AGENDA D-4

JUNE 1988
MEMORANDUM
To: Council, SSC, and AP members
From: Clarence G. Pautzke
Executive Director
Date: June 3, 1988
Subject: Bering Sea/Aleutian.Islands Groundfish FMP
ACTION REQUIRED
(a) Final approval of Amendment 12 and implementing regulations
for Secretarial review.
(b) Approve Resource Assessment Document (RAD) policy (also

applies to the Gulf of Alaska groundfish FMP).
BACKGROUND

In April the Council approved draft environmental and
socioeconomic documents on Amendment 12 for public review. The
amendment consists of six proposals and their management
alternatives:

1. Establish a bycatch managemenﬁnsystem for king crab,
Tanner crab, and halibut.

2. Require all floating processors receiving groundfish
caught in the EEZ to obtain federal permits and report
catch weekly.

3. Establish non-retainable catch limits on the bycatch of
groundfish species for which the TAC has been
previously attained.

4. Remove the July 1 deadline for the annual Resource
Assessment Document (RAD).

5. Establish limits on the amount of roe-bearing rock sole
that can be retained by joint ventures.

6. Revise the upper limit to the optimum yield (0OY) range.



The first five proposals were analyzed in an environmental
assessment/requlatory impact review/initial regulatory
flexibility analysis (EA/RIR/IRFA); the 1last proposal was
analyzed in a supplemental environmental impact statement (SEIS).
The public comment period on these documents ended on June 17 and

20, respectively. A summary of those comments is included in
your supplemental materials.

Final action on Amendment 12 should be taken in three steps:

1. On Wednesday afternoon or Thursday morning the Council
will identify their preferred alternative for each
amendment topic. Item D-4(a) is a worksheet for use
in considering recommendations of the AP and the SSC
and selecting preferred alternatives.

2. The plan team and NOAA General Counsel will revise the
amendment text, if necessary, and prepare the
implementing regulations. A supplement to the EA/RIR,
or changes to the SEIS, also may be needed.

3. On Friday the Council will consider recommendations of
the plan team and NOAA General Counsel and give final
approval to send Amendment 12 to Secretarial review.

These documents (the EA/RIR, SEIS, and draft regulations) will
constitute most of the formal Amendment 12 package submitted to
the Secretary. The remaining transmittal documents, preamble,
etc. will be prepared as soon as possible. The amendment should
be implemented by November-December 1988, in time for the 1989
fishing year.

In response to suggestions from John Peterson, and as a result of
part of Amendment 12, the Council may want to formalize a policy
on the Resource Assessment Documerits for the Bering Sea/ Aleutian

Islands and Gulf of Alaska. Item D-4(b) outlines a suggested
policy and supporting rationale.
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AGENDA D-4(a)
JUNE 1988

BERING SEA/ALEUTIAN ISLANDS GROUNDFISH FMP
AMENDMENT 12 SUMMARY

Implement the Bycatch Committee’s management program for red
king crab, Tanner crab, and halibut bycatch.

Alternative 1l: Maintain the status quo (i.e., do nothing).
Current bycatch controls under Amendment 10 expire
December 31, 1988.

Alternative 2: Continue Amendment 10 controls indefinitely.

Alternative 3: Implement the Bycatch Committee’s framework
to annually establish bycatch caps for specific target
fisheries, based upon annual assessment of bycatch
species’ population size and groundfish TACs.

OPTION A: Use specific definitions for target
fisheries against which individual bycatch
allowances are counted.

OPTION B: Use general target fishery definitions
(e.g., DAP trawl, DAP 1longline, JVP trawl, JVP
longline).

Alternative 4: Establish numerical bycatch 1limits for
specific zones in the BS/AI.

Require all vessels receiving groundfish caught in the U.S.
EEZ to have federal permits.

Alternative 1: Maintain the status quo (i.e., do nothing).
Only vessels fishing in the EEZ are required to have a
federal permit. Processing vessels located within
three miles or outside 200 miles that receive fish from
the EEZ are not required to report their processed
catch weekly as do processors operating in the EEZ. No
report or one that 1is delayed could 1lead to
overharvests.

Alternative 2: Require all vessels receiving groundfish
from the EEZ to have a federal permit regardless of
processing location.



Establish non-retainable dgroundfish catch limits that are
outside the groundfish OY.

Alternative 1: Maintain status quo (i.e., do nothing).
Currently no bycatches of fully U.S. harvested
groundfish are available to TALFF. In addition there
is no limit to DAP and JVP on the discarded bycatch of
a groundfish species after its TAC has been reached.

Alternative 2: Establish non-retainable groundfish bycatch
limits, outside the groundfish OY but within each
species ABC, that would be allocated to DAP, JVP, and
TALFF as required in other species target fisheries.

Alternative 3: Establish non-retainable groundfish bycatch
limits that are not within the groundfish oY for
groundfish species applicable only to JVP and foreign
fisheries (i.e., no specified limit to DAP bycatch of
non-targeted groundfish).

Remove July 1 deadline for Resource Assessment Document.

Alternative 1: Maintain status quo (i.e., do nothing). The
Resource Assessment Document now must be produced by
July 1, even though summer survey results are
unavailable.

Alternative 2: Remove July 1 deadline, but maintain Council
policy to require draft RAD prior to September meeting
and final RAD prior to December meeting.

Prohibit joint venture targeting on roe-bearing rock sole. .

Alternative 1: Maintain status quo (i.e., do nothing).
Rock sole now is part of the "other flatfish" TAC for
purposes of apportionment to DAP and JVP.

Alternative 2: Prohibit the retention of more than 30% rock
sole by joint ventures between January 1 and April 1
(rock sole spawning season).

Alternative 3: Create separate TAC for rock sole and
apportion on a split-season (spawning and non-spawning)
basis.

Revise the upper limit to the optimum yield (OY) range.

Alternative 1: Maintain status quo (i.e., do nothing). The
current upper limit to OY for the groundfish complex is
2.0 million metric tons.



Alternative 2: Set the upper limit to the OY range equal to

TS the annual sum of estimates for acceptable biological
catch (ABC).
OPTION A: Sum of ABCs.
OPTION B: 90% of sum of ABCs.
OPTION C: 5% maximum increase per year up to sum of
ABCs.

Alternative 3: Set the upper limits to the OY range equal
to the estimate of maximum sustainable yield (MSY) for
the groundfish complex.

OPTION A: Groundfish.complex MSY.
OPTION B: 85% of groundfish complex MSY.
OPTION C: 5% maximum increase per year up to complex
MSY.
~
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Table D-4(a). Bering Sea/Aleutian Islands Groundfish FMP Amendment 12: Alternatives Worksheet, June 1988 AN
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AGENDA D-4 (b)
JUNE 1988

DRAFT COUNCIL POLICY ON
RESOURCE ASSESSMENT DOCUMENTS (RADs)
FOR GROUNDFISH FMPs

In response to suggestions from John Peterson, and in association
with a portion of Amendment 12 dealing with the Resource
Assessment Documents (RADs) for groundfish, the Council may wish
to formalize a policy on the content and scheduling of these
annual reports. The following is a suggested RAD policy to be
applied to the Gulf of Alaska and Bering Sea/Aleutian Islands
Groundfish FMPs: w

1. A draft RAD will be delivered to the Council family
(Council, Advisory Panel, and Scientific and
Statistical Committee members) at least five working
days (one week) prior to the September Council meeting.

Summer biomass surveys in the Gulf and Bering Sea/Aleutians often
extend late into August and sometimes into September; data from
these surveys take time to collate and analyze. Writing of stock
assessment reports, subsequent review by the plan teams, and
final editing take additional time. Delivery of a document at
any time in September will likely require omission of some of the
summer survey information. Giving the plan team the opportunity
to add information up to five working days before the Council
week will add substantially to the draft. Understanding that the
September RAD is just a draft and that the Council is charged
‘only to issue preliminary recommendations of acceptable
biological catch (ABC) and total allowable catch (TAC) at the



September meeting, five working days is a reasonable compromise
between the demand, availability, and necessity of incorporating
summer survey information into the RAD in September.

2. The final RAD will be delivered to the Council family
at least 10 working days (two weeks) prior to the
December Council meeting.

The final RAD must be a rigorous assessment, to be used by the
Council in making firm recommendations on ABCs and TACs. Between
September and December many adjustments to the draft RAD can be
accomplished, including incorporation of previously omitted
summer survey information. Given these considerations, it
appears feasible and appropriate to deliver the final RAD ten
working days prior to the December Council meeting. Earlier
delivery may be possible, but difficult to assure, considering
demands on staff of the Northwest and Alaska Fisheries Center
(NWAFC) and the plan teams to finalize stock assessments, present
materials to the International North Pacific Fisheries Commission
(INPFC), address specific questions on harvest strategies (to be
discussed below), and to begin evaluation of plan amendment
proposals received on October 1.

3. The final RAD will identify any substantive changes
from the draft RAD.

For clarity only substantive changes between drafts will be
identified in the final RAD. Simple editing or language changes
will not be noted. A summary section will be included in the
final RAD outlining substantive changes.

4. Both the draft and final RAD will contain a glossary of
commonly used technical terms and their acronyms.

Many terms used by the Council are technically or legally defined



and used repetitively throughout many of our documents. Although
acronyms can be irritating and confusing at times, they also
serve to facilitate discussion and presentation. Most of the
commonly used acronyms are understood by the Council family and
quickly assimilated by the interested public. It is feasible to
identify the phrase associated with each acronym at its first use
in every document; it would also be reasonable to standardize a
glossary of definitions and acronyms to be placed in each Council
document.

5. The final RAD will.specifically address questions on
harvest strategy and risk posed by the Council at the
September meeting.

Currently the RAD presents assessments of stock condition and
estimates of ABC prepared by the plan teams. These estimates may
also be accompanied by simulations of future stock condition and
ABC under the projected harvest of estimated ABC. However, the
plan teams do not always analyze or simulate a large array of
potential harvest strategies, mostly because such strategies must
rely on policy decisions by the Council on their objectives for
each fishery. It would be possible for the Council to propose
distinct harvest strategies for each speciés and request the plan
teams to estimate appropriate ABCs and simulate future stock
conditions under such strategiés. For example, the Council might
wish to assure that harvests of Shelikof Strait pollock be of
fish larger than 12 inches. If the Council posed such a strategy
in September, the plan team could report back in the December RAD
the accompanying ABC, simulations of future stock condition,
risks or sensitivity, as well as any amendment proposals that
might be needed to implement the strategy (such amendment
proposals could possibly be _fashioned in time for the usual
October 1 deadline in the amendment cycle).

The types of questions or strategies posed by the Council will



change the estimates of ABC for the respective species. This
policy for the RADs would provide the Council a forum to discuss
and analyze more specific objectives for the harvest of
groundfish, rather than simply relying on the plan team estimates
of ABCs that maximize the biomass of allowable catch.
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AGENDA D-4
SUPPLEMENTAL
JUNE 1988

BS/AI AMENDMENT 12: OVERVIEW OF COMMENTS BY ISSUE

Bycatch controls.

All written comments supported Alternative 3, except for a
technical and 1legal critique of the Bycatch Committee’s
proposal submitted by the Alaska Crab Coalition. Favorable
comments centered upon the responsiveness of this
alternative to fluctuating biomass levels of the bycatch
species and to various groundfish target fisheries. The
Midwater Trawlers supported Option B, presumably due to its
relative simplicity in defining target fishery.

Federal permit requirements.

Both written comments supported Alternative 2, to require
all vessels receiving groundfish from the EEZ to hold
federal permits and report catch weekly.

Non-retainable groundfish catch limits.

Two commenters supported Alternative 2, citing the added
protection that such limits would provide against discard
and waste. The Alaska Factory Trawlers Association
supported Alternative 1 (status quo), stating that necessary
management tools already exist (except for consideration of
foreign fisheries) and that additional regulations would
only add to administrative costs.

RAD deadline.

All three commenters supported Alternative 2, to remove the
existing July 1 deadline.

JVP prohibition on roe-bearing rock sole.

Four commenters supported Alternative 1 (status quo),
stating that there is no evidence that DAP markets for roe-
bearing rock sole need such protection and that the proposed
restrictions on Jjoint venture take of rock sole would
unnecessarily burden those fishermen. The Alaska Factory
Trawlers Association supported either Alternatives 2 or 3,
stating that either would provide the necessary regulations
to protect DAP priority to a limited market for roe-bearing
rock sole; Trawl Resources, Inc. also supported Alternative
3.




Upper limit to optimum yield (0Y) range.

Four commenters supported Alternative 1 (status quo), citing
that there is insufficient information to justify potential
increased risk to groundfish stocks and other components of
the ecosystem; the Alaska Factory Trawlers Association and
the Pacific Seafood Processors Association also cited
probable economic hardship to domestic interests that would
occur if the OY were raised. Four other commenters
supported Alternative 2 Option A, citing the improved
condition of groundfish stocks and potential economic loss
to U.s. fishermen participating in joint ventures if
increased harvests are not allowed; the American High Seas
Fisheries Association and the Midwater Trawlers Cooperative
also noted that increasing the upper limit to the OY range
only provides the flexibility to increase harvests, but does
not require that they be raised. '




AGENDA D-4
SUPPLEMENTAL
JUNE 1988

D-4 Supplemental -- Summary of written comments on Bering Sea/Aleutian Islands Groundfish FMP Amendment 12.

Amendment topic
) Federal  Non-retainable July Roe-bearing Optimum
Bycatch permit groundfish RAD rock sole/lJVP yield (OY)
Commenter controls requirements catch limit deadiine prohibition range
Kodiak and Western

Trawler Group Status quo
Fred Yeck Alt. 2A
Alaska Crab Technical/ -

Coalition Legal
Trawl Resourcss, Inc Alt. 3 Alt. 2 Alt. 2 Alt. 2 Alt. 3
American High Seas

Fisheries Assoc. Alt. 3A Status quo Alt. 2A
Alaska Factory Trawlers

Assoc. Alt. 3A Status quo Alt. 2 or 3 Status quo
Pacific Seafood

Processors Assoc. Status quo
Gary L. Painter Technical
Northern Deep Sea

Fisheries, Inc. Alt. 3A Alt, 2 Status quo Alt. 2A
Midwater Trawlers -

Cooperative Alt. 3B - Alt. 2 Alt. 2 Alt. 2 Status quo Alt. 2A
Greenpeace N Status quo
U.S. Fish and i

Wildlife Service - A Technical
Minerals Management Service Technical
University of Alaska/IMS Technical
International Pacific - ~

Halibut Commission Alt. 3 or 4 Status quo
National Marine Mammal -

Laboratory/NMFS Technical
Alaska Department of

Fish and Game Technical Technical
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\_r.ciarence ¢, Pautzke
Executive Director
North Pacific Pishery
Management Council
P. 0, Box 103136
Anchorage, AX 99510

Dear Mr. Pautzke:

Thank you for the opportunity to comment on the draft of the EA/RIR
for Amendment 12 to the Bering Sea/Aleutian Islands Groundfish FMP, -
Altheugh I will be able to comment more fully on the specific items
of Amendment 12 during the June council meeting, there is one issue
with which I anm especially concerned. Regardless of whether the
council is facing a purely allocative issue or one primarily
biological in nature, the need for catch acoounting continues to
3 limit the council's management options and to frustrate the fisheries
- agencies' ability to managa, Whether the issus is bycatch allocation
or optimum yield determination, a common problem is our inability to
determine how much of which species is removed by the tishery.
Resolution of increasingly complex management problems, such as
effort limitation, will demand that we have good estimates of catch,—
both retained and discarded.

The council and fisheries agencies must come to grips with the need
for observers and the means to fund observer programs.

It may be that befors we can proceed much further with proposals for
bycatch allocation and the limitation of effort, we will have to
resolve our limitatien of information. I balieve the council should
make the issue of observers and tha documentation of fishing removals
a high priority, ‘

Agaln, thank you for the opportunity to comment. I look forward to
seaing you next wesk.

Sincerely,

_ Don W. Collinsworth \

o Conmissioner

11-K2LH
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AGENDA D-4
SUPPLEMENTAL
JUNE 1988

CHANGES TO THE BERING SEA/ALEUTIAN ISLANDS GROUNDFISH FMP

June 24, 1988



14.0 CHANGES TO THE FMP

14.1 Amendment 12 Summary

In Chapter 2.0, Section 2.1 entitled "History and Summary of
Amendments," page 2-2, add the date after Amendment 11.

Also add to the summary, page 2-4:
Amendment 12 on , 1988:

(1) Established a bycatch management program to control the
catch of Tanner crab, red king crab, and Pacific halibut in
all DAH groundfish fisheries.

(2) Revised federal permit requirements to include all
vessels harvesting and receiving groundfish from the EEZ.

(3) Established a prohibited species catch limit procedure
for fully utilized groundfish species taken incidentally in
JVP and TALFF fisheries.

(4) Removed a July 1 deadline for delivery of the Resource
Assessment Document (RAD).

(5) Established rock sole as a distinct target species.

14.2 Bycatch Controls

[THESE ARE DRAFT CHANGES FOR BYCATCH CONTROL AT THIS TIME]

In Chapter 14, Section 14.4.2 entitled "Prohibited Species,"
delete the fourth paragraph, referring to voluntary compliance,
under Item D entitled "Policy." )

In Chapter 14, Section 14.4.2 entitled "Prohibited Species,"
delete Paragraph E entitled "PSC Limits and Time/Area Closures
for DAH Fisheries." ) - :

In Chapter 14, Section 14.4.2.1 entitled "Bycatch Limitation
Zones," delete Item B referring to Zone 2, and renumber Item C
referring to the Crab .and Halibut Protection Zone.

In Chapter 14, Section 14.4.2.2 is replaced with the following,
entitled "Target Fisheries": _
It is the intent of the Council to define individual target
fisheries by DAP and JVP, gear type, species composition,
and time and area.. Individual target fisheries will be



defined annually in accordance with data availability and
the monitoring capability of NMFS.

In Chapter 14, a Section 14.4.2.3 is added, entitled "Prohibited
Species Catch Limits:"

The incidental catch, or bycatch, of prohibited species will
be controlled in fisheries for target species through the
implementation of specific PSC limits. Any directed fishing
for a target species which is 1likely to take a bycatch
greater than a PSC limit is prohibited. :

A. For C. bairdi Tanner crab, the PSC 1limit will be
specified annually as an amount equal to 1.0 percent of the
biomass of this species.

B. For red king crab, the PSC limit, applicable only to
joint venture fisheries, will be specified annually as an
amount equal to 0.75 percent (reduced annually in proportion
to the ratio of JVP apportionments to total TACs) of the
biomass of this species within Bycatch Limitation Zone 1.
No PSC limit is applied to DAP. -

c. For Pacific halibut, the PSC 1limit will be specified
annually as an amount of halibut mortality equal to 3,900
nt.

In Chapter 14, a Section 14.4.2.4 is added, entitled "Management
Procedures:"

Prior to each fishing year, the likely bycatch of C. bairdi
Tanner crab, red king crab, and Pacific halibut™ in each
target fishery will be estimated and individual bycatch
allowances specified for each target fishery.

Appropriate restrictions, short of closure, will be placed
on any target fishery that exceeds its individual bycatch
allowance when the aggregate bycatch of C. bairdi and
halibut is 1less than 0.75 percent of the estimated
population of C. bairdi or 2,925 metric tons of halibut
mortality. ’

Further, all target fisheries will be restricted if
aggregate bycatch of C. bairdi and halibut in all target
fisheries sum to an amount equal to or greater than 0.75% of
the estimated population of C. bairdi or 2,925 mt mortality
for Pacific halibut. The NMFS Regional Director, in
consultation with the Council, will impose area closures,
gear restrictions, or other appropriate measures to assure
that the PSC limits for these prohibited species are not
exceeded.
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For JVP target fisheries operating in Zone 1, the Regional
Director, in consultation with the Council, will impose
appropriate measures to control bycatch of red king crab
such that bycatch of red king crab will not exceed the JVP
red king crab PSC for Zone 1.

For DAP target fisheries operating in Zone 1, the Regional
Director will impose appropriate measures to control bycatch
of red king crab when any of the following conditions occur:

1. the DAP harvest of yellowfin sole equals 25 percent
or more of the Zone 1 total yellowfin sole harvest,

2. the DAP bycatch in the 2Zone 1 yellowfin sole
fishery equals 0.3 percent or more of the red king crab
population, or

3. the combined DAP harvest of Pacific cod, pollock,
and other flatfish in Zone 1 is equal to 225,000 metric
tons or more.

In Chapter 14, remove Zone 2 from Figure 27a.

In Chapter 14, delete Section 14.4.3.4 entitled "Implementation
of Time and Area Limitations."

In Chapter 14, delete text in Section 14.4.3.5 entitled

"Discretionary Authority of the Secretary," and reserve for later
use.

In Appendix III, entitled "Descriptions of Closed Areas," Item 4,
delete reference and description of Bycatch Limitation Zone 2.

14.2.3 Federal Permit Requirement

In Chapter 14, Section 14.4.1 entitled "Permit Requirement,"
replace the existing sentence with the following:

"All U.S. vessels that are fishing in the Bering Sea and
Aleutian Islands management area or are receiving fish fram
the Bering Sea and Aleutian Islands management area must
have a current fishing permit issued annually by the
Secretary of Commerce. Information required when applying
for a Federal fishing permit is contained in 50 CFR 675.4 of
domestic regulations implementing the FMP."

14.2.4 Prohibited Species Catch Limits for Fully Utilized
Groundfish

In Chapter 11 entitled "Optimum Yield (0OY) and Total Allowable
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Catch (TAC)," add a Section 11.7 entitled "Prohibited Species
Catch Limits for Fully Utilized Groundfish Species" and include
the following text:

The

timing of actions and procedure to be taken in

establishing prohibited species catch limits (PSCs) of fully
utilized groundfish species are as follows:

(1)

(2)

(3)

(4)
(5)

(6)

(7)

September. Following the initial determination of TACs
for all managed groundfish species as described in
Section 11.3, the plan team will identify those
groundfish species that are fully utilized by the
wholly domestic fishery. For those species, initial
PSC limits will be calculated for joint venture and
foreign fisheries wusing the best available bycatch
rates obtained by NMFS observers from the respective
fisheries and applying them to initial joint venture
(JVP) and foreign (TALFF) TAC apportionments.

September Council meeting. Council will review and
approve preliminary PSCs and release the RAD for 30-day
public review.

October 1. As soon as practicable after October 1 the
Secretary, after consultation with the Council, will
publish a notice in the Federal Register specifying the
proposed PSCs for JVP and TALFF. Public comments on
the proposed PSCs will be accepted by the Secretary for
30 days after the notice is published.

November. Plan Team prepares final RAD.

December Council meeting. Council reviews public
comments, takes public testimony and makes final
decisions on annual PSC limits.

By January 1 the Secretary will publish a notice of
final PSC limits in the Federal Register.

January 1. Annual PSC 1limits take effect for the
current fishing year. -

14.2.5 Resource Assessment Document Deadline

In Chapter 11, page 1i-3, remove the phrase "by July 1" from the
first sentence in the section entitled "Biological Condition of
the Stocks."

14.2.6 Rock Sole -



In Chapter 14, Section 14.2 entitled "Area, Fisheries, and Stocks am

Involved," 1Item B. 2., replace existing language with the
following:

Target species -- are those species which are commercially
important and for which a sufficient data base exists that
allows each to be managed on its own biological merits.
Accordingly, a specific TAC is established annually for each
target species. Catch of each species must be recorded and
reported. This category includes pollock, Pacific cod,
yellowfin sole, Greenland turbot, arrowtooth flounder, rock
sole, "other flatfish," sablefish, Pacific ocean perch,
"other rockfish," Atka mackerel, and squid.
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15.0 CHANGES TO THE REGULATIONS [not complete]

15.1 Summary

The following draft regulations would implement the preferred
amendment alternatives approved by the North Pacific Fishery
Management Council on June 24, 1988 for Amendment 12 to the FMP
for Bering Sea/Aleutian Islands groundfish. Final approval by
the Secretary of Commerce would change current federal
regulations implementing the FMP under 50 CFR 611 and 675 as
indicated. After the Secretary receives the Council’s approved
FMP amendment, analysis and draft proposed implementing
regulations, the regulations will be published in the Federal
Register as proposed rules with public comment invited. Pending
Secretarial approval and after changes are made due to public
comments, the proposed rules will be republished as final rules.

15.2 changes to Relevant Requlations
15.2.1 Bycatch Controls

[ TO BE DRAFTED LATER ]

15.2.2 Federal Permit Requirements

In Section 675.1, entitled "Purpose and scope," paragraph (a) is
revised to read:

(a) Regulations in this part implement the Bering Sea and
Aleutian Islands Groundfish Fishery Management Plan.

In Section 675.4, entitled "Permits," paragraph (a) is revised to
read:

(a) General. No vessel of the United States may fish for
groundfish in the Bering Sea and Aleutian Islands Management
Area or receive fish caught in the Bering Sea and Aleutian
Islands Management Area without first obtaining a permit

issued under this Part. Permits shall be issued without
charge.
15.2.3 Prohibited Species Catch Limits for Fully Utilized

Groundfish Species
In 50 CFR Part 675, Section 675.20, paragraph (a) is relabeled,

new paragraphs (a)(6) and (a)l2) are added, existing paragraphs
(a) (6)-(a) (10) are redesignated as (a2) (7)-(a) (11), the newly
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redesignated paragraph (a)(7) is amended, paragraph (b) is 7~
relabeled, and paragraph (b) (1) (iv) is added as follows:

Section 675.20 General Limitations.

(a) OY, TAC, Reserve, DAH, TALFF, and PSC:

* * *

(6) Prohibited species catch limits. (i) When the Secretary

determines after consultation with the Council that the TAC
for any species or species group will be fully harvested in
the DAP fishery, the Secretary may specify for each calendar
year the prohibited species catch (PSC) limit applicable to
the JVP and TALFF fisheries for that species or species
group. Any PSC limit specified under this paragraph shall be
provided as bycatch only, and may not exceed an amount
determined to be that amount necessary to harvest target
species. Species for which a PSC limit has been specified
under this paragraph shall be treated in the same manner as
prohibited species under paragraph (c) of this section. -

(ii) The annual determinations of the PSC limit for each
species or species group under paragraph (a) (6) of this
section may be adjusted, based upon a review of the
following:

(A) Assessments of the biological condition of each PsC
species. Assessments will include where practicable updated
estimates of maximum sustainable yield (MSY), and acceptable
biological catch (ABC); estimates of groundfish species
mortality from non-groundfish fisheries, subsistence
fisheries, recreational fisheries, and the difference
between groundfish mortality and catch. Assessments may
include information on historical catch trends and current
catch statistics; assessments of alternative harvesting
strategies and related effects on component species and
species groups; relevant information relating to changes in
groundfish markets; and recommendations for PSC limits for
species or species group fully utilized by the DapP
fisheries: ' .

(B) Socioeconomic considerations that are consistent with
the goals and objectives of the FMP.

* * *

(7) Notices of harvest limits and PSC limits. As soon as
practicable after October 1 of each year, the Secretary,
after consultation with the Council, will publish a notice
in the FEDERAL REGISTER specifying preliminary TAC, Reserve, 7
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DAP, JVP, TALFF for each target species and the "other
species" category, and PSC 1limits, for the next calendar
year. Public comment on these amounts will be accepted by
the Secretary for a period of 30 days after the amounts have
been published in the FEDERAL REGISTER. The Secretary will
consider all timely comments when determining, after
consultation with the Council, the final annual TAC, initial
DAH, initial TALFF for each target species and the "other
species" category and the applicable PSC limits for the next
year. These fiqures will be published as a notice in the
FEDERAL REGISTER as soon as practicable after December 15
and made available to the public through other suitable
means by the Regional Director.

* * *

(13) If the Regional Director determines that a PSC limit
applicable to a directed JVP or TALFF fishery in Table 1 has
been or will be reached, the Secretary will publish a notice
of closure in the FEDERAL REGISTER closing all further JVP
or TALFF fishing in all or part of the management area.

(b) Apportioning the reserve, surplus DAH, and JVP, and
adjustment of PSC limits.

* * *
(iv) Adjustments of PSC limits resulting from
apportionments. If the Secretary makes inseason

apportionments of target species, the Secretary may
proportionately increase any PSC 1limit amount of species
fully utilized by the DAP fishery if such increase will not
result in overfishing of that species. Any adjusted PSC
limit may not exceed the amount determined to be necessary
to harvest a target species.

% * *

15.2.4 Resource Assessment Document Deadline

No changes to the regulations are required for this FMP
amendment. - :

15.2.5 Rock Sole

No changes to the regulations are required for this FMP
amendment. - B
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North Pacific Fishery Management Council
P.O0. Box 103136
Anchorage, Alaska 99510

PROPOSED ACTION:

Approval and implementation of an increase of the upper end of
the optimum yield (0Y) range for groundfish in the Bering
Sea/Aleutian Islands from the current value of 2.0 million metric
tons to a value equal to the annual sum of estimates of
acceptable biological catch (ABC).

FOR FURTHER INFORMATION CONTACT: Robert W. McVey .
Director, Alaska Region
National Marine Fisheries
Service, NOAA
P.O. Box 21668
Juneau, Alaska 99802-1668
Telephone: (907) 586-7221

TYPE OF STATEMENT:

(X) Draft ( ) Final

ABSTRACT:

This supplemental environmental impact statement, combined with a
regulatory impact review/initial regulatory flexibility analysis,
evaluates environmental and socioeconomic impacts of revising the
upper limit of the optimum yield (0OY) range for the groundfish
fishery in the Bering Sea/Aleutian Islands, under authority of
the Magnuson Fishery Conservation and Management Act and the
Fishery Management Plan for the Groundfish Fishery of the Bering
Sea/Aleutian Islands. Impacts revolve around probable increases
in harvests of currently under-utilized species in the groundfish
complex. Such allowable increases would not “jeopardize
groundfish stocks and might reduce competition for prey to the
advantage of other predators such as seabirds and marine mammals.
Increased harvests would result in substantial increases in
revenues, particularly for joint ventures between domestic
fishermen and foreign processors, and could result in substantial
fees paid to the U.S. if foreign allocations are granted. Some
price reductions may accrue to domestic fishermen and processors,
however such fluctuations are not expected to be large

considering the size of international markets for these
whitefish.

COMMENTS :



Comments on this draft are invited until __, 1988. Send
written comments to Robert W. McVey, Director of the Alaska
Region, National Marine Fisheries Service, at the address above.
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EXECUTIVE SUMMARY

This supplemental environmental impact statement (SEIS) to the
original EIS prepared for the Fishery Management Plan for the

Groundfish Fishery in the Bering Sea ggd Aleutian Islands (FMP)
discusses the potential impacts of rev151ng the upper end of the

optimum yield (OY) range from 2.0 million metric tons (mt) to a
value equal to the annual sum of estimates of acceptable
biological catch (ABC) of the target spe01es and "other species"
categories in the FMP. This analysis is combined with those
required in a regulatory impact review/initial regulatory
flexibility analysis (RIR/IRFA) addressing social and economic
considerations.

Revising the optimum yleld for Bering Sea/Aleutian Islands
groundfish would not require the North Pacific Fishery Management
Council to raise annual harvest levels, but would allow them
flexibility to equate annual total allowable catches (TACs) to
acceptable biological 1levels, rather than to the current
constraint at 2.0 million mt. Potential increases could result,

at least in the near future, in TACs partlcularly for Pacific cod
and miscellaneous flatfish. These species are currently
harvested at levels much below those proposed by stock assessment
studies conducted by the Council’ Plan Team and the Northwest and
Alaska Fisheries Center of NMFS. -

Increased harvest of Pacific cod, miscellaneous flatfish, and
other spec1es would reduce thelr consumption of prey whlch
consists in large part of juvenile fish also utilized by seabirds
and marine mammals. So long as groundfish stocks are not
overharvested, which is addressed by annual estimates of ABC,

increased groundflsh harvests within these 1levels may benefit
other apex predators.

Increased harvests will also result in substantial increases in
revenue, most notably for Jjoint ventures between domestic
fishermen and foreign processors. Increased revenue to the U. S.,
as well as other direct benefits of foreign participation, would

result if allocations of surplus fish are made to foreign
nations.

Market impacts are difficult to assess, however increased
processing of groundfish by foreign nations, through either joint
ventures or direct allocation, could result in price reductions
for product of domestic enterprises. The extent of this adverse
impact will depend upon how responsive prices are to changes in
harvest; considering the large international markets for these
whitefish products, such market impacts may be mitigated.
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1.0 INTRODUCTION

Domestic and foreign groundfish fisheries in the Exclusive
Economic Zone (EEZ) of the United States (3-200 miles offshore)
in the Bering Sea and around the Aleutian Islands are managed
under the Fishery Management Plan for the Groundfish Fishery of
the Bering Sea and Aleutian Islands (FMP). The FMP was developed
by the North Pacific Fishery Management Council under authority
of the Magnuson Fishery Conservation and Management Act (Magnuson
Act). The FMP was approved by the Assistant Administrator for
Fisheries of the National Oceanic and Atmospheric Administration
(NOAA), became effective on January 1, 1982 (46 FR 63295,
December 31, 1981), and is implemented by Federal regulations
appearing at 50 CFR 611.93 and Part 675. Nine of eleven
amendments to the FMP have subsequently been implemented.

This document describes and assesses potential effects of
proposed changes to the FMP that would constitute a portion of
Amendment 12 to the FMP. Specifically, this document describes
proposed changes to the upper limit of the optimum yield (oY)
range which currently sets an upper bound of 2.0 million metric
tons (mt) to annual total allowable catch (TAC) of groundfish
from the Bering Sea/Aleutian Islands. S
The Council solicits public recommendations for amending the FMP
on an annual basis. Amendment proposals are then reviewed by the
Council’s Bering Sea Plan Team (PT), Plan Amendment Advisory
Group (PAAG), Advisory Panel (AP), and Scientific and Statistical
Committee (SSC). These advisory bodies make recommendations to
. the Council on which proposals merit consideration for plan
- amendment. Amendment proposals and appropriate alternatives
accepted by the Council are then analyzed by the PT for their
efficacy and for their potential biological and socioeconomic
impacts. After reviewing this analysis, the AP and SSC make
recommendations as to whether the amendment alternatives should
be rejected or changed in any way, whether and how the analysis
should be refined, and whether to release the analysis for
general public review and comment. If an amendment proposal and
accompanying analysis is released for public review, then the AP,
SS8C, and the Council will consider subsequent public comments
before deciding whether or not to submit the proposal to the
Secretary of Commerce for approval and implementation.

1.1 List of Amendment Proposals

Although the Council forwarded seven proposals to the PT for
analysis, at their meeting January 18-22, 1988, only one was
considered of potential impact to warrant an environmental impact
statement (EIS) rather than a more typical initial environmental
assessment (EA). This proposal is to revise the upper limit of
the OY range from its current ceiling of 2.0 million metric tons
(mt) to a level equal to the annual sum of groundfish acceptable
biological catches (ABCs). Currently the sum of ABCs exceeds 2.0
million mt. _



1.2 Purpose and Structure of the Document

This document provides background information and assessments
necessary for the Secretary of Commerce to determine that the FMP
amendment 1is consistent with the Magnuson Act and other
applicable law. Other principal statutory requirements that this
document is intended to satisfy are the National Environmental
Policy Act (NEPA), the Regulatory Flexibility Act (RFA), and
Executive Order 12291 (E.O. 12291); other applicable law
addressed by this document include the Coastal Zone Management

Act, the Endangered Species Act, and the Marine Mammal Protection
Act.

Specifically, this document is a combined supplemental
environmental impact statement (SEIS) and regulatory impact
review/initial regulatory flexibility analysis (RIR/IRFA).

1.2.1 Supplemental Environmental Impact Statement (SEIS)

In order to analyze the potential impacts of the proposed action
on the quality of the human environment, compliance with NEPA
requires that an environmental assessment or impact statement be
prepared. According to NOAA directive, an EIS must be prepared
if the proposed action may reasonably be expected:

(a) To jeopardize the productive capability of the target
resource species or any related stocks that may be
affected by the action.

(b) To allow substantial damage to the ocean or coastal
habitiats.

(c) To have a substantial adverse impact on public health
or safety.

(d) To affect adversely an endangered or threatened species
or a marine mammal population.

(e) To result in cumulative effects that could have a
substantial adverse effect on the target resource

species or any related stocks that may be affected by
the action.

Moreover, two factors to be considered in any determination of
significance are controversy and socioeconomic effects.

At a preliminary scoping meeting held in Seattle, Washington on
January 5, 1988, concern was expressed that the proposed action
might jeopardize target species, might adversely affect marine
mammal populations, and is a controversial action which might
result in adverse socioeconomic impacts. At a regularly
scheduled Council meeting later in January, the Regional Director
of the National Marine Fisheries Service determined that a

2



supplement to the original EIS produced for the FMP, rather than
an initial EA, would be required. Subsequently, a Notice of
Intent to prepare an SEIS was published in the Federal Register
(53 FR 4055, February 11, 1988) and a working session/scoping
meeting was held in Anchorage, Alaska on February 16, 1988 to
gather initial reference materials; to outline the scope, extent,

and direction of analyses. and to receive further scoplng
comments from the public prior to drafting of the SEIS. Written
comments on the scope of this SEIS were accepted until March 11,
1988.

The determination requiring an SEIS was not intended to prejudice
any decision by the Council or the Secretary of Commerce, but
instead was designed to provide the best information on which to
base any decision.

1.2.2 Requlatory Impact Review/Initial Requlatory Flexibility
Analysis (RIR/IRFA)

Other portions of this document constitute a RIR/IRFA that is
required by NOAA for all regulatory actions or for significant
policy changes that are of public interest. The RIR/IRFA:
(a) Provides a comprehensive review of the 1level and
incidence of impacts associated with a proposed’ or
final regulatory action. .

(b) Provides a review of the problems and policy objectives
prompting the regulatory proposals and an evaluation of
the major alternatives that could be used to solve the
problems.

(c) Ensures that the regulatory agency systematically and
comprehensively considers all available alternatives so
that the public welfare can be enhanced in the most
efficient and cost effective manner.

This analysis also serves as the basis for determining whether
any proposed regulations are major under criteria provided by
E.O. 12291 and whether proposed regulations will have a
51gn1flcant economic impact on a substantial number of small
entities in compliance with the RFA. The primary purpose of the
RFA is to relieve small businesses, small organizations, and
small governmental jurisdictions {(collectively "small entities")
of burdensome regulatory and recordkeeping requirements.

1.3 Purpose of and Need for the Action

Amendment 1 to the Bering Sea/Aleutian Islands Groundfish FMP
established an optimum yield (OY) for the groundfish complex in
the BS/AI equal to a range of 1.4-2.0 million metric tons, a
range defined as-equal to 85% of the groundfish species complex
maximum sustainable yield (MSY). The complex has 12 commercial
.species or species groups of groundfish. Annually the OY for the

3



complex is set equal to the sum of the total allowable catch
(TAC) for the component species, but within the OY range. Each
year the Council determines TAC for each species using the best
available information concerning the biological condition of each
stock and socioeconomics of the fisheries. Currently, the sum of
the TACs cannot exceed 2.0 million mt, or be less than 1.4
million mt, without amending the definition of OY in the FMP.

Maximum sustainable yield for the groundfish complex was
estimated to be 1.7-2.4 million mt at the time Amendment 1 to the
FMP was drafted in 1979. This amount was equal to the sum of the
MSYs for the major individual species groups. Since then, MSYs
have been re-estimated as more data have become available. New
estimates, made in 1987, total 3.4 million mt.

Biological condition of the stocks generally has been estimated
by acceptable biological catch (ABC) or equilibrium yield (EY).
In 1987, the Council standardized the definition of ABC; EY is no
longer used. When Amendment 1 to the BS/AI groundfish FMP was
developed and implemented, the sum of individual species EYs/ABCs
was below 2.0 million mt. Management of groundfish resources
made posssible under the Magnuson Act and the FMP has since 1led
to considerable improvements in condition of the stocks. As a
result, ABCs have increased steadily from a sum of 1.5 million mt
in 1977 to 2.25 million mt in 1987. For 1988, the sum of ABCs
was estimated to be 2.86 million mt, considerably above the upper
end of OY.

The 2.0 million mt upper limit of 0Y, therefore, has constrained
the Council in recent years from setting a total sum of TACs at a
level that would allow for full utilization of surplus
production. This constraint has occurred in six out of the last
seven Yyears--1982, 1983, 1984, 1985, 1987, and 1988 when ABCs
exceeded 2.0 million mt. Present trends suggest that biological
condition of the stocks is expected to remain good and the sum of

ABCs is expected to continue to exceed 2.0 million mt in the near
future.

An increase in the upper limit of the OY range would provide the
Council and the Secretary of Commerce broader latitude to fully
utilize groundfish resources in a manner consistent with the
biological condition of the stocks.

1.4 The Proposed Action and Alternatives

1.4.1 Alternative 1: Status quo; maintain the upper end of
the oY range at the current level of 2.0 million mt.

This alternative maintains a very conservative management system,
given the present condition of the stocks. It provides the
Council and the Secretary with limited flexibility to make

groundfish available for harvest when ABCs are greater than 2.0
million mt.



1.4.2 Alternative 2: Set the upper end of the OY range equal
to the sum of the annual estimates of ABC.

This alternative would be responsive to changing condition of the
stocks as measured by ABCs. The alternative removes the 2.0
million mt upper limit to annual decisions on OY (the sum of
TACs), yet maintains a conservation-based upper limit. Follow1ng
past Council practice, individual species’ TACs would continue to
be set according to biological conditions and socioeconomic
concerns; OY would be set equal to or lower than the sum of ABCs,
whether or not the sum of ABCs is greater than or less than 2. 0
million mt.

Three options of this alternative will be considered:
(a) The alternative as stated,

(b) Limiting the upper end of the OY range to 90% of the
sum of the annual estimates of ABC, and

(c) Limiting any annual increase of 0Y, defined as equal to
the sum of annual estlmates of ABC, to 5% of the upper
end of the OY range in the previous year.

Option B imposes further conservatism onto each year’s setting of
OY and TACs. Option C imposes an incremental implementation
schedule onto the alternative.

1.4.3 Alternative 3: Set the upper end of the OY range equal
to the groundfish complex MSY.

. This alternative would set the upper end of OY equal to the best
estimate of the groundfish complex MSY. At present, the sum of
individual species MSYs totals 3.4 million mt. The MSY for the
groundfish complex, however, could be lower than 3.4 million mt
since it may not be practical to achieve MSY for all the species
at the same time.

Harvesting at MSY is a long-term goal to obtain a theoretical
long-term yield from the groundfish complex. Following past
Council practice, however, annual harvest of any particular
species would more reasonably be constrained by annual estimates
of ABC which measure the current status of each stock.
Therefore, although this alternative reflects the original intent
of Amendment 1 to the FMP to manage on an ecosystem or groundfish
complex basis, resulting harvest levels under this alternative
will likely be the same as under Alternative 2.

Three options of this alternative will be considered:
(a) The alternative as stated,

(b) Set the upper end of the OY range equal to 85% of the
groundfish complex MSY, and
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(c) Limiting any annual increase of 0Y, defined as equal to
the groundfish complex MSY, to 5% of the upper end of
the OY range in the previous year.

Option B reflects further conservatism embodied in Amendment 1 to
the FMP which set the upper end of the OY range equal to 85% of
the estimate of MSY applicable at that time. Option C imposes an
incremental implementation schedule onto the alternative.

1.5 Relation of Proposed Action to Existing Council Procedures

The FMP currently embodies a procedure for setting of annual
harvest levels whereby the Council receives recommendations for
acceptable bioclogical catch (ABC) from the PT and the SSC and,
based upon these recommendations, votes to set ABCs for each
species group. The Council also soloicits recommendations from
the AP regarding economic and social concerns in order to derive
total allowable catches (TACs) for each species group. These
proposed ABCs and TACs are then released for public review. At a
subsequent meeting the Council entertains refined recommendations
on ABCs from the PT and SSC, refined recommendations on economic
and social concerns from the AP, and any public comment before
deriving final ABCs and TACs. The Council’s final
recommendations for TACs are then forwarded to the Secretary of
Commerce for federal review, approval, and implementation.
Approved TACs constitute harvest 1limits for each species which

are apportioned among domestic, joint venture, and foreign
harvesters.

Although the Council is not obligated to restrict species’ TACs
to values equal to or less than their ABCs, in practice it has
rarely set TACs that exceed ABC for any species (Table 1.1).
This reflects the Council’s primary concern for conservation of
groundfish resources. 1In those few cases when TAC has exceeded
ABC, the Council’s intent was to maintain some stability in
harvest regimes while recognizing potential conservation
concerns. Extensive opportunities for public comment and final
federal review and approval further assure that the conservation
of stocks is adequately accommodated.

The proposed action in no way contemplates altering of
established procedures for derivation of individual species’ ABCs
and subsequent setting of individual species’ TACs. The proposal
deals only with the present OY range, established at a time when
the abundance of harvestable groundfish was much lower, which

currently constrains the total allowable harvest of groundfish to
2.0 million mt. ’

1.6 Analytical Framework

Revising the upper end of the O0Y range would not alter the
Council’s procedure in setting ABCs or TACs nor the harvest level
of species already fully utilized up to their ABCs, but rather

6
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Table 1.1 ABCs and TACs for groundfish of the Bering Sea/Aleutian lstands, 1984-1988 (in metric tons).

1984 1985 1986 1987 1988

Species Area ABC TAC ABC TAC ABC TAC ABC TAC ABC TAC
Pollock BS 1,200,000 1,200,000 1,100,000 1,200,000 1,100,000 1,200,000 1,200,000 1,200,000 1,500,000 1,300,000
Al 100,000 100,000 100,000 100,000 100,000 100,000 100,000 88,000 160,000 45,000
Pacific cod 29;1 ,300 210,000 347,400 220,000 249,300 229,000 400,000 280,000 385,300 200,000
Yellowfin sole 310,000 230,000 310,000 226,900 230,000 209,500 187,000 187,000 254,000 254,000
Greenland turbot 67,500 59,610 57,500 42,000 35,000 33,000 20,000 20,000 14,100 11,200
Arrowtooth flounder a a a a 20,000 20,000 30,900 9,795 99,500 5,531
Other flatfish 150,200 111,490 150,200 109,900 137,500 124,200 193,300 148,300 331,900 131,369
Sablefish B8s 4,430 3.740 2,600 2,625 2,250 2,250 3,700 3,700 3,400 3,400
Al 1,755 1,600 3,360 1,875 4,200 4,200 4,000 4,000 5,800 5,000
Pacific ocean perch B8S 1,360 1,780 1,360 1,000 1,200 825 3,800 2,850 6,000 5,000
Al 10,800 2,700 11,400 3,800 11,250 6,800 10,800 8,175 16,600 6,000
Other rockfish BS 3,100 1,550 1,120 1,120 450 825 450 450 400 400
Al 7,900 5,500 7,830 5,500 1,425 5,800 1,430 1,430 1,100 1,100
Atka mackerel 25,500 23,130 38,734 37,700 30,800 30,800 30,800 30,800 21,000 21,000
: Squid 10,000 8,900 10,000 10,000 10,000 5,000 10,000 500 10,000 1,000
Other species 61,400 40,000 46,700 37,580 35,900 27,800 49,500 15,000 54,000 10,000
TOTAL 2,245,245 2,000,000 2,188,204 2,000,000 1,969,275 2,000,000 2,245,780 2,000,000 2,863,100 2,000,000

@/ ABC and TAC for Greenland turbot and arrowtooth flounder combined under Greenland turbot.



would allow the Council to increase TACs for species that are
currently underutilized. Pertinent differences in possible
harvest levels can be illustrated by comparing TACs established
for 1988 under constraint of the 2.0 million mt cap (Table 1.2)
against TACs that likely would have been recommended if the cap
did not exist (Table 1.3). The values in Table 1.3 are not
strictly hypothetical, but are based upon the same projections
and requests for domestic annual processing (DAP), joint venture
processing (JVP), and total allowable level of foreign fishing
(TALFF) used by the Council to set TACs for 1988.

The comparison (Table 1.4) shows that removal of the 2.0
million mt cap for 1988 could have resulted in:

(a) Large increases of TACs for Pacific cod and flatfish.

(b) A possible increase in TAC for arrowtooth flounder
(although there was no explicit request for harvest of
this species).

(c) Moderate increases in TACs for pollock and Pacific
ocean perch.

(d) A potentially large increase in the use of other
species.

It must be noted, however, that the Council may not have
increased the TAC for pollock up to the ABC, due to their stated
concern for the conservation of this species in light of large
harvests in adjacent international waters (the "donut hole"); nor
for POP, due to an implicit schedule to rebuild those stocks.
Moreover, it should be noted that the upper limit to the OY range
is a maximum potential harvest level, not a harvest level that
must be allowed or achieved.

Therefore, the analyses that follow should generally be viewed as
upper bounds on the range of 1likely impacts. Actual Council
action under any of the alternatives will depend, on a year-to-
year basis, upon current and projected status of stocks,
biological uncertainty and risk, bycatch concerns and a mix of
economic and social considerations.

Likely or possible increases in harvests of currently under-
utilized (TAC less than ABC) species, plus socioeconomic impacts
of subsequent changes in DAP, JVP, and TALFF apportionments
comprise the sources of possible impact of the proposed action
and, therefore, have received the emphasis of analyses described
in this document. ° In deference to more general concerns,
however, potential impacts of increasing groundfish harvests as a
whole are also discussed. General issues include:

(a) Effects on groundfish stocks.
(b) Predator-prey interactions.
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Table 1.2 1988 TACs and apportionments (mt), established within 2.0 million mt OY limit, based upon DAP and JVP requests
as constrained by ABCs for groundfish of the Bering Sea/Aleutian Islands.

Spedies Area ABC TAG . - | DAP JVP TALFF
Pollock BS 1,500,000 1,300,000 614,162 685,838 (o}

Al 160,000 45,000 4,160 40,840 0
Pacific cod " 385,300 200,000 87,416 112,584 0
Yellowfin sole 254,000 254,000 26,356 227,644 0
Greenland turbot . 14,100 11,200 11,200 0 o
Arrowtooth flounder 99,500 5,631 3,808 1,723 0
Other fiatfish 331,900 131,369 26,403 104,966 0
Sablefish BS 3,400 3,400 3,400 0 0

Al 5,800 5,000 5,000 0 o
Pacific ocean perch BS 6,000 5,000 5,000 (o} 0

Al . 16,600 6,000 6,000 0 o
Other rockfish BS 400 400 400 0 0

Al 1,100 1,100 1,100 0 0
Atka mackerel 21,000 21,000 80 20,920 o
Squid 10,000 1,000 1,000 0 0
Other species 54,000 10,000 2,000 8,000 0
TOTAL 2,863,100 2,000,000 797,485 1,202,515 0

oY= 2,000,000

Note: 15% of each TAC is subtracted from JVP, and DAP if necessary, and placed into reserves for possible reapportionment during the year.
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Table 1.3 Probable 1988 TACs and apportionments (mt), without 2.0 million mt OY [imit, based upon DAP and JVP requests,
and potential TALFF as constrained by ABCs for groundfish of the Bering Sea/Aleutian Islands.

Potential

Species Area ABC TAC DAP JVP TALFF
Pollock BS 1,500,000 1,500,000 614,162 885,838 0
Al 160,000 54,160 4,160 50,000 105,840

Pacific cod 385,300 226,957 87,416 139,541 158,343
Yellowfin sole 254,000 254,000 26,356 227,644 0
Greenland turbot ) 14,100 14,100 14,100 0 0
Arrowtooth flounder 99,500 5,531 3,808 1,723 93,969
Other fiatfish 331,900 149,331 26,403 122,928 182,569
Sablefish BS 3,400 3,400 3,400 0 (1]
Al 5,800 5,800 5,800 0 0

Pacific ocean perch BS 6,000 6,000 6,000 0 0
Al 16,600 16,600 16,600 0 (]

Other rockfish BS 400 400 400 0 0
Al 1,100 1,100 1,100 0 0

Atka mackerel 21,000 21,000 80 20,920 0
Squid 10,000 1,000 1,000 0 9,000
Other species 54,000 10,000 2,000 8,000 44,000
TOTAL 2,863,100 ' 2,269,379 812,785 1,456,594 593,721

OY= 2,260,379 for DAP + JVP.

Potentia! OY = 2,863,100 for DAP + JVP + PTALFF as constrained by ABC.

Note: 15% of each TAC would be subtracted from TALFF, and JVP then DAP if necessary, and placed into reserves for possible reapportionment.
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Table 1.4 Possible increases of 1988 TACs and apportionments (mt) without 2.0 million mt OY limit
for groundfish of the Bering Sea/Aleutian Islands.

2/

Potential

Species Area ATAC ADAP A JVP TALFF
Pollock BS 200,000 0 200,000 0
Al 115,000 ] 9,160 105,840

Pacific cod 185,300 0 26,957 158,343
Yellowfin sole 0 0 0 0
Greenland turbot 2,900 2,900 0 0
Arrowtooth fliounder 93,969 0 0 93,969
Other flatfish 200,531 0 17,962 182,569
Sablefish BS 0 o} 0 0
Al 800 800 0 0

Pacific ocean perch BS 1,000 1,000 0 0
Al 10,600 10,600 o] 0

Other rockfish BS 0 0 0 0
Al 0 0 0 0

Atka mackerel 0 0 0 0
Squid 9,000 0 0 9,000
Other species 44,000 0 0 44,000
TOTAL 863,100 15,300 254,079 593,721




(c¢) Implications for bycatch of incidental species.

(d) Implications of marine debris.

(e) Effects on seabirds.

(f) Effects on marine mammals.

(g) Market and related impacts.
Analysis of all of these potential impacts will be discussed
relative to the status quo (future Council action under the 2.0
million mt upper 1limit to 0Y). Thus, the analysis will not
represent total biological and economic impact of the groundfish

fishery, but rather the relative impacts of increasing the
harvest beyond 2.0 million mt.



2.0 DESCRIPTION OF THE PHYSICAL AND BIOLOGICAL ENVIRONMENT

The FMP applies to waters of the EEZ (3-200 miles offshore) in
the eastern Bering Sea and north and south of the Aleutian
Islands westward of 170° west longitude (Figure 2. 1) These
waters support a complex ecosystem driven by physical impacts on
primary producers (phytoplankton), secondary' producers (malnly
zooplankton), and consumers. Consumers include forage fishes,
groundfish species managed by the FMP, other commercial finfishes
(including salmon, herring and halibut), benthic invertebrates
(including commercially important stocks of king and Tanner crab
as well as mollusks), and large populations of seabirds and
marine mammals. :

This chapter describes those portions of the physical and
biological environment that affect or may be affected by
groundfish harvests contemplated by the proposed action. Readers
already familiar with physical and biological aspects of the
Bering Sea/Aleutian Islands may wish to proceed directly to
Chapters 4 and 5 for an analysis of the proposed action.

2.1 Physical Environment

The physical environment consists of waters that lie over the
broad continental shelf characteristic of the eastern Bering Sea,
over the continental slope, and over portions of the deeper
Aleutian Basin. Northern portions of the area are seasonally
covered by sea ice.

The area of the Bering Sea is about 2.3 million square
kilometers. Of this area, 44% consists of continental shelf; 13%
of continental slope; and 43% of deepwater basin. The
continental shelf of the northeastern Bering Sea is one of the
largest in the world. It is extremely smooth and has a gentle,
uniform gradient. The continental slope bordering this shelf is
abrupt and very steep, and is scored with valleys and large
submarine canyons. On the south, the Aleutlan/Commander Islands
Arc forms a partial barrier between the Bering Sea and the
Pacific Ocean. This chain consists of more than 150 islands, and
is about 2,260 kilometers 1long. The continental shelf of the
Aleutians is narrow and discontinuous, with a breadth ranging
between 4 and 46 kilometers. The broader parts of this shelf are
in the eastern Aleutians. The Aleutian Trench, a large canyon
stretching from the central Gulf of Alaska to the Kamchatka
Peninsula, adjoins the Aleutian/Commander chain on the south.

Bowers Bank is a submerged ridge extendlng to the northwest from
the westcentral Aleutians into the Bering Sea. It is about 550
kilometers long and 75 to 110 kilometers wide, increasing in
width as it approaches the continental shelf of the Aleutians.
The summit of the ridge is 150 to 200 meters deep in the south,

600 to 700 meters deep in the center, and 800 to 1,000 meters
deep in the north.
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“Aside from the Aleutians and Commanders, the Bering Sea has
relatively few islands. The small Pribilof and St. Matthew
Island groups lie adjacent to the continental slope of the
northeastern Bering Sea. Nunivak Island lies just off the Alaska
mainland between the Yukon and Kuskokwim deltas. St. Lawrence
Island 1lies in the northern part of the Bering Sea, between
Norton Sound and the Chukchi Peninsula.

Water flows into the Bering Sea from the Pacific Ocean and from
the rivers and surface of the adjoining land areas. Water moves
from the Bering Sea into the Arctic Ocean through the Bering
Strait. Thus, there is a net movement of water northward
throughout the Bering Sea. On the eastern Bering Sea continental
shelf, the dominant movement of water involves water entering the
Berlng Sea from the Pacific in the area of Unimak Pass. This
water moves northward to St. Matthew Island and eastward toward
Bristol Bay. Dividing near St. Matthew Island, the northward
stream reunites and passes through the Bering Strait.

2.1.1 Continental Shelf

Between nearshore waters and deeper portions of the ocean lies a
relatively shallow region over the continental shelf. The outer
limit of the shelf occurs at the shelf break, at a depth of
approximately 180-200 meters. Three physical domalns have been
identified across the shelf (Coachman 1986) . -

Waters out to a depth of approximately 50 meters are well mixed
by a combination of winds and tidal action (Schumacher et al.
1979) and exhibit small mean current flow. This area hosts a
nearshore zooplankton community (Cooney 1981) and forage fish
populations including herring, capelin, and sandlance. Seaward
of the coastal domain lies an inner front--strong gradients of
temperature and salinity that separate this water mass from the
middle shelf domain.

The middle shelf (50-100 meters) is a vertically stratified
system exhibiting almost no mean current (Coachman 1986). During
summer these waters experlence high rates of primary production,
due to occasional mixing of nutrient-rich bottom waters into the
surface layer, but large grazing zooplankton are absent so much
of this production sinks to the bottom, supporting high abundance
of benthic animals including crabs and flounders (Hafllnger 1981,
Cooney and Coyle 1982). The middle shelf domain is separated
from outer shelf waters by another area of high physical
gradients, the middle front.

Outer shelf waters {(100-200 meters) are vertically stratified,
with shelf water overlylng a layer of fine structure which itself
overlies 1ntrud1ng oceanic waters (Coachman 1986) . Due to
occasional mixing of nutrient-rich oceanic waters into surface
layers, this area also exhibits hlgh rates of primary production,
but vertically magratlng oceanic zooplankton effectively graze
~these plants to divert energy into a pelagic ecosystem (Cooney
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and Coyle 1982). Pollock and Pacific cod are predominant species
in outer shelf waters.

2.1.2 Continental Slope and the Aleutian Basin

An outer shelf front separates these waters from the oceanic
domain over the continental slope and Aleutian Basin. These
oceanic waters are typically poor in nutrients and support less
productivity than waters on the shelf and slope. However,
localized areas, particularly close to the bottom in areas of
topographic irregularity, support concentrations of rockfish and
sablefish. Waters particularly along the shelf break exhibit
moderate mean current flow parallel to the bathymetry.

2.1.3 Seasonal Sea Ice

Except for the southernmost part, which is in the temperate zone,
the Bering Sea has a subarctic climate. It experiences moderate
to strong atmospheric pressure gradients, and is subject to
numerous storms. The distribution of sea ice in the Bering Sea
is subject to great seasonal variation. Ice begins to form along
south-facing shorelines during the early fall and, in October and
November, extends to northern sections of Bristol Bay. The ice
edge advances southward under the influence of prevailing winds,
with more ice formed behind it, in a conveyer belt fashion.
Sometime in March or April the sea ice reaches its maximum
southern extent, and then begins a rapid retreat due to melting
and shifts in prevailing winds (Overland and Pease 1981, Niebauer
1981, Webster 1981).

2.2 Biological Environment

The biological environment consists of various trophic levels
that translate energy from producers to consumers. Major groups
discussed in this document include lower trophic 1levels
consisting of phytoplankton and zooplankton, commercially
important groundfish species, other finfish and shellfish, and
apex consumers such as seabirds, marine mammals and man.

2.2.1 Lower Trophic Levels

The flora and fauna that comprise the lower-trophic levels of the
Bering Sea can be separated into three communities: (1) epontic
or organisms associated with the undersurface of sea ice; (2)
pelagic or organisms living in the water column; and (3) benthic
or organisms living on or in the sea bottom. 1In this section,
the primary and secondary producers are described and
interactions among trophic levels are discussed.

Epontic Community

From November through May, portions of the Bering Sea are covered
?y sea 1ice. Such ice serves as a substrate for algae, small
.1nvertebrates, and cryopelagic fish. Alexander and Chapman
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(1981) identified over 20 species of epontic phytoplankton in the
Bering Sea--almost exclusively diatoms. More than half of the
ice algae species also occurred in water-column samples.
Vertical distribution of epontic algae is confined to the bottom
few centimeters of the icepack. Chlorophyll a (a measure of
phytoplankton abundance) at concentrations as high as 70
milligrams per square meter of sea ice has been ' observed
(Alexander and Chapman, 1981), but these dense concentrations are
patchily distributed within the icepack.

Epontic algae are adapted to low-light conditions and grow from
the onset of adequate light conditions until ice breakup. McRoy
and Goering (1974) found that the highest productlon and standing
stock of epontlc algae occurred just as the ice breaks up.
Although ice algae initiate the annual cycle of primary
production, ice algae contribute less than 1.5 grams of carbon
per square meter annually (Alexander and Chapman, 1981).

Within the Bering Sea, primary production by ice algae is more
important in its timing rather than in its contribution to the
total primary productivity (Tamm and Jarvela, 1984). Alexander
and Chapman (1981) estimated that ice algae contribute less than
1% of the annual primary productlon of the southeastern Bering*
Sea. However, production by ice algae precedes phytoplankton*
blooms in the water column by at least 1 month. The ice-algae-
bloom serves primarily as an early source of concentrated .food
for amphipods, copepods, ciliates and fishes, and secondarily, as
a spring inoculum of algae cells that seeds the water column
(Niebauer, Alexander, and Cooney, 1981). Alexander and Chapman
(1981) estimated the influx of ice-algae cells into the water
column as 105 to 106 cells per liter.

Pelagic Community

Phytoplankton, zooplankton, and micro-nekton comprise the lower-
trophic levels of the pelagic community. Planktonic organisms
are principally found in the upper-water column and are subject
to wind and tidal currents that control their distribution.
Micronekton also inhabit pelagic waters but are capable of
swimming effectively. The system of hydrographlc fronts and
domains of the Bering Sea plays an integral part in the patterns
of distribution and abundance of these organisms.

Phytoplankton: Alexander and Cooney (1979) found that 65% of the
primary production in the Bering Sea occurs from April through
June. Three phytoplankton blooms encompass this period: Aan ice-
algae bloom (discussed earlier), followed by a bloom at the ice
edge, and then the typical sprlng bloom in open water. Similar
to the ice algae, phytoplankton in the water column are pr1mar11y
diatoms. At least 90 species of diatoms occur in the Bering Sea
(Alexander and Chapman, 1978).

During winter, the abundance and productivity of phytoplankton is
low due to low-light intensities. As the ice separates into
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smaller floes, 1light penetration into the sea increases
significantly resulting in an extremely intense bloom at the ice
edge. The bloom usually begins in April and follows the receding
icepack northward.

Productivities as high. as 725 milligrams of carbon per square
meter per hour have been measured at the ice edge (Nieébauer et
al., 1981). The bloom extends to depths of 30 to 60 meters and
distances of 50 to 100 kilometers away from the ice edge. As the
ice edge melts, the upper layer of the water column stabilizes
because of decreased salinity and dampened wind mixing, thus
permitting such an intense bloom. The ice-edge bloom persists
for 2 to 3 weeks until nutrients are depleted. Because the bloom
develops so rapidly, the phytoplankton cannot be completely
grazed, so much of the organic matter sinks to the bottom.
Primary species of the ice-edge bloom include Thalassiosira sp.,
Nitzschia sp., Achnanthes sp., Navicula elagica, Navicula
vanhoffeni, Chaetoceros sp., and Detonula sp. (Schandelmeier and
Alexander, 1981).

In ice-free waters, a spring bloom occurs after formation of the
seasonal thermocline. The open-water bloom occurs in spring in
the Aleutian Islands and in summer in the Bering Strait
(Alexander and Niebauer, 1981). Diatoms in the warmer, open
waters of the Bering Sea are considerably larger than those found
at the ice front (Alexander and Cooney, 1979). Species
associated with the spring bloom include Chaetoceros convolutus,
C. socialis, C. compressus, C. radicans, and T. nordenskioldii
(Schandelmeier and Alexander, 1981). Compared to the ice-edge
bloom, the spring bloom is less intense but of longer duration
throughout a greater depth of the water column.

Iverson and Goering (1979) estimated primary production for the
hydrographic domains in the Bering Sea. Annual production was
400 grams of carbon per square meter in the middle-shelf domain,
200 grams of carbon per square meter over the outer shelf and 90
grams of carbon per square meter in the oceanic domain. Thus,
the ice-edge and spring blooms produce the highest carbon input
over the middle shelf (50-100 m isobaths).

Zooplankton: Zooplankton are the major grazers of the
phytoplankton, and the grazing stress exerted upon phytoplankton
ultimately determines whether the food web leading to higher-

trophic 1levels is pelagic or benthic. In the Bering Sea,
copepods are the dominant zooplankton, both in terms of abundance
and diversity. Cooney (1981) identified 22 numerically common

species of copepods in the Bering Sea. Approximately 80% of the
zooplankton standing stock occurs in the upper 80 meters of the
water column (Motoda and Minoda, 1974), corresponding to the
vertical distribution of phytoplankton.

In the southeastern Bering Sea, two distinct copepod communities
occur, segregated by the middle-shelf front at approximately the
100-meter isobath. Seaward of the front, the oceanic species
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Calanus lumchrus, C. istatus, Eucalanus bungii bungii and
Metridia pacifica are domlnant members of the oceanic/outer-shelf
communities (Cooney -and Coyle, 1982). The cold water of the
midshelf front blocks penetration of these large, oceanic species
into the middle-shelf waters (Alexander, 1981). The middle shelf
is seasonally dominated by smaller copepeds: Pseudocalanus sp.,
Acartia longiremis, and QOithona simulus (Cooney and Coyle, 1982).

C. dglacialis and C. marshallae may also be abundant in midshelf
waters (Zenkevitch, 1963; Cooney, 1981).

The reproductlve strategies of midshelf and oceanic zooplankton
result in differential gra21ng on the phytoplankton blooms.
Oceanic copepods reproduce in winter, and hence, large numbers of
both mature and immature copepods inhabit pelagic waters before
the spring bloom. Midshelf copepods must first feed before
reproducing, and therefore do not attain peak densities until

after the spring bloomn. Cooney (1981) estimated grazing
efficiencies of 2% and 15% for the midshelf and oceanic/outer-
shelf copepods, respectively. Thus, the phytoplankton/

zooplankton link is much more tightly coupled seaward of the
middle front, 1leading to a pelaglc food web rich in nekton,
pelagic flshes (e.g., pollock), marine mammals, and birds. In
the midshelf domain, as much as 90% of the phytoplankton sinks ito
the sea bottom ungrazed (Goering and Iverson, 1981), leading to a
rich benthic food web of 1nfauna, epifauna, demersal fishes
(e.g., yellowfin sole), and marine mammals. -

Micronekton: Small invertebrates that graze phytoplankton and
zooplankton comprise the micronekton, of which amphipods and
euphausiids are the most important components. Similar to
zooplankton, micronekton are geographically separated by the
middle-shelf front. Seaward of the front, the amphipod
Parathemisto pacifica and euphausiids Thysanoessa longipes and T.
inermis are most abundant (Lewbel, 1983). P. libellula and T.
raschii predominate in the middle-shelf domain.

Although micronekton are much less abundant than zooplankton,
micronekton form dense swarms approaching 100 per square meter
and are abundant throughout the summer (English, 1979).
Amphipods and euphausids are significant in the diets of many
seabirds (Hunt et al., 1981; Hunt, 1981b), finfish (Cooney et
al., 1980; Lowry and Frost, 1981a), seals (Lowry and Frost,
1981b), and baleen whales (Frost and Lowry, 1981).

Benthic Community

The benthic food web is primarily composed of invertebrates and
demersal fishes. The invertebrate benthic communlty can be
further divided into infauna (organisms living in the sediments)
and epifauna (organisms 11v1ng on the .sediment surface). This
section discusses the invertebrate infauna and slow-moving
epifauna. Benthic fishes and macro-epifauna (e.g., crabs) are
discussed in the next section.
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Invertebrate infauna form a vital link between accumulated flora
and fauna in the bottom sediments (e.g., detritus) and epifauna,
fishes, and marine mammals. The benthic invertebrate community
of the Bering Sea is abundant and diverse. At least 472 species
of invertebrates comprise the macroinfauna, including 143 species
of polychaete worms, 76 species of amphipods, 76 species of
gastropods, and 54 species of bivalves (Stoker, 1981).

Two trends characterize the distribution of infauna within the
Bering Sea: (1) density and biomass increase from south to north
(Stoker, 1981; Alton, 1974; Feder and Jewett, 1981), and (2)
infaunal biomass is highest in the middle shelf waters
(Haflinger, 1981; Nagai and Suda, 1976; Stoker, 1981). The
inefficient 1link between phytoplankton and zooplankton in
midshelf waters results in rich standing stocks of infauna,
epifauna and demersal fish between the 50- and 100-meter
isobaths. Although infaunal biomass is higher in the
northeastern Bering Sea, reduced numbers of demersal fishes
occur, presumably due to the 1low bottom water temperatures
normally present.

2.2,.2 Principal Groundfish Stocks

This group of fishes comprises the major harvest in both numbers
and value from the eastern Bering Sea at this time. The group is
also called bottomfish and, in marketing, whitefish. . For
management purposes involving catch statistics and in
determination of economic value this fish complex is subdivided
into the following categories: pollock, pacific cod, yellowfin
sole, Greenland turbot, arrowtooth flounder, other flatfish,
sablefish, pacific ocean perch, other rockfish, Atka mackerel,
squid, and other species.

Walleye Pollock (Theragra chalcogramma)

This species is the most abundant demersal fish on the
continental shelf in the Bering Sea and is estimated to comprise
approximately 85% of the total biomass of all demersal fish in
the Bering Sea (Bakkala et al., 1987). Large schools of pollock
occur on the outer continental shelf and upper slope, from the
surface to 500 meters in depth. Pollock populations peaked in the
early 1970s, declined thereafter because of overharvesting by
foreign fisheries, then slowly increased to a standing stock
biomass of approximately 10 million tons by 1982 (NPFMC 1987).
The Bering Sea stock is currently declining slightly following
passage of the strong 1978 year class.

Pollock undergo seasonal and diurnal migrations associated with
spawning and feeding in the eastern Bering Sea. Seasonal
distribution appears to be related to water temperature (Smith,
1980). Overwintering occurs along the outer shelf and upper
slope at depths of 150 to 300 meters, where bottom temperatures
are warmer. As water temperatures rise in the spring, pollock
move to more shallow waters (90 to 140 m), where they spawn.
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From March through July, spawning occurs along the outer shelf,
with major concentrations of spawning fish between the Pribilof
Islands and Unimak Island (Lewbel, 1983). Pollock also move
vertically in the water column. Adults aggregate near the bottom
during the day and rise to near-surface waters in the evening to
feed.

Spawning occurs from February through July from off the shelf
edge into approximately 90-meter water depths along the outer
shelf. The eggs are pelagic and abundant in surface waters until
they hatch in 2 to 3 weeks, depending on the water temperature
(Walline, 1985). The larvae also are pelagic and remain in
surface waters until they are 35 to 50 millimeters 1long, when
they begin a demersal existence (Pereyra et al., 1976). Larvae
are most abundant between Unimak Pass and the Pribilof Islands
along the continental slope (Waldron, 1981). In the summer, they
show a more widespread distribution from the Aleutian Islands to
60° 30’N latitude, and from well up on the continental shelf in
Bristol Bay across the central basin to 177°E longitude (Waldron,
1981). Larvae may take 2 or 3 months to develop into juveniles,
depending on water temperature. Juvenile pollock are found in
near-surface waters. Groundfish trawl surveys have found 2- to
4-month-old pollock over a large area of the northwestern outer
shelf, with highest concentrations of 0O-age juveniles directly
west of the Pribilof Islands (Smith, 1981). Following spawning
along the southeastern outer continental shelf, the northwest
drift apparently carries larvae and metamorphosing juveniles to
the vicinity of the Pribilofs.

By one year of age, pollock are distributed broadly over the
entire central and outer continental shelf, completely
overlapping the adult range, but also extending inshore beyond
the adult range (Smith, 1981). By 2 years of age, pollock are
more restricted to deep water. As they mature at age 3 to 4,
juveniles join the adult demersal population on the outer
continental shelf.

Larval pollock feed on copepod eggs and nauplii after their yolk
reserves have been exhausted (Cooney et al., 1980). Juvenile
pollock prey on larger copepods, euphausiids, and amphipods.
Adults feed on copepods, euphausiids, and fish (a majority of
which are juvenile pollock) (Morris, 1981).

Feder and Jewett (1981) show a food web which depicts the major
flows of energy to adult walleye pollock in the eastern Berlng
Sea. Juvenile walleye pollock and euphausiids serve as the main
sources of energy for adult pollock. In addition, copepods,
mysids, amphipods, ’'sandlance, smelt, and herring form minor
portions of the diet. Livingston et al.(1986) and Dwyer et al.
(1988) show the seasonal change in pollock diet and the total
amount of juvenile pollock consumed by adults. Adult pollock
are cannibalistic mostly during autumn and winter and they
consume mainly age 0 juveniles.
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Many other fish predators rely on juvenile walleye pollock for
food (Livingston and Dwyer 1986; Livingston et al. 1986;
Brodeur and Livingston 1988): including Pacific cod, sablefish,
flathead sole, Pacific halibut, Greenland turbot, arrowtooth
flounder, Atka mackerel and great sculpins.

There are apparent annual variations in the distribution of
Juvenile pollock, based mostly upon water temperature. Since
spawning adult pollock do not penetrate continental shelf waters
colder than 1 to 2 degrees, larval pollock are more concentrated
near the shelf break during colder years but more widely
dispersed across the shelf in warmer years (Nishiyama, 1982;
Chen, 1983; Bakkala and Alton, 1986). Juveniles aged 1 and 2
also tend to be constrained by cold water temperatures (Chen,
1983) and tend to be concentrated near the shelf break and outer
shelf waters during colder years (Bakkala and Alton, 1986).

Recent assessments (NPFMC 1987) indicate that 1988 exploitable
biomass in the Bering Sea is 6.5 million mt, 690,000 mt for the
Aleutian Islands. Stocks are characterized as relatively high in
abundance and stable.

Pacific Cod (Gadus macrocephalus)

In the Bering Sea, schools of this demersal species are most
abundant on the continental shelf and upper slope. Pacific cod
are similar to pollock in distribution, but occur in more shallow
waters, commonly at depths of 80 to 260 meters (Pereyra et al.,
1976) . The greatest concentrations of adult cod are at depths of
100 to 200 meters (Wespestad et al., 1982). As a result of an
extremely strong year-class in 1977 (and possibly 1978), the
biomass of Pacific cod has increased significantly in recent
years (NPFMC, 1987).

Adult cod are abundant along the northern side of the Alaska
Peninsula throughout the area from Cape Seniavin to Cape Sarichef
(Thorsteinson, 1984). Pacific cod migrate seasonally between the
continental slope and shelf in the Bering Sea. Cod overwinter
and spawn in deeper waters in the canyons across the shelf and
along the shelf edge and upper slope at depths of 100 to 400
meters, and move to more shallow waters (30-75 m) in the summer.

This species spawn from January to May, with the bulk of spawning
occuring in February and March (Wespestad et al., 1982). The
demersal eggs hatch within 10 to 20 days and the pelagic larvae
are found at water depths from 25 to 150 meters, with
concentrations at 75 to 100 meters (Lewbel, 1983). Larvae have
been caught in ichthyoplankton surveys in the Aleutian Islands
and on’ the continental shelf south of Nunivak Island (Waldron,
1981). Some larvae have been caught in nearshore waters (less
than 50 m deep) in northern Bristol Bay, and others within the
50- to 100-meter- contours (Waldron, 1981). Coastal areas with
rocky bottoms are used by juveniles before they move offshore
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into deeper waters. The North Aleutian Shelf area is important
as a nursery area for Pacific cod (USDOC, NMFS, 1980).

Pacific cod feed on benthic and planktonic organisms. They also
prey on fish such as herring and sand eels, and on invertebrates
including polychaetes, clams, snails, and shrimp (Morris et al.,
1983; Thorsteinson, 1984). Cod are a major predator on juvenile
crabs.

The food web of energy flow to Pacific cod (Feder and Jewett
1981) shows Tanner crab, pandalid shrimp and walleye pollock as
the main sources of food for adults. Cod also consume flatfish,
herring, capelin, sandlance, and other shrimp and crabs.
Livingston et al.(1986) and Shimada et al.(1988) show that cod
become increasingly piscivorous with increasing size. In
particular, cod larger than 60cm consume mostly fish, which
consists mainly of walleye pollock 10-30cm long or about 1-3
years of age. During spring when female red king crab are
molting, cod will consume soft-shell king crabs. Preliminary
analysis shows that the number of red king female crabs eaten by
Pacific cod is directly proportional to the number of female crab
present.

Recent assessments (NPFMC 1987) indicate that exploitable biomass
for 1988 in the Bering Sea/Aleutian Islands is almost 1.5 million

mt. Stocks are characterized as very high in abundance and
stable.

Yellowfin Sole (Limanda aspera)

This flatfish is found in continental shelf waters at depths of 5
to 360 meters in the North Pacific Ocean, the Bering Sea, and the
Chukchi Sea. Its largest population is found in the eastern
Bering Sea (Pereyra et al., 1976).

Yellowfin sole have complex seasonal movements in the eastern
Bering Sea. During winter (September-March), adults are
concentrated in dense schools on the outer shelf and upper slope
at depths of 100 to 360 meters, with largest trawl catches at
depths of 100 to 200 meters (Fadeev, 1970; Salverson and Alton,
1976; Bakkala, 1981). One of the primary winter concentrations
of adult yellowfin sole is located north of Unimak Island.
Smaller concentrations are found in Bristol Bay (Bakkala, 1981).
Winter concentrations generally do not feed until April, although
exceptions have been reported (Fa-deev, 1970). In the spring,
yellowfin sole move inshore to more shallow waters (100 m) along
the Alaska Peninsula, where feeding intensity remains 1low
(Skalkin, 1963; Smith et al., 1978). In April and May, the fish
migrate northward into outer Bristol Bay where, at depths of 40
to 100 meters, spawn-ing and intensive feeding occur (Bakkala,
198l1). It is believed that the water temperature and the extent
of winter ice cover in the Bering Sea affect the rate of these
summer migrations and the summer distributional patterns
(Bakkala, 1981). With the advent of winter, adult yellowfin sole
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migrate back to deeper waters, probably in response to the
advance of pack ice that covers portions of the Bering Sea in
winter (Bakkala et al., 1983). In warmer years, the fish may
remain in more shallow, central-shelf areas throughout winter
(Bakkala et al., 1983). Young yellowfin sole (less than 8 years
old) are found year-round in the inner-shelf region, including
Bristol Bay (Fadeev, 1970). Large numbers of juvenile yellowfin
sole have been found along the southern shore of Bristol Bay and
on the northern side of the Alaska Peninsula and Unimak Island
(Morris, 198l1) during International Halibut Commission surveys.
During the winter, adult yellowfin sole also move up vertically
in the water column (Fadeev, 1965). :

Yellowfin sole populations have been depleted significantly due
to intense fishing pressure by foreign trawlers and have only
recently begun to improve. Populations were significantly reduced
by 1963 (Lewbel, 1983), when fishing efforts switched to pollock.
The estimated biomass of exploitable yellowfin sole in the
eastern Bering Sea ranges from 1.3 to 2.0 million metric tons
(Alverson et al., 1964; Wakabayashi, 1975, cited in Bakkala,
1981). By 1963, the exploitable population was reduced by
approximately 60% (NPFMC, 1983). In the mid-1960s, the
population showed signs of recovery but again declined in 1970
(Bakkala, 1981). The yellowfin sole population has recovered
since 1970 (INPFC, 1982; NPFMC, 1983), and its current biomass is
estimated to be at an all time high (NPFMC, 1987). -

Yellowfin sole spawning begins in early July and continues into
September in the Bering Sea (Musienko, 1970), in waters up to 75
meters deep (Thorsteinson, 1984). Spawning 1is concentrated
southeast and northwest of Nunivak Island (Bakkala, 1981;
Thorsteinson, 1984), but also has been observed in Bristol Bay
(Fadeev, 1965; Bakkala, 1981). Females release millions of
pelagic eggs that hatch in approximately 4 days (Thorsteinson,
1984); 3 days later yolk sacs are absorbed (Bakkala, 1981). The
pelagic larvae are found in nearshore areas of the continental
shelf at depths of less than 50 meters (Thorsteinson, 1984).
After 4 or 5 months as pelagic larvae, they metamorphose into
juvenile sole that settle to the bottom along the inner shelf
(Morris, 1981), including Bristol Bay, which they occupy year-
round (Fadeev, 1970). Bristol Bay is an important nursery area
for yellowfin sole (Thorsteinson, 1984). Large numbers of
juvenile yellowfin sole have been found along the southern shore
of Bristol Bay and on the northern side of the Alaska Peninsula
and Unimak Island during International Pacific Halibut Commission
surveys (Morris, 198l1). After spending their first few years in
nearshore waters, the juveniles gradually disperse to deeper
offshore waters (Thorsteinson, 1984).

The diet of the yellowfin sole in the Bering Sea varies with both
depth and location (Skalkin, 1963). In the southeastern Bering
Sea, major prey species include small amphipods, mysids,
euphausiids, bivalve mollusks and some fish species. Sole are
generally benthic . feeders, but they may feed on nonbenthic
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organisms when benthic prey are scarce. Fadeev (1965) suggested
that yellowfin growth in the Bering Sea is 1limited by food
abundance. Concentrations of plankton in rearing areas are
probably important for yellowfin larvae (Cooney et al., 1979).

The food web for yellowfin sole (Feder and Jewett 1981) does not
show any one item as a dominant food source. Yellowfin sole are
mostly benthic feeders as evidenced by their consumption of
clams, shrlmp, mysids, and worms. Occasionally, yellowfin sole
also swim up in the water column and consume pelagic prey such as
euphausiids, crab larvae, and juvenile pollock or cod (Livingston
et al. 1986).

Recent assessments (NPFMC 1987) indicate that exploitable biomass
in the Bering Sea/Aleutian Islands for 1988 is approx1mately 1.4
million mt. Stocks are characterized as very high in abundance
but are expected to decline slightly over the next few years due
to poor recruitment.

Greenland Turbot (Reinhardtius hippoglossoides)

This flatfish is widely distributed over the continental shelf
and slope of the eastern Bering Sea with a depth range of *70 to
760 meters (Pereyra et al., 1976). Greenland turbot are
concentrated in an area located between Unimak Island and the
Pribilofs, and in an area west of St. Matthew Island (Morris,
1981). The biomass of this species in the Bristol Bay area
(where it is not as abundant) was estimated at 4,000 metric tons
(USDOC, NMFS, 1980). Turbot also inhabit areas south of the
Alaska Peninsula.

This species has complex seasonal movements that are not - well
understood. Greenland turbot generally are found at more shallow
depths in the summer than in the winter (Morris, 1981).

Spawning occurs from October to December on the continental shelf
and slope at water depths greater than 100 meters (Lewbel, 1983).
The eggs are bathypelaglc, developing in deep water. The larvae
are pelagic, rising to more shallow waters (30-130 m). When they
reach a length of approximately 80 millimeters, the larvae become
demersal (Pereyra et al., 1976). Generally, juveniles are found
in shelf waters at depths of less than 200 meters, and adults
inhabit slope waters at depths of 200 meters or greater. They
feed on a variety of pelagic and demersal fish and crustaceans
(Lewbel, 1983).

Greenland turbot become almost exclu51vely piscivorous at a
fairly small size (Livingston et al. 1986; Yang and Livingston
1988). Beyond sizes of about 20cm, turbot consume mostly walleye
pollock. Turbot less than 50cm eat mostly age 0-1 pollock while
turbot larger than 50 cm eat pollock 20-45cm in length. Other
fish consumed include zoarcids, and deep-water fish such as
bathylagids and myctophids. Cephalopods (mostly squid) are also
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~an important dietary component. Young turbot (<20cm) eat mostly
euphausiids.

Recent assessments (NPFMC 1987) indicate that exploitable biomass
in 1988 is 414,000 mt. Stocks are characterized as average in
abundance but are expected to decline due to poor recruitment.

Arrowtooth Flounder (Atheresthes stomias)

This species is the more common of the two arrowtooth flounder
species in the eastern Bering Sea. This species is abundant on
the continental slope in the southeastern, central, and
northwestern Bering Sea at depths of 200 to 500 meters (Pereyra
et al., 1976; Morris, 1981). During winter, arrowtooth flounder
occupy deeper waters (300-500 m), and they migrate to more
shallow waters (200-400 m) in the summer. These migrations are
believed to be associated with changes in water temperature
(Pereyra et al., 1976).

Arrowtooth flounder spawn from December to February. They
release up to 500,000 eggs, which are bathypelagic (Pereyra et
al., 1976). Larvae occupy shallow, nearshore shelf waters for
several months prior to settling to the bottom (Morris, 1981).
Juvenile fish gradually migrate to deeper waters. Their prey
include crustaceans (euphausiids, shrimps, and crabs) and fish
(pollock and other flatfish) (Lewbel, 1983). -

Arrowtooth flounder have diets very similar to Greenland turbot:
they are piscivorous from sizes less than 20cm and their diet is
composed mainly of walleye pollock (Livingston et al. 1986; Yang
and Livingston 1986). Euphausiids, shrimp and other fish such as
zoarcids and flatfish are minor dietary components. Arrowtooth
flounder consume mostly age 0-1 walleye pollock. These studies
indicate that arrowtooth flounder feeds up in the water column
using sight to locate their prey.

Recent assessments (NPFMC 1987) indicate that exploitable biomass
in 1988 is 377,700 mt. Stocks are characterized as very high in
abundance and are expected to increase.

Other Flatfish

This group of miscellaneous flatfish includes three predominant
species: flathead sole, rock sole, and Alaska plaice.

Flathead Sole (Hippoglossoides elassodon): This flatfish is most
abundant in the eastern Bering Sea. The species inhabits shelf

and slope waters ranging from the surface to 550 meters (Lewbel,

1983). Flathead sole also are present south of the Alaska
Peninsula.

Seasonal distributions of flathead sole change as the fish
migrate from deeper waters inhabited in the winter to more
shallow waters, where they spend the spring and summer. Adult
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fish overwinter on the outer shelf and upper slope at depths of
70 to 400 meters, and then migrate eastward to more shallow shelf
waters of 20 to 180 meters (Pereyra et al., 1976). During the
summer, flathead sole are widely distributed over the outer shelf
from Unimak Island northwest to the central Bering Sea. These
fish rise toward the surface at night, possibly to feed on
pelagic organisms.

Flathead sole spawn from February to May within the shelf
boundaries of the Bering Sea at depths of 50 to 150 meters
(Lewbel, 1983). The eggs are pelagic and become widely
distributed at depths ranging from 30 to 500 meters (Pereyra et
al., 197e6). The larvae are pelagic and float near the surface
until they metamorphose and descend to the bottom. The area
north of the Alaska Peninsula is an important nursery area
(USDOC, NMFS, 1980).

Adults prey on benthic crustaceans and echinoderms in deeper
waters (Lewbel, 1983). In shallow waters, adults feed on
planktonic crustaceans and chaetognaths (Lewbel, 1983).

Flathead sole less than 25cm consume mostly small crustaceans
such as mysids, gammarid amphipods, and crangonid shrimp
(Livingston et al. 1986). Other invertebrates consumed are
polychaetes and brittle stars. Small amounts of pandalid shrimp
and Tanner crab are also eaten. Walleye pollock (age 0). may
comprise about 20% by weight of the diet of both large (>25cm)
and smaller (<25cm) flathead sole.

Rock Sole (Legldopsetta bilineata): This species of flatfish is
most abundant in the southeastern portion of the Bering Sea,
where it inhabits shelf areas to depths of 300 meters (Pereyra et
al., 1976). The rock sole biomass in Bristol Bay was estimated
at 67,200 metric tons by the NMFS survey in 1975. This species is
also present south of the Alaska Peninsula.

Seasonal movements of this species are not well understood, but
they are believed to be similar to those of other flounders.
Adults are believed to inhabit more shallow waters during the
spring, summer, and fall.

Rock sole spawn from February to June at depths near 100 meters.
Their eggs are demersal and adhesive. Larvae are pelaglc and are
believed to spend their first year near the spawning areas or in
slightly more shallow waters.

Adult rock sole prey on benthic invertebrates, including
mollusks, polychaetes, and crustaceans (Lewbel, 1983). They
occasionally feed on other fish.

Alaska Plaice (Pleuronectes ggadrltubefculatus) Alaska plaice
are found in the waters of the continental shelf in the Gulf of
Alaska, Bering Sea, and Chukchi Sea. The eastern Bering Sea
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population of plaice appears to be restricted to shelf areas
south of St. Matthew Island (Lewbel, 1983).

Alaska plaice make seasonal migrations from deeper shelf waters
(130 m) to more shallow waters (30 m) during the summer and fall.
During the winter and spring, they inhabit the deeper waters and
spawn during the spring (late April to mid-June) at depths of 75
to 150 meters. The eggs are pelagic and widely distributed in
the water column for up to 2 months prior to hatching. Larvae
also are pelagic, but occur near the surface (Lewbel, 1983).
Plaice prey upon benthic polychaetes, mollusks, and crustaceans
(Lewbel, 1983). :

Recent assessments (NPFMC 1987) indicate that exploitable biomass
of other flatfish including flathead sole, rock sole, and Alaska
plaice for 1988 is above 2.1 million mt. Stocks are
characterized as very high in abundance and stable.

Sablefish (Anoplopoma fimbria)

In the Bering Sea, the sablefish (or black cod) is most abundant
on the continental slope (200-600 m), where approximately 13% of
the total species biomass is found (Pereyra et al., 1976).
Although present in the Bering Sea, the greatest abundance of
sablefish is in the Gulf of Alaska (Morris et al., 1983). This
species occupies a wide range of depths from 0 to 1,200 meters
(Pereyra et al., 1976). A small fraction of sablefish undergo
extensive migrations in the North Pacific, but most undergo more

localized movements (Pereyra et al., 1976; Wespestad et al.,
1983).

Sablefish spawn during the winter at depths of 250 to 750 meters
(Morris et al., 1983). Their pelagic eggs are buoyant and
develop near the surface (Pereyra et al., 1976; Morris, 1981).
Larvae also are planktonic and are common in surface waters of
the shelf and in shallow bays and inlets during the late spring
and early summer (Morris et al., 1983). One-year-old juveniles
are found in shallow coastal waters (Morris, 1981). These
shallow areas in and adjacent to the North Alaska Peninsula are
important as a nursery area for sablefish (UsSDoC, NMFS, 1980).

Gradually, the juveniles move into deeper waters and assume a
demersal existence.

Sablefish are omnivorous and feed on both pelagic and benthic
prey, depending on the season, location, and age of fish (Pereyra
et al., 1976). Sablefish prey include squid, capelin, pollock,
sand lance, herring, euphausiids, polychaetes, and crustaceans
(Morris, 1981; Morris et al., 1983).

Recent assessments (NPFMC 1987) indicate that exploitable biomass
for 1988 is 56,500 mt in the Bering Sea, 96,300 mt in the
Aleutian Islands. Stocks are characterized as high in abundance:

Bering Sea stocks are expected to decline somewhat due to poor
recruitment but Aleutian Island stocks are stable.
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Rockfish

Eleven known species of rockfish occur in the Bering Sea (Quast
and Hall, 1972). Rockfish species are primarily demersal, but
are distributed from the surface to depths of up to 2,800 meters
(Hart, 1973). Because 1little is known about Bering Sea
distributions of other rockfish species, only the Pacific Ocean
perch will be discussed. Other rockfish are believed to have
similar life histories.

Pacific Ocean Perch (Sebastes alutus): This rockfish is present
in the Bering Sea in offshore waters at depths of 0 to 600 meters
(Hart, 1973) and is commonly found in and along canyons and
depressions on the upper continental slope (Pereyra et al.,
1976) . Two main stocks have been identified in the Bering Sea:
an Aleutian stock (probably the most abundant), and a stock along
the continental slope in the eastern Bering Sea with large
concentrations from the Pribilofs to Unimak Island. Pacific
Ocean perch (POP) also are known to be present along the southern
side of the Alaska Peninsula.

Pacific Ocean perch mate during the fall and winter (October%j
February), and their live young are released in the following
spring (March-June). The larvae are believed to be planktonic
for approximately 1 year (Morris, 1981), after which the young
become demersal at depths of 125 to 150 meters. Rocky areas and
pinnacles are used as nursery areas for juveniles (Carlson and
Straty, 1981). As the juveniles mature, they move into deeper
waters.

~. Juvenile POP prey primarily on copepods. Adults feed on’

copepods, euphausiids, fish, and squid (Pereyra et al., 1976;
Morris, 198l).

Recent assessments (NPFMC 1987) indicate that 1988 exploitable
biomass for POP in the Bering Sea is 101,000 mt, 276,500 mt in
the Aleutian Islands; exploitable biomass for other rockfish in
the Bering Sea is 7,100 mt, and 18,500 mt in the Aleutians. POP
stocks are characterized as below average in abundance but are
expected to increase. Other rockfish stocks are characterized as
average in abundance and stable.

Atka Mackerel (Pleurogrammus monopterygius)

Large schools of this species inhabit the upper water layers of
the outer continental shelf; and they are found throughout the
Bering Sea to its northern boundary, the Bering Strait
(Andriyashev, 1954). Atka mackerel also are found south of the
Alaska Peninsula, particularly near the Shumagin Islands.

Atka mackerel are pelagic during much of the year, but they
migrate annually to moderately shallow waters where they become
-demersal during spawning (Morris et al., 1983). While spawning,
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they are distributed in dense aggregations near the bottomn.
Larvae are found north of the Alaska Peninsula from Port Moller
southwest to Umnak Island, (Lewbel, 1983).

Spawning occurs from June through September (Musienko, 1970;
Morris, 1981). Atka mackerel generally deposit their eggs on
rocky substrates at 10 to 17 meters (Gorbunova, 1962), but also
may deposit them on kelp (Andriyashev, 1954). The adhesive eggs
hatch in 40 to 45 days (Musienko, 1970). The larvae are
planktonic and are dispersed at distances of 320 to 800
kilometers from shore. The life history of young mackerel is not
known.

Larvae feed on plankton soon after hatching (Gorbunova, 1962).
Adults consume a variety of prey including plankton,
microcrustaceans, euphausiids, and small fish (Andriyashev, 1954;
Gorbunova, 1962; Rutenberg, 1962).

Recent assessments (NPFMC 1987) have had difficulty in estimating
a specific figure for exploitable biomass, primarily due to the
disjunct distribution of Atka mackerel. However, stocks are
characterized as below average in abundance; future trends are
unknown.

Squid

Two species, Berryteuthis magister and 0. _borealijaponicus,
predominate in commercial catches in the Bering Sea and Aleutian
Islands, respectively. Although 1little is known of their
population dynamics, these stocks are characterized as average in
abundance and stable.

Other Species

Other species in the groundfish complex include those for which
there is only slight economic value at this time but for which
there may be demand in the future. Because there is insufficient
data to manage each of these species separately, they are
considered collectively. The species include: skates, sharks,
sculpins, octopuses, and smelts. Recent assessments (NPFMC 1987)
indicate that exploitable biomass is on the order of 540,000 mt;
stocks are considered to be at average abundance and stable.

2.2.3 Other Finfish and Shellfish Species
Pacific Halibut (Hippoglossus stenolepis)

Halibut is a flatfish species that is widespread on the shelf and
slope to depths of up to 700 meters in the Bering Sea (Pereyra et
al., 1976; Morris, 198l1). Although more numerous in the Gulf of
Alaska, halibut also are distributed throughout the eastern
Bering Sea, from the Alaska Peninsula to as far north as Norton
Sound and St. Lawrence Island. Substantial numbers of juvenile
halibut are found distributed along the southern shore of the
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southeastern Bering Sea from Unimak Island into Bristol Bay
(Thorsteinson, 1984).

During the winter months, ice covers much of the Bering Sea and
water temperatures near the bottom drop to 0° C or lower, which
forces the halibut to concentrate in the deeper, warmer waters
along the continental edge. During this time, the major portlon
of the halibut population of the eastern Bering Sea occupies
outer continental shelf and slope areas from Unimak Island to
west of the Pribilof Islands (Webber and Alton, 1976). With the
retreat of the ice and rising water temperatures in April and
May, halibut migrate eastward along the northern side of the
Alaska Peninsula into the more shallow (30-140 m) spring feeding
areas of the inner shelf (Morris, 198l1). Throughout the summer
and fall, halibut are found scattered over the shelf in shallow
waters. With declining bottom-water temperatures in the 1late
fall, halibut migrate back to the deeper waters of the
continental slope (250 to 550 m) where they overwinter and spawn
(Morris, 1981).

Spawning occurs from October to March (Novikov, 1964; Lewbel,
1983) along the continental shelf at depths from 228 . to 456
meters (Bell, 1981) between Unimak Island and the Pribilofs
(Best, 1981). Females release up to 2 million pelagic eggs
(Lewbel, 1983), which hatch after approximately 15 days (Webber
and Alton, 1976), depending on water temperature (Forrester and
Alderice, 1973). Larvae are planktonic for 6 to 7 months prior
to metamorphosis (Webber and Alton, 1976; Morris et al., 1983).
Larvae have been caught over the continental slope and in deeper
water, :-and a few have been caught on the edge of the continental
shelf, .distributed in a narrow band extending from the vicinity
of Unlmak Pass to northwest of the Pribilofs (Waldron, 1981).
Later larval developmental stages tend to rise in the water
column, where they are moved by winds into more shallow shelf
waters (Gusey, 1978).

Juveniles settle to the bottom in shallow, nearshore nursery
areas (Best, 1981). Juveniles also undergo seasonal movements
related to water temperatures as described by Best (1981).
During winter months, ice cover and cold water temperatures force
them to concentrate in deeper waters (330 to 370 m) between
Unimak Pass and the Pribilof Islands. As the ice retreats and
the water warms in the spring, juveniles disperse over the
shallow flats, which provide suitable habitat for a nursery for
young halibut. In April, halibut have been found concentrated
near the northern entrance of Unimak Pass at depths of 80 and
104 meters. As warming continues, juveniles move eastward along
the northern side of the Alaska Peninsula and are found
throughout Bristol Bay in June. Large numbers of juveniles have
been caught in the eastern Bering Sea from Unimak Island to
Bristol Bay (Thorsteinson, 1984).

In the 1960s, halibut stocks in the eastern Bering Sea supported
an intensive fishery, which resulted in a reduction in the
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population. Both the high level of exploitation and the large
incidental catches of immatures by foreign trawlers contributed
to this decline in abundance. The stock has increased since the
reduction in incidental catch.

Halibut are omnivorous and consume a variety of prey, which vary
with age and area of the halibut. Halibut of up to 30
centimeters feed primarily on crustaceans, such as shrimp and
'small crabs (Novikov, 1964; Morris et al., 1983). Adult fish
consume a wide variety of crustaceans and fish including
flatfishes, smelt, capelin, pollock, sand lance, and particularly
yellowfin sole (Novikov, 1964). Halibut prey heavily on
vyellowfin sole, and the summer distribution of halibut in the
Bering Sea is believed to be determined largely by the movements
of yellowfin sole (Novikov, 1964).

Recent assessments (IPHC 1988) indicate that exploitable biomass
in the Bering Sea/Aleutian Islands has dramatically increased

from the 1970s, but is still somewhat lower than a biomass that
would support MSY.

King Crab

Red King Crab (Paralithodes camtschatica): King crab are the
most prominent members of the epifaunal community of the
southeastern Bering Sea (Lewbel, 1983). They inhabit. the
continental shelf at depths up to 400 meters. Red king crab are

concentrated immediately north of the Alaska Peninsula and around
Bristol Bay.

Historically, the abundance of the red king crab population in
the southeastern Bering Sea has been cyclic on 7- to l4-year
intervals influenced primarily by environmental conditions
(Thorsteinson, 1984). Cycles of abundance suggest that year-
class failure or success may be based on survival of critical
lifestages (i.e., larvae and young juveniles) in nearshore areas
(Armstrong et al., 1983). Instantaneous mortality rates of
juvenile and sublegal, sexually mature crab are estimated to be
low, approximately 10% per year, until entering the fishery
(Balsiger, 1976; Reeves and Marasco, 1980). Consequently, the
size of a future fisheries cohort is determined predominantly by
reproductive success and survival of larvae and young of the year
(0+ crab) in nursery areas.

Larval survival is influenced strongly by water temperature
(Kurata, 1960, 1961; McMurray et al., 1983), and also by food
supply and predation (Armstrong et al., 1983). Lethal
temperatures are those greater than 15° C or lower than 0.5 to
1.8° C (Kurata, 1960) and survival of zoeae is greater between 5
to 10° C (McMurray et al., 1984). In addition, the number and
location of spawning females may significantly influence larval
survival and location of megalopae relative to optimal substrates
at metamorphosis (Armstrong et al., 1983).
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Although the magnitude of initial 1larval hatch and numbers
surviving to metamorphosis may be important determinants of year-
class strength, the geographic 1location of survivors at
metamorphosis may be more important if refuge habitat is scarce
and/or patchy. If optimal bottom type does not occur uniformly
along the North Aleutian Shelf into Bristol Bay, location of
spawning female populations and the interplay of oceanographic
factors and influences (i.e., currents and direction, windspeed
and direction) during development time could be the major
determinants of placement and survival rates of larvae over
optimal bottom types at metamorphosis (Armstrong et al., 1983).

Any source of mortality that substantially reduces numbers of
large males could threaten the breeding potential of the red king
crab population. Insemination of larger females by smaller males
results in reduced clutch size. A male-female weight ratio of
1:7 is required for 100% copulation (Reeves and Marasco, 1980);
below this weight, smaller males have 1less success breeding
mature females. This may have been the case in the 1982 National
Marine Fisheries Service observations, which found an unusually
large number of barren female crabs (i.e., which had not extruded
eggs) in a year of very low male abundance. It is not clear
whether or not there is a relationship between spawners and_
eventual recruits for this species (Reeves and Marasco, 1980).

The abundance of male red king crabs in the southeastern Bering
Sea decreased from 1981 through 1985, but the population is now
increasing. As summarized in Reeves (1985), the precipitous
decline in this stock may have resulted from the occurrence of
weak year-classes recruiting to the fishery and increased
mortality among adult, and especially sublegal crabs, of these
weaker year-classes (Reeves, 1985). The occurence of weak year-'
classes is related to conditions that affect survival during the
immature lifestages. Increased mortality of adult crabs appears
to be related to a number of factors, including predation by
halibut, Pacific cod, and yellowfin sole; competition; fishery
effects (handling mortality); disease; and temperature; all of
which showed some correlation. No single factor showed a
dominant correlation, however, when factors were grouped (i.e.,
halibut and yellowfin sole predation, catchers/processors, and
temperature), correlations increased. Apparently, many factors
may influence the declines in this population.

The life cycle of the red king crab is characterized by a spring
spawning migration and a summer-fall feeding migration.
Beginning in January, females move from deep, offshore waters
into more shallow, coastal waters (70 m or less) north of the
Alaska Peninsula. Males are more abundant in the deeper waters
farther offshore to the north and west of the Alaska Peninsulain
the winter, and they migrate into the more shallow waters in or
near the Alaska Peninsula a month later than the females to mate.
Pereyra et al. (1976) indentified spawning areas near Amak Island
and in the Black Hills-Port Moller areas. Reviews of studies
-have indicated that spawning occurs in nearshore waters between
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Unimak Island and Cape Seniavin (Armstrong et al., 1983; McMurray
et al., 1984). After mating, the males and the ovigerous females
feed in coastal areas before returning to deeper waters in the
late summer or fall. Eggs are carried by the females for
approximatley 11 months before hatching after the females have
returned to nearshore waters. Hatching generally occurs from
April 1-20, although the timing can vary up to a month (Weber,
1967; Haynes, 1974).

Red king crab larvae are present in nearshore areas from April to
August. Important larval release areas are the Port Moller area
and off the Black Hills area of the Alaska Peninsula (Lewbel,
1983). Larvae develop at depths of 40 to 70 meters (Armstrong et
al., 1981). They are found only immediately off the North Alaska
Peninsula and in a nearshore band that extends from Unimak Pass
northeast into Bristol Bay along the 50-meter isobath (Fig. 2).
The highest known densities of red king crab larvae occur from
western Unimak Island to Port Moller, but the extent and
abundance of larvae from Cape Seniavin into Bristol Bay remain
unknown (McMurray et al., 1984). The larvae are planktonic and
tend to drift northeastward with the prevailing water currents
along the Alaska Peninsula toward Bristol Bay, and may be carried
quite some distance before reaching the benthic stage (Haynes,
1974; Hebard, 1979). Data on development time and current speeds
(Kinder and Schumacher, 1981b) suggest that 1larvae could be
transported more than 200 kilometers during the time from hatch
to metamorphosis. By August, inshore areas contain very 1low
densities of 1larvae. Relatively heavy pelagic 1larval
distributions have been found from the Black Hills area to Port
Heiden, with largest concentrations found 200 km offshore between
Cape Seniavin and Port Heiden (Armstrong et al., 1983), which
correlates with high concentrations of phytoplankton. Red king
crab larvae also exhibit a diel vertical migration, which
probably is influenced by tidal action. The larvae pass through
several molts before finally settleing to the bottom as
juveniles.

The juveniles migrate into shallow waters and starting at age 3,
form dense pods (thousands to hundreds of thousands of
individuals) that inhabit the intertidal and shallow subtidal
zones. Smaller juvenile crabs (to 60 mm carapace length) have
not been caught by nets in the NMFS survey area, and are
consequently presumed to be concentrated in nearshore areas.
Larger juveniles (to 110 mm) are found on the coastal, middle,
and outer shelf around the 50-100 meter isobaths (Kinder and
Schumacher, 198la). Age-3 to -5 juveniles appear to form pods in
the Port Moller area at water depths of 40 to 60 meters. The
nearshore area along the northern side of the Alaska Peninsula
also has extensive gravel and rocky substrates necessary for the
survival of the early benthic lifestages of this species (Sharma,
1979). This substrate also supports the invertebrate fauna that
are food for juvenile red king crab (Armstrong et al., 1983). It
is hypothesized that postlarval survival is related to settlement
onto this refuge habitat that is thought to consist of gravel or
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larger-sized rocky substrates inhabited by several attached
epifaunal invertebrates, which are food for juvenile crab and the
vegetation that provides protective cover for these juveniles.
King crab mature sexually at 5 or 6 years of age, at which time
podding behavior ceases and they join the seasonal feeding and
breeding migrations of adults.

Planktonic 1larval crabs feed on phyto- and zooplankton.
Juveniles feed on diatoms, protozoa, algae, echinoderms, small
mollusks, and other benthic species. Adult king crab are
omnivorous and feed on small benthic inverte-brates, including
bivalves, gastropods, polychaetes, brittle stars, and Tanner
crab. They also feed on small fish and dead organisms. Age-3 to
-5 juveniles appear to form pods in the Port Moller area at
water depths of 40 to 60 meters. Waters to the east of Port
Moller are very important to red king crab.

Recent assessments (Stevens et al. 1987) indicate that numbers of
legal male crabs are increasing and that recruitment is
improving.

Blue King Crab (Paralithodes platypus): This king crab species
is lesser in both abundance and distribution to the red King
crab, with some populations along the Asian coast and the eastern
Bering Sea, near the Pribilofs Saint Lawerence, and St. Matthew
islands. There are also some numbers of this crab in Herenden
Bay on the North Alaska Peninsula. :

The life history of the blue king crab is similar to that of the
red king crab excepting that reproduction in this species may be
only biennial with a later spawning period during the spring.
Habitat conponents may also be more specific as juvenile blue
king crab seem to be concentrated over limited areas of "shell
bash" substrate near the Pribilofs during a part of their life
cycle. This substrate affects protection from predators and also
harbors the food organisms on which these crab subsist. '

Recent assessments (Stevens et al. 1987) indicate that although
numbers of legal male crabs may be increasing, the fishery is

stable but poor, with future recruitment questionable due to
inadequate data.

Tanner Crabs (Chionoecetes opilio and C. bairdi)

Two species of commercial importance are distributed widely
throughout the southeastern Bering Sea. These species generally
occur at depths of 40 to 100 meters and greater (Lewbel, 1983).
Chionocecetes opilio is common throughout the southeastern Bering
Sea. Chionoecetes bairdi is concentrated in two areas: around
the Pribilof Islands and immediately north of the Alaska
Peninsula (Jewett and Feder, 1981). 1In the southeastern Bering
Sea, this species was common only at depths below 100 meters.
Tanner crab populations are cyclic. The stocks have been
depressed, but are currently stable and recovering slowly. Both
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species may have distributions and abundances 1nverse1y related
to the densities of klng crabs (Gusey, 1978).

Tanner crab make seasonal movements related to spawning. They
move into more shallow waters (less than 100 m) in the spring and

summer for spawning. During the fall and winter, they inhabit
deeper waters.

Tanner crabs breed in shallow shelf waters from January to May.
Eggs are carried by females on their abdomens for approximately
11 months. Hatching is temperature-dependent. Chionoecetes
bairdi eggs have a prehatching mortality of approximately 20%
(Thorsteinson, 1982). The larvae are pelagic and concentrated in
nearshore areas in the upper 60 meters of water (Thorsteinson,
1984) for approximately 3 months, depending on the availability
of food and on water temperatures. Juveniles are bottom
dwellers. The area north of the Alaska Peninsula is a nursery
area for Tanner crab. There is a higher abundance of C. bairdi
larvae and juveniles in the outer Bristol Bay, although larvae of

both species are present from April through October
(Thorsteinson, 1984).

Tanner crab larvae feed on phyto- and zooplankton. As demersal
juveniles, they feed on benthic diatoms, hydroids, and detritus.
Adults consume dead mollusks and crustaceans and prey on shrimp,
polychaetes, clams, hermit crabs, and brittle stars.

Recent assessments (Stevens et al. 1987) indicate that both
populatlons and fisheries are improving, with = significant
increases in juvenile abundance and recruitment.

Dungeness Crab (Cancer magister)

The shallow, nearshore waters north and south of the Alaska
Peninsula are the northern limit of this species. They inhabit
bays, estuaries, and open-ocean, nearshore areas from the
intertidal 2zone to depths of 90 meters. There is a seasonal
movement to more shallow waters associated with breeding.

Dungeness crab mate from July to September. The females carry
the eggs for 7 to 10 months before the eggs hatch in April and
May. The larvae are planktonic for 3 to 4 months before molting
to juveniles. Juveniles generally are associated with stands of
eelgrass or, in the absence of eelgrass, with masses of detached

algae that are believed to provide them protection from
predation.

Korean Hair Crab (Erimacrus isenbeckii)
The Korean hair crab occurs in water depths of 10 to 360 meters.
The largest concentrations of this species are found in the

shallow waters along the northern shore of the Alaska Peninsula
and around the Pribilof Islands. Hair crabs hatch in the spring,
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and the larval stage lasts approximately 5 months (Armstrong et
al., 1983).

Recent assessments (Stevens et al. 1987) indicate that the
fishery is declining although juvenile production is apparently
improving.

Shrimp

Two commercially important species of shrimp are common
throughout the Bering Sea, pink shrimp (Pandalus borealis) and
humpy shrimp (P. goniurus). They are most abundant along the
central outer shelf and slope of the Bering Sea. The pink shrimp
inhabits depths of 85 to 110 meters in zones of deep, warm waters
and is found concentrated near Nome and northwest of St. Paul
Island (Lewbel, 1983). The humpy shrimp is found at similar
depths, but in cooler waters, with a concentration between the
Pribilof Islands and Bristol Bay.

Pandalid shrimp spawn in September and October. Eggs are carried
on females during the winter and hatch the following spring. The
larvae spend 2 to 3 months in the nearshore plankton, feeding and
molting before they metamorphose to juveniles and assume the™
semidemersal habit of adults. Juveniles inhabit waters less than -~
40 meters deep in the winter and deeper waters in the summer
(University of Alaska, AEIDC, 1974). -

The larvae feed on diatoms and plankton. Adults feed on benthic
organisms, including polychaetes, and small -crustaceans
pandalidicl shrimp make diurnal feeding migrations, rising in the
water column at night to feed (Thorsteinson, 1984).

Bivalve Mollusks

Although bivalves are widely distributed on the shelf, they are
concentrated in the midshelf region of the Bering Sea (Lewbel,
1983). Some species are found in the nearshore surf zones. The
Pacific razor clam (Siliqua patula) is found on sand beaches of
the Alaska Peninsula, including Izembek Bay and Bechevin Bay
(Nickerson, 1975). Other clams inhabiting the Alaska Peninsula
include the surf clam (Spisula polynyma), distributed between
Port Moller and Ugashik Bay; the Great Alaskan Tellin (Tellina
lutea); two species of cockle (Serripes groenlandicus and S.
laperousii); and other less frequently taken species. The surf
clam biomass has been estimated at 286,184 metric tons and the
Great Alaskan Tellin biomass has been estimated at 82,000 metric
tons (Hughes et al., 1977).

Clams generally spawn in the summer during periods of warmer
water temperatures. The eggs and/or larvae may be planktonic
before metamorphosing into sedentary juvenile stages.

Large Gastropods
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These snails are concentrated along the outer shelf at depths
from 40 to 100 meters. Neptunea heros and N. ventricosa are the
dominant species. From May to October, they produce eggs that
hatch after about 3 months. Neptuniids prey on polychaetes,
bivalves, barnacles, crustaceans, and fish (MacIntosh and
Somerton, 1981).

Pacific Salmon (Onchorynchus sp.)

Five species of Pacific salmon inhabit the waters of the eastern
Bering Sea: chinook (king), sockeye (red), coho (silver), pink
(humpback), and chum (dog). Their feeding migrations in the
North Pacific and the Bering Sea are extensive, and salmon
migrate long distances to their spawning streams. Salmon runs
fluctuate greatly from year to year, largely dependent on
climatic factors during' egg development and during early fry
stages.

The life history of the Pacific salmon occurring within the
eastern Bering Sea has been separated into three phases for
consideration (Thorsteinson, 1984): (1) seaward migration of
juveniles through the area; (2) temporary residence of immatures
in and adjacent to the area; (3) and return spawning migrations
of adults through the area. Adult salmon migrating through the
eastern Bering Sea are a complex mixture of stocks of five
species returning to streams on the northern side of Unimak
Island or the Alaska Peninsula, in Bristol Bay, or farther north
along the Bering Sea coast (Thorsteinson, 1984). Adult salmon
are present in the area from May through October, and a number of
immatures are present in the area year-round.

In general, the life histories of the five species in this area
are similar. Adults migrate through the eastern Bering Sea area
to their natal streams for spawning. Chinook are the first to
enter coastal areas, followed in order by sockeye, chum, pink,
and coho (Thorsteinson, 1984). Migration rates from the shelf
edge to the Kvichak River in Bristol Bay were estimated by Straty
(1981) as ranging from 45 to 60 kilometers per day. Along the
southeastern Bering Sea coast, salmon migrate in a band that
extends to 162 kilometers offshore, with a center of abundance 50
to 100 kilometers from shore (Straty, 1981). Once they reach
their spawning grounds, salmon deposit their eggs in the gravel
beds of streams, rivers, or lakes (depending on the species and
its origin). Alevins hatch in the winter and remain in the
gravel substrate until they have absorbed their yolk sacs in the
spring. They emerge from the gravel as fry, some of which stay
in fresh water for a period ranging from a few weeks to 1 or more
years, while others migrate immediately to the sea.

Juvenile salmon are present in the .nearshore waters of the
eastern Bering Sea from May through September annually (Straty,
1974). Outmigration of Juvenile salmon is species- and stock-
specific and varies with annual differences in environmental
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conditions (i.e., ice breakup on lakes and streams, over-winter
stream-water temperatures).

only sockeye salmon have been studied sufficiently to describe
their seaward migration in some detail; however, general
information on outmigration of all five species is known. After
entering the Bering Sea, juvenile salmon remain in nearshore
waters for varying lengths of time and grow rapidly during the
initial few months of seaward migration (Hart et al., 1967;
Straty, 1974; Barton, 1979a). Observations from other ocean
waters off Alaska indicate that coastal movement during the first
few months of seaward migration is typical behavior for Pacific
salmon throughout their range (Straty, 1981). Juveniles move
along the coastline of the southeastern side of Bristol Bay and
the northern side of the Alaska Peninsula. The migratory route
apparently is determined by salinity gradients and water
temperatures (Favorite et al., 1977; Straty and Jaenicke, 1980).
Speed of migration is determined in 1large part by water
temperatures and consequent growth and energy rates (Straty and
Jaenicke, 1980). With increased growth in these nearshore areas
from early summer to late fall, the fish move offshore to more
pelagic regions (Straty, 1974; Barton, 1979). This offshore
migration is species-specific and variable according to annudl
differences in time of entry into the Bering Sea. Infor-mation
on shelf distribution of juvenile salmon after leaving coastal
waters is only fragmentary (Straty, 1981). -

Offshore, adults are epipelagic, usually found in the upper 10 to
30 meters of water. Adults spend 1 to 4 years at sea (depending
on the species), return to their natal streams to spawn, and
subsequently die. Maturing salmon are most abundant in the
southeastern Bering Sea shelf region from mid-May to early
September and are concentrated in the upper 5 meters of water
(Hokkaido University, 1965, 1968).

Sockeye Salmon (Oncorhynchus nerka): This species is the most
important commercial salmon of the Bering Sea. Sockeye spawning
runs are widespread throughout Bristol Bay and along the northern
side of the Alaska Peninsula. Bristol Bay produces more sockeye
than any other area in the world. Major Bristol Bay runs are in
the Kvichak, Naknek, and Nushagak Rivers. Bristol Bay sockeye
runs peak every 5 years. On the northern side of the Alaska
Peninsula, nearly every drainage supports a run of sockeye.
Major runs occur in the area from the Bear River to north of Port
Moller, and in the Nelson, Sandy, and Ilnik Rivers. On the
southern side of the Peninsula, there are numerous, but small,

runs including those on Shumagin Island and in the Stepovak and
Chignik Rivers.

Mature sockeye have been captured in many places throughout the
Bering Sea during their spawning migrations. In May and early
June, stocks from the northern portions of the Bering Sea and
stocks from the Gulf of Alaska which have migrated through the
-Aleutian passes begin to move into Bristol Bay. These prespawning

34



adults concentrate in two bands offshore (one north and one south
of the Pribilof Islands), and traverse Bristol Bay as they
migrate to rivers around Bristol Bay, along the northern side of
the Alaska Peninsula and in Kuskokwim Bay. Spawning runs occur
from July to September (Musienko, 1970; Barton, 1979; Morrow,
1980), with sockeye most abundant on the southeastern Bering Sea
shelf between mid-June and late July as they migrate to their

natal streams (Thorsteinson, 1984). Following spawning, fry
emerge in the spring, generally between April and June (Morrow,
1980). A few sockeye populations have individuals that migrate

immediately to the sea, but most sockeye spend 1 to 2 years in
fresh water before migrating to the ocean (Lewbel, 1983).

Juveniles are abundant in the eastern Bering Sea from mid-May
through at least September (Thorsteinson, 1984). Juveniles
originating in rivers along Bristol Bay and along the northern
side of the Alaska Peninsula enter the Bering Sea at different
times during late spring and early summer, depending on environ-
mental conditions. Young sockeye leave Bristol Bay from mid-May
to August, with a peak around June. Juveniles leave the northern
side of the Alaska Peninsula during the same period, but peak
later. Young sockeye entering the sea are segregated during the
first weeks of seaward migration by age, class, and origin, so
they are distributed throughout most of the migration-route area
from late May through late July. From late May to early August,
the greatest biomass of juveniles occurs along the coast of
Bristol Bay to northeast of Port Heiden (Straty, 1974). Food is
less abundant in inner Bristol Bay than farther seaward, so
juveniles move rapidly to the Port Heiden area, which has a more
abundant food supply (Thorsteinson, 1984). After early August,
the majority of the sockeye occur west (seaward) of Port Heiden.
The young move westward along the northern shore of the Alaska
Peninsula, and eventually turn north or move south through the
Aleutian passes. From late May to late September, the juveniles
travel in a belt between the coast and 48 kilometers offshore,
avoiding the colder offshore waters (Thorsteinson, 1984). These
seaward-migrating Jjuveniles are most abundant in the upper 2
meters of the water column during the day and in the uppermost
meter at night (Straty, 1974). Sockeye usually spend 1 to 3

years in the sea before returning to their natal streams to
spawn.

Juveniles feed on euphausiids, copepods, cladocerans, and sand
lance. Adults prey on copepods, euphausiids, amphipods, and
small fish (Hart, 1973; Nishiyama, 1977; Morrow, 1980).

Chinook Salmon (Oncorhynchus tschawytscha): Chinook are widely
distributed throughout the Bering Sea, but are relatively low in
abundance. This salmon species comprises approximately 2.2% of
the commercial catch for the Bering Sea (Straty, 1981). Bristol

Bay supports approximately 40% of the total annual chinook
production (Straty, 1981).
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Chinook salmon enter the Bering Sea through Unimak Pass and
migrate some distance offshore through the Bering Sea toward
their natal streams ‘along the Alaska Peninsula and Bristol Bay.
This species is more abundant farther offshore of the northern
side of the Alaska Peninsula than sockeye (Thorsteinson, 1984).
The Nushagak River supports the largest run of chinook into
Bristol Bay, but the Togiak, Alagnak, Naknek, and Mulchatna River
systems all support major runs. Bristol Bay-area populations
have increased in recent years; runs in 1981 and 1982 were
particularly hlgh. Streams and rivers on the northern side of
the Alaska Peninsula also support significant numbers of spawning
salmon, partlcularly the Sapsuk River systenm (Nelson Lagoon), the
Meshik River system (Port Heiden), and the Cinder River.

Chinook spawning migrations into Bristol Bay occur from mid-June
to July. Eggs hatch in 7 to 12 weeks, and alevins generally
emerge in 2 to 3 weeks. Chinook fry live in fresh water for 1 to
2 years before migrating to the sea. Juveniles are most abundant
along the southeastern coast of the Bering Sea; few have been
caught in Bristol Bay, perhaps because sampling has not been
conducted during periods of assumed peak abundance (late April-
May) or because, for some unexplained reason, they have been
missed by fishing gear (Thorsteinson, 1984) . After migrating to
the sea, smolts remain in coastal waters during their initial
months (Straty, 198l1). Juveniles move out of coastal waters,
migrating seaward during May and early June, earlier than. the
offshore migration of other salmon species (Thorsteinson, 1984).
Immatures spend 1 to 6 years in the ocean before returning to
spawn. Thorsteinson (1984) reported that 2% of the immatures had
spent 1 year at sea; 77% had spent 2 years; 19% had spent 3
years; and 2% had spent 4 to 6 years. Maturing chinook have been
captured throughout the Bering Sea during their spawning
migrations, but the route of this migration has not been
established in detail. Straty (1981) hypothesized that chinook
follow the same migration route as other salmon species in
responding to the same environmental clues.

Scott and Crossman (1973) reported that 97% of the chinook diet
consists of herring, sand lance, capelin, and smelt. Although
chinook are highly piscivorous, they also consume some squid,
amphipods, euphausiids, and crustaceans.

Pink Salmon (Oncorhynchus gorbuscha) Of the three commerc1ally
important salmon species in the Bering Sea, pink salmon is the
least abundant. Within the Bering Sea, 92% of the pink salmon
productlon is from Bristol Bay (Lewbel, 1983), where the prlmary
system is the Nuyakuk River, a tributary to the Nushagak River.
On the northern side of the Alaska Penlnsula, pink salmon are not
abundant, but they occur in limited numbers in several systems in
Bechevin Bay.

Pink salmon have been captured throughout offshore areas of the
Bering Sea during their spawning migrations. The heaviest
concentrations are in two bands north and south of the Pribilof
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Islands. The band south of the Pribilofs, which migrates
through Bristol Bay, heads primarily for rivers entering Bristol
and Kuskokwim Bays and a few streams along the northern side of
the Alaska Peninsula. Spawning runs occur from July to October.
Pink salmon rarely migrate more than 160 kilometers upstream, and
some spawn in intertidal areas (Lewbel, 1983). The young hatch
from December to February and remain in the gravel as yolk-sac
larvae until spring.

After emerging, fry immediately migrate seaward, where they form
large schools in estuaries and remain nearshore for their first
summer. Juveniles captured in Bristol Bay after late June are
primarily in coastal areas of inner Bristol Bay east of 159°W
longitude, where they increase in abundance from late June
through mid-August (Thorsteinson, 1984). Pink salmon do not
reach the outer coastal areas of inner Bristol Bay until 1late
August and September, (Thorsteinson, 1984). Once in the sea, fry
remain on the continental shelf in areas with estuarine
salinities (Straty, 1981). Adult pink salmon are widely
distributed during their ocean period. With few exceptions, they
return to spawn after 2 years. Prey of adult pink salmon are
believed to be similar to that of other salmon species, including
euphausiids, squid, amphipods, and small fish.

Chum Salmon (Oncorhynchus keta): Chum salmon are widely
distributed through-out the Bering Sea. During their spawning
migrations, chum are more exten-sively distributed throughout the
Bering Sea than are sockeye (Thorsteinson, 1984). In Bristol
Bay, chum salmon are produced largely in the Nushagak, Togiak,
and Naknek-Kvichak River systems. Bristol Bay chum populations
are stable. On the northern side of the Alaska Peninsula, major
systems used by this species include: Izembek-Moffet Bay,
Bechevin Bay, the Sapsuk River (Nelson Lagoon), Herendeen-Moller

Bay, and Frank’s Lagoon. Populations in these areas fluctuate in
size.

Chum salmon use areas in and adjacent to the North Alaska
Peninsula for their spawning migrations and their seaward
migrations as juveniles. During their spawning migrations, chum
concentrate in two bands north and south of the Pribilofs. The
southern band traverses Bristol Bay and includes fish returning
to rivers in Bristol and Kuskokwim Bays and on the northern side
of the Alaska Peninsula. While migrating through outer Bristol
Bay, these salmon begin to segregate according to the location of
their spawning streams. By mid-June and late July, they are most
abundant on the southeastern Bering Sea shelf, with largest
numbers found in estuaries and at the mouths of streams. Most
populations of chum salmon are fall spawners (August-November)
(Lewbel, 1983). Chum salmon sometimes spawn in intertidal areas.

Following emergence, fry migrate to the sea. Small numbers of
young have been captured in the coastal waters of Bristol Bay as
early as mid-June, but they generally are not abundant until
after mid-July (Thorsteinson, 1984). Once they reach the sea,
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juveniles remain in nearshore areas for sevefal months before
migrating offshore in the early fall. Young fish follow
estuarine salinities as they feed and migrate along the
continental shelf (Straty, 198l1). Juveniles have been found to
remain abundant along the southwest coast of Bristol Bay (seaward
of 159 degrees W longitude) through August and until at least
mid-September (USDOC, NOAA, NMFS, 1966-72). Chum generally spend
3 to 4 years at sea before returning to fresh water to spawn.
Adults feed on euphausiids, amphipods, squid, and planktonic crab
larvae (Hart, 1973).

Coho Salmon (Oncorhynchus kisutch): Coho is the least abundant
salmon species in the Bering Sea. The most abundant populations
of maturing coho in the Bering Sea (in decreasing order) are in
Kuskokwim Bay, Bristol Bay, and along the northern side of the
Alaska Peninsula (Straty, 1981). Coho are found in streams
throughout Bristol Bay, but are harvested primarily in the
Nushagak and Togiak Rivers. On the northern side of the Alaska
Peninsula, coho are harvested at Nelson and Swanson Lagoons, and
at the Ilnik River, Port Heiden, and the Cinder River.

Mature coho salmon enter the Bering Sea shelf areas in mid- to
late July on their spawning migrations and begin to congregate at™
river mouths in late summer. Spawning runs are generally from
September to October. Fry emerge from the gravel from March to
July, depending on water temperatures (Hart, 1973; Scott and
Crossman, 1973). Juveniles remain in fresh water for 1 to 3
years before entering the ocean. ‘

Coho is the salmon species whose juveniles enter Bristol Bay
latest each year on their seaward migrations. Although they have
been captured along the southeast coast of Bristol Bay as early
as mid-June, coho are not abundant until late June or early July
(USDOC, NOAA, NMFS, 1962-66); they remain abundant throughout
July and August. Smolt remain nearshore and near-surface for
several months, feeding before moving farther offshore.

Juveniles feed on small fish and planktonic crustaceans. Adults
feed on squid, euphausiids, and small fish. Herring and sand
lance may make up to 80% of the adult coho diet (Morrow, 1973;
Scott and Crossman, 1973).

Forage Fishes

This is a broad term for generic classification purposes to
encompass the generally smaller pelagic and some demersal fishes
on which larger fishes and other marine animals prey. Of the
group, the Pacific herring may be a major portion of the diet of
many of the larger pelagic fishes, marine birds, and mammals
although in itself it is of commercial value. Forage fishes may
also be characterized by their schooling behavior.

Pacific Herring (Clupea harengus pallasi): This pelagic species
~is abundant and widespread in the Bering Sea, where it is
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