7 percent (0.6 g/m?), the largest component of the biomass with the exception
of red king crab and opilio Tanner crab. The largest component of the invertebrate epifaunal biomass in
water deeper than 100 m in the southeastern BS other than crabs of the genus Chionoecetes or
Paralithodes is a basket star, Gorgonocephalus caryi, representing 7.3 percent (0.4 g/m?) (Jewett and
Feder 1981).
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King and Tanner crabs share a similar life cycle, although particular life cycle traits are distinct for each
species. After males and females mate, the female carries the eggs for approximately 1 year, at which
time the eggs hatch into free-swimming larvae. After drifting with the currents and tides and undergoing
several development changes, the larvae settle to the ocean bottom and molt into nonswimmers, looking
very much like miniature adult crabs. The juvenile crabs settle on preferred habitat, where they continue
to molt and grow for several years until they become sexually mature. Each life stage for BSAI crab
stocks is concentrated at some combination of depth, habitat, geographic area, and time of year.

In the trophic structure, crabs are members of the inshore benthic infauna consumers guild (Council
1994). During each life stage, crab consume different prey and are consumed by different predators.
Planktonic larval crab consume phytoplankton and zooplankton and are prey for pelagic fish, such as
salmon and herring. Post-settlement juveniles feed on diatoms, protozoa, hydroids, crabs, and other
benthic organisms. Food eaten by king crabs varies with size, depth inhabited, and species, but includes
a wide assortment of worms, clams, mussels, snails, brittle stars, sea stars, sea urchins, sand dollars,
barnacles, fish parts, and algae. King crabs fall prey to a wide variety of species, including Pacific cod,
rock sole, yellowfin sole, pollock, octopus, and other king crab (Livingston et al. 1993). Bairdi and
opilio Tanner crabs feed on an extensive variety of benthic organisms, including bivalves, brittle stars,
other crustaceans, polychaetes and other worms, gastropods, and fish (Lovrich and Sainte-Marie 1997).
In turn, they are consumed by a wide variety of predators, including groundfish, bearded seals, sea otters,
octopus, Pacific cod, halibut and other flatfish, eelpouts, and sculpins (Tyler and Kruse 1997). Opilio
Tanner crab comprise a large portion of the diet of many skate species (Orlov 1998). Different king and
Tanner crab species and their distribution in the North Pacific are described in the following sections.

3.2.1.3.1 Red King Crabs

Red king crabs are widely distributed throughout the BSAI, GOA, Sea of Okhotsk, and along the
Kamchatka shelf up to depths of 250 m. King crabs molt several times per year through age 3 and
annually thereafter. At larger sizes, king crabs may skip molt as growth slows. Females grow more
slowly and do not get as large as males. In Bristol Bay, males attain 50 percent maturity at 120-mm
carapace length and females at 90-mm carapace length (about 7 years). Mean age at recruitment into the
fishery is 8 to 9 years. Natural mortality of adult king crabs is estimated at 0.2. Red king crabs in Norton
Sound mature at smaller sizes and do not attain the maximum sizes found in other areas. In Bristol Bay,
red king crabs mate when they enter shallower waters (less than 50 m), generally beginning in January
and continuing through June. Males grasp females just prior to female molting, after which the eggs
(43,000 to 500,000 eggs) are fertilized and extruded on the female’s abdomen. The females carry the
eggs for 11 months before they hatch, generally in April. Red king crabs spend 2 to 3 months in larval
stages before settling to the benthic life stage. Young-of-the-year crabs occur at depths less than 50 m.
They are solitary and need high-relief habitat or coarse substrate, such as boulders, cobble, shell hash,
and living substrates, such as bryozoans and stalked ascidians (Stevens and Kittaka 1998). At 1.5 to

2 years, crabs form pods consisting of thousands of crabs and migrate to deeper water. Podding generally
continues until 4 years (about 65 mm), when the crabs join adults in the spring migration to shallow
water for spawning and the summer/fall feeding migration to deep water.

Egg hatch of larvae is synchronized with the spring phytoplankton bloom in Southeast Alaska, suggesting
temporal sensitivity in the transition from benthic to planktonic habitat. EFH of the red king crab egg
stage is based on the general distribution and habitat-related density of egg-bearing red king crabs in
Bristol Bay, Pribilof Islands, Norton Sound, and Dutch Harbor stocks.

Red king crabs spend 2 to 3 months in pelagic larval stages before settling to the benthic life stage.
Reverse diel migration and feeding patterns of larvae coincide with the distribution of food sources.
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Shallow nearshore areas (less than 50 m deep) provide important structural habitat for early juvenile
instars of red king crab (Sundberg and Clausen 1977). Early juvenile instars are cryptic and occupy the
protective refuges provided by high-relief habitat or coarse substrate, such as boulders, cobble, and shell
hash, and living substrates (macroalgae, bryozoans, stalked ascidians, etc.) (Sundberg and Clausen 1977).
Adult red king crabs also use highly structured shallow water habitat during the mating period and will
use macroalgae as cover during this period (Stone et al. 1993).

Early-juvenile-stage red king crab are solitary and need high-relief habitat or coarse substrate such as
boulders, cobble, shell hash, and living substrates such as bryozoans and stalked ascidians. Young-of-
the-year crabs occur at depths of 50 m or less. EFH for early juveniles is currently defined for Bristol
Bay red king crabs as the general distribution. No EFH is defined for red king crab early juveniles in the
Pribilof Islands, Norton Sound, Dutch Harbor, and Adak stocks.

Late juvenile stage red king crabs exhibit deceasing reliance on habitat and a tendency for the crab to
form pods consisting of thousands of crabs. Podding generally continues until 4 years of age, when the
crabs move to deeper water to join adults in the spring migration.

Mature red king crabs exhibit seasonal migration to shallow waters for reproduction. The reminder of
the year, red king crabs are found in deep waters. In Bristol Bay, red king crabs mate when they enter
shallower waters (less than 50 m), generally beginning in January and continuing through June. The
female carries the eggs for 11 months before they hatch, generally in April.

Pacific cod is the main predator on red king crabs. Walleye pollock, yellowfin sole, and Pacific halibut
are minor consumers of pelagic larvae, settling larvae, and larger crabs, respectively. Juvenile crabs are
cannibalistic during molting.

The Bristol Bay red king crab stock remains stable, but at relatively low levels compared to past
abundance levels (pre-1980). Survey and fishery data indicate a recent strong increase of Pribilof Islands
red king crab, however. The combined red and blue king crab Pribilof Islands fishery was closed in
1999, and the red king crab fishery has not reopened due to bycatch concerns for blue king crabs.

3.2.1.3.2 Blue King Crabs

Blue king crabs are distributed discontinuously throughout their range (Hokkaido, Japan, to Southeast
Alaska). In the EBS, discrete populations exist around the Pribilof Islands, St. Matthew Island, and

St. Lawrence Island. Smaller populations have been found around Nunivak and King islands. Adult
male blue king crabs occur at an average depth of 70 m and an average water temperature of 0.6° C. Blue
king crabs molt multiple times as juveniles. Skip molting occurs with increasing probability for males
larger than 100-mm carapace length. In the Pribilof Islands, males attain 50 percent maturity at 108-mm
carapace length and females attain 50 percent maturity at 96-mm carapace length (about 5 years)
(Somerton and Maclntosh 1983). Blue king crabs in the St. Matthew Island area mature at smaller sizes
(50 percent maturity at 77-mm carapace length for males and 81-mm carapace length for females) and do
not get as large overall. Blue king crabs have a biennial ovarian cycle and a 14-month embryonic period
before hatching in late spring.

Crabs depend on specific habitat types throughout their life stages. Larvae of blue king crab spend 3.5 to
4 months in pelagic larval stages before settling to the benthic life stage. Larvae are found in waters
between 40 and 60 m deep. Settlement on habitat with adequate shelter, food, and temperature is
imperative to the survival of first settling crab. Young-of-the-year red and blue king crabs require
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nearshore shallow habitat with significant protective cover (e.g., sea stars, anemones, microalgae, shell
hash, cobble, shale) (Stevens and Kittaka 1998).

Late juvenile blue king crabs require nearshore rocky habitat with shell hash. EFH is currently based on
general distribution and density of late juvenile king crabs of the Pribilof Islands stock. General
distribution of late juvenile king crabs is used to identify EFH for the St. Matthew Island stock.
Information is not available to define EFH for the St. Lawrence Island stock of late juvenile blue king
crab. Unlike red king crabs, juvenile blue king crabs do not form pods, but instead rely on cryptic
coloration for protection from predators.

Mature blue king crabs occur most often between 45 and 75 m on mud-sand substrate next to gravel
rocky bottom areas. Female crabs are often found in habitat with a high percentage of shell hash.
Mating occurs in mid-spring. Larger, older females reproduce biennially, while small females tend to
reproduce annually. Fecundity of females ranges from 50,000 to 200,000 eggs per female. Spawning
may depend on the availability of nearshore rocky-cobble substrate for protection of females. Larger,
older crabs disperse farther offshore and are thought to migrate inshore for molting and mating.

The blue king crab populations in the EBS are at very low levels. The 2002 NMFS survey estimated
legal male abundance in the Pribilof Islands to be below the minimum stock size threshold, and they
were, thus, declared overfished. The Council is currently preparing a rebuilding plan for this stock. The
St. Matthew Island and Pribilof Island blue king crab stocks were estimated to be below the minimum
stock size threshold and they were, thus, declared overfished. The fishery for each is currently closed,
and 10-year rebuilding plans are being developed and implemented.

3.2.1.3.3 Golden King Crabs

Golden king crabs, also called brown king crabs, range from Japan to British Columbia. In the BSAI,
golden king crabs are found at depths from 200 to 1,000 m, generally in high-relief habitat such as inter-
island passes. Size at sexual maturity depends on latitude, with crabs in the northern areas maturing at
smaller sizes. In the St. Matthew Island area, males attain 50 percent maturity at 92-mm carapace length
and females at 98-mm carapace length. In the Pribilof Islands and western Al, males attain 50 percent
maturity at 107-mm carapace length and females at 100-mm carapace length. Further south, in the
eastern Al, males attain 50 percent maturity at 130-mm carapace length and females at 111-mm carapace
length.

General distribution and density of egg-bearing female golden king crabs are currently used to identify
EFH for the Sequam Pass stock. EFH for the egg life stage of the Adak and Pribilof islands stocks is
based on general distribution of the egg bearing female crabs. Late juvenile golden king crabs are found
throughout the depth range of the species. Abundance of late juvenile crab increases with depth, and
these crabs are most abundant at depths less than 548 m.

Mature golden king crabs occur at all depths within their distribution. Males tend to congregate in
somewhat shallower areas than females, and this segregation appears to be maintained throughout the
year. Legal male crabs are most abundant between 274 and 639 m. Abundance of sub-legal males
increases at depths of less than 364 m. Female abundance is greatest at intermediate depths between
274 and 364 m.

ADF&G and NMFS do not make annual abundance estimates for EBS golden king crabs, and
commercial harvest is allowed by ADF&G permit (Morrison et al. 1998). Catches have declined from
the early years of the fishery, as the initial stock was exploited, and recruitment was unable to sustain the
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fishery at its initial harvest levels (Morrison et al. 1998). In 1995, the State of Alaska mandated observer
coverage for all vessels targeting golden king crabs in the Al

3.2.1.3.4 Scarlet King Crabs

Scarlet king crabs are found in the BSAI areas. Little information is available on their biology. Based on
data from the GOA, this species occurs in deep water, primarily on the continental slope. Spawning may
be asynchronous. Females may produce up to 5,000 eggs. Information to define EFH for eggs, larvae,
and early and late juveniles is currently not available for the EBS, Adak, or Dutch Harbor stocks. EFH
for mature scarlet king crabs is currently based on the general distribution of mature golden king crabs.
Mature scarlet king crabs are caught incidentally in the golden king crab fisheries.

3.2.1.3.5 Tanner Crabs

Tanner crabs are distributed on the continental shelf of the North Pacific Ocean and EBS from
Kamchatka to Oregon. Off Alaska, Tanner crabs are concentrated around the Pribilof Islands and
immediately north of the Alaska Peninsula and are found in lower abundance in the GOA. After molting
many times as juveniles, Tanner crabs reach sexual maturity at about age 6 with an average carapace
width of 110 to 115 mm for males and 80 to 110 mm for females (Tyler and Kruse 1997). At maturity,
most males undergo terminal molt; however, some may molt after maturity (Zheng et al. 1998). Male
Tanner crabs reach a maximum size of 190-mm carapace width and live up to 14 years (Donaldson et al.
1981). Males of commercial size usually range between 7 and 11 years old and vary in weight from 1 to
2 kg (Adams 1979). Natural mortality of adult Tanner crabs is estimated at 0.3. Tanner crab females are
known to form high-density mating aggregations, or pods, consisting of hundreds of crabs per mound.
These mounds may provide protection from predators and attract males for mating. Research shows the
female Tanner crabs prefer mating with large, old-shell males (Paul and Paul 1996, Paul et al. 1995).
Mating occurs from January through June. Some females can retain viable sperm in spermathecae for up
to 2 years. Females carry clutches of 50,000 to 400,000 eggs for 1 year after fertilization. Hatching
occurs between April and June (Tyler and Kruse 1997).

Larvae of Tanner crabs are typically found in the BSAI water column from 1 to 100 m in early summer.
They are strong swimmers and perform diel migrations in the water column. They usually stay near the
depth of the chlorophyll maximum during the day. The last larval stage settles onto the bottom mud.
EFH of Tanner crab larvae is currently based on general distribution for the Bristol Bay and Pribilof
Islands stocks. Information is currently not available to define EFH for larval Tanner crab in the eastern
Aleutian and western Aleutian stocks. Early juvenile Tanner crabs occur from 10 to 20 m in mud habitat
in summer and are known to burrow and associate with many types of cover (Tyler and Kruse 1997).
Late juvenile Tanner crab migrate offshore of their early nursery habitat.

Mature Tanner crabs migrate inshore, and mating is known to occur February through June. Mating need
not occur every year, as female Tanner crabs can retain viable sperm in spermathecae up to 2 or more
years. Females carry clutches of 50,000 to 400,000 eggs and nurture the embryos for 1 year after
fertilization. Primiparous females may carry the fertilized eggs for as long as 1.5 years. Brooding occurs
100 to 150 m deep.

The EBS Tanner crab fishery has remained closed in 1997, 1998, and 1999 due to low abundance. The
1998 survey abundance estimates for large males (135-mm carapace width) and large females are the
lowest on record for the survey (NMFS 1998c). Most legal males encountered were in the eastern
district, with the highest abundance in central Bristol Bay. The cohort, which began recruiting into the
fishery from 1988 to 1992, has declined as a result of natural mortality and fishery removals. During the
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1997 survey, 95 percent of legal males encountered were old-shelled and not expected to molt again, and
few young males in the 50- to 115-mm carapace width range were surveyed. Given these two factors, it
is likely that the EBS Tanner crab population will continue to decline for years (Morrison et al. 1998).
Council considers the stock overfished, and a rebuilding plan has been implemented.

3.2.1.3.6  Opilio Tanner Crabs

Opilio Tanner crabs are distributed on the continental shelf of the EBS, the Arctic Ocean, and in the
western Atlantic Ocean as far south as Maine. Opilio Tanner crabs are not present in the GOA. In the
EBS, they are common at depths of no more than 200 m. The EBS population within United States
waters is managed as a single stock; however, the distribution of the population extends into Russian
waters to an unknown degree. Opilio Tanner crabs reach sexual maturity at age 4, with an average
carapace width of 65 mm for males and 50 mm for females. The mean size of mature females varies
from year to year from 63-mm to 72-mm carapace width. Females cease growing with a terminal molt
upon reaching maturity, and they rarely exceed 80-mm carapace width. Males similarly cease growing
upon reaching a terminal molt when they acquire the large claw characteristic of maturity. Male opilio
Tanner crabs reach a maximum size of 150-mm carapace width and live up to 14 years. Large, hard-
shelled males out-compete adolescent and small adults in mating with females (Sainte-Marie et al. 1997).
Commercial-size males usually range between 7 and 11 years old and vary in weight from 0.5 to 1 kg
(Adams 1979). Female opilio Tanner crabs are able to store spermatophores in seminal vesicles and
fertilize subsequent egg clutches without mating. At least two groups of eggs can be fertilized from
stored spermatophores, but the frequency of this occurring in nature is not known (Sainte-Marie et al.
1997).

A geographic cline in size of opilio Tanner crabs indicates that a large number of morphometrically
immature crabs occur in shallow waters less than 80 m. EFH is based on the general distribution and
density of juvenile crabs of the EBS stock.

Female opilio Tanner crabs are acknowledged to attain terminal molt status at maturity. Primiparous
female snow crabs mate January through June and may exhibit a longer egg development period and
lower fecundity than multiparous female crabs. Females carry clutches of about 36,000 eggs and nurture
the embryos for about 1 year after fertilization. However, fecundity may decrease up to 50 percent
between the time of egg extrusion and hatching, presumable due to predation, parasitism, abrasion, or
decay of unfertilized eggs. Brooding probably occurs in depths greater than 50 m. Changes in the
proportion of morphometrically mature crabs by carapace width have been related to an interaction
between cohort size and depth.

Large male opilio Tanner crabs were estimated at 94 million crabs in 1999, a decline of 63 percent from
1998. The mature biomass declined below the minimum stock size threshold of 460 million pounds, and
the stock was declared overfished July 18, 2003 (NMFS 1999b). A rebuilding plan has been
implemented for this stock. A harvest of 33.5 million pounds was landed in 2000, based on a reduced
harvest rate from past years. Little recruitment is apparent from recent surveys.

3.2.1.3.7 Grooved Tanner Crabs

In the eastern North Pacific Ocean, the grooved Tanner crab ranges from northern Mexico to Kamchatka.
Little information is available on the biology of the grooved Tanner crab. This species occurs in deep
water and is not common at depths less than 300 m. Male and female crabs are found at similar depths
and generally reach maturity at 11.9 and 7.9 cm carapace width, respectively.
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In the EBS, mature male grooved Tanner crabs may be found in somewhat more shallow water than
females, but males and females do not show clear segregation by depth.

3.2.1.3.8 Triangle Tanner Crabs

In the eastern North Pacific Ocean, the distribution of triangle Tanner crabs ranges from Oregon to the
Sea of Okhotsk. This species occurs on the continental slope in waters less than 300 m deep and has
been reported as deep as 2,974 m in the EBS. A survey found that mature male crabs typically inhabit
shallower depths than the females.

The mean depth of mature male triangle Tanner crabs (647 m) is significantly less than that for mature
females (748 m), indicating some patterns of sexual segregation by depth. General distribution of mature
triangle Tanner crabs is used to identify EFH of the Bristol Bay and Eastern Aleutian Island stocks.

3.2.1.4 Scallops

Weathervane scallops (Pantinopectin caurinus) are distributed from Point Reyes, California, to the
Pribilof Islands, Alaska. The highest known densities in Alaska are found in the EBS, near Kodiak
Island, and in the eastern GOA from Cape Spencer to Cape St. Elias. Weathervane scallops are found
from intertidal waters to depths of 300 m, but abundance tends to be highest at depths from 40 to 130 m
on silt, sand, and gravel substrates (Hennick 1973). Beds tend to be elongated along the direction of
current flow. Weathervane scallops are capable of swimming, but typically reside in depressions they
form in the seafloor. A combination of large-scale processes (overall spawning population size and
oceanographic conditions) and small-scale processes (site suitability for settlement) influence the
recruitment of scallops to beds. Sexes are separate and mature male and female scallops can be
distinguished by gonad color. Weathervane scallops mature after 3 years in Alaska and spawn from May
to July, depending on latitude and depth. Eggs and spermatozoa are released into the water where
fertilization occurs. Larvae are pelagic and drift for about 1 month until metamorphosis to the juvenile
stage. They then settle to the seafloor.

Several other species of scallops found in the Exclusive Economic Zone (EEZ) of Alaska have
commercial potential. These species do not attain the large size of weathervane scallops and, thus, have
not been commercially exploited in Alaska. Pink scallops, Chlamys rubida, range from California to the
Pribilof Islands. Pink scallops are found from approximately 10 to 1,600 m deep on sand, gravel, and
bedrock. Pink scallops mature at age 2 and spawn during winter (January to March). Maximum age for
pink scallops is 6 years, and the average size is 70 mm. Spiny scallops, Chlamys hastata, are found in
coastal regions from California to the GOA. They generally occur in shallower areas than C. rubida (to
approximately 150 m), and prefer a rocky substrate with strong currents. Spiny scallops grow to a larger
size than C. rubida (90 mm). Spiny scallops mature at age 2 and spawn in the fall (August to October).
Rock scallops, Crassadoma gigantea, range from Baja California to Unalaska Island. Rock scallops are
found in relatively shallow water (0 to 60 m) with strong currents. The distribution of this species is
discontinuous, and abundance in most areas is low. Juveniles are free-swimming, but become attached to
rocks after about 6 months. Rock scallops are thought to spawn during two distinct periods: during the
fall (October to January) and in the spring and summer (March to August).

Scallops are found in the same benthic habitat as non-economically important fish and invertebrate
species. Non-commercial fishes include sharks, sculpins, and many species of small fishes. Macro-
invertebrates not commercially harvested include several species of crabs and shrimps, snails, clams,
tunicates, bryozoans, sea urchins, seastars, sea anemones, sponges, and corals.
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Few major predators of Alaska scallop species have been identified, especially during the planktonic and
juvenile stages, but they likely include many species of fishes and invertebrates. The rose star,
Crossaster papposus, is a major predator of C. rubida (Carlson and Pfister 1999). Other scallop species
are preyed upon by sea stars, crabs, and anemones.

Catch data for Alaska scallops is shown in Figure 3.2-25. Recent catches have been stable at about
800,000 pounds per year as a result of management actions to limit access, control harvests, and
minimize crab bycatch.

3.2.1.5 Salmon

Five species of Pacific salmon, pink (Oncorhynchus gorbuscha), chum (O. keta), sockeye (O. nerka),
coho (O. kisutch), and Chinook salmon (O. tshawytscha), as well as steelhead trout (O. mykiss), occur in
Alaska. With some important variations, all species have a similar appearance and anadromous life
history. Salmonids spawn in fresh water, their eggs hatch and go through several developmental stages
in fresh water until they out-migrate to the ocean as fry or smolts. The young salmon feed and grow to
maturity, ranging widely over the North Pacific Ocean, EBS, and Chukchi Sea. They return to fresh
water, often migrating tremendous distances to reach their natal streams, where they spawn and then die.
This adaptation to spawning in fresh water has resulted in the tremendous seasonal abundance of
spawning salmon, relatively easily harvested, and sustaining large human populations for millennia.
Adult salmon do not compete directly with juveniles for the relatively scarce food resources found in
freshwater environments. Carcasses left in the streams after spawning fertilize the fresh water and
riparian environment, ultimately providing food for the developing young.

Information on salmon distribution in Alaska is available in the ADF&G Catalog (ADF&G 1998a) and
the Atlas (ADF&G 1998b). These documents, however, were derived from USGS maps that may now be
out of date, do not accurately depict areas where the number of streams was very dense, and were based
on stream survey observations of the upper limit of stream use, rather than on the actual limits of
anadromous fish.

Alaska commercial salmon harvests generally increased over the last three decades, but may have peaked
in 1995. After reaching record low catch levels in the 1970s, most populations have rebounded, and
fisheries are now at or near all-time peak levels in many regions of the state (Burger and Wertheimer
1995, Wertheimer 1997). The record-high commercial landing of 217 million salmon in 1995 was

11 percent higher than the previous record of 196 million in 1994. Significant declines in the
commercial catches have, however, followed in both 1996 and 1997. The 1998 Alaska commercial
salmon harvest of 151 million salmon (322,055 mt) was distributed as 22.6 million sockeye (57,607 mt),
18.9 million chum (73,937 mt), 105 million pink (169,646 mt), 4.6 million coho (16,284 mt), and

563 thousand Chinook (4,581 mt). Recreational fishermen caught over 1.8 million salmon in Alaska in
1995 (Howe et al. 1996). Subsistence fisheries for salmon in 1994, the most recent year available,
harvested over 1 million fish (Council 1998a).

All five species of Alaska salmon are fully utilized, and stocks in most regions of the state generally have
rebuilt to or beyond previous high levels. The unprecedented high abundance of Alaska salmon up to
1995 should not be interpreted as an absence of some of the same factors affecting declines of salmon in
the Pacific Northwest. Issues and problems associated with salmon management include the potential for
overfishing, bycatch in other fisheries, and destruction or loss of freshwater spawning and rearing
habitats, as well as important nearshore marine habitats.
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A number of factors have contributed to the current high abundance of Alaska salmon. These include
(1) an abundance of pristine habitats with minimal impacts from extensive development, (2) favorable
ocean conditions that allow high survival of juveniles, (3) improved management of the fisheries by state
and federal agencies, (4) elimination of high-seas driftnet fisheries by foreign nations, (5) hatchery
production, and (6) reduction of bycatch in fisheries for other species. Unspoiled habitats, favorable
oceanic conditions, and adequate numbers of spawning salmon are likely the paramount issues affecting
current Alaska salmon abundance. Alaska salmon management continues to focus on maintaining
pristine habitats and ensuring adequate escapements. Ocean conditions, however, that have favored high
marine survivals in recent years, fluctuate due to interdecadal climate oscillations (Mantua et al. 1997).
Recent evidence exists that a change in ocean conditions in the North Pacific Ocean and GOA may be
underway, possibly reflecting the downturn in abundance of Alaska salmon runs in 1996 and 1997.

3.2.1.5.1 Pink Salmon

Pink salmon occur from northern California to Russia and Korea; and are the most common species in
Alaska. The natural fresh water range of pink salmon includes the Pacific rim of Asia and North
America north of about longitude 40° N. Within this vast area, spawning pink salmon are widely
distributed in coastal streams of both continents. In marine environments along both the Asian and the
North American coastlines, pink salmon occupy ocean waters south of the limits of spawning streams.

Pink salmon have a fixed, 2-year life span and migrate to sea soon after the fry emerge from the gravel in
spring. Maturing males develop a marked hump. They are also the smallest species; adults average

1.6 to 2 kg with an average length of 50 to 65 cm. In Alaska, adult pink salmon enter spawning steams
between June and mid-October. Most pink salmon spawn within a few miles of the coast, and spawning
within the intertidal zone or near the stream mouth is very common. In general, pink salmon select
spawning sites in gravel where the stream bed gradient increases and the current is relatively fast. In
these areas, water must have enough dissolved oxygen for eggs and alevins. Pink salmon spawning beds
consist primarily of coarse gravel with a few large cobbles and little sand or silt. The female carries
1,500 to 2,000 eggs, digs a nest (or redd) with her tail, and releases the eggs into the nest. Eggs are
immediately fertilized by one or more males. After spawning, both males and females die, usually within
2 weeks. Because of the fixed, 2-year life cycle, pink salmon spawning in the same river in odd or even
years are reproductively isolated from each other and have developed into genetically different lines. In
some river systems, such as the Fraser River in British Columbia, only the odd-year line exists; returns in
even years are negligible. In Bristol Bay, Alaska, the major runs occur in even years, whereas the coastal
area between these two systems has runs in both odd and even years. The eggs hatch sometime in early
to mid-winter. Eggs and alevin require a stable streambed, clean cool water, adequate dissolved oxygen,
and relatively little sediment for optimum survival. Overall freshwater survival of pink salmon from egg
to advanced alevin to emerged fry, even in highly productive streams, commonly reaches only 10 to

20 percent and at times is as low as about 1 percent. In late winter or spring, the fry emerge from the
gravel and out-migrate to the ocean, usually during darkness. Schools of pink salmon fry may move
quickly from the natal stream area or remain to feed along shorelines up to several weeks. By late fall,
the juvenile pink salmon average 10 to 15 cm in length and grow rapidly (Heard 1991).

Juvenile pink salmon, during their first few weeks at sea, spend much of their time in shallow water only
a few centimeters deep. Juvenile pink salmon in the EBS off the northeastern Kamchatka coast are found
in one of three hydrological zones during their first 3 to 4 months of marine life: the littoral zone, up to
150 m from shore; open parts of inlets and bays from 150 m to 3.2 km from shore; and open parts of the
large Karaginskiy Gulf, 3.2 km to 96.5 km from shore. Ocean migration patterns for pink salmon have
been studied. Only stocks that originate in Washington State and British Columbia and those originating
in southeastern, central, and southwestern Alaska occur in marine waters where they might interact in
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some way with the salmon fisheries off the coast of Southeast Alaska. After 18 months in the ocean, the
maturing fish return to their river of origin to spawn and die.

Pink salmon adults, eggs, alevins, and fry provide a major nutrient and food source for aquatic
invertebrates, other fish, birds (including eagles and gulls), and mammals (including bears, otter, and
mink in freshwater systems). In the marine environment, pink salmon fry and juveniles are food for a
host of other fishes and coastal seabirds. Subadult and adult pink salmon are known to be eaten by

15 different marine mammals, sharks, other fishes such as Pacific halibut. Because pink salmon are the
most abundant salmon in the North Pacific, it is likely that they comprise a significant portion of the
salmonids eaten by marine mammals. Millions of pink salmon adults returning to spawn in thousands of
streams throughout Alaska provide significant input into the trophic levels of these watersheds.

3.2.1.5.2 Chum Salmon

Chum salmon have the widest distribution, ranging from California to Japan. In the Arctic Ocean, they
range from the Mackenzie River in Canada to the Lena River in Siberia. Chum salmon are the most
important commercial and subsistence species in Alaska’s arctic, northwest, and interior. Chum spawn
in streams emptying into the North Pacific Ocean in both Asia and North America. In Asia, chum
salmon spawn in streams on the east side of the Korean peninsula in both South and North Korea
northward, including Japan, China (tributaries to the Amur River), Russia, and westward into the Arctic
Ocean as far west as the Lena River. In North America, chum salmon spawn in streams entering the
North Pacific Ocean as far south as northern California and northward in streams along the coasts of
Oregon, Washington, British Columbia, and Alaska to the EBS, Arctic Ocean, and the Beaufort Sea as
far east as the MacKenzie River in the Northwest Territory. Chum salmon spawn in the Yukon Territory,
Canada, and tributaries of the Yukon River. Only small populations spawn north and east of the Noatak
River, which enters the ocean at Kotzebue, Alaska, and south of Tillamook Bay, Oregon. In general,
their spawning sites are in the lower reaches of coastal streams less than 100 miles from the ocean. In
Prince William Sound and in Southeast Alaska, chum salmon will spawn in intertidal portions of streams
where groundwater upwells into streams. Chum salmon throughout their range tend to build redds in
areas where groundwater upwells in streams, side-channel sloughs, and intertidal portions of streams
when the tide is below the spawning area. Many side-channel sloughs have very little current on the
surface and can be very silty; however, the upwelling groundwater keeps the silt in suspension in the
intragravel water. The upwelling water also keeps the spawning areas from freezing in the winter.

Chum salmon return from the ocean to spawn generally between June and January. Spawning starts
earlier in the north and ends later in the southern part of the range. Of course, exceptions to this pattern
occur. The latest spawning in Southeast Alaska occurs in the Chilikat River, near Haines Alaska, from
September through January. Most chum salmon spawning in Alaska is finished by early November.
Most spawning in Washington and Oregon takes place in August through November; however, August
spawners have been declining in recent years. Chum salmon return to the Quilcene National Fish
Hatchery in December. The Nisqually River, near Olympia, Washington, has spawners during January
and February, and sometimes into March.

Summer and fall races of chum salmon occur in Asia and North America. Summer and fall races both
enter the Yukon River, with the summer chum entering in May and the fall chum entering in June and
July. The fall stocks tend to spawn the farthest up the river from September through November. Summer
chum are more abundant than fall chum in the Yukon River; however, the fall chum are larger. In
southern Southeast Alaska and northern British Columbia, summer chum enter mostly mainland rivers in
mid-June, and spawning may extend into late October and early November. Fall chum in these areas
mostly spawn in streams on the islands in September and October. Unlike the Yukon River, summer
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chum salmon in southern Southeast Alaska and northern British Columbia are larger than the fall stocks
for the same age, even though the summer stocks may spawn more than 3 months earlier. Chum salmon
vary in size from 2 to more than 13 kg, but usually range from 3 to 8 kg, with females usually smaller
than males.

Fertilized eggs incubate in the streambed gravel for about 5 to 8 months. Survival from egg to fry is
highly variable, ranging from 1 to 20 percent. Water quality requirements for optimum chum survival are
water temperatures above 4° C, salinity less than 2 ppt, and dissolved oxygen levels above 3 to

4 milligrams per liter (mg/L). Spawning beds should be stable and contain low amounts of fine sediment.
Like pink salmon, chum salmon outmigrate as fry in the spring after emerging from the gravel. They do
not overwinter in streams, but migrate, mostly at night, directly to sea shortly after emergence.
Outmigration occurs between February and June, but most fry leave the streams during April and May.
Juvenile chum salmon forage in the intertidal grass flats and along the shore for several weeks to months
before actively migrating out of bays and estuaries. Estuaries are very important for chum salmon
rearing during the spring and summer. Juvenile chum are present in the coastal waters, generally from
July through October, and they generally move north and west along the coasts of Oregon, Washington,
British Columbia, and Alaska. Most juvenile chum are thought to leave the coastal waters and move
south into the North Pacific Ocean between Kodiak Island and False Pass during the fall.

Chum salmon that spawn in both Asia and North America winter in the North Pacific. Asian chum
salmon migrate much farther east than North American chum salmon migrate to the west. Asian and
North American chum salmon are found intermingled on the high seas. Chum salmon may spend 3 to
5 years feeding and growing to maturity in the ocean before returning to spawn (Salo 1991).

After the 1976-77 regime shift in the North Pacific Ocean, most chum salmon stocks increased in
abundance through the mid-1990s. The regime shift apparently created very favorable ocean conditions
for all species of salmon from northern British Columbia to northern Alaska. However, as the abundance
increased, age at maturity increased, and the size at age decreased drastically. Chum salmon of the same
age in the early 1990s weighed up to 46 percent less than they weighed in the early 1970s. During this
same time, Asian chum salmon also matured later and their size at age declined. These changes in size at
age and age at maturity, as populations increased, suggest that the North Pacific Ocean may have
carrying capacity limits for chum salmon under certain conditions.

Chum salmon eggs, alevins, and juveniles in fresh water provide an important food source for many birds
(including gulls, crows, magpies, ouzels, and kingfishers), small mammals, other fishes, and many
invertebrates. Chum salmon carcasses provide nutrients for the freshwater watersheds and estuaries.

The adult chum salmon that return to the Chilkat River system near Haines, Alaska, feed large numbers
of bald eagles that congregate on the spawning grounds between September and December. Spawning
fish and spent carcasses provide a major food source for brown and black bears, wolverines, wolves, and
many other small mammals. Many species of invertebrates also use the carcasses for food. Juvenile
chum salmon eat mostly invertebrates, while adults consume amphipods, euphausiids, pteropods,
copepods, gelatinous zooplankton, fish, and squid larvae.

Chum salmon are subject to the same habitat concerns as the other species of salmon such as habitat
destruction or siltation due to logging and road building, blockages due to dams, and pollution. In
addition, chum salmon have two habitat requirements that are essential to their life history: reliance on
upwelling groundwater for spawning and incubation and reliance on estuaries/tidal wetlands for juvenile
rearing after migrating out of fresh water. The hydrology of upwelling groundwater into stream gravel is
highly complex and poorly understood. Activities that change the amount and quality of groundwater
that upwells would very likely affect chum salmon survival in a negative manner. Drilling activities,
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road building, and uplift of land masses due to earthquakes are events known to affect groundwater.
Wetlands and estuaries near human development are very vulnerable to pollution and filling activities
that would negatively affect essential chum salmon rearing areas.

Chum salmon will spawn in intertidal portions of streams, most notably in Prince William Sound. The
intertidal portion of streams is very vulnerable to coastal pollution. In Prince William Sound, chum
salmon spawn in the intertidal zone of streams from late June to September. Eggs, alevins, and fry are in
the intertidal gravel from late June through May. That leaves a very narrow window in June when the
intertidal zone may be free of adults, eggs, alevins, and fry.

3.2.1.5.3 Sockeye Salmon

Sockeye salmon occur widely through the North Pacific Ocean and the Bering and Chukchi seas, from
California to northern Hokkaido in the Pacific, and from Bathurst Inlet in Canada to the Anadyr River in
Siberia. The primary spawning grounds for sockeye salmon in North America extend from the tributaries
of the Columbia River to the Kuskokwim River in western Alaska, and, on the Asian side, mainly on the
Kamchatka Peninsula. Spawning populations become more irregular and occasional north of the Bering
Strait, on the north coast of the Sea of Okhotsk, and in the Kuril Islands. Centers of the two largest
spawning areas in the North Pacific rim occur in the Bristol Bay watershed of southwestern Alaska and
the Fraser River drainage of British Columbia. In marine environments along both the Asian and North
American coastlines, sockeye salmon occupy ocean waters south of the limits of spawning systems.

Spawning generally occurs in late summer and autumn. Timing of spawning, as in the other species, is
temperature-dependent and varies between areas. In Bristol Bay, spawning begins in late July in the
smaller streams, in early to mid-August in the tributaries of some lakes, and in late August to mid-
September in most lake beach areas. In Lake Kuril and its tributaries, spawning continues from the end
of June until early February with the main spawning occurring from September to November. Spawning
depth in lakes is not a critical factor and varies widely depending on the habitat in which spawning takes
place. Generally, spawning beds are situated in streams with clean gravel or along borders between pools
and riffles in shallow water with moderate to fast currents. In large rivers, sockeye spawn in discrete
sections of main channels or in tributary channels.

Eggs develop for 5 to 8 months in the gravel. Survival from egg to fry varies from 1 percent to

20 percent. Fry emergence occurs from May to June. Newly emerged sockeye salmon fry actively swim
downstream to lakes. Upon entering lakes, fry disperse to feeding areas. Juveniles typically spend one
or more growing seasons in the limnetic zone of a nursery lake before smolting.

Sockeye salmon exhibit a greater variety of life history patterns than other members of their genus, and
they make more use of lake habitat in juvenile stages. Although sockeye salmon are primarily
anadromous, there are distinct populations called kokanee, which mature, spawn, and die in fresh water.
Typically, juvenile sockeye use lake rearing areas for 1 to 3 years after emergence; however, some
populations use streams for rearing, migrate to sea soon after emergence, and are called age-0 sockeye.
Upon entering the ocean, juvenile sockeye salmon remain in a band relatively close to the coast. Off the
outer coast of British Columbia and Southeast Alaska, the juveniles are often recorded on the open sea by
late June. In July, these fish are found moving northwestward into the GOA. Sampling in the North
Pacific has shown that by October, juvenile sockeye are still somewhat distributed primarily nearshore.
Evidence indicates the northwestward movement up the eastern Pacific rim is followed by a
southwestward movement along the Alaska Peninsula. An offshore movement into the GOA in late
autumn or winter is suspected for age-1 sockeye. Sockeye grow quickly and spend 1 to 4 years feeding
and growing to maturity in the ocean before returning to spawn. Those fish returning to spawn after only
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1 year in the ocean—called jacks—are almost all males. Although sexually mature, they are much
smaller in size (often less than 25 cm in length and 250 g in weight) than adult males that have spent
several more years feeding in the ocean. Jacks are also common in Chinook and coho salmon
populations (Burgner 1991). Sockeye are the most important commercial species in Alaska. Adults
average from 2 to 3.6 kg.

Sockeye salmon eggs, alevins, and juveniles in freshwater streams and lakes provide an important
nutrient and food source for aquatic invertebrates, other fishes, birds, and small mammals. In the marine
environment, sockeye salmon juveniles are food sources for many other fishes and coastal seabirds.
Adult sockeye are known to be eaten by marine mammals and sharks. Millions of sockeye salmon
returning to spawn in thousands of streams provide significant input into the trophic levels of coastal
watersheds. Adult sockeye in streams are major food sources for gulls, eagles, bear, otter, mink, and
other mammals, as well as for invertebrates. Juvenile sockeye forage on copepods, insects, amphipods,
euphausiids, and fish larvae when available.

3.2.1.5.4 Coho Salmon

Coho salmon occur from California through the North Pacific Ocean and southern BS to Siberia, Japan,
and Korea. Coho use more diverse habitats than other anadromous salmonids. They spawn in most
accessible freshwater streams throughout their range, rear for at least 1 year in fresh or estuarine waters,
and spend about 18 months at sea before reaching maturity. In North America, coho range along the
Pacific Coast from Monterey Bay, California, to Point Hope, Alaska, through the Aleutians. The species
is most abundant in coastal areas from central Oregon north through Southeast Alaska. In the southern
part of their range, coho are generally depressed from historical levels, and hatcheries are often used to
supplement wild runs. The Central California Coast evolutionarily significant unit (ESU) and the
Southern Oregon/Northen California Coast ESU are listed as threatened species under Endangered
Species Act (ESA).

In the NMFS’ Alaska Region, most coho are wild fish with a distribution north to Point Hope on the
eastern Chukchi Sea, west and south to the limits of United States territorial waters, and east to the
Canadian border as far north as the Yukon River drainage. Coho catch in the Alaska Region is at
historically high levels, and trends in abundance of most stocks are rated as stable.

Adults average between 3.6 and 5.4 kg, but may reach as much as 13.6 kg. Spawning coho are usually
the last salmon to arrive, entering fresh water from July to December. Fertilized eggs and larvae require
incubation in clean substrate with constant circulation of cool, high-quality water that provides oxygen
and removes waste. Sand or silt in the substrate can limit intragravel flow and trap emerging fry. The fry
remain in the gravel, utilizing the yolk sac until they emerge in May or June. Coho spend from 1 to

5 years in freshwater streams and lakes before out-migrating to the sea. In Alaska, juvenile coho spend
1 to 2 years in fresh water or estuarine areas before migrating to sea, although they may spend up to

5 years where growth is slow. Coho smolt production is often limited by the productivity of freshwater
and estuarine habitats used for juvenile rearing. Survival from eggs to smolt is usually less than

2 percent. Summer habitat carrying capacity usually sets a density-dependent limit on the juvenile
population. Coastal streams, lakes, estuaries, and tributaries to large rivers can all provide coho rearing
habitat. The most productive habitats are in smaller streams less than fourth order, which have low
gradient alluvial channels with abundant pools often formed by large woody debris or fluvial processes,
or beaver dams. Coho juveniles may also use brackish water estuarine areas in summer and migrate
upstream to fresh water to overwinter.
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During the summer rearing stage, fish density tends to be highest in areas with abundant food (such as
aquatic invertebrates, and terrestrial insects that fall into the water) and structural habitat elements (such
as large woody debris and associated pools). Coho grow best where water temperature is between 10 and
15° C and dissolved oxygen is near saturation. Juvenile coho can tolerate temperatures between 0 and
26° C if changes are not abrupt. Their growth and stamina decline significantly when dissolved oxygen
drops below 4 mg/L, and a sustained concentration below 2 mg/L is lethal. In flowing water, juvenile
coho usually establish individual feeding territories, whereas in lakes, large pools, and estuaries, they are
less likely to establish territories and may aggregate where food is abundant. In winter, feeding territory
is not generally density dependent. It varies directly with fish size, amount of cover, and ponded water
and varies inversely with the magnitude of peak stream flow.

The seaward migration of smolts typically occurs in May and June, and it seems to be timed so that the
smolts arrive at the estuary when food is plentiful. Smolts are slightly more fragile than juveniles and are
susceptible to predation because they are concentrated, and they move along areas of reduced cover
where predators congregate. Mortality during migration can exceed 50 percent.

Juvenile coho primarily use estuarine habitat during their first summer and also as they are leaving fresh-
water during their seaward migration. Intertidal sections of freshwater streams can be important rearing
habitat for age-0 coho from May to October. These areas may account for one-quarter of the juvenile
production in small streams. Growth in these areas is particularly rapid due to abundant invertebrates
that serve as a food source. In fall, juvenile coho from these areas move upstream to fresh water to
overwinter.

After leaving fresh water as smolts, coho in the Alaska Region spend up to 4 months in coastal waters
before migrating offshore and dispersing throughout the North Pacific Ocean and the EBS. Southeast
Alaska juvenile coho are ubiquitous in inside waters from June to August at depths up to 50 m and move
offshore in September. Offshore, juvenile salmon are concentrated over the continental shelf within

37 km of shore where the shelf is narrow, but may extend to at least 74 km from shore in some areas.

The amount of time spent at sea varies greatly, but most coho spend 18 months feeding and growing
before returning as full-size adults (Sandercook 1991). Coho generally use offshore areas of the North
Pacific Ocean and EBS.

Adult coho provide important food for bald eagles, terrestrial mammals (such as brown and black bear
and river otter), and marine mammals (such as Steller sea lion, harbor seal, beluga, orca, and salmon
sharks). Adult coho play a very important role, as do the other species, in transferring essential nutrients
from marine to freshwater environments. Juveniles are eaten by birds (gulls, terns, kingfishers,
cormorants, mergansers, and herons), fish (Dolly Varden, steelhead, cutthroat trout, and arctic char), and
mammals (mink and water shrew). Juvenile coho are also significant predators of pink salmon fry during
their seaward migration. Marine invertebrates are the primary food when coho first enter salt water, and
fish prey increase in importance as the coho grow.

3.2.1.5.5 Chinook Salmon

Chinook salmon occur from the Ventura River in California through the North Pacific Ocean, EBS, and
Chukchi Sea to the Anadyr River in Siberia and Hokkaido, Japan. The southern edge of marine
distribution expands and contracts seasonally and between years depending on ocean temperature
patterns. The largest rivers tend to support the largest aggregate runs of Chinook salmon and have the
largest individual spawning populations. Chinook salmon often make extensive freshwater migrations to
their natal steams in some of the larger river systems. Yukon River Chinook salmon bound for the
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headwaters in the Yukon Territory, Canada, will travel more than 2,000 miles in 60 days (Healey 1991).
While the marine distribution of Chinook salmon can be highly variable even within a population, there
are general migration and ocean distribution patterns that are characteristic of populations in specific
geographic areas. For example, Chinook salmon that spawn in rivers from the Rogue River in Oregon
south to California disperse and rear in oceanic waters off the Oregon and California coast, whereas
those that spawn north of the Rogue River to southeastern Alaska migrate north and westward along the
Pacific Coast. These migration patterns are of particular interest for the management of Chinook salmon
in the EEZ off Alaska, as they result in the harvest of fish from Oregon, Washington, British Columbia,
and Alaska within the management zone. Not all stocks within the area, however, are distributed into the
Southeast Alaska fishery. For example, Puget Sound stocks do not normally migrate that far north.

Chinook salmon spawn in a broad range of habitats and have been known to spawn in areas ranging from
a few centimeters to several meters deep, in channels ranging from small tributaries 2 to 3 m wide to the
mainstems of large rivers such as the Columbia and the Sacramento. Typically, Chinook redds are

5 to 15 m* with water velocities from 40 to 60 cm/sec, at depths of 20 to 36 cm in the substrate. Eggs
will develop in the gravel for 5 to 8 months, and the rate of survival to fry is 30 percent or less.

Some Chinook salmon out-migrate to the ocean soon after hatching in late winter or early spring (ocean
type), while others remain in fresh water for more than 1 year before out-migrating to the ocean as smolts
(stream type). Ocean-type Chinook have short, highly variable freshwater residency (from a few days to
1 year) and extensive estuarine residency. They enter fresh water at a relatively mature state and spawn
within a few weeks of fresh water entry in the lower portion of the watershed. Stream-type Chinook have
long freshwater residence as juveniles (1 to 2 years), migrate rapidly to oceanic habitats, enter fresh
water as immature fish, and spawn far upriver in late summer or early fall. In Alaska, the stream-type life
history predominates, although ocean-type life histories have been documented in a few Alaska
watersheds. Chinook salmon become sexually mature in 2 to 7 years; females tend to be older than males
at maturity. Fish in any spawning run vary greatly in size, a mature 3-year-old will weigh less than 2 kg,
while a mature 7-year-old may exceed 23 kg. Chinook salmon are the largest salmon, often exceeding

14 kg. The largest sport-caught Chinook salmon was a 44-kg fish taken from the Kenai River.

Chinook salmon have distinctly different feeding habits and distribution in ocean habitats than do other
species of Pacific salmon. Chinook salmon are the most piscivorous of the Pacific salmon and are also
distributed deeper in the water column. While other species of salmon generally are surface oriented,
primarily utilizing the upper 20 m, Chinook salmon tend to occur at greater depths and are often
associated with bottom topography. Because of their distribution in the water column, most Chinook
salmon harvested in commercial troll fisheries are taken at depths of 30 m or greater, and they are the
most common species taken as bycatch in mid-water and bottom trawl fisheries.

Declines in the abundance of Chinook salmon have been well documented in the southern portion of the
range. Concerns over coast-wide declines from southeastern Alaska to the Pacific Northwest was a
major factor leading to the Pacific Salmon Treaty between the United States and Canada in 1985. Wild
Chinook salmon populations have been extirpated from large portions of their historic range in a number
of watersheds in California, Oregon, Washington, Idaho, and southern British Columbia. A number of
ESUs have been listed by NMFS as at risk of extinction under the ESA. Habitat degradation is the major
cause for extinction, and most has been related to dam construction. Urbanization, agricultural land use,
and water diversion, and logging are also factors contributing to habitat degradation and the decline of
Chinook salmon. Most habitat loss has occurred in freshwater ecosystems that support Chinook salmon
development; estuarine rearing areas have also been affected in some areas by industrial development,
urbanization, and dredging.
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Dams and impoundments for hydroelectric power and water diversion have caused large-scale extirpation
of Chinook salmon in the Pacific Northwest by eliminating access to habitat and have altered the
spawning, rearing, and migration corridors of Chinook salmon in many watersheds. There are presently
no dams in place or in planning that would block rivers used by Chinook salmon in Alaska. However,
because many Chinook salmon harvested under the FMP for Alaska originate in the Pacific Northwest,
such types of habitat impacts in other regions directly affect the Alaska fishery.

Logging and associated road construction have resulted in degraded habitat by causing increased erosion
and sedimentation, changes in temperature regimes, and changes in seasonal flow patterns. Timber
harvest has been a major resource use in Southeast Alaska, and is increasing in southcentral Alaska.
Timber harvest in the Pacific Northwest and British Columbia also impacts the Alaska fishery because of
the presence of stocks from these regions in the Alaska EEZ.

Placer mining has caused serious degradation of Chinook habitats in some river systems, especially in the
Yukon River drainages. While those impacts are of concern, most of the stocks directly affected do not
migrate into the Chinook fishery managed under the FMP.

Urbanization and coastal development can have pronounced effects on coastal ecosystems, particularly
estuaries, through modification of hydrography, biology, and chemistry in the developed area. Increased
nutrient input, filling of productive wetlands, and influx of contaminants commonly occur with coastal
development. These impacts can reduce or eliminate rearing potential for juvenile Chinook salmon.
Increased levels of coastal development can be expected in Alaska, as well as in the Pacific Northwest
and British Columbia.

There is a north-south cline to the degree of habitat degradation and the status of Chinook populations in
the eastern Pacific. Habitat degradation in Alaska is certainly a management concern, but, to date, has
not had the degree of impact on Chinook populations as it has had in the Pacific Northwest. In Southeast
Alaska, logging is considered the largest potential threat to anadromous fish habitat.

The oceanic environment of Chinook salmon is considered largely unchanged by anthropogenic
activities, although offshore petroleum production and local, transitory pollution events such as oil spills
do pose some degree of risk. The development of large-scale hatchery programs has, to some degree,
mitigated the decline in abundance of Chinook salmon in some areas. However, genetic and ecological
interaction of hatchery and wild fish has also been identified as a risk factor for wild populations, and the
high harvest rates directed at hatchery fish may cause over-exploitation of co-mingled wild populations.

Chinook salmon eggs, alevins, and juveniles in fresh water provide an important nutrient input and food
source for aquatic invertebrates, other fishes, birds, and small mammals. The carcasses of Chinook
adults can also be an important nutrient input to their natal watersheds, as well as providing food for
terrestrial mammals such as bears, otter, mink, and birds (such as gulls, eagles, and ravens). Because of
their relatively low abundance in coastal and oceanic waters, Chinook salmon in the marine environment
are typically only an incidental food item in the diet of other fishes, marine mammals, and coastal
seabirds. Food resources for Chinook salmon in freshwater environments are larval and adult
invertebrates. In estuaries, Chinook eat epibenthic organisms, insects, and zooplankton. At sea, Chinook
eat mostly fish, but also consume squid, pelagic amphipods, copepods, and euphausiids.

For freshwater habitats, habitat-specific information for Chinook salmon in particular watersheds is
sparse, especially in the northern portion of the range. For estuarine and marine habitats, little data exist
beyond presence/absence or density information.
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3.2.2 Biology, Status, and Habitat Usage of Species Managed Under Other Authorities

This section provides an overview of the biology and habitat use of species managed under “other
authorities,” which include the International Pacific Halibut Commission (IPHC), USFWS, and NMFS,
the last of which has deferred management of some species to ADF&G. For additional information on
habitat use, biology, and population status of these resources, refer to ADF&G (2000b); USFWS’
website, http://wwwr7.fws.gov/es/listmarch01.pdf; and IPHC’s homepage, http://www.iphc.washington.
edu/halcom/default.htm. Section 3.2.1.5 details the biology and distribution of all five species of salmon:
pink, chum, sockeye, coho, and Chinook. Section 3.4.1.5 contains a brief discussion of salmon fisheries
off the coast of Alaska, including the FMP developed by the Council in 1978.

3.2.2.1 Steelhead Trout

The steelhead trout range in Alaska waters extends from Dixon Entrance in Southeast Alaska through the
GOA to Cold Bay, Alaska. Steelhead trout are similar to rainbow trout; the greatest difference is their
anadromous life history. Rainbow trout spend their entire lives in fresh water. In the spring, steelhead
smolt leave their natal streams and enter the ocean when they are about 15 cm in length. Steelhead spend
from 1 to 3 years feeding and growing until returning to spawn. Populations return in spring, summer, or
fall. Some rivers have more than one run of steelhead each year. Spawning occurs from April through
June. Unlike salmon, steelhead commonly spawn more than once, and fish over 70 cm long are
commonly repeat spawners. Spent spawners slowly return to the ocean, where they usually spend at least
one winter before returning. The eggs quickly hatch and emerge from the streambeds as fry in
midsummer, and the steelhead are 5 to 8 cm long by fall. Juvenile steelhead remain in the stream about

3 years before outmigrating to the ocean (Hart 1973).

3.2.2.2 Pacific Halibut

Pacific halibut (Hippoglossus stenolepsis) range from the EBS to Oregon, with the center of abundance
in the GOA. Spawning takes place in the winter months from December through February. Most
spawning takes place off the edge of the continental shelf at depths of 400 to 600 m. Male halibut
become sexually mature at 7 or 8 years of age; females mature at 8 to 12 years. In the 1970s, 10-year-old
males averaged 9.1 kg, and females averaged 16.8 kg. A few males can grow to 36 kg and live up to

27 years. Females can grow to over 225 kg and live up to 42 years. Females can produce up to 3 million
eggs annually. Fertilized eggs float free for about 15 days before hatching; the larvae drift free for up to
another 6 months and can be carried great distances to shallower waters by prevailing currents. In the
shallower waters, young halibut begin life as bottom dwellers at a length of about 35 mm. Most young
halibut spend 5 to 7 years in shallow waters. Younger halibut (up to 10 years of age) are highly
migratory and generally migrate in a clockwise fashion throughout the GOA. Older halibut tend to be
much less migratory. Halibut prey on a wide variety of fish, crab, and shrimp. Halibut will sometimes
leave the ocean bottom to feed on pelagic fish such as herring and Pacific sand lance.

Pacific halibut fisheries are managed by a Treaty between the United States and Canada through
recommendations of the IPHC. Pacific halibut is considered to be one large interrelated stock, but is
regulated by subareas through catch quotas. The commercial and recreational fishery has a long tradition
dating back to the late 1800s.

Fixed Pacific Salmon Commission (PSC) mortality limits have been set for the BSAI groundfish
fisheries. Although the annual GOA PSC limits have not changed in recent years, the Pacific halibut
mortality limits are not established in regulations but are specified annually by the Council and NMFS.
The Council uses the best estimate of halibut bycatch mortality rates each year and the groundfish TAC
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apportionments to set halibut bycatch mortality allowances for each gear and target fishery group.
NMEFS monitors halibut bycatch performance throughout the fishing season, including the extrapolation
of data to unobserved vessels, and closes fishing by gear group before bycatch mortality limits are
reached.

Bycatch of Pacific halibut constrains the groundfish fisheries in both the BSAI and GOA, preventing the
TAC of many groundfish target species from being harvested (Witherell and Pautzke 1997). In recent
years, halibut mortality limits of 3,675 mt for trawl and 900 mt for nontrawl fisheries have been
established in the BSAIL. Although halibut mortality limits for the GOA can be changed each year as part
of the annual specification process, in recent years they have remained at 2,000 mt for trawl and 300 mt
for nontrawl fisheries. For each gear type, these caps have been further apportioned by target species; for
each individual target species, they have been further apportioned by season (50 CFR 679.21). This
halibut bycatch management program has the effect of directing fisheries to the highest volume or highest
value target species with the lowest seasonal halibut bycatch rates throughout the fishing year. Mortality
rate assumptions are revisited each year in the annual TAC specification process using information
provided by the IPHC. Bycatch rates are based on information collected by independent observers
aboard vessels. These data are then extrapolated by NMFS to unobserved vessels’ catch for estimates of
total bycatch. In recent years, pot gear, jig gear, and hook-and-line gear targeting sablefish under the
individual fishing quota (IFQ) program have been exempted from halibut mortality limitations. Other
measures taken to reduce the bycatch mortality of halibut have included area closures (both seasonal and
year-round), careful release requirements, a vessel incentive program to hold individual vessels
accountable for excessive bycatch, public reporting of individual vessel bycatch rates, and gear
modifications.

In the GOA, the PSC mortality limit for halibut is 2,300 mt (allocated as 2,000 mt for the trawl fisheries
and 290 mt to the hook and line non-demersal shelf rockfish (DSR) fisheries and 10 mt to hook-and-line
DSR fisheries). Since 1996, pot gear and jig gear targeting groundfish and hook-and-line gear targeting
sablefish have been exempted from PSC caps. These exemptions are due to relatively low bycatch by
these gear types and requirements by the sablefish and halibut IFQ program that quota shareholders
retain halibut. The 2,000 mt of halibut mortality allocated to trawl gear is further apportioned by season
throughout the fishing year and to two target fishery complexes: the shallow water complex (consisting
of pollock, pacific cod, shallow-water flatfish, flathead sole, Atka mackerel, and other species) and the
deep-water complex (consisting of sablefish, rockfish, deep-water flatfish, rex sole, and arrowtooth
flounder). For 2000, neither the 2,000-mt mortality limit for the trawl fisheries nor the 290-mt halibut
mortality allocated to the hook-and-line fisheries was exceeded (Table 3.2-1). The 290-mt PSC cap for
other hook-and-line fisheries is further apportioned seasonally throughout the fishing year.

The BSAI Pacific halibut PSC mortality limit is 4,575 mt (3,400 mt for trawl and 832 mt for non-trawl
gear, and 343 mt for the Community Development Quota [CDQ] program). The trawl mortality
component (3,400 mt) is sub-allocated to target groundfish fisheries (Pacific cod, yellowfin sole, rock
sole, pollock/Atka mackerel/other species, rockfish, and arrowtooth/sablefish/Greenland halibut).
Although the yellowfin sole, rock sole/flathead sole/other flatfish, and pollock/Atka mackerel/other
species fisheries exceeded bycatch allocations, the overall halibut PSC limit was not exceeded in 2000
(Table 3.2-2). Except for hook-and-line Pacific cod, none of the fixed gear target fisheries exceeded their
bycatch allocations in 2000 (Table 3.2-3).

Figure 3.2-26 shows the halibut bycatch in the bottom trawl fisheries, and Figure 3.2-27 shows the
halibut bycatch in the hook-and-line fishery for the BSAI. Both fisheries have halibut bycatch spread
throughout the BSAI area.
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3.2.2.3 State-Managed Groundfish
3.2.23.1 Pacific Cod

The biology, habitat use, and population status of Pacific cod is listed in the overview of federally
managed groundfish in this chapter. State-managed cod fisheries were first implemented in 1997 in
Prince William Sound, Cook Inlet, Kodiak, Chignik, and South Alaska Peninsula, with up to 25 percent
of the federal TAC allocated to the state-managed Pacific cod fishery in each federal management area.
The 2001 harvest totaled 9,864 mt.

3.2.23.2 Walleye Pollock

The biology, habitat use, and population status of walleye pollock are discussed in the overview of
federally managed groundfish in this chapter. In 1995, a state-managed directed pollock fishery was
initiated in Prince William Sound, and harvests have averaged 2,259 mt annually. The 2001 harvest
totaled 1,422 mt.

3.2.2.3.3 Sablefish

The biology, habitat use, and population status of sablefish is listed in the overview of federally managed
groundfish in this chapter. ADF&G actively manages commercial fisheries for sablefish in the
Southeast, Prince William Sound, Cook Inlet, and Al management areas. The 2001 harvest totaled

1,562 mt.

3.2.23.4 Lingcod

The following is adapted from ADF&G (1998a): Belonging to the family Hexagrammidae, lingcod are
greenlings, rather than true cods. They are common throughout Southeast Alaska, Prince William Sound,
the outer Kenai Peninsula, and Kodiak. They occur at depths of up to 300 m, but they more typically
inhabit nearshore rocky reefs from 10 to 100 m. Most spawning occurs from January through March.
They are voracious predators and eat almost anything, including other lingcod. If left unguarded, lingcod
egg nests are preyed on by rockfish, starfish, sculpins, kelp greenling, and cod. Salmon, rockfish, and
other lingcod eat young lingcod. The maximum age is reported to be 25 years. Lingcod appear to be
rather sedentary and are not known to undergo extensive migrations. Their sedentary lifestyle, coupled
with their nest-guarding behavior, renders the species particularly sensitive to overfishing. Lingcod,
attaining sizes of more than 35 kg are highly prized by commercial and recreational fishermen for their
high-quality white flesh. Primary seafood products are fresh and frozen fillets. ADF&G manages all
lingcod fisheries in territorial and EEZ waters off Alaska. The 2001 harvest totaled 152 mt.

3.2.2.3.5 Rockfish

The biology, habitat use, and population status of rockfish species is listed in the overview of federally
managed groundfish in this chapter. In 1998, black and blue rockfish were removed from the federal
FMP and were placed under the management jurisdiction of the State of Alaska. In addition to
management of black and blue rockfish throughout all territorial and EEZ waters off Alaska, the state
manages rockfish (all species) in Prince William Sound and Cook Inlet. The 2001 rockfish harvests
totaled 900 mt.
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3.2.2.4 State-Managed Crabs

The biology and habitat usage of most crabs in Alaska fisheries is covered in the federally managed
fisheries section in this chapter. The following figures (Figures 3.2-28 through 3.2-34) contain
information on the population status of state-managed crab in Alaska.

3.2.2.4.1 BSAI Korean Hair Crab

The Korean hair crab (Erimacrus isenbeckii) fishery, which is not included in the BSAI king and Tanner
crab FMP, is under exclusive state management. The fishery for hair crab in the EBS was pioneered by
the Japanese fleet during the 1960s and was first commercially exploited by the United States fleet in
1978. In the early years of the United States fishery, the hair crab season was opened by emergency
order concurrent to the EBS Tanner crab fishery; however, by 1980 a year-long permit fishery had been
established. Throughout the 1980s, harvest of hair crabs occurred primarily as bycatch in the EBS
Tanner crab fishery. As interest in the fishery and market demand increased, ADF&G began to manage
the fishery under conditions of a commissioner’s permit. The commissioner’s permit fishery was
initiated in 1993. Under the permit conditions, all vessels fishing for hair crabs were required to carry an
observer during all fishing activities.

Due to increasing effort in the hair crab fishery the Alaska Legislature authorized the Commercial
Fisheries Entry Commission to regulate vessel licenses in the EBS hair crab fishery beginning in 1996.
Vessel qualification was based on participation in at least one of the qualifying years from 1992 to 1995.
Licenses were issued to 23 vessels for those waters beyond 5 nautical miles (nm) off of St. George and
St. Paul islands. Also included in this legislation were provisions which allow any vessel 58 feet and
under to fish within 5 nm of St. George and St. Paul Islands. In addition, it was the intent of the
legislature, expressed in the moratorium, that the Board of Fisheries (BOF) maintain 100 percent
observer coverage on all vessels participating in the EBS hair crab fishery. ADF&G exempted vessels
under 44 feet in length from mandatory observer coverage because of observer safety considerations.

Participation and harvest in the EBS hair crab fishery have varied greatly over the history of the United
States fishery. Effort and harvest reached a peak of 67 vessels and 2.4 million pounds in 1980. Between
1987 and 1990, effort was minimal due to low stock abundance. Since the moratorium, effort has
remained at 21 or fewer vessels. In 1997, only 16 vessels made landings. In the 1990s, harvest reached a
peak of 2.3 million pounds in 1994. The fishery reached a peak ex-vessel value of $5.7 million in 1995.
Since 1995, both effort and Guideline Harvest Level (GHL) have been declining, and the Pribilof fishery
has been closed since 1999.

3.2.24.2 GOA King and Tanner Crabs

GOA Alaska king and Tanner crab stocks are assessed and managed by the State of Alaska exclusively
because no federal FMP for crab has been developed in the GOA. Alaska king and Tanner crab are
treated as prohibited species in the groundfish fisheries in the GOA. Alaska king and Tanner crab stocks
are severely depressed over much of the GOA. The last king crab fishery in the Kodiak, Chignik, and
South Peninsula districts occurred in 1982 and in Cook Inlet in 1983. The red and blue king crab
fisheries remained closed in all Districts of the GOA in 2001. The only 2000 Tanner crab fishery in the
GOA occurred in the Southeast district. In that fishery, 771 mt of Tanner and 254 mt of golden king crab
were harvested. The 2000 survey indicated that the number of legal-size males was sufficient to permit a
2001 Tanner crab fishery in portions of the GOA. GHLs are 227 mt within the Kodiak District and

170 mt within the South Peninsula District. These areas had previously been closed since 1994. There
are no crab PSC bycatch limits in the groundfish fisheries in the GOA. To protect crab, large areas of
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historically important crab habitat have been closed to the use of non-pelagic trawl gear in the GOA.
Table 3.2-4 shows the amount of red king crab bycatch in the GOA trawl and fixed gear fisheries. Very
little king crab is taken as bycatch in the GOA. A large number of Tanner crabs are taken in the trawl
and pot fisheries.

3.2.2.5 Herring

Pacific herring (Clupea pallasii) occur from California through the GOA and EBS to Japan. Pacific
herring may grow to a length of 45 cm with a weight of over 500 g, but average 23 cm and about 225 g.
Pacific herring migrate in schools. In Alaska, Pacific herring begin spawning in mid-March in Southeast
Alaska and as late as June in the EBS. Spawning occurs in shallow, vegetated intertidal and subtidal
areas. The eggs are adhesive, and survival is greater for those eggs that stick to vegetation than for those
that fall to the bottom. Milt released by the males drifts among the eggs, fertilizing them. The eggs hatch
in about 2 weeks, depending on water temperature. Herring spawn every year after reaching sexual
maturity at 3 or 4 years of age. The average life span of herring is about 8 years in Southeast Alaska and
16 years in the EBS. The young larvae drift and swim with the ocean currents. After developing to their
juvenile form, they rear in sheltered bays and inlets and appear to remain segregated from adult
populations until they mature. After spawning, most adults leave inshore waters and move offshore to
feed, primarily on zooplankton. They are seasonal feeders and accumulate fat reserves for periods of
relative inactivity. Herring schools often follow a diel vertical migration pattern, spending daylight hours
near the bottom and moving upward during the evening to feed (Hart 1973).

From catch records, it is evident that herring biomass fluctuates widely due to influences of strong and
weak year-classes. The major EBS and GOA stocks are currently at moderate levels and in relatively
stable condition, with the exception of Prince William Sound and Cook Inlet, which are at depressed
levels. Stock assessments indicated that the herring biomass in Prince William Sound and Cook Inlet
was below the minimum threshold needed to conduct a harvest, so these fisheries were closed for 1999
and 2000.

Annual statewide harvests of herring were estimated at 36,091 mt for the sac roe harvest through June 21,
2000, and 2,981 mt for the food and bait fishery through November 6, 2000. The Alaska statewide sac
roe harvest was about 20 percent less than forecast for 2000, with harvests less than quotas at Kodiak,
Togiak, Security Cove, Goodnews Bay, Nunivak Island, and Norton Sound. At Togiak (the largest
herring fishery in Alaska) the main spawning run occurred over a very short period in 2000, during which
harvest was constrained by the amount of processing capacity on the fishing grounds. Unusual run
timing, limited fishing effort, herring availability, and weather were factors limiting harvests in the other
areas. Recent statewide harvests have averaged 52,800 mt.

Pacific herring PSC limitations in the groundfish fisheries apply to trawl gear in the EBS. Under
Amendment 16 to the BSAI groundfish FMP, the herring PSC limit is set at 1 percent of the EBS
spawning biomass, equal to 1,525 mt for 2003. The PSC limit for trawl gear is determined each year
during the ABC and TAC setting process and is further apportioned by target fishery (50 CFR

§ 679.21 (e)(1)(iv)). Should the herring PSC limit for a particular groundfish target fishery be reached
during the fishing year, the trawl fishery for that species is closed in the Herring Savings Areas
(Figure 3.2-35), (50 CFR § 679.21 (e)(7)(v)). No bycatch allocations were exceeded in 2002.

ADF&G estimated that the 2003 spawning biomass of the EBS herring stock will be approximately
152,500 mt, a decrease from the 1999 estimate of 185,330 mt, primarily due to a more conservative
biomass estimate for herring spawning at Togiak (ADF&G website at http://www.cf.adfg.state.ak.us/
geninfo/finfish/herring/forec