











April 1992

Dear Reviewer:

In the autumn of 1991 the United States and the State of Alaska settled their
claims against the Exxon Corporation and Exxon Shipping Company for natural
resource damages from the Exxon Valdez oil spill. Money provided by the
settlement will be used to restore the environment of Prince William Sound,
lower Cook Inlet, and the Gulf of Alaska. The undersigned six State and Federal
Trustees, in consultation with the public, are responsible for determining how
restoration funds are to be spent.

Exxon Valdez Qil Spill Restoration is a key step in shaping the decision-making
process. It is divided into two volumes, which are presented for your review and
comment. Volume 1: Restoration Framework provides background information
and proposes guidelines for the future. The draft Volume II: 1992 Work Plan
proposes activities that are important to undertake in 1992 prior to the final
development of the Restoration Plan. We expect that a work plan will be
developed annually, describing the activities the Trustees intend to conduct in
each year. ‘

These documents are intended to elicit comments and suggestions from you and
continue the public "scoping" process for environmental analysis under the
National Environmental Policy Act. We want to know how you view this process
and receive suggestions concerning restoration of the resources and services
injured by the oil spill. This planning effort will culminate in the development
of the overall Restoration Plan, which will guide the restoration program in the
coming years.

We invite your comments on both Volumes I and II of Exxon Valdez Qil Spill
Restoration. The issues identified on the comment sheets in each document are
intended to facilitate but not limit your comments and suggestions. In order to
be considered during the development of the final 1992 Work Plan and draft
Restoration Plan, written comments must be received by June 4, 1992 at the
following address: ’

Exxon Valdez Oil Spill Trustee Council
645 "G" Street
Anchorage, Alaska 99501

Questions concerning this document or its distribution should be directed to the
Oil Spill Public Information Center, 645 "G" Street, Anchorage, Alaska 99501,
or you may call (907) 278-8008.
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We appreciate your interest and look forward to your participation in this

important process.

Michael A. Barton
Regional Forester
~ Alaska Region
Forest Service
U.S. Department of Agriculture

hidy @Wéh.

Curtis V. McVee

Special Assistant to the Secretary
Office of the Secretary

U.S. Department of the Interior

Lot

Carl L. Rosier
Commissioner

Alaska Department of
Fish and Game

Sincerely,

Charles E. Cole
Attorney General
State of Alaska

(_\\,.\;$ C~ R*‘-\

Steven Pennoyer
Director

Alaska Region

National Marine Fisheries
Service

John A. Sandor
Commissioner

Alaska Department of
Environmental Conservation

Federat Recyding Program ﬁ Printed on Recycied Paper
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COMMENTS

You are invited to share your ideas and comments with the Trustee Council. Please use this
tear sheet to present your views on the Restoration Framework. You may send additional
comments by letter or participate in a public meeting on the 1992 Work Plan and Restoration

Framework.

If needed, use the space on the back or attach additional sheets. Please fold, staple, and add
a postage stamp. Thank you.for your interest and participation.



Additional Comments:

(fold here)

Return Address:

Exxon Valdez Oil Spill Trustee Council
645 "G" Street
Anchorage, AK 99501

Attn; Restoration Framework

Place
Stamp
Here
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EXECUTIVE SUMMARY

In Exxon Valdez Qil Spill Restoratior /olume I: Restoration Framework, the

On October 8, 1991 a settlement agreement was approved in United States
District Court that required Exxon to pay one billion dollars in criminal restitution
and civil damages to the governments. This settlement provides an extraordinary
opportunity to address the restoration of injuries resulting from the largest tanker
oil spill in United States history.

Post Settlement Administration (Chapter I)

The State and Federal Trustees will receive up to $900 million dollars from
Exxon in settlement of the civil claims over the next 10 years. These funds are
deposited in the Court Registry Investment Account. Subject to court approval,
the Trustees will draw from that fund for restoration.

All decisions about restoration and uses of restoration funds must have the
unanimous agreement of six Trustees, three Federal and three State. The Federal
Trustees have appointed representatives to an Alaska-based Trustee Council. The
State Trustees, unlike their Federal counterparts, serve on the Trustee Council.
The Trustee Council has appointed a Restoration Team to administer and manage
the restoration process. An Administrative Director will be hired to chair the
Restoration Team. The Trustee Council has approved creation of a number of
working groups to address specific needs, such as budget, public participation,
and habitat evaluation and protection.

Public Participation (Chapter II)

The settlement terms specify that the Trustees shall establish procedures providing
for meaningful public participation in the injury assessment and restoration
process, which shall include establishment of a public advisory group to advise
the Trustees.

The Trustees held a series of public meetings to solicit comments on the role,
responsibility and membership of the public advisory group and have approved
that group’s charter. Public comments are being sought on the Restoration
Framework and the draft 1992 Work Plan.
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Restoration Planning Before the Settlement (Chapter ITI)

The Trustees and the Environmental Protection Agency began preliminary
restoration planning through the work of the Restoration Planning Work Group

restoration options, and began analyzing many restoration options suggested by
the public, resource managers and scientists.

Summary of Injury (Chapter IV)

Immediately after the Exxon Valdez oil spill, the Trustees began a series of
studies--the Natural Resource Damage Assessment--to determine the effects of the
oil spill on the environment, both its resources and services (e.g., marine and
terrestrial mammals, birds, fish and shellfish, archaeological resources, and
subsistence). They provide an assessment of a wide range of injuries, some
immediate and acute, some subtle and persistent. Major results of the studies to
date are discussed.

Proposed Criteria for Injuries (Chapter V) and Restoration Options

(Chapter VD

The settlement specifies that restoration funds must be spent to restore natural
resources and services injured by the Exxon Valdez oil spill. The Trustees
propose that evidence of consequential injury and the adequacy and rate of natural
recovery must be considered in deciding whether it is appropriate to spend
restoration dollars on a given resource or service. Once it has been established
that a resource or service warrants restoration action, there may be a number of
effective restoration options. The Trustees propose criteria to help evaluate such
options, including technical feasibility, cost effectiveness, and the potential for
additional injury resulting from the proposed restoration option.

The restoration planning process to date has yielded a variety of ideas, which are
presented for comment as restoration options in Appendix B. These restoration
options, and others identified by the public, will be considered by the Trustee
Council in a draft restoration plan.
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Appendices A and B

Two appendices are attached: life histories and backgrounds on injured resources
and services, and a series of potential restoration options.
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CHAPTER 1
INTRODUCTION

Restoration Framework

The intent of Exxon Valdez Qil Spill Restoration, Volume I: Restoration
Framework (hereafter referred to as the ™--*~—*"-~ “ramework) is to propose
process to guide the Trustees and the public 1n the restoration of the environment
injured by the Exxon Valdez oil spill. This document contains information on
Exxon Valdez oil spill restoration activities to date, background information on the
legal settlement that provides funding for restoration, and a description of the
Trustees’ structure for administration of the restoration program. Information is
also provided on the injuries to natural resources and services, proposed criteria
for determining when injury is sufficient to warrant restoration actions. nronosed
criteria and procedures for evaluating specific réstoration options, an

Life history and background on
HUJUICU lldluldl 1COUULLTY dllu dTIVILTS alT p1c>cnted in Appendix A. Potential
restoration options are presented in Appendix B.

as part ot a planned dratt restoration plan, 1ssue a dratt environmental 1mpact
statement to ensure that environmental effects are considered as part of restoration
planning.

Proposed Action

The Trustees propose to restore natural resources and natural resource services
in the areas affected by the Exxon Valdez oil spill to their pre-spill condition.
This may include the restoration of natural resources injured, lost or destroyed
and the services provided by these resources or which replace or substitute for the
injured, lost or destroyed resources and affected services. The Trustees will
develop a restoration plan considering restoration options described in Appendix
B and others identified subsequently. The Restoration Plan will establish
management direction in a programmatic manner and guide all activities to restore
injured natural resources and services. Specific restoration activities will be
developed annually and may be implemented if consistent with the Restoration
Plan.

Identification of Issues

The Trustees are addressing a number of issues as they develop the oil spill

April 1992 Restoration Framework 1



I=

restoration program.

® establishing an 1at enables the maximum
amount of settilement tunds to be spent on effective restoration
(Chapter I);

e and

°

(chapters 1V and V);

L including the use of objective
criternia (Chapter V1); and
alu LOLAULIdIIIE PLIVLILICY 1UL UDT Ul DCLUCIHTHL 1Uliud \L,lld.PLC.l Y11,

Appendix B).

Background

Shortly after midnight on March 24, 1989 the T/V Exxon Valdez ran aground on
Bligh Reef in Prince William Sound spilling approximately 11 million gallons of
North Slope crude oil, making this the largest tanker oil spill in United States
history. For the first three days after the spill the weather was calm and the slick
lengthened and widened, but stayed in the waters of the Sound and did not go
ashore. Even with these favorable conditions for oil recovery, the amount of oil
in the water completely overwhelmed the manpower and equipment available to
contain and recover the oil. A major windstorm on March 26-27, 1989 pushed
the oil in a southwesterly direction and oiled beaches on Smith, Naked and Knight
islands. The oil continued to spread, contaminating islands, beaches and bays in
Prince William Sound. Six days into the spill, oil entered the Gulf of Alaska.
The leading edge of the slick reached the Chiswell Islands off the coast of the
Kenai Peninsula on April 2, and the Barren Islands in the Gulf of Alaska on April
11, 19 days after the spill. By May 18, oil had moved some 470 miles and had
contaminated shorelines of Prince William Sound, the Kenai Peninsula, lower
Cook Inlet, the Kodiak Archipelago, and the Alaska Peninsula. Portions of 1,200
miles of coastline were oiled, including segments of the Chugach National Forest,
Alaska Maritime, Kodiak and Alaska Peninsula/Becharof national wildlife
refuges, Kenai Fjords National Park, Katmai National Park and Preserve, and
Aniakchak National Monument and Preserve. Oil reached shorelines, nearly 600
miles from Bligh Reef (Figure 1).

The magnitude of the efforts of the State and Federal governments, the public and
Exxon to contain and clean up the oil, rescue oiled birds and sea otters, and study
the effects of the spill was unprecedented. During 1989, efforts focused on
containing and cleaning up the spill and rescuing oiled wildlife. Skimmer
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Figure 1. Composite overview of oil-spill trackmg from March 24, 1989 to June
20, 1989. All degrees of o1lmg are represented
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ships were sent throughout the spill zone to remove oil from the water.. Booms
were positioned to keep oil from reaching important commercial salmon
hatcheries in Prince William Sound and Kodiak. A fleet of fishing vessels known
as the "Mosquito Fleet" played an important role in protecting these hatcheries,
in corralling oil to assist the skimmer ships, and in capturing and transporting
oiled wildlife to rehabilitation centers. Exxon began a beach cleanup under the

direction of the U.S. Coast Guard with input from Federal and State agencies and
local communities on the areas that should receive priority for clean up. Several
thousand workers cleaned shorelines, using techniques ranging from cleaning
rocks by hand to high pressure hot-water washing. Fertilizers were applied to
some oiled shorelines to increase the activity of oil-metabolizing bacteria in a
procedure known as bioremediation. When the anticipation of deteriorating
weather brought an end to clean-up work in the fall of 1989, a large amount of
oil remained on.the shorelines.. . Although winter storms proved extremely
effective in cleaning many beaches, spring shoreline surveys indicated that much
work remained to be done in 1990. Crews operating from boats and helicopters
cleaned oiled shorelines in Prince William Sound, along the Kenai and Alaska
peninsulas, and on the Kodiak Archipelago. Manual pick up of remaining oil was
the principal method used during 1990, but bioremediation and relocation of oiled
berms to the active surf zone were also used in some areas. A shoreline survey
and limited clean-up work took place during 1991, and another shoreline survey
will be conducted in 1992 to determine if further cleanup is needed.

During the first summer after the spill, the State and Federal Trustee agencies
planned and mobilized the Natural Resource Damage Assessment (hereafter
referred to as damage assessment) field studies to determine the nature and extent
of the injuries that were being sustained in the oil-spill area. Even with the rapid
deployment of studies, some opportunities to gather injury data were irretrievably
lost during the early weeks of the spill due to the complexity and volume of the
work at hand and the scarcity of available resources. Shortly after the spill, a
legal framework was established and expert peer reviewers were retained to
provide independent scientific review of on-going-and planned studies' and assist
with synthesis of results. Most damage assessment field studies were completed
during 1997, although some laboratory data analyses are still underway. In the
latter part of 1989, the Trustee agencies, with the assistance of the Environmental
Protection Agency, initiated restoration planning activities to identify restoration
alternatives and procedures and to implement restoration technical and feasibility
studies and projects during 1990 and 1991. -

Summary of the Settlement

On October 8, 1991 an agreement was approved by the United States District
Court that settled the claims of the United States and the State of Alaska against
Exxon Corporation and Exxon Shipping Company for various criminal violations
and for recovery of civil damages resulting from the oil spill.

Exxon and Exxon Shipping entered guilty pleas to criminal charges filed in the
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United States District Court. The companies admitted violating provisions of the
Federal Water Pollution Control Act (Clean Water Act), the Migratory Bird
Treaty Act and the Rivers and Harbors Act (Refuse Act). The sentences entered
by United States District Judge H. Russel Holland included the largest fine ever
imn~e= for an environr-~-tal crimr %150 million.

Exxon Corporation and its subsidiary companies also entered into a civil
settlement agreement with the United States and the State of Alaska. The
governments had filed lawsuits against the ...xon companies, seeking to recover
damages for injuries to natural resources and the restoration and replacement of
natural resources. The Exxon companies agreed to pay up to $900 million to the
State and Federal governments. This was the largest sum ever recovered in the
United States in an environmental enforcement civil action.

Thousands of private individuals and other litigants are still pursuing claims
Federal and State courts against the Exxon companies and others, seeking to
collect billions of dollars in damages. The litigation in the Alaska Superior Court
has been tentatively set for trial during April 1993. No trial date has been set for
the litigation in the United States District Court.

Criminal Plea Agreement

Exxon and Exxon Shipping were fined $150 million. Of this amount, the sum
of $125 million was remitted (i.e., forgiven) due to their cooperation with the
governments during the cleanup, timely payment of many private claims, and
environmental precautions taken since the sp111 The remaining $25 million was
paid as follows:

® $12 million deposited into the North American Wetlands
Conservation Fund; and

® 313 million deposited into the Victims of Crime Act Account

The Exxon companies also agreed to pay $100 million as restitution. Fifty
million dollars was paid to the United States and $50 million to the State of
- Alaska. The State and Federal governments will separately manage the $50
million payment that each has received. These criminal restitution funds must,
by order of the United States District Court, be used "exclusively for restoration
proiects. within the State of Alaska. relating to the Exxon Valdez oil spill." The

The Ci‘-'il Settlement and Restoration Fund

The terms of the civil settlement can be found in the Agreement and Consent
Decree. This document details the agreement among the United States, the State
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of Alaska, Exxon Corporation, Exxon Shipping Company, Exxon Pipeline
Company, and the T/V Exxon Valdez that settled the civil claims asserted by the
governments. . The document was approved in civil actions A91-082 (United
States v. Exxon Corp.) and A91-083 (State of Alaska v. Exxon Corp.) by United
States District Judge H. Russel Holland on October 8, 1991. The period for
consideration of appeals ended on December 9, 1991.

The Exxon companies agreed to pay the United States and the State of Alaska up
to $900 million over a period of 10 years, according to the following schedule:

December 1991 '$90 Million
December 1992 $150 Million!
September 1993 $100 Million
September 1994 $70 Million
September 1995 $70 Million
September 1996 $70 Million
September 1997 $70 Million
September 1998 $70 Million
September 1999 $70 Million
September 2000 $70 Million
September 2001 $70 Million

g

These monies, less certain allowable reimbursements, will be deposited in the
registry account of the United States District Court for the District of Alaska and
then transferred to the Federal Court Registry Investment System in Houston. As
funds are needed for restoration, the Trustees will apply to the Court for
disbursement of these funds.- The money deposited in the Houston account will
be invested and accrue interest for the restoration fund.

The settlement with Exxon also has a reopener provision, that allows the
governments to claim up to an additional $100 million between September 1,
2002 and September 1, 2006 to restore one or more populations, habitats or
species that suffered a substantial loss or decline as a result of the spill.

'Exxon’s cleanup costs for the 1991 and 1992 field season may be
deducted from this payment. '
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not reasonably have been known or anticipated from information available at the
time of settlement. '

The spending guidelines for the civil settlement monies (up to $900 million) are
set forth in the Memorandum of Agreement and Consent Decree (hereafter
referred to as Memorandum of Agreement), which was filed in the United States
District Court for the District of Alaska in civil action A91-081 (United States v.
State of Alaska) and approved and entered by United States District Judge H.
Russel Holland on August 28, 1991. Through this document the United States
and the State of Alaska resolved their claims against each other and agreed to act
as co-trustees in the collection and joint use of all natural resource damage
recoveries resulting from the Exxon Valdez oil spill.

The Memorandum of Agreement provides that the governments shall jointly use
such monies for purposes of "restoring, replacing, enhancing, rehabilitating or
acquiring the equivalent of natural resources injured as a result of the Exxon
Valdez oil spill and the reduced or lost services provided by such resources."
The Trustees also may use the money to reimburse expenses the governments
have incurred due to the oil spill, including costs of litigation, response and
damage assessment. The following table summarizes the major points of the
Memorandum of Agreement:

MEMORANDUM OF AGREEMENT GUIDELINES

® all decisions shall be made by the unanimous agreement of the six
Trustees;

® 3a joint trust fund will be established;

® within 90 days after the receipt of funds, the Trustees shall agree to
an organizational structure for decision making;

® within 90 days after the receipt of funds, the Trustees shall establish
procedures for meaningful public participation, which shall include a
public advisory group;

® the Tructere " chall inintlv nce all natural reconrce damase recaoveries

gOVernments); ana
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® all natural resource damage recaveries will be exnended on
ractaratinn  nf natural resources
t spending funds outside ot the state 1s necessary
tor ettective restoration.

{_ panizati

The post-settlement organization is largely ~—iided by the Memorandum of
Agreement. Under this agreement, the natural resource Trustees are responsible
for making all decisions regarding funding, injury assessment and restoration.

The State of Alaska Trustees are:
® Commissioner of the Department of Environmental Conservation;
® Commissioner of the Department of Fish and Game; and
® Alaska Attorney General, Department of Law.
The Federal Trustees are:
® Secretary of the U.S Department of the Interior;
® Secretary of the U.S. Department of Agriculture; and

® Administrator of the National Oceanic and Atmospheric
Administration, U.S. Department of Commerce.

The Federal Trustees have appointed representatives to the Alaska-based Trustee
Council. These representatives are the Alaska Regional Forester for the
Department of Agriculture, the Special Assistant to the Secretary of the Interior,
and the Regional Director for the National Marine Fisheries Service, National
Oceanic Atmospheric Administration. The State Trustees, unlike their Federal
counterparts, serve on the Trustee Council.

The Trustee Council appointed an interim Administrative Director and a
Restoration Team to take on the day-to-day management and administrative
functions for implementation of the restoration program. Each Trustee has
appointed one representative to the Restoration Team. The Attorney General of
Alaska appointed a representative from the Department of Natural Resources.
The Trustee Council will approve the hiring of a permanent full-time
Administrative Director to chair and support the Restoration Team. The Trustee
Council has formed various subgroups from agency staff to work on components
of the restoration program, such as finance, public participation, and habitat
evaluation and protection. The organization chart approved by the Trustee
Council on February 5, 1992 is shown below (Figure 2).
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Figure 2. Organization chart approved by the Trustee Council on February 5,
1992,

TRUSTEES

TRUSTEE COUNCIL

PUBLIC ADVISORY GROUP

ADMIN DIRECTOR
RESTORATION TEAM

FINANCIAL1
WORK GROUPS2
Public
GIS
Participation Archaeology
) . Budget
1992/93 Habitat &
Restoration Work Plan Protection Process

1 Does not include audit function. A proposal for this function will be developed.
2 Groups will be formed and disband as appropriate.
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CHAPTER H
PUBLIC PARTICIPATION

Public Participation Plan

The importance of public participation in the restoration process was recognized
during the Exxon settlement and is an integral part of the agreement between the
State and Federal governments. The Memorandum of Agreement (MOA)
approved by the court on August 28, 1991 specifies that:

- "... the Trustees shall agree to an organizational structure for
decision making under this MOA and shall establish procedures
providing for meaningful public participation in the injury
assessment and restoration process, which shall include
establishment of a public advisory group to advise the Trustees...."

This chapter outlines the goals of the public participation program, the type of
information available to the public, and provides a brief description of the public
advisory group.

Goals and Objectives

The goals and objectives of the public participation program are as follows:

® invite and encourage public review and comment on the development
and implementation of restoration programs;

®. provide the public with information and resources to evaluate
proposals and programs independently;

® involve relevant constituencies;

® disseminate information to the public concerning the restoration
process in a timely manner; :

® help identify the issues to be addressed in the draft environmental
- impact statement and the significant issues related to restoration; and

® ensure that the Trustee Council receives and understands the advice
and comments from the public.
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Information Availability

Although detailed results of the damage assessment studies are still confidential
(as of April 1992), there is significant information available about injuries and

restoration.
are:

°

°

°

°

Examples of the types of information currently available to the public
the 1989, 1990 and 1991 Natural Resource ™ > As sment and
Restoration plans;

1991 restoration study plans;
restoration reports and bibliographies; and

settlement documents.

These documents, as well as an extensive collection of other information on the
Exxon Valdez oil spill, are available at:

Oil Spill Public Information Center

645

"G" Street

Anchorage, Alaska 99501
(907) 278-8008

800-478-SPIL (Inside Alaska)
800-273-SPIL (Outside Alaska)
907-276-7178 (Facsimile)

Information on the restoration program is also available through public meetings
and mailings. Mailing lists will be maintained and updated on a regular basis.
Mailings to the people and organizations on these lists will be used along with

community

meetings and the public advisory group as major components of the

public participation program. In addition, the following information will be made
available routinely to the public:

meeting agendas;

transcripts of Trustee Council meetings; and

® planning and other documents (e.g., for studies and implementation

projects).

Community Meetings
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Comments received were evaluated for recommendations to the Trustee Council
regarding the role, structure and operating procedures for the public advisory

group.

i1s anticipated that annual work plans will be developed to implement the
Restoration Plan. Each year’s draft work plan will be the subject of additional
public participation and comment.

Public Advisory Group

As noted above, public meetings were conducted to receive input on the public
participation program in general, and the public advisory group in particular.
Issues included the role, responsibilities and membership of the public advisory
group. The Trustees have identified the following interests and constituencies to
be represented on the public advisory group: aquaculture, commercial fishing,
commercial tourism, environmental, conservation, forest products, local
government, Native landowners, recreation users, sport hunting and fishing,
subsistence and scientific/academic.  Single seats will be reserved for
representatives of local government and Native interests. One representative each
of the Alaska House of Representatives and Senate may serve as ex-officio
members.

The members of the advisory group will be nominated by various organizations
and the public and be appointed with unanimous consent of the Trustees. The
Trustees will formally solicit nominations for membership on the public advisory
group. If you are interested in receiving an announcement, please contact the
Administrative Director at 645 "G" Street, Anchorage, Alaska, 99501.

Restoration Plan

recommendations, public comments, and the judgment ot the Trustees.
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CHAPTER III
RESTORATION PLANNING
TO onnTd

Restoration planning to date has been a process of identifying, evaluating and
integrating information about the nature, extent and persistence of injuries to
natural resources and services, the rate and adequacy of natural recovery, and the
opportunities for restoration. This is a dynamic process which changes as new
information is received. The damage assessment studies are the primary sources
of information on injuries. Other sources include data gathered during the oil-
spill cleanup, public comments and studies conducted outside of the damage
assessment program.

Scoping Activities

Public Involvement

Late in 1989 the Trustees and the Environmental Protection Agency established
a Restoration Planning Work Group. This group began the process of
determining the issues to be addressed in the restoration program.

In March 1990 a public symposium was held in Anchorage, and the proceedings

were nithliched in Restaratinn Fnllawineg the Exyynn Valdez Oil Snill Proceedinec

participation prior to the settlement, however, were limited due to pending
litigation with the parties responsible for the oil spill and the need for the results
of damage assessment studies to remain confidential.

Technical Workshop

In April 1990 a three-day technical workshop was held in Anchorage, providing
the first opportunity for an organized exchange of ideas on restoration among
Federal and State resource managers and selected scientists and technical experts
under contract to the governments. This workshop was closed to the public
because confidential damage assessment information was discussed.
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Technical Consultation and Studies

Peer Review

In addition to the technical workshop described above, there have been ongoing
consultations with selected nationally recognized scientists and technical experts.
Some of these experts continue to provide advice for the restoration planning and
damage assessment process, identify information needs and revic  study
proposals.

Review of Recovery Literature

The rate and adequacy of natural recovery may be considered when evaluating
restoration measures. In some cases it may be most appropriate to allow natural
recovery to proceed without further human intervention.

To supplement damage assessment data on natural recovery, a review and critical
synthesis of the scientific literature on the recovery of marine mammals, marine
birds, commercially important fish and shellfish, and invertebrates following
environmental perturbations, including oil spills, was initiated in 1991. The
reviews are being conducted under contract by the Point Reyes Bird Observatory
(marine birds), University of Washington Fisheries Research Institute (fish and
commercially important shellfish), and Hubbs-Sea World Research Institute and
the Pacific Estuarine Research Laboratory at San Diego State University (marine
mammals and intertidal and subtidal invertebrate communities). These syntheses
will be completed in 1992.

Field Studies

As damage assessment results were reviewed in 1990 and 1991, the restoration

planning staff consulted with scientists who were conducting the studies, Federal

and State resource managers, and outside experts to identify and evaluate potential

restoration options. In some cases lack of information prevented the evaluation

or implementation of a restoration option, and field studies were proposed to

provide needed information. Thus. the Trustee Council approved a series of
1991.

Three types of studies were conducted:
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Exxon Valdez Oil Spill and in three Federal Reglster notlces (55 Fed Reg. 8160

[November 19, 1990], 56 Fed. Reg. 8898, [March 1, 1991], and 56 Fed. Reg.
36160, [July 31, 1991]).

Habitat Protection

special projects concerning the proteetion of marine and uplandﬁ habitats.

First, a workshop was held in August 1991 to evaluate State and Federal marine
habitat protection designations and their potential usefulness in the restoration
program. The designations reviewed included national marine sanctuaries,
estuarine research reserves and Alaska State marine parks. The workshop
participants included managers and administrators of various protected areas who
provided first-hand information on the areas for which they are responsible. Each
type of designation and specific unit has a different purpose, management
approach, historical funding level and track record. Participants suggested that
|

These designations accommodate conservation objectives as well as other pre-
existing uses.

Second, The Nature Conservancy was invited to provide technical assistance in
developing methodologies for identifying key upland habitats that are linked to the
recovery of injured resources and services and evaluating potential protection
strategies. In cooperation with the restoration planning staff, The Nature
Conservancy prepared a handbook entis

n
handbook provides a menu of identification and protection tools, techniques and
strategies that may be applicable to restoration planning efforts associated with
private lands within the oil-spill area.
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CHAPTER IV |
SUMMARY OF INJURY

Introduction

The Exxon Valdez oil spill occurred just prior to the most biologically active
season of the year in southcentral Alaska. During the four-month period after the
spill, seaward migrations of salmon fry, major migrations of birds, and the
primary reproductive period for most species of birds, mammals, fish, and marine
invertebrate species took place. The organisms involved in these critical periods
of their life cycles encountered the most concentrated, volatile, and potentially
damaging forms of spilled oil. Oil affected different species differently.
Resources continue to be exposed to oil remaining in the intertidal zone, as well
as to oil transported to the subtidal zone. The following general account
summarizes the main results from the Natural Resource Damage Assessment
studies carried out after the spill.

Oil spill injuries can be estimated in several ways: Dead animals, such as birds
and sea otters, can be counted and used to estimate the total number of each
species lost. Where carcasses are not found and counted, injuries to populations
can be based either on comparisons before and after a spill, or between oiled and
unoiled environments. Measurements of physiological and biochemical changes
due to oil exposure provide further evidence that may support changes observed
in populations. Because populations fluctuate from year to year and there are
natural differences from place to place, the most accurate estimates of injury are
those in which the exact population is known just before the spill and then after
the injury occurred. Although scientists studying the effects of oil spills may
carry out excellent studies under difficult conditions, there are always
uncertainties, especially where good pre-spill population data are lacking.

The injuries summarized here may change as the results of additional sampling

and data analysis become available. It is also possible that injuries to populations
of long-lived species may not be manifested for some time.

» ‘Marine Mammals

Introduction

Following the spill, humpback whales, Steller sea lions, sea otters, harbor seals,
and killer whales were studied. Field work on Steller sea lions and humpback
whales was completed in 1990. Humpback whale studies included photo-
identification of individual whales, estimations of reproductive success, and
documentation of possible displacement of whales from their preferred habitat
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within Prince William Sound. Exposure of this species to oil was not observed.

Knight Island Passage, a preferred habitat.

Several sea lions were
observed with oiled pelts, and petroleum hydrocarbons were found sC
tissues. Determining if there was an effect of the spill on the sea lion population
was complicated by seasonal movements of sea lions in and out of the spill area,
an ongoing population decline and a pre-existing problem with premature

pupping.

Injuries to harbor seals and sea otters, described below, have been more evident.
Studies of these species are continuing.

Sea Otters

The population of sea otters in Prince William Sound before the spill was
estimated to have been as high as 10,000. The total sea otter population of the
Gulf of Alaska was estimated to have been at least 20,000. Statewide, the sea
otter population is estimated at 150,000. As the oil moved through Prince
William Sound and the Gulf of Alaska, it covered large areas inhabited by otters.
Sea otters were particularly vulnerable to the spill. When sea otters become
contaminated by oil, their fur loses its insulating capabilities, leading to death
from hypothermia. Sea otters also may have died as a result of oil ingestion and
perhaps inhalation of toxic aromatic compounds that evaporated from the slick
shortly after the spill. The effects of oil were documented by repeated surveys
of populations in the spill area, recovery of beach-cast carcasses, analysis of
tissues for petroleum hydrocarbons and indicators of reduced health, tracking sea
otters outfitted with radio transmitters (including those released from
rehabilitation centers), and estimating total mortality from the number of sea
otter carcasses recovered following the oil spill. These studies concentrated on
developing an estimate of sea otter mortality in Prince William Sound and along
the Kenai Peninsula, the populations believed to have been most affected by the
spill. During 1989, 1,011 sea otter carcasses were recovered in the spill area,
cataloged and stored in freezers. Of these. 876 otters were recovered dead from
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Heavy initial and continuing long-term exposure to petroleum hydrocarbons may
be resulting in a chronic effect on sea otters.  Significantly elevated
concentrations of petroleum hydrocarbons have been detected in intertidal and
subtidal sediment samples within the spill zone in western Prince William Sound
and in intertidal mussels and benthic marine invertebrates and staples of the sea
otter diet. Analyses of blood from sea otters in 1990 and 1991 indicated slight
but significant differences in several blood measures in exposed animals. For
example, higher eosinophil counts, total hemocrits and hemoglobin
concentrations occurred in males in western Prince William Sound, the area that
was oiled, compared to males in the eastern Prince William Sound, the unoiled
area, suggesting systemic hypersensitivity reactions. These changes are not
sufficient to indicate that the individuals that were sampled had health problems
likely to result in death.

Based on pre-spill
Udld 1T0IN FTINCE W UIAIM DOUNU, VEIY Iew prime-age sea ouers (animals between
2 and 8 years old) die each year and most mortality occurs among otters less than
two years old. In 1990 and 1991 a high proportion of carcasses of prime-age sea
otters were found on beaches, suggesting a chronic effect of the spill on sea
otters.

Results of boat surveys indicate continued declines in sea otter abundance within
oiled areas in Prince William Sound. Pre-spill estimates of sea otter abundance
in Prince William Sound were carried out in 1984 and 1985 using similar survey

Pupping rates and survival of pups through weaning in 1990 and 1991 were
similar in eastern and western Prince William Sound sea otter populations.
Weaned sea otter pups with radiotags died at a faster rate in western than in
eastern Prince William Sound (Figure 3). In contrast, survival of tagged adult
female sea otters was significantly higher in western Prince William Sound than
in eastern Prince William Sound.

Sea otters released from rehabilitation centers had higher mortality and
significantly lower pupping rates than those measured in the wild population
before the spill. Of the 193 sea otters released from rehabilitation centers, 45
were fitted with radio transmitters. As of July 31, 1991, 14 of these animals
were still alive, 14 were known to be dead, and 16 were missing. One radio
transmitter is known to have failed.

The observed changes in the age distributions of dying sea otters, continued
declines in abundance, higher juvenile mortality, and higher mortality and lower
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Figure 3. Summary of the major injuries in relation to the life history of sea
otters.

Sea Otters

Adults

"Sea otters prefer shallow coastal waters with abundant
molluscs and crustaceans for prey. Intertidal rocks and
exposed beaches are used for haulout sites. Otters become
sexually mature in 4 - 7 years. Most otters in Prince William
Sound mate from September through October, but they are
capable of breeding throughout.the year. - -

i ’ INJURY: Heavy direct mortality of all age classes during

i _ the Exxon Valdez oll splil; continuing high mortality of prime
| aged otters.

| ' .

L ~ Pups

Within Prince Willlam Sound, most sea otter pups are born
May through June. The single pup Is dependent on Its mother

for 5§ - 7 months. High quality, shallow habitats are used by
femaie-pup palrs.

INJURY: High post-weaning mortality within the Exxon Valdez
oll spiil area.
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pupping rates suggest a prolonged, spill-related effect on the western Prince
William Sound sea otter population.

Harbor Seals

seals sink when they die. Population changes were documented by summer and
fall aerial surveys of known haul-out areas. Toxicological and histopathological
analyses were conducted to assess petroleum hydrocarbon accumulation and
persistence and to determine toxic injuries to tissues. Severe and potentially
debilitating lesions were found in the thalamus of the brain of a heavily oiled seal
collected in Herring Bay, Prince William Sound, 36 days after the spill. Similar
but milder lesions were found in five other seals collected three or more months
after the spill. During 1989, oiled harbor seals were abnormally lethargic and
unwary. Petroleum hydrocarbon concentrations in bile were 5 to 6 times higher
in seals from oiled areas than in seals from unoiled areas one year after the spill.
This indicates that seals were still encountering oil in the environment, were
mobilizing fat reserves containing petroleum hydrocarbons, or both.

A complete census of harbor seals in Prince William Sound had not been
conducted before the spill. However, trend index locations have been

first complete survey of Prince William Sound was completed during August
91, resulting in a count ¢

Killer Whales

Approximately 182 killer whales, forming nine distinct family units or "pods”,
used Prince William Sound before the spill. These whales were studied
intensively before the spill, and their social structure and population dynamics
are well known. Damage assessment studies of killer whales involved extensive
boat-based surveys in Prince William Sound and adjacent waters. Whales were
photographed, and the photographs were compared to the Alaskan killer whale
photographic database for the years 1977 to 1989 to determine changes in whale
abundance, seasonal distribution, pod integrity and mortality and natality rates.

The AB pod had 36 whales when last sighted before the spill in September 1988.
When sighted on March 31, 1989, seven days after the spill, seven individuals
were missing. Six additional whales were missing from the AB pod in 1990.
Assuming that whales missing for two consecutive years are dead, the
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into the pod. The approximate calving interval of killer whales is four years.
Accordingly, some long-term effects may not be obvious for many years.

Several of the missing whales from AB pod were females that left behind calves;
such abandonment of calves is unprecedented in killer whales. As a consequence
the social structure of AB pod has changed. Calves normally spend time with
their mothers, but AB pod calves have been observed swimming with adult bulls.
The occurrence of collapsed dorsal fins on two adult bulls after the spill is an
indication of possible physiological injury. Very little is understood about the
likely mechanisms of death from the spill. Various explanations, including oil
exposure and other causes, continue .to be explored. = During the mid-1980s
photographic evidence was obtained of bullet wounds in individuals in the AB
pod, though there is no recent evidence of such shootings.

Another Prince William Sound pod, AT pod, is missing 11 whales. A subgroup
of four AT pod members was photographed behind the Exxon Valdez three days
after the grounding on Bligh Reef and three of these animals are among the
missing AT pod whales. This is a transient pod and it is possible that the missing
whales left the pod.

Terrestrial Mammals

Terrestrial mammals that may have been exposed to oil through foraging in
intertidal habitats were studied. These species included brown bear, mink, black
bear, Sitka black-tailed deer and river otters.

Brown bears forage seasonally in the intertidal and supratidal areas of the Alaska
Peninsula and the Kodiak Archipelago. Preliminary analysis of fecal samples
from brown bears in the spill area showed that some bears were exposed to
petroleum hydrocarbons.  High concentrations of petroleum hydrocarbon
metabolites were found in bile from a yearling brown bear found dead in 1989.
The normal rate of mortalitv in vearling cubs is close to 50 percent for the first
two years

Black bears also forage in the intertidal zone in the spill area and therefort

] however, due
10 we auriculty or nnaing, coilaring or otherwise investigating these animals in
the dense underbrush that is their habitat.

Mink and other small mammals living in coastal areas may feed in and spend part
or all of their time in the intertidal zone. When mink are sick or injured, they
are known to crawl into inaccessible burrows or the brush. For this reasc

Also,
MI0rmanon on pre-spil populatons Or IINK dlld OuICT SiNdll IMaImindis iS
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minimal. To determine if mink reproduction may have been affected by oil in
their diet, a laboratory exposure study of ranch-bred mink was conducted. The
mink were fed food mixed with small, non-lethal amounts of weathered oil. No
changes in reproductive rates or success resulted from this exposure. It was
found, however, that oil-contaminated food moved through the intestines of the
animals at a more rapid rate than did clean food, possibly providing less nutrition
to the animals.

Intensive searches of beaches revealed no Sitka black-tailed deer whose deaths
could be attributed to the spill. However, deer taken for purposes of testing for
human consumption (not part of the damage assessment ) were found to have had
slightly elevated concentrations of petroleum hvdrocarbons in tissues of some
individuals that fed on kelp in intertidal areas.

1

River Otters

A few river otter carcasses were found by clean-up workers. River otters forage
in streams and shallow coastal habitats that were contaminated by the spill.
Analysis of river otter bile and blood samples indicated that petroleum
hydrocarbons were being accumulated by this species. Moderately elevated
concentrations of haptoglobin and activities of amino transferase enzymes in the
blood of river otters from oiled areas in 1991 indicate a lingering toxic effect of
oil on this species. Studies of radio-tagged animals in Prince William Sound
showed that home ranges in oiled areas were twice that of unoiled areas,
suggesting that in oiled areas otters must forage over a larger area to obtain
sufficient food. In 1991, body lengths, body weights and dietary diversity were
lower in oiled areas. River otters often feed on mussels, which continue to be
contaminated with oil in many areas of Prince William Sound.

Birds

Introduction

1 1Sp ] | 1 Seabirds are
particularly vulnerable to oil, as they spend much of their time on the sea surface
while foraging. Oiled plumage insulates poorly and loses its buoyancy, and oiled
birds often die from hypothermia or drowning. Birds surviving initial acute
exposure to oil may ingest oil by preening. About 36,000 dead birds were
recovered after the spill: at least 31.000 of these deaths were attributable to oil.

i
t
only a small proportion ot the total number ot birds killed by the spill. Many
oiled birds undoubtedly floated out to sea and sank. Many oiled birds that were
washed onto beaches may have been scavenged, hidden in masses of oil buried
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under sand and gravel by wave actions, decomposed or simply washed onto a
heach that wae nnt cearched Tn a niimher of cacec carcacees fonund chortlv after

only direct mortality occurring in the months immediately following the spill, and
do not address chronic effects or loss of reproductive output.

Common and thick-billed Murres

Approximately 1,400,000 murres reside in the Gulf of Alaska region, which
stretches from Unimak Pass at the tip of the Alaskan Peninsula to the Canadian
border in southeastern. Alaska. .The total population of murres in Alaska is
approximately 12,000,000. The murre colonies on the Chiswell Islands are the
colonies most visited by tourists in Alaska. Most of the pre-spill data on murre
abundance in the Gulf of Alaska colonies affected by the spill were gathered in
the mid-1970s to the early 1980s. In 1989 and 1990 murres were the most
heavily affected bird species. As oil moved out of Prince William Sound and
along the Kenai Peninsula and the Alaska Peninsula, it encountered major seabird
nesting areas, such as the Chiswell and Barren islands, as well as numerous
smaller colonies. The oil contaminated these areas in the Gulf of Alaska at the
same time that adult murres were congregating on the water near their colonies
in anticipation of the nesting season. Approximately 22,000 murre carcasses
were recovered following the snill. At the mainr cnlonies in the enill area

murres declined in 1989 trom pre-spill counts or estimates at Alaska Peninsula
sites (50-60 percent), the Barren Islands (60-70 percent) and the Triplet Islands
(35 percent). These decreases persisted in 1990 and 1991. No significant
changes in murre numbers were noted for the Semidi Islands and Middleton
Island, colonies which are in the Gulf of Alaska, but outside the spill zone.
Murres exhibit strong fidelity to traditional breeding sites and infrequently
immigrate to new colonies.

Normally, murres breed on cliff faces in densely packed colonies. Each murre
colony initiates egg laying almost simultaneously. Synchronized breeding helps
repel predators such as gulls and ravens. In oiled areas, murre colonies have
fewer breeding individuals than before the spill, breeding is later than normal and
breeding synchrony has been disrupted.

26 April 1992 Restoration Framework



that normal breeding occurred in isolated areas of the Barren Island colonies in
1991, but it is uncertain when the whole colony will start to produce significant
numbers of viable chicks. Murre colonies in unoiled areas displayed none of
these injuries and had normal productivity in the years since the spill.

Bald Eagles

~"":e " 177 7  balde ’epopulation of 39,000 birds (27,000 adults and
12,000 fledglings), an estimated 4,000 reside in Prince William Sound, and an
estimated 8,000 to 10,000 reside along the northern Gulf of Alaska coast. One
hundred fifty-one (151) dead bald eagles were found following the spill.
Although there is considerable uncertainty regarding the total mortality of bald
eagles, several times this number may have been killed initially by the spill.
Seventy-four percent of radio-tagged bald eagles that died of natural causes during
subsequent studies ended up in the forest or in other places away from the
beaches where they would likely not have been found had they not been tagged.
If this pattern of carcass deposition is representative of what happened following
the oil spill, then

However, since eagles dying ot acute exposure to oil probably behave
differently than those dying naturally and the population trend counts did not
indicate a significant decline following the spill

1

To assess injuries to bald eagles, helicopter and fixed-wing surveys were flown
to estimate populations and productivity. Radio transmitters were attached to bald
eagles to estimate survival, distribution and exposure to oiled areas. Bald eagles
in Prince William Sound were most intensively studied. Productivity surveys in
1989 indicate a failure rate of approximately 85 percent for nests adjacent to
moderately or heavily oiled beaches compared to 55 percent on unoiled or lightly
oiled beaches. This resulted in a lost production of at least 133 chicks in Prince
William Sound in 1989. Nest success and productivity on the Alaska Peninsula
were also lower in 1989 than in 1990, but differences between these years for
eagles residing in other coastal areas affected by the spill were less apparent.
Nest occupancy was lower in oiled areas than in unoiled areas in both 1989 and
1990. Reproduction returned to normal in 1990 and population indices from
surveys in 1982, 1989, 1990 and 1991 suggest that 1east
al  agl ila inc  Villiar

Sea Ducks

More than 2,000 sea duck carcasses were recovered after the spill, including
more than 200 harlequin ducks. Studies concentrated on harlequins, goldeneyes,
and scoters--species that use the intertidal and shallow subtidal habitats most
heavily affected by the spill. All of these species feed on invertebrates, such as
mussels, which in 1991 continued to show evidence of petroleum hydrocarbon
contamination. Harlequin ducks, which feed in the shallowest water of all these
species, were most affected. In 1989 and 1990 about 40 percent of the harlequin
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ducks sampled had tissues contaminated with petroleum hydrocarbons, and about
33 percent of the harlequins collected in the spill area had poor body condition
and reduced body fat. The 1991 survey indicates harlequin population declines

med a minn tmtnl mmmna e atlain £allaacn lia Al1ad mdmnn Af Milcans M Aaan Cnnea d

Other Birds

Changes in populations of waterbirds in the spill area were assessed with boat
surveys, the same technique used in surveys carried out in 1972 and 1973, and
then, again in 1984. Changes were assessed on the basis of both the earlier and
later pre-spill data. Declines occurred in 16 of the 39 species or groups examined
for the entire Prince William- Sound- area between 1972-1973 and post-spill.
Declining species or groups of species include: grebes, cormorants, northern
pintail, harlequin duck, old squaw, scoters, goldeneyes, bufflehead, black
oystercatcher, Bonaparte’s gull, black-legged kittiwake, Arctic tern, pigeon
guillemot, Brachyramphus (marbled and Kittlitz’s) murrelets, and northwestern
crow. The following species or group of species declined more in oiled areas
than in unoiled areas since the early 1970s: harlequin duck, black oystercatcher,
pigeon guillemot, northwest crow, and cormorants. Comparisons of post-spill
survey data with 1984 pre-spill data indicate that harlequin duck, black
oystercatcher, murres, pigeon guillemot, cormorants, Arctic tern, and tufted
puffin populations declined more in oiled areas than in unoiled areas.

Marbled and Kittlitz’s murrelet populations declined greatly in Prince William
Sound since 1972 and 1973. In 1973, the estimated murrelet population in the
Sound was 304,000 birds, while murrelet populations were estimated to be
107,000 in 1989, 81,0000 in 1990, and 106,000 in 1991. The length of time
between pre-spill and post-spill surveys makes it difficult to determine the relative
contribution of the spill to this decline. However, a high proportion of murrelets
present in Prince William Sound were killed by the spill.  Also, internal
contamination of apparently healthy murrelets by petroleum hydrocarbons in the
spill area opens the possibility that there were significant effects on murrelets
beyond the initial mortality. Disturbance associated with clean-up activities may
have influenced the number of murrelets observed in the spill area in 1989.

Nine black oystercatcher carcasses were found after the spill. This species feeds
intertidally and breeds on rocky shores throughout the spill zone. In addition to
mortality caused directly by the spill, oiling affected their reproductive success.
Egg volume and weight gained by chicks raised on oiled sites were substantially
lower than chicks raised on unoiled sites. The difference in weight gain by
chicks may have resulted from differences in food supply, as the amount of food
delivered to chicks raised on oiled sites was significantly less than that delivered
to chicks at unoiled sites. Hatching success, fledging success, and productivity
of young birds were not significantly different between oiled and unoiled sites.
Direct disturbance by clean-up activities significantly reduced oystercatcher
productivity on Green Island during 1990.
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Figure 4. Sumfnary of the major injuries in relation to the life history of

harlequin ducks.

Harléquin Ducks

Adults

In early May, paired harlequins congregate
at the mouths of anadromous fish streams.
The pairs fly upstream to search for ‘
suitable nest sites. Wintering harlequins
feed on mussels and crustaceansin
intertidal waters.

INJURY: Pairs are not 6ongregatlng at

streams in the Exxon Valdez oil spill area,
nor are they searching for potential nest
sites. Possible continued exposure from
contaminated prey.

Broods
Broods hatch in July. They remain
on freshwater with the female
until August when they return to
coastal waters.

Nests

Located along shallow and swift rivers
and streams. 3 to 7 eggs are laid in
May and incubated for 28 - 30 days.

INJURY: No broods observed within the
Exxon Valdez oil spill area in 1990, and
only one brood found in 1991, indicating
reproductive failure at nesting and/or
poor brood survival.

INJURY: No nests discovered in the
Exxon Valdez oil spill area.
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Pigeon guillemots are nearshore diving seabirds that gather daily on intertidal
rocks near their colonies during the breeding season and forage by probing into
intertidal and subtidal recesses and kelp. Five hundred sixteen (516) guillemot

Boat surveys indicate that in 1973 the Prince William Sound guillemot population
was approximately 14,600; while in 1989, 1990 and 1991, the estimated
populations were, respectively, 4,000, 3,000 and 6,600. These data indicate that
the Prince William Sound guillemot population was declining prior to the spill.
The declines were significantly greater, however, in oiled areas. For the four
islands of the Naked Island group, post-spill surveys showed a 40 percent decline
in guillemots present during peak colony attendance hours compared to pre-spill
surveys. Declines corresponded to the degree of shoreline oiling.

The extent of injury to certain species, including loons, cormorants and gulls, will
never be known because pre-spill population estimates for these species in the
spill area are not available. Although Peale’s

disturbance from nearshore activities appears
w nave anvenas zaws v avae unedpancy and reduced clutch and brood sizes in
1989. Studies of song birds did not document an injury from the spill.

Fish and Shellfish

Introduction

No massive kills of adult open-water fish were observed following the spill.
Adult salmon, for example, were able to migrate as expected to spawning areas
after the spill. The early life stages of some fish species and adults of others
depend on the intertidal and shallow subtidal areas and the upper layers of the sea
where the greatest concentrations of oil occurred. In addition the eggs and larvae
of fishes are more sensitive to oil contamination than are adults.

It is not surprising, therefore, that the available evidence from this spill indicates
that the greatest damage was to the eggs and larvae of some species of fish,
especially those that inhabit and spawn in the intertidal zone (salmon) and shallow
subtidal zone (herring) or that forage in shallow water (Dolly Varden and
cutthroat trout). Many species of fish produce large numbers of eggs and only
a relatively small number reach adulthood. Since natural factors affecting such
survival change from year to year it is difficult to estimate or measure the effects
of oil on adult fish populations whose early stages were injured. Nevertheless,
during 1991, data were gathered that would potentially help clarify the effects on
adult fish exposed to oil as eggs or larvae. These data are still being analyzed.

The deaths of some rockfish, a deepwater species, also were attributed to oil.
Several species of coastal and offshore fish, including pollock, halibut, sablefish,
cod, yellowfin and flathead sole and rockfish, showed evidence of continuing
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exposure to petroleum hydrocarbons over a large geographic area, but significant
“injury has not been documented. Because salmon and other fish species can
‘metabolize petroleum hydrocarbons, these contaminants are unlikely to
concentrate in fish tissues. Indicators of exposure in fish include increased
concentrations of hydrocarbon metabolites in bile and activities of mono-
oxygenates in liver tissue.

Pink Salmon

The full extent of short-term injury to pink salmon cannot be assessed until after
the 1991 run returns have been analyzed. As predicted before the spill, the catch
of pink salmon in Prince William Sound during 1990 was an all-time record high
and the 1991 run was also quite high. These catches were primarily due to strong
runs of hatchery-produced salmon: “Survival to adulthood of salmon fry released
from the Armin F. Koerning hatchery, located in the middle of a heavily oiled
area of the spill zone, was half that of Esther Hatchery, located outside the spill
area. Wild production of pink salmon did not mirror the record production of
hatchery fish.

Seventy-five percent of wild pink salmon in Prince William Sound spawn in the
intertidal portion of streams. Wild salmon did not shift spawning habitat
following the spill and many salmon deposited their eggs in intertidal areas of
oiled streams. In the autumn of 1989 egg mortality in oiled streams averaged
about 15 percent, compared to about 9 percent in unoiled streams. Subsequently,
egg mortality has generally increased. In 1991 there was a 40 to 50 percent egg
mortality in oiled streams, and about an 18 percent mortality in unoiled streams.
The relative roles of the spill and other factors, including natural variability, in
causing the increased 1991 egg mortality are being analyzed. In general the
number of spawning fish in streams of Prince William Sound indicates that the
more viable spawn that is produced, the more adults will return to spawn from
that year class. If this is true, then it is likely that mortality at the egg stage is
additive with other sources of mortality in later stages and that the increased egg
mortality observed since the spill is a threat to wild pink salmon in Prince
William Sound. Eggs and larvae of wild populations continue to be exposed to
oil in intertidal gravel in some areas.

Pink salmon juveniles were exposed to petroleum hydrocarbons from the spill in
‘nearshore marine habitats in oiled portions of Prince William Sound in 1989.
The survival of pink salmon to adulthood is directly related to growth rates during
the initial marine residency. Growth rates of juvenile pink salmon were lower in
oiled locations in 1989, but there was no evidence of continued reduced growth
of juvenile salmon in nearshore waters in 1990. Laboratory experiments in 1991
confirmed that ingestion of food contaminated with oil can cause reduced growth
and increased mortality of juvenile pink salmon.

Fry growth was decreased in oiled streams as compared to unoiled streams over
the winter of 1989-1990 and larvae from some heavily oiled streams showed
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gross morphological abnormalities, including club fins and curved vertebral
columns. The pink salmon that returned to Prince William Sound in the summer

Af 100N xwrara hatrhad nriar ta tha onill and wara avnnecad tn Al ac larvaas

returned in 1991 were the first that were exposed to oil as eggs. The returns ot
wild salmon to oiled and unoiled streams in 1991 are still being anal ~ *

Sockeyve Salmon

Commercial harvest of sockeye salmon was curtailed in portions of Cook Inlet,
Chignik, and Kodiak in 1989 because of the spill, resulting in an unusually high
number of adults returning.to spawn in certain lake systems--for example, Kenai
and Skilak lakes, Red and Akalura lakes. The number of adults returning to the
spawning areas is referred to as the "escapement.” Commercial salmon fisheries
are actively managed to maintain high production, and large overescapements
resulting in low smolt production are a threat to the maintenance of sustained
good production. In this case overescapement has resulted in poor survival to the
smolt stage in the Kenai and Skilak lakes system. This overescapement is
expected to result in a return of adults in 1993 and 1994 that is less than needed
for adequate production. Total closure or severe reduction of the commercial
and sport sockeye fisheries may be necessary in those years to enable recovery
of this species in the Kenai and Red lakes systems. These fisheries account for
up to half the commercial sockeye harvest in the Kodiak and Cook Inlet areas.

Dolly Varden and Cutthroat Trout

Prince William Sound is the northern extent of the range of cutthroat trout
(Figure 5). Both cutthroat trout and Dolly Varden use nearshore and estuarine
habitat for feeding throughout their lives, although they overwinter and spawn in
freshwater. The highest concentrations of petroleum hydrocarbon metabolites in
bile of all fish samoled in 1989 were found in Dollv Varden. Taeging studies

lated 111 VIINAL alvad wiele Vo PC.I\.«\.«IIL 11y 127027122V Al 1 4 P\.«LUUIIL Ml A7V L7774
of those in unoiled areas. Although concentrations of bile hydrocarbons were
greatly reduced in 1990 and 1991, indicating less exposure to oil, it is unclear
why differences persist in survival rates between oiled and unoiled streams.

Pacific Herring

Populations of Pacific herring were spawning in shallow eelgrass and algal beds
at the time of the spill. The effects of oil on egg survival, hatching success,
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Figure 5. Summary of the major injuries in relation to the life history of

Cutthroat Trout

cutthroat trout.

Adults in Freshwater

Wild cutthroat maturein 2 - 10 years and may
spawn In several consecutive years. Spawning
occurs in late fall and winter in small tributaries
to coastal streams.

vAduIts_a_t_,Sea S ~ | INJURY: None expected.

Cutthroat return to estuarine and

nearshore marine waters each spring.
They eat a variety of small fish
and shrimp.

INJURY: Reduced growth,
lower survivalrates.

Fry & Juveniles
Wild cutthroat remain in freshwater until
reaching approximately 20 - 25 cm In length.
Growth is largely dependent on environmental
conditions. Smolt migrate to estuarles between
March and July, and return to fresh water

in the fall.

INJURY: Unknown or none.

Eggs are laid in shallow gravel
riffles well above the intertidai
zone and hatch 28 - 40 days
later.

INJURY: None expected.
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larval development and recruitment to the spawning population were studied. A
large percentage of abnormal embryos and larvae were found in samples from
oiled areas of Prince William Sound collected during the 1989 reproductive
seasdh. Larvae in oiled areas also had a greater incidence of eye tumors.
Analysis of histopathological abnormalities in tissues of adult herring reveal the
occurrence of some lesions whose presence would be consistent with exposure to
oil. Whether the adult population has been affected by these larval injuries and
lesions will not be determined until the 1989 and 1990 cohorts return to spawn
in 1992 and 1993. It will be difficult, however, to measure a change in the adult
population, beyond the bounds of the natural variability.

Evidence of oil contamination in adult herring was found in 1989 and 1990. In
1989, hydrocarbon metabolites occurred in the bile of adult fish. There were
significant changes in the incidence of histopathological lesions and in the parasite
burden of adults found in oiled as compared to unoiled sites. The parasite burden
of adult herring returned to pre-spill incidences in 1991.

Rockfish and Other Fish

A small number of dead rockfish were found after the spill; this was the only type
of fish observed dying after the spill. Five rockfish were recovered soon enough
after death to establish oil exposure as the probable cause of death. Analyses of
rockfish bile indicated exposure to oil in a significant portion of the samples
collected from oiled areas in 1989, only one individual in 1990 and none in 1991.
Histopathological liver lesions were evaluated in 1990 and two types of lesions
(liver lipidosis and liver sinusoidal fibrosis) were found to be significantly
elevated in oiled areas. Other species that had measurable amounts of petroleum
hydrocarbon metabolites in the bile in 1989 included halibut, pollock, rock sole, -
yellowfin sole, flathead sole and Pacific cod, and in 1990, Dover sole and
~ sablefish. '

Coastal Habitat

Introduction

The coastal tidal zone, commonly known as the "intertidal zone," was the most
severely contaminated habitat. Intertidal habitats are highly productive and
biologically rich. The intertidal zone is particularly vulnerable to the grounding
of oil, its persistence and effects of associated clean-up activities.

Supratidal

The supratidal zone is above the high tide but still within the influence of the
ocean from storm surges and wave spray. Results of studies from the Kodiak
Island and Alaska Peninsula areas suggest that oil in the supratidal habitat and
beach clean-up disturbance decreased the productivity of grasses and other
vegetation, including beach rye, a grass that helps stabilize beach berms. In one
instance, clean-up activities completely removed the supratidal vegetation.
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Increased production of supratidal vegetation was found in Prince William Sound
in 1989. Increased production as a result of decreased browsing by terrestrial
mammals or a fertilizing effect of the oil are possible causes.

Intertidal

Populations of intertidal organisms were significantly reduced along oiled -
shorelines in Prince William Sound, on Kodiak Island and Cook Inlet, and along
the Alaskan Peninsula. Densities of intertidal algae (Fucus), barnacles, limpets,
amphipods, isopods, and marine worms were decreased. Although there were
increased densities of mussels in oiled areas, they were significantly smaller than
mussels in the unoiled areas, and the total biomass of mussels was significantly
lower. Sediment traps collected significant concentrations of petroleum

. hydrocarbons. during.the winter of .1990-1991, indicating that oil is continuing to
be removed from the beaches by cleaning and natural processes and is being
transported subtidally. Intertidal organisms continue to be exposed to petroleum
hydrocarbons from subsurface oil in beaches.

In 1991 relatively high concentrations of oil were found in mussels and in the
dense underlying mat (byssal substrate) of certain oiled mussel beds. These beds
were not cleaned or removed after the spill and are potential sources of fresh oil
for harlequin ducks, black oystercatchers, river otters and juvenile sea otters--all
of which feed on mussels and show signs of continuing biological injury. The
extent and magnitude of oiled mussel beds are unknown and continue to be
investigated. '

Intertidal fishes were less abundant in oiled areas than in unoiled areas in 1990.
No such differences were documented in 1991.

Fucus, the dominant intertidal plant, was severely affected by the oil and
subsequent clean-up activities. The percentage of intertidal areas covered by
Fucus was reduced following the spill, but the coverage of opportunistic plant
species that characteristically flourish in disturbed areas was increased. The
average size of Fucus plants was reduced, the number of reproductive-sized
plants greatly decreased, and the remaining plants of reproductive size decreased
in reproductive potential due to fewer fertile receptacles per plant. Recruitment
of Fucus at oiled sites was also reduced.

Subtidal Habitat

Between 1989 and 1991, oil concentrations declined in intertidal sediments
sampled at most oiled locations, while the concentration in shallow subtidal
sediments at depths of 3-20 meters remained about the same or in some cases,
rose slightly. Petroleum hydrocarbon accumulation in filter-feeding mussels
experimentally placed in the water column in various oiled areas was significant
during the summer of 1989, but decreased in 1990. Patterns of sediment toxicity
to marine amphipods and larval bivalve molluscs, used as test organisms,
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reflected similar patterns. In 1990 significant toxicity to these organisms was
.associated only with intertidal sediment samples from heavily oiled sites, but in
1991 toxicity was associated primarily with sediment samples from the shallow
subtidal zone. The current evidence from analyses of petroleum hydrocarbons in
the bile of bottom-dwelling fishes suggests that animals living on or near the sea
' floor continue to be exposed to petroleum hydrocarbons. In this connection the
i analysis of samples of bottom-dwelling organisms at the 100-m depth is
continuing to see if there was a detectable effect of oil deep communities.

Clams exposed to oil actively take up hydrocarbons, but metabolize them very
slowly. Hydrocarbons are consequently accumulated in high concentrations in
clams. Studies of clam growth rates were initiated after the spill and analyses are
still being conducted. Contaminated clams and other invertebrates are a potential
. continuing source of petroleum hydrocarbons for harlequin ducks, river otters, sea
otters and other species that forage in the shallow subtidal zone. Samples from
pollock, which feed in the water column, taken 500 miles from the T/V Exxon
Valdez grounding site on Bligh Reef, showed elevated petroleum hydrocarbon
metabolite concentrations in their bile. These data indicate that surface oil
affected the water column or food supply at great distances from the spill.

No pre-spill data were available to directly determine if the oil spill had altered
shallow subtidal communities, so the effects of hydrocarbons were investigated
by comparison of oiled and unoiled areas. Data are available for 1990. The
1/ greatest differences between oiled and unoiled areas have been observed in the
i shallow-water eelgrass beds and their associated habitat. Within the oiled eelgrass
| beds there were lower densities of eclgrass, fewer Telmessus crabs and fewer
ik amphipods, but more small mussels and juvenile cod. Even greater differences
‘ were observed, however, in the abundance of fauna at depths from 6-20 meters
below the oiled eelgrass beds, where there were far fewer individuals in oiled
areas. In the shallow subtidal rocky areas (less than 20m) Laminaria
communities were studied, both in bays and around points on the open coast. In
the Laminaria habitat fewer differences were noted between oiled and unoiled
areas. The most noticeable difference was the greater abundance of young
Laminaria plants, but fewer large older plants in oiled areas. In shallow-water
sandy areas, eelgrass beds and areas around them were studied.

Post-spill populations of spo't shrimp were studied in oiled and unoiled areas of
Prince William Sound. Some differences were found between populations in
these areas. The results of these studies are still being evaluated.

Other Resources and Services

The spill directly impacted archaeological resources, subsistence, recreation,
wilderness qualities and aesthetic and other indirect uses. Clean-up activities and
the associated significant increases in human activity throughout the spill zone
resulted in additional injuries to these resources and services.
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Archaeological Resources

Archaeological resources along the shoreline were iniured bv the spill. Review
of spill response data revealed

including burial ana nome sites.  lhese injured Sites are
aismoutea on potn Federal and State lands. While injury to these 35 sites was
documented during cleanup, a spill-wide assessment of injuries to archaeological
res( " yet bec ° ° In addition to oil contamination, increased
knowledge of the location of archaeological sites puts them at greater risk from
looting. Additional injury due to erosion caused by oil-spill response activities
was documented.

A study was conducted to determine impacts caused by oil contamination on
radiocarbon dating of archaealogical resources and to investigate the potential for
cleaning artifacts and materials to allow such dating. Results indicate significant
injury to the ability to date artifacts and materials by Carbon ' analysis.

Subsistence

Surveys undertaken by State researchers before the spill and in 1990 indicated
that subsistence users in the oil-spill area significantly reduced their use of
subsistence resources after the spill, primarily because of concern about
contamination of these resources. The oil spill disrupted the subsistence lifestyle
of some communities that have historically relied upon these resources for a
significant portion of their diet. Some communities virtually or entirely ceased
subsistence harvests in 1989 and have only gradually begun to resume harvests,
while other communities continued some reduced level of subsistence harvest in
1989 and thereafter. Warnings were issued by the State in 1989 for people to
avoid consumption of intertidal invertebrates (such as mussels and clams, which
accumulate petroleum hydrocarbons) found along shorelines contaminated by oil.
After the spill, an oil-spill health task force was formed, including representatives
of the State and Federal governments, subsistence users, and Exxon. This group
helped oversee studies conducted by the State and others in conjunction with the
Food and Drug Administration and National Oceanic Atmospheric Administration
in 1989, 1990 and 1991, on subsistence foods, such as seals, deer, salmon,

Recreation

Following the oil spill, recreational use of public lands and waters declined.
Recreationists (e.g., sport fishermen, hunters, campers and sea kayakers) avoided
oiled areas and many adjacent areas that were affected by clean-up activity.
Many users canceled their plans or pursued their activities in other areas within
the state. For example, visitor use in the coastal area of the Kenai Fjords
National Park dropped by about 50 percent in 1989, compared to 1988. This
disruption continued in 1990, because oil remained present in many areas and
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~ some clean-up activity continued. In 1991 oil remamed in many areas used by
recreationists.

Wilderness and Intrinsic Values

There are designated "wilderness areas” in Kachemak Bay State Wilderness Park,
Katmai National Park, and Becharof National Wildlife Refuge. In addition
- Federal "wilderness study" areas are located in Kenai Fjords National Park and
the Chugach National Forest. Portions of these areas were oiled by the Exxon
Valdez spill. The Wilderness Act of 1964 requires that Federal wilderness areas
be "administered for the use and enjoyment of the American people in such a
manner as will leave them unimpaired..." Thus, the presence of oil, which was
most recently documented by the 1991 May Shoreline Assessment, may be
. . -perceived as-an-injury- to-these areas.. - In addition to the injury from the oil,
‘ hundreds of workers, motorized machinery and support equipment were used in
the wilderness areas during the cleanup. These clean-up activities disrupted uses
of the wilderness, such as camping and fishing. These lands and resources may
| have intrinsic or nonuse values as well as uses, which also were affected by the
oil spill.
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CHAPTER V
PROPOSED INJURY CRITERIA

Settlement Guidance

The settlement documents specify that the use of the restoration trust funds must
be linked to injuries resulting from the Exxon Valdez oil spill. Specifically, the
settlement requires that funds recovered for natural resource damages be spent to
restore, replace, enhance, rchabilitate or acquire the equivalent "of natural
resources injured as a result of the 011 spill and the reduced or lost services
provided by such resources:" - :

"Natural resources” are defined as the land, fish, wildlife, biota, air, water,
ground water, drinking water supplies, and other such resources belonging to or
managed by Federal and State governments. The services provided by natural
resources include such activities as subsistence hunting and fishing and recreation.

o

Proposed Criteria

How do we determine which natural resources and natural resource services
warrant further restoration activities? The following criteria are proposed to
assist in these determinations:

® evidence of consequential injury, and

® adequacy and rate of natural recovery.

The concepts underlying these criteria are described below.

Injury to Natural Resources

The following definition of injury is proposed to be applied to natural resources
in the spill area:

A natural resource has experienced "consequential injury” if it has
sustained a loss (a) due to exposure to oil spilled by the T/V Exxon
Valdez, or (b) which otherwise can be attributed to the oil spill and clean
up. "Loss" includes:

® significant direct mortality;

® significant declines in populations or productivity;

April 1992 Restoration Framework 39



® significant sublethal and chronic effects to adults or any other
life history stages; or

- ® degradation of habitat, due to alteration or contamination of
flora, fauna and physical components of the habitat.

This definition covers a wide range of potential natural resource injuries.
Consequential loss is most certain where there was significant direct mortality or
if studies revealed a population decline linked to the oil spill. Where only eggs
or juvenile life history stages are known to have been harmed, it is more difficult
to establish consequential injury. In such cases, however, if the injury is
manifested or inferred at the population level, the injury can be considered
consequential. This definition also includes injury to the underlying habitats that
were oiled (e.g., intertidal zone), some of which were in specially des1gnated
areas, such as parks, forests and refuges.

Important archaeological resources, protected by both Federal and State laws,
were oiled. Inherent values could be irretrievably lost as oil continues to
contaminate additional resources at some sites. Archaeological resources, such
as sites and artifacts, are not living, renewable resources and have no capacity to
heal themselves. Increased public knowledge of exact archaeological site
locations also continues to foster looting and vandalism.

In some cases our knowledge of the degree of injury and linkage to the oil spill
are imperfect, due to the difficulty of obtaining the desired documentation or the
restricted scope or duration of the damage assessment studies. In these cases,
judgments concerning injuries to natural resources as a result of the oil spill will
have to be determined by the weight of the evidence or best professional

judgment. '

Injury to Natural Resource Services

The following definition of injury is proposed to be applied to natural resource
services in the spill area:

A natural resource service has éxperienced "consequential injury" if the
Exxon Valdez oil spill or clean up:

® has significantly reduced the physical 6r biological functions
performed by natural resources, including loss of human uses;
or

® has significantly reduced aesthetic, intrinsic or other indirect
uses provided by natural resources; or, in combination with
either of these,
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® has resulted in the continued presence of oil on lands integral
to the use of special-purpose lands!.

This definition covers a wide range of potentially injured natural resources
services. Examples are commercial fishing, subsistence hunting, fishing and
gathering, wildlife viewing, sport fishing, and recreation, which includes a variety
of activities, such as kayaking and backcountry camping.

Indirect uses, such as aesthetics or appreciation of wilderness qualities, were also
affected by the spill. This is a particular concern for those areas which formally
have been designated as wilderness areas by the United States or the State of
Alaska.

Recovery Concept

To maximize the benefits of restoration expenditures, the Trustees may con
the effects of natural recovery before investing restoration dollars. In a scie
sense, full ecological recovery has been achieved when the pre-spill flore
fauna are again present, healthy and productive, and there is a full comple
of age classes. A fully recovered ecosystem is one which provides the

functions and services as were provided by the pre-spill, uninjured system.

The ability to determine scientifically if recovery has occurred or when it
occur may be limited, due to such problems as the quality and quanti
information on pre-spill, "baseline” conditions. For each injured resource
service, however, an estimation of the rate of natural recovery will be consic
based on the best information available from the damage assessment
restoration studies, the scientific literature and other sources. If it appears
recovery will be nearly complete before the benefits of a restoration stuc
project can be realized, then the Trustees may determine that spending restor
dollars is not justified. On the other hand, if it appears that the time to recc
is prolonged, it may be worth considering technically feasible, cost-effe
restoration options.

! "Special-purpose” lands have been designated by the State of Alaska or the United States for the protection and
conservation of natural resources and services.
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CHAPTER VI
EVALUATION OF RESTORATION
OPTIONS

. To aid in determining which of the many restoration alternatives and options are
appropriate and most beneficial, objective criteria are needed. The followmg are
proposed for public comment (not in order of priority):
® The effects of any other actual or planned response or restoration actions:

Are there other actions, such as additional clean-up work, that bear on the
recovery of a resource targeted by the restoration option?

® Potential to improve the rate or degree of recovery:
Will implementation of the restoration option make a difference in the
recovery of an injured resource or service? What is the prospect for
success? :

® Technical feasibility:

Are the technology and management skills available to successfully
implement the restoration option in the environment of the oil-spill area?

® Potential effects of the action on human health and safety:

Are there hazards to or adverse impacts on humans associated with
implementation of the restoration option?

® The rélationship of the expected costs of the proposed actions to the expected
benefits:

Do benefits equal or exceed costs? (This is not intended to be a. straight
cost/benefit analysis, but a broad consideration of the direct and indirect
costs [including lost uses] and the primary.and secondary benefits
associated with implementation of the restoration option.)

® (Cost effectiveness:

Does the restoration option achieve the desired objective at the least cost?
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® Consistency with applicable Federal and State laws and policies:
Is the restoration option consistent with the directives and policies with
which the Trustee agencies must comply? Potential conflicts must be
resolved prior to implementation.

® Potential for additional injury resulting from proposed actions, including
long-term and indirect impacts:

Will implementation of the restoration option result in additional injury to
target or nontarget resources or services? Is the project of net
environmental benefit?

® Degree to which the proposed action enhances the resource or service:

Would the restoration option improve on or create additional natural
resources or services?

® Degree to which proposed action benefits more than one resource or service:
Would the restoration option benefit multiple resources and services, both
injured target resources and services, as well as secondary resources and
services?

® Importance of starting the project within the next year:
Would delay in the project result in further injury to a resource or service

or would we forego a restoration opportunity?

Further Evaluation of Restoration Options

As an example of the preliminary application of these criteria, some potential
restoration activities are presented as options in Appendix B. Following public
comment on the Restoration Framework, including any suggestions of additional
criteria and ontions. there will he more detailed evalnations of all notential
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Information Review and Evaluation

To develop the draft Restoration Plan and draft environmental impact statement,

‘the restoration planning staff will review existing databases for each injured

resource or service. Data relevant to this evaluation may be found in the
scientific literature, geographic information systems and the reports of damage

assessment and restoration studies. Subject‘ areas include:
® the natufe and severity of injury;
® the rate of natural recovery;
° »life history requirements;
L féctofs ﬁmitiﬁg reébvery;
® persistence of contaminants;

® opportunities to accelerate the rate\ of recovery;

® costs and environmental impacts of accelerating recovery; and

® land status and existing management practices.

[ )

For some injured resources and services, much of the above information is in
hand; in other cases there are substantial deficiencies in the databases that could
impede the evaluation and timely implementation of restoration options. To
remedy this, additional field work is being recommended to provide the needed
information. Detailed study plans for work considered in 1992 are found in the
1992 Work Plan. These study plans were developed in consultation with
scientists representing the Trustee agencies, outside peer reviewers and the Chief

Scientist.

Evaluation of Options for Identifying and Protecting Marine and Upland

Habitats

All restoration options, including habitat protection and acquisition options, will
be evaluated using basic criteria such as those outlined in the first section of this
chapter (VI). By necessity, however, there are additional steps needed to

properly evaluate habitat protection and acquisition options.

In its draft 1991 Restoration Work Plan (56 Fed Reg. 8902-8903, [March 1,
1991]), the Trustees set forth a preliminary sequence of steps for use in
identifying and protecting strategic fish and wildlife habitats and recreation sites.
While the Trustees are developing a final process for evaluating habitat protection
and acquisition options, they again invite public comment on the steps that were

published in the March 1, 1991 Federal Register notice:
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1. Identification of key upland habitats that are linked to the recovery of
injured resources or services by scientific data or other relevant
information.

2. Characterization and evaluation of potential impacts from changed
land use in relation to their effects on recovery of the ecosystem and
its components; comparative evaluation of recovery strategies not
involving acquisition of property rights (e.g., redesignation of land
use classification), including an assessment of protection afforded by
existing law, regulations and other alternatives.

3. Evaluation of cost-effective strategies to achieve restoration objectives
for key upland habitats, identified through steps one and two above.
This would. include evaluation of other restoration alternatives for
these resource injuries.

4. Willing seller/buyer negotiations with private landowners for property
rights.

5. Incorporation of acquired property rights into public management.

Recovery Monitoring

- In 1991 the Restoration Planning Work Group began to develop an integrated
long-term monitoring strategy to assess the recovery of injured natural resources
in the oil-spill area. Development of a monitoring plan requires the identification
of goals and objectives and then technical designs and costs for monitoring target
resources and services. If the Trustees implement a program of this type, it
would determine if and when injured resources have been restored to their pre-
spill baseline conditions. The program also could monitor the effectiveness of
restoration activities, detect latent injuries and reveal long-term trends in the
environmental health of ecosystems affected by the oil spill. The duration of the
monitoring program would depend on the severity and duration of effects
resulting from the spill and the time necessary to establish a trend for recovery.

Some limited monitoring studies are proposed to be conducted in the field in 1992
(see draft 1992 Work Plan). At the same time, efforts will continue to develop
a comprehensive and integrated monitoring program ‘as part of the draft
Restoration Plan.
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CHAPTER VII
SCOPE OF POTENTIAT

RESTORA'T1ION ALTERiNnATLVES

The restoration-related activities conducted by the Trustees and the Environmental
Protection Agency to date have involved the public, technical experts and
resource managers from agencies in Alaska (See Chapters I and III). Through
these preliminary scoping efforts, a broad array of ideas for restoration activities
has been suggested. The ideas listed in Restoration Planning Following the Exxon
Valdez Qil Spill: 1990 Progress Report (Chapters II and VI) were evaluated by
the planning staff using the criteria outlined in Chapter VI of this document. The
results of this evaluation, which incorporate what has been learned from the
damage assessment and restoration studies, are presented as restoration options
in Appendix B.

considered by the Trustees in developing restoration alternatives, which will be
presented for public comment.

Pgssible Restoration Alternatives

Paragraphs A-F identify possible conceptual restoration alternatives. These
alternatives are provided for discussion purposes only and do not indicate any
preference by the Trustees.

A. No Action

A possible alternative that will be addressed in the draft environmental impact
statement is for the Trustees to rely upon the natural recovery process to restore
the ecosystem. Monitoring would assess whether natural recovery is proceeding
as anticipated.

B. Management of Human Uses
This alternative uses Federal and State management authorities (statutes and

regulations) to modify human uses of resources or habitats. The goal is to reduce
mortality or stress on injured resources and thereby to accelerate their recovery.
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Examples:

® restrict or eliminate legal harvests of marine and terrestrial mammals and
= sea ducks (Option 8, Appendix B); and

® intensify management of fish and shellfish (Option 2).
C. Manipulation of Resources

This alternative includes measures taken directly, usually on-site, to rehabilitate
or replace an injured species population, restore a damaged habitat or enhance
services provided by a damaged resource.

Examples: ... .

® improve or supplement stream and lake habitats for spawning and rearing
of wild salmonids (Option 11); and

® accelerate recovery of upper intertidal Fucus zone (Option 14).
D. Habitat Protection and Acquisition

This alternative includes changes in management practices on public or private
lands and creation of "protected" areas on existing public lands in order to
prevent further damage to resources injured by the Exxon Valdez oil spill. Going
beyond land management practices, there also are options that involve the
acquisition of damaged habitats or property rights short of title by public agencies
to protect strategic wildlife, fisheries habitat or recreation sites.

Examples:
® designate protected marine habitats (Option 22); and

® acquire additional marine bird habitats (Option 23).

E. Acquisition of Equivalent Resources.

"Acquisition of equivalent resources means to compensate for an injured, lost, or
destroyed resource by substituting another resource that provides the same or
substantially similar services as the injured resource” (56 Federal Register 8899
[March 1, 1991]). Restoration approaches, such as the manipulation of resources
and habitat protection and acquisition, can be implemented on an equivalent-
resource basis.

Another possible alternative, therefore, would be to place primary emphasis upon
the acquisition of equivalent resources as opposed to options that attempt to
directly restore or rehabilitate specific injured resources or services.
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Examples:
® creation of new recreation facilities (Option 12); and
® acquire tidelands (Option 21).

F. Combination Alternatives

Each of the alternatives above, A-E, may be considered strictly in its own right,
or mixed in any number of ways, depending on priorities and methods. For
example, Figure 6 depicts a hierarchical analysis, through which the Trustees
could consider "habitat protection and acquisition" options only after considering
whether options under "management of human uses” and "manipulation of
resources” were inadequate. In the analysis illustrated in Figure 7, the Trustees
would give equal weight to all approaches, proceeding to those restoration options
deemed most desirable based on professional and scientific judgment and public
comments.
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Figure 6. Possible conceptual approach to the analysis of restoration options.
This approach considers options in an hierarchical fashion.
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All restoration actions will be evaluated to assess their effectiveness on the recovery rate of the target injured resource.
These approaches can be implemented on a direct-restoration or equivalent-resource basis. )
Acquisition of full title or lesser rights exclusive of full ownership of title (partial interests), e.g., conservation easement,

timber rights, access rights, etc.
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Figure 7. Possible conceptual approach to the analysis of restoration options.
This approach does not involve an hierarchical analysis of restoration options.
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1 All restoration actions will be evaluated to assess their effectiveness on the recovery rate of the target
injured resource.

2 These approaches can be implemented on a direct-restoration or equivalent-resource basis.

3 Acquisition of {ull title or lesser rights exclusive of fullownership of title (partial interests), e.g., conservatlon
easement, timber rights, access rights, etc.
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APPENDIX A
BACKGROUND ON INJ URED

RESOURCES AND SERVICES

The success of developing and implementing restoration options depends, in large
measure, on our understanding of the injured resources and services. This
appendix provides a summary of the basic life history traits of the injured species
and the characteristics and values of other injured or lost resources and services.
This information provides a basis to better understand and evaluate the restoration
options and altefriatives (Chapter VI and Appendix B).

Life History Summaries

Many of the species affected by the Exxon Valdez oil spill have not been
extensively studied, especially in subarctic environments. Each species has
developed a unique set of characteristics enabling it to survive in its environment.
Biologically informed decisions will decrease the chances of causing additional
injury and increase the probability of successfully restoring populations. The
following life histories are included:

sea otter

harbor seal

brown bear

river otter

killer whale
common murre
harlequin duck
black oystercatcher
marbled murrelet
pigeon guillemot
bald eagle

coastal cutthroat trout
pink salmon
sockeye salmon
pacific herring
rockfish

Dolly Varden

spot shrimp
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Sea Otter (Enhydra lutris)
Range

Sea otters presently occur in the coastal waters of central California throughout
the southern coast of Alaska from Southeast to the Aleutian Islands. The range
extends to the Kamchatka Peninsula and south to Japan. Sea otter habitat is found
throughout the oil-spill area.

Reproduction

Male sea otters reach sexual maturity at 5-7 years of age; females are capable of
breeding at 4-5 years of age and possibly younger. Mating and pupping occur

“throughout the - year,. although.in. Prince..William Sound most otters mate in

September-October with pups born from May-June. They are capable of
reproducing annually, although the reproductive period varies among individuals
and areas. Sea otters give birth to a single pup, rarely twins. Pups are generally
weaned by mid-November.

Habitat Use and Requirements

Sea otters prefer shallow coastal waters that are generally less than 40 meters
deep, with soft substrates as well as rocky substrates. Sea otters will use kelp
beds as resting areas, but their geographic distribution is not dependent on kelp.
Intertidal rocks, exposed beaches and algal covered rocks are used by some otters
for resting. The importance of haul-out sites is poorly understood. They are not
considered essential to otter survival in California, but may be very important for
otters in northern climates. Males and females tend to segregate except during
breeding. Immature and non-breeding males often congregate in large groups.
Resident males defend territories during the breeding season. Protected waters
on lee shorelines are often used by sea otters during storms.

Food Habits

Sea otters eat a wide variety of prey, and can greatly influence prey availability.
They prefer benthic invertebrates, but in some areas they prey heavily on benthic
fishes. In Prince William Sound, clams, mussels and crabs are the dominant
prey. There is a lot of variation in individual diets. Females with pups tend to
forage in shallower areas where smaller mussels and clams are available in short
dives from the surface.

Human Interactions

By the late 1800s, sea otters were eliminated from most of their historic range
due to excessive fur harvesting by. the Russian and American fleets. In 1911,
commercial sea otter harvesting was stopped and the remnant populations began
to expand. The Marine Mammal Protection Act of 1972 placed a moratorium on
harvesting marine mammals, including sea otters. An exemption for Alaska

N
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Natives allows take for subsistence purposés.
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Harbor Seal (Phoca vitulina richardsi)
Range

Harbor seals are found in coastal waters of the North Pacific Ocean from
northern Mexico to Alaska as far north as the Bering Sea. In the western Pacific
they occur from Japan to Siberia.

Reproduction

Males and females become sexually mature when they are 3-7 years old.
Breeding occurs from late June through July. Harbor seals have a delayed
implantation of about 11 weeks, with an actual gestation period of about 225
days.. Pups are born between. late -May-and-mid-July. - Usually a single pup is
born. Pups are generally nursed for 3-6 weeks.” Sexually mature adults breed
annually.

Habitat Use and Requirements

Harbor seals usually occupy coastal waters less than 60 meters deep. Seasonally,
they may enter coastal rivers and lakes. They have been recorded as far as 100
kilometers away from the coast. Haul-out areas are especially important for
harbor seals. Rocks, isolated beaches with protective cliffs, ice floes, and sand

_or mud bars are used for resting, pupping and nursing young. Haul-out sites are
especially important during the molt, which occurs throughout the summer from
June-October, but peaks in late July-September.

Harbor seals have been declining in much of Alaska for unknown reasons since
about the mid-1970s.

Food Web Interrelationships

Harbor seals are opportunistic pfedators and consume a wide variety of fish and
invertebrates. Walleye pollock, herring, salmon, eulachon and cephalopods are
important prey for seals in the Gulf of Alaska.

Predation - Killer whales, sharks and steller sea lions are known predators.
Predation combined with other causes of mortality (disease, starvation, entangle-
ment and hunting) kill about 75 percent of all harbor seals in their first three
years of life. '

Human Interactions

The Marine Mammal Protection Act of 1972 placed a moratorium on harvesting
marine mammals, including harbor seals. An exemption for Alaska Natives
allows take for subsistence. Harbor seals are harvested by numerous Alaska
villages, but the magnitude of the subsistence harvest is not known. Conflicts
with commercial fishermen, competition with humans for food, and disturbance
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from haul-out sites pose the greatest threats to harbor seals. Seals are especially
‘vulnerable to disturbance during the molt and during pupping, when a separation
may cause the mother-pup bond to weaken resulting in the death of the pup.
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Brown Bear (Ursus arctos)

Ral;ge

Brown bears (grizzly bears) once ranged from the Great Plains to northern
Alaska. They are still abundant in Alaska and parts of Canada, but they have
been eliminated from most of the southern part of their range. They are found
throughout Alaska except on some islands in specific regions of the state.

Reproduction

Brown bears reach sexual maturity between 3.5-9.5 years of age. Females
typically produce cubs every. 3-4 years, .but the breeding interval may be longer
for some individuals. Mating occurs between May and July, peaking in early
June. The gestation period lasts about 6 months and the cubs, usually two, are
born in January during hibernation. Survival of cubs to yearlings (1.5 years old)
ranges from 45-69 percent, depending on location. Cubs generally remain with
their mother for 2.5 years. :

Habitat Use

Bears inhabiting coastal habitats in southcentral/southwest Alaska tend to have
home ranges of approximately 32 km? for females and 170 km? for males. These
home ranges cover a wide variety of habitat types, supply food throughout the
year and provide denning sites in winter. In the spring, the bears often search
the coastline for food. In summer, anadromous fish streams provide important
food sources for the bears and many bears may be found congregated together at

streams with exceptionally large salmon runs (e.g., in Katmai National Park).

In late summer and fall, upland sites with abundant berries are used in addition
to salmon streams. Dens are generally located on well drained moderately
sloping mountain sides, leeward of the prevailing -winds.” Dens are seldom used
in consecutive years. Brown bears enter their dens in late October and November
and emerge between early April and late May.

Food Habits

Brown bears are omnivores. They eat a wide variety of plants including roots
and berries of some species and eat sedges and grasses in wetlands. During the
spring, brown bears often prey upon young moose, deer and caribou. They feed
on clams and mussels in the intertidal zone and scavenge the beaches for dead
marine mammals. They are capable of killing adult ungulates. Spawning salmon
also provide an important component of their diets.

Human Interactions

Brown/grizzly bears are harvested throughout their range on a limited basis.
Habitat. alterations and human disturbance near food sources can impact local
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populations.
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River Otter (Lutra canadensis)
‘Range

Historically, river otters were found throughout North America with the exception
of the arid southwest. In Alaska they are found in all areas except the Aleutian
Islands, the off-shore islands of the Bering Sea, and the Arctic coast east of Point
Lay. Their Alaskan distribution remains unchanged, although they are no longer
found in parts of their original range in the contiguous United States.

Reproduction

River otters reach sexual maturity in 2-3 years, although males are usually
unsuccessful breeders until they are 5-7 years old...Mating occurs in early spring
with adult females breeding shortly -after giving birth. Otters have delayed
implantation with an actual gestation period of 60-63 days. Most births in Alaska
occur in May. Litter size varies from 1-6, but litters of 2 to 3 are most common.
Pups remain in the den for about 2 months before accompanying the mother in
daily activities. Family groups often include one or more females who help with
training the new pups. These females are probably offspring of the mother’s
previous litters. Male pups probably leave the family group at about 1 year of
age. Otters can breed annually once they become mature and they may live to
be 20 years old. ’ "

Habitat Use

In coastal Alaska, river otters tend to have elongated home ranges which follow
the coastline. Rocky shorelines of small inlets and coves are preferred. Ranges
of males may overlap with females, but otters generally avoid contact except
during the breeding season. Riparian vegetation along the coast and inland by
streams and lakes are important areas for otters. These sites provide resting and
denning places, as well as protective cover for traveling. ' Den sites are located
in natural cavities in old-growth forests or in rock cavities, or in burrows or
lodges of other animals. Latrine sites are established along the shoreline in areas
of old growth forest and adjacent to suitable feeding areas. These sites are used
as resting areas as otters travel along their home ranges. Home ranges vary with
the quality of habitat. Ranges reported for southeastern Alaska varied from 7 to
40 kilometers. Family groups have smaller ranges than adult males.

Food Habits

River otters in coastal Alaska feed primarily in intertidal and shallow subtidal
areas, but they also feed in fresh water streams and lakes if fish are available.
Boney fish are the most important part of their diet but crusteans and molluscs
are also important. In British Columbia, surfperch, sculpin, flounder, rockfish
and greenling were the primary prey of coastal otters.
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Human Interactions

River otters are trapped for their fur.
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Killer Whale (0_rcinus orca)
Range

Killer whales have been documented in all the oceans of the world. They appear
to be abundant in the coastal waters from Washington through the Gulf of Alaska.

Reproduction

Killer whales are a long-lived species with lifespan estimates ranging from 25-40
years. Females reach sexual maturity when they reach about 5 meters in length
(approximately 15 years old). They give birth to a single calf after an estimated
gestation period of 17 months. Cows will nurse their calves for 12 months and
provide additional care for 2 years or longer: The interval between calves varies
among individuals with a mean of about 5 years (range 2-12).

Social Structure and Habitat Use

Killer whales live in social groups called pods. Pods usually consist of less than
40 animals. There are two types of pods. Transient pods do not occupy a
defined home range. They move in and out of areas occupied by resident pods
and may cover great distances throughout the year. Resident pods have home
ranges which may encompass several hundred square miles. In resident pods the
whales form matrilineal subgroups. The matrilineal group consists of a female
and her offspring. New matrilineal groups may form as a female calf matures
and produces her own offspring, but the group remains within the original pod.
Matrilineal groups of the same pod interact with each other on a regular basis.

Food Habits
Killer whales are opportunistic predators. Fish are the primary food source for
whales in resident pods, but marine mammals and birds are also prey. Salmon,
cod, Pacific herring, flatfish, blackcod, squid, pinnipeds and other cetaceans have
all béen documented as food sources for killer whales. Transient pods may prey
on marine mammals more than do whales in resident pods.

Human Interactions

The Marine Mammal Protection Act of 1972 placed a moratorium on harvesting
marine mammals, including killer whales. Some whales are still shot, and
sometimes killed, by fishermen. Their striking appearance have made them an
attraction for tourist industries.
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Common Murre (Uria aalge inornata)

Range

The species has a holarctic distribution primarily south of the Arctic Circle. The
subspecies U. a. inornata is found from Oregon to Point Hope, Alaska.

Migration

Murres winter in offshore waters before returning to their nesting colonies in the
spring. .

Breeding Chronology

Murres arrive at nesting colonies in April and May. A single egg is laid in June
and incubated by both adults for 28-34 days. Hatching occurs between July 10
and early August. Chicks fledge to the ocean in August. Little is known about
the behavior of fledged chicks and subadults. Common murres do not breed until
they are 5 years old or older, and subadults do not return to visit the colonies
until they are 2-3 years old.

Breeding Behavior

The breeding success of common murres is dependent on the physical
characteristics of the colony site, which typically is on a cliff face, and the
density of murres nesting on each ledge. Since murres do not build nests, the
slope of the nesting ledge is important to prevent the eggs from rolling off the
cliff. The width of the ledge influences the number of birds that can nest and
therefore, their vulnerability to predation. High nesting densities (greater than
10 birds per meter’) have the greatest breeding success. Higher densities help to
synchronize breeding behavior so that eggs are laid over a short period of time
and chicks hatch and fledge together. This increases the ability of the murres to
protect their young from predators. Most murres return to the same ledge to
breed each year.

Food Web Interrelationships

Common murres eat a variety of fish and shrimp. Primary species include
capelin, sand lance, walleye pollock and euphausiids.

Predation - Predatory birds, particularly gulls and bald eagles, can have a
significant impact on the breeding success of the colonies. Low nesting densities
of murres, chicks which hatch and fledge later than their neighbors, and eggs or
chicks exposed when the adults are disturbed from the ledges are especially
vulnerable,
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Human Interaction

Entanglement in fishing nets does not appear to be a problem for murre colonies
‘within the Exxon Valdez oil spill area. Fishing and tourism activities which
disturb the murres at their nesting ledges can exacerbate predation. Subsistence
harvest of the eggs and murres is not common within the oil-spill area.
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Harlequin Duck (Histrionicus histrionicus)
Range

In North America, the western population is found from the Seward Peninsula
and the Alaska Range, throughout the Aleutian Islands and south to central
California and the northern Rocky- Mountains.

Migration

In Alaska, harlequin ducks begin arriving on their wintering grounds in the
Aleutian Islands and in the Gulf of Alaska in mid to late September. Adults
begin congregating at the mouths of suitable breeding streams in May.

Breeding Chrohbiogy

Harlequins do not breed until their second year. Egg laying begins between May
20 and June 10. Three to 7 eggs are incubated by the female for 28-30 days.
The males leave the females early in the incubation period and begin congregating
for the molt. Hatching occurs from early to mid-July. Females with broods
remain in freshwater streams until August when they migrate to marine habitats.
Adults breed annually after reaching maturity.

Habitat Use

Paired harlequins congregate at the mouths of anadromous fish streams in May.
The pairs fly inland to search for nesting sites but return to estuaries to feed.
Typically nests are located along shallow rivers and streams with gravel or rocky
substrates, and nest sites are located under dense vegetation on steep banks in
mature forests. Harlequins may return to the same nest site in consecutive years.
Slow stretches on lee sides of stream bends are used by broods for feeding and
resting. Turbulent stretches of streams are preferred feeding places for adults in
freshwater. Shallow coastal areas and intertidal reaches are used by non-breeders
and tales during the summer and by molting females in late summer. Wintering
harlequins forage in small groups along exposed coasts and in bays.

Food Web Interrelationships

Breeding birds and broods feed mostly on aquatic invertebrates and larvae. When
available, salmon roe may be an important food source for harlequins in Alaska.
Wintering harlequins feed predominately on molluscs and crustaceans.

Human Interactions

Harlequin ducks can be legally harvested each fall. Disturbance to molting flocks
may stress individuals, and both disturbance and loss of nesting habitat can affect
populations.
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Black Oystercatcher (Haematopus bachmani)

Range

Inh;bits coastal areas from the Aleutian Islands to Baja California.
Migration

Black oystercatchers are generally believed to be year-round residents at their
breeding areas. Observations from Alaska, however, indicate that some birds
may disperse in the winter.

- Breeding Chronology

| : Nest scrapes are built on rock outcroppings and gravel beaches, and are
| sometimes lined with broken shells. One to 3 eggs are laid and incubated by both
‘ adults for 24-29 days. Eggs are laid from mid-May to early July; second clutches
may be laid if the first clutch is destroyed. Although the chicks are precocious,
they are fed by the adults. Feeding can continue even after the chicks have
fledged. Survivorship of chicks to fledging can be very low, less than 20
percent. They are particularly vulnerable to predation in the first week after
hatching. Chicks are capable of flying in about 40 days. Oystercatchers might
take 2 or 3 years to reach sexual maturity. '

Habitat Use

Opystercatchers occupy rocky and gravelly coastal areas. The highest breeding
densities occur on low elevation, gravel shorelines, with little wave action. The
eggs and young are cryptically colored and rely on camouflage to protect them
from predators. Adults feed in the intertidal zone. During the first week after
hatching, chicks remain near the nest site and adults bring food from the intertidal
zone. After the first week, chicks follow the adults to the intertidal zone at low
tide.

Food Web Interrelationships

Black oystercatchers feed primarily on intertidal invertebrates. Mussels and
limpets are the primary prey species, but they also eat clams-and chitons.

Predation - Flightless chicks are vulnerable to predation, especially in the first
week after hatching. During this time the adults brood the chicks and their
movements may alert predators to the location of the chicks. Young chicks react
by freezing whereas older chicks will run from predators. Gulls, ravens, mink
and river otters are known predators.
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- Human Interactions

“Black oystercatchers are not harvested. Destruction of or disturbance at nesting
" habitats can adversely impact local populations.
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Marbled Murrelet (Brachyramphus marmoratus)
Range

North Pacific Coast, from central California to the Aleutian Islands, and from the
Kamchatka Peninsula to northern Japan.

Migration

Marbled murrelets return to coastal waters near breeding areas each spring. The
dates are variable, usually occurring in Alaska from April to May. The adults
and fledged young leave the breeding areas in the fall for unidentified wintering
areas. Between 10-25 percent of the summer breeding population of Prince
~ William Sound remain : throughout the winter and probably concentrate in
protected bays and straits during storms.

Breeding Chronology

Documented evidence of breeding chronology is based primarily on follicle
development of collected birds, documented nests and movements of breeding
adults. These data suggest that laying can occur as early as late April in the
southern part of their range. Egg laying in the Gulf of Alaska probably occurs
in late May or June. Marbled murrelets lay a single egg that is incubated by both
adults for about 30 days. Fledged chicks begin to appear with the adults on
coastal waters from mid-July to early August. Adult survivorship, life span,
reproductive period and age at first breeding are unknown.

Habitat Use and Requirements

During the breeding season, marbled murrelets make crepuscular (twilight) flights
between inland and coastal areas. Searches for marbled murrelet nests were
unsuccessful until 1974. A total of 23 tree nests have been discovered in North -
America. Current data suggest that most marbled murrelets nest in mature
forests. Most of the nests have been located in large conifers, but ground nests
also have been recorded. Marbled murrelets are solitary nesters, and have been
located as far as 40-50 kilometers from the coast. Marbled murrelets feed in
coastal waters, and occasionally in large lakes. They have been known to dive
to a depth of 50 meters.

Food Web Interrelationships
Marbled murrelets eat small fishes and crustaceans. Important species within the

Gulf of Alaska and Cook Inlet include capelin, cod, sand lance and a variety of
shrimp.
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Human Interactions

- In 1990 marbled murrelets were the most commonly caught seabird in salmon
— gillnets in the Prince William Sound Copper River flats drift fishery. Although
. .the number caught represent a very small proportion of the population, these
~incidental catches may have local significance. The loss of nesting habitat due

to logging or development of mature forests could also affect murrelet
- populations. Population declines over the southern portion of their range have
- caused the species to be considered for listing under the Federal Endangered
Species Act as "threatened" in the Pacific Northwest. The species is already
listed as "endangered" in California under State law.
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Pigeon Guillemot (Cepphus columba)

Range

Pigeon guillemots are found along the north Pacific coast from .southern
California to the Bering Sea and Aleutian Islands in Alaska. They are also found
from the Chukchi Sea to northern Japan.

Migration

Migration patterns are largely unknown in Alaska. They arrive at breeding areas
in late April and early May, and depart from Prince William Sound for wintering
grounds in late August. Some guillemots remain in the Sound throughout the
winter.

Breeding Chronology

In Prince William Sound, pigeon guillemots have been documented on their
breeding areas in late April and the peak of egg laying occurs in June. Clutches
normally consist of two eggs which are laid 3 days apart. Eggs are incubated for
30-32 days by both adults. Chicks hatch between late June and late July.
Fledging occurs approximately 38 days after hatching. Pigeon guillemots
probably do not begin breeding until they are 3-5 years of age.

Habitat Use and Requirements

Guillemot nests are usually located in natural cavities beneath boulders at the base
of cliffs, in talus slopes, or in rock or soil cavities at the tops of cliffs. They are
also known to nest in abandoned puffin burrows, and are probably the only alcid
known to regularly use man-made structures (e.g., docks and bridges) for nesting.
Guillemots typically nest in small colonies of a few to 50 pairs; some pairs nest
solitarily. At some locations adequate nest sites probably determine the breeding -
bird density, but they do not appear limiting in Prince William Sound. The adults
use the supratidal and intertidal areas in front of the nest sites for social activities
(e.g., pair-bond maintenance) and feeding throughout the breeding season.

Pigeon guillemots feed in nearshore waters, generally no more than a few
kilometers from land. During the breeding season they tend to feed near their
colony, and individuals are often site specific. During winter most of the
population leaves for unknown waters. In Prince William Sound an estimated 27-
43 percent of the summer population were present in March.

Food Habits

This species has a generalist feeding behavior, consuming a variety of fish and
shellfish. Capelin, sand lance, Pacific sandfish, sculpin and herring are some of
the more important species, as well as shrimp and small crabs. Dietary
preference can vary significantly between individuals.
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Human Interactions

Because of their nearshore foraging habits and small, stable colonies, pigeon
guillemots are considered a good indicator species for the nearshore marine
environment.
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Bald Eagle (Haliaeetus leucoceghalus‘)
Range

Bald eagles are found from Alaska and Canada to the northern edge of Mexico.
Within Alaska, they are most numerous in the southern coastal regions.

Migration

Eagles in coastal Alaska winter near their nesting territories. Interior nesting
birds may move to large open rivers or the ocean. Most will wander during the
late fall and early winter in search of prey, such as late spawning salmon.

Reproduction .. ..

Adults do not overwinter near their nesting sites that return to the same nesting
territory each year. Nests are usually used for more than one breeding season.
In high density nesting areas, defended territories are approximately 1 linear mile
of coastline, but not all nests will be active or successfull Egg laying begins in
early April when the female lays 1-3 eggs with two being the most common
clutch size. Incubation lasts about 34 days. In late August, or about 75 days
after hatching, the fully feathered young are ready to leave the nest. Fifty
percent nest failure is not uncommon. Few eagles successfully fledge their
young, and even though the adults continue to feed them for several weeks,
survival after fledging is low. Bald eagles become sexually mature when they are
6 years old or older.

Habitat Use

Bald eagles in Alaska nest along lakes, rivers and the coast. Along the coast,
nests are usually located in the older, larger trees. Coastal areas with more than
one nest per mile are considered to be good nesting areas. This high-nest density
is associated with undisturbed habitat, a clean environment; abundant food
resources and minimal human disturbance. Bald eagles have few predators other
than “humans.

Food Habits

Fish are the primary prey of bald eagles, but they will also feed on waterfowl,
carrion, sea birds and even on garbage at landfills. Winter and spring can be the
critical periods for bald eagles. During the late fall and early winter, eagles will
often be seen feeding along rivers where they have access to spawning and dead
salmon. During spring they feed on eulachon, spawning herring and sand lance.

Human Interaction

A bounty for bald eagles was in effect in Alaska from 1917 to 1953. With
statehood in 1959, bald eagles in Alaska received federal protection under the
Bald Eagle Protection Act of 1940. This Act prohibits harming or harassment of
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 eagles. Land management agencies have included additional restrictions on
- activity near nest sites which has further helped the stability of populations. For
example, the Chugach National Forest currently requires a 330 feet buffer zone
- around any bald eagle nest tree, with an additional 330 feet of restricted activity;
the U.S. Fish and Wildlife Service proposes extending restrictions to 990 feet
from bald eagle nests.
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Coastal Cutthroat Trout (Onchorhynchus clarki

Rén,ge

California to Prince William Sound, Alaska

Migration

Smolts and adults migrate to sea between March and July. The time spent at sea
varies from 12 to 150 days. While at sea cutthroat trout travel along shorelines
rarely migrating farther than 70 kilometers from their natal streams. Adults
return to freshwater lakes to overwinter and then migrate to their natal streams
to spawn in the spring.

Réprbductive Périod

Sexual maturity is reached at 2-3 years for males and between 3-6 years for
females.

Spawning/Hatching

Spawning takes place from February to May depending on location; hatching
occurs 6 to 7 weeks after spawning.

Survival/Life Span

Cutthroat trout have a relatively high rate of survival for adults. Survival rates
between spawning migrations were 39 percent from first to second spawning
migrations, 17 percent between second and third, and 11 percent from third to
fourth. |

Habitat Use and Requirements .

Adulis - In marine environments cutthroat inhabit inshore areas foraging along
gravel beaches, mouths of creeks and in eelgrass beds. Adults return to
freshwater lakes to overwinter, and then spawn in small coastal streams or small
tributaries to coastal streams and rivers.

Fry and Juveniles - Young-of-the-year cutthroat inhabit low-velocity margins,
backwaters and side channels adjacent to main channel pools and riffles. They
tend to stay close to where they were spawned. Older juveniles have a greater
range of movement within their natal stream. :

Food Web Interrelationships

Adults - Adults in marine waters feed on a variety of small fish and shrimp.

Fry and Juveniles - Fry feed primarily on insects and crustaceans. Larger
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sized juveniles prey on small sticklebacks and salmon.

Predation - In marine waters cutthroat may be preyed upon by Pacific hake, spiny
dogfish, harbor seals and adult salmon.

Human Interactions

Cutthroat trout are not fished commercially in Alaska. They are a highly prized
sport fish and are susceptible to overharvest due to small stock sizes.
Anadromous cutthroat populations have declined during the past 15-20 years.
Reasons cited for these declines include loss of stream habitat due to logging
activities and increased urbanization.
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Pink Salmon (Oncorhynchus gorbuscha)

Rane

Paciﬁc Ocean north of 40°N Latitude.

Migration

.Fry émerge from streams from late March through June and rapidly move to
feeding areas in nearshore migratory corridors. After about 8 weeks, fry move

to offshore waters where they mature for 12-15 months before returning to natal
streams to spawn.

Reproductive Period ..
Mature at 2 years. Adults die after spawning.
Spawning/Hatching

Spawning occurs from June to mid-September; hatching occurs in October -
January.

Survival/Life Span

Typical egg to fry survival is 5-10 percent; fry to adult survival is from 2-5
percent. The life cycle is complete in 2 years.

Habitat Use and Requirements

Adults - Migrate to the high seas where they mature. Adult pink salmon return
to natal streams to spawn and some travel considerable distances upstream.
However, in Prince William Sound as much as 75 percent may spawn in the
intertidal zone. Spawning redds (egg nests) are mostly built in riffles with
gravélly substrates and water velocity of 35-45 centimeters per second. All adults
die after spawning.

Fry and Juveniles - Fry spend very little time in freshwater; they migrate to
nearshore marine waters soon after emerging. When they reach approximately
7 centimeters in length, in approximately 8 weeks, they migrate to offshore
waters. Virtually all fry in Prince William Sound migrate and feed along the
western shore of the sound.

Food Web Interrelationships

Adults - Primary prey include euphausiids, squid and other invertebrates and
small fishes.

Fry and Juveniles - In nearshore nursery areas, fry feed on copepods and other

-~
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zooplé.nkton; Juveniles eat larger invertebrates and small fishes.

Predation - Eggs, alevins and fry are eaten by cutthroat trout, Dolly Varden, coho
salmon, other fishes and aquatic birds. Juvenile and adult salmon in offshore
areas are consumed by a variety of predatory birds, marine mammals, and
predatory fishes including other salmon. Bears, otters, other mammalian and
avian predators eat spawning salmon.

Human Interactions

Wild and hatchery pink salmon are the basis for multi-million dollar fisheries and
often occur together in mixed stock harvests. Hatchery runs established to
augment natural production and enhance fisheries can sustain a higher harvest
rate, and may pose a threat to important wild pink salmon populations if stock-
specific management practices are not implemented to protect wild stocks.
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Sockeye Salmon (Oncorhynchus nerka)
Rdinge

Sockeye salmon occur from northern California to Point Hope, Alaska. They are
also found from northeastern Siberia to northern Japan.

Migration

Smolts outmigrate in late spring or early summer, usually after spending 1-2
years in freshwater. For the first few months smolts rear in nearshore marine
areas, and by early winter they begin feeding in offshore areas such as the Gulf
of Alaska. The fish remain offshore until returning to their natal streams between
May and September. :

Reproductive Period

They commonly mature in their fifth or sixth year of life, and they die after
spawning.

Spawning/Hatching

Spawning typically occurs between July and October. Hatching occurs in mid-
winter to early spring with fry emerging from April to June.

Habitat Use and Requirements

Adults - Migrate to offshore waters to feed for 2-3 years before returning to their
natal streams to spawn. They spawn on lake shoals and in rivers and streams
with lakes or slow moving reaches as part of the system. Spawning occurs over
small to medium-sized gravels with good water flow.- The adults die after
spawning, and their carcasses contribute to the nutrient level of the system.
Juveniles - Soon after emerging from the redds (egg nests), young sockeye
migrate to lakes or slow flowing reaches of streams. For the first few weeks they
reside in shallow water at the lake edge. They then move to deeper water where
they feed in schools in the upper 20 meters of the lake at night. They remain in
freshwater for 1-2 years before outmigrating to coastal waters as smolt. For the
first 6 months in marine waters, they are found within 50 kilometers of the
shoreline.

Food Web Interrelationships

Adults - Euphausiids, amphipods, copepods and young fishes are the primary prey
while in the high seas. Adults do not feed once they near freshwater.

Juveniles - In freshwater, young juveniles feed on small insects and insect larvae.
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Juveniles in pelagic lake water feed on zooplankton. After migrating to saltwater
the smolts feed on a variety of small crustaceans, plankton and fish larvae.

Predation - Predatory fishes and marine mammals prey upon sockeye salmon in
saltwater. Bears and gulls are the primary predators of spawning adults.
Juveniles are preyed upon by other anadromous fish species including Dolly
Varden and rainbow trout. Juveniles are also an important prey species of some
bird species. _ .

Human Interaction

Sockeye salmon are recreationally and commercially harvested. They receive the
highest market price of any salmon species and support multi-million dollar
fisheries in Alaska. _ : :
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Pacific Herring (Clupea pallasi)

Raiige

North Pacific Ocean, from Baja California to the Beaufort Sea and to Japan.
Migration

Migrates from offshore coastal areas to nearshore coastal waters near natal
spawning areas in early spring.

Reproductive Period
First breeds between 2-4 years old. Spawns annually.
Spawning/Hatching

Spawn in March - early June in Prince William Sound; hatching occurs 14-25
days after laying depending on water temperatures during incubation.

Survival/Life Span
Egg-to-juvenile mortality is probably over 99 percent; lifespan is up to 19 years.
Habitat Use and Requirements

Adults - Little information is available about the offshore distribution of adults.
They are found to depths of 150 meters. Adults return to nearshore waters to
spawn in early spring where they remain until moving to nearshore rearing areas

. to feed. - In early fall, the herring move offshore to deeper waters where they
remain until spring. Herring spawn in intertidal and subtidal areas. - Spawning
substrates include kelp, eelgrass, prominent rocks or artificial substrates, such as
nets and other debris.

Larvae and Juveniles - Larvae are easily dispersed by local currents. Juveniles
probably remain in shallow waters, but may follow food sources to deep water,
until they migrate to offshore waters in the fall.

Food Web Interrelationships

Adults - Primary prey include planktonic crustaceans, euphausiids and fish larvae.
Larvae and Juveniles - Larvae eat a variety of zooplankton including crustacean,

mollusc and insect larvae, as well as copepods and fish eggs. Juveniles primarily
feed on crustaceans, mollusc and fish larvae.

Predation - Herring are an important prey base for a large number of species.

-
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The eggs provide food for a variety of shorebirds, diving birds, gulls,
invertebrates and some fish. Larvae are eaten primarily by jellyfish, as well as
amphipods, fish and others. Adults are food for larger fish, sharks, seals, sea
birds and whales.

Human Interactions

Herring are the basis for a multi-million dollar fishery and a long standing |
subsistence harvest. In addition, they are an important prey of many species of
birds, mammals and other fishes. :
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Rockfish (Sebastes spp. and Sebastolobes spp.

There are over 50 different species of rockfish with highly variable life history
chiracteristics. These genera are not well studied and specific information is
limited. Yelloweye rockfish (Sebastes ruberrimus) is a-commercially important
species in Alaska and has been used here to illustrate the life history
characteristics of rockfish.

Range

Yelloweye rockfish range from Baja California to the Cook Inlet in the Gulf of
Alaska.

Migration .

Movement and migration patterns are unknown for the species.  Seasonal
migrations may not exist, though some species move long distances throughout
their lifetime. Movement to deeper water is common with size and age.

Reproductive Period

Yelloweye rockfish first breed between 14 and 19 years of age. They breed
annually after reaching maturity. '

Spawning/Hatching

Rockfish do not lay eggs, but release live planktonic larvae. Yelloweye rockfish
release larvae from April through June in southeastern Alaska.

Survival/Life Span

Yelloweye males have reached 103 years of age, and females at 114 have been

documented. Males tend to be fewer at older ages.

T

Habitat Use and Requirements

<

Very little life history information is available.

Adults - Yelloweye rockfish are found around coastal reefs and were abundant
over varied rocky bottoms that included ragged, steep pinnacles and boulder fields
at 90-100 meter depths of southeastern Alaska. Depths vary by species, age and
size, with depths up to 365 meters recorded. Most yelloweyes are caught at
depths of 75-135 meters.

Larvae and Juveniles - Very little is known about these life stages which are
highly variable between species. Some are pelagic, some drift with kelp, others
quickly become demersal. Some juvenile yelloweye were noted in boulder fields
at 90-100 meter depths in southeastern Alaska.
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~ Food Web Interrelationships

Yelloweye rockfish are opportunistic predators. They feed on a variety of crabs,
shrimp, snails and fish. ' '

Predation - Small rockfish and rockfish larvae are eaten by other fishes, including
larger rockfish.

~Human Interactions
Ro(;kﬁsh provide an important secondary fishery in the Gulf of Alaska.
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Dolly' Varden (Salvelinus malma) - Anadromous populations
Range

Dolly Varden are found from the Arctic coast of Alaska to southern British
Columbia.

Migration

Anadromous Dolly Varden spend summers in nearshore marine environments.
From October through November they migrate to freshwater streams and lakes
to spawn. Dolly Varden overwinter in freshwater until spring, returning to
coastal waters following ice-breakup.

Reproductive Period

Maturation age is variable, occurring usually between 4 and 7 years. Although
post-spawning mortality is high, some females have survived to spawn four times.

Spawning/Hatching

Spawning activity occurs from September through November for most Dolly
Varden populatlons Hatching occurs 4-5 months later, with free swimming fry
emerging in April or May.

Survival/Life Span

Egg to alevin survival has been estimated to be 40.7 percent; alevin to smolt, 1.1
percent; and smolt to. spawning adult, 23.5 percent. Life span can range up to
12 years.

Habitat Use and Requirements

Adults - Outmigration from freshwater to marine environments occurs each
spring. Adults stay in estuary and nearshore coastal habitats until returning to
freshwater streams to spawn. Immature fish and nonspawning adults return to
freshwater later than spawning adults. Spawning occurs in streams with gravel
substrates, slow to moderate water velocities, and temperatures between 0.5 and
13°C. Adults overwinter in deep lakes or river pools, and near groundwater
spring areas.

Fry and Juveniles - Younger fry rely on logs, undercut stream banks and other
debris to provide cover from predators. Juveniles prefer quiet pools near swift
currents. They overwinter in deep pools and lakes.
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Food Web Interrelationships

Adults - Smelt, herring, juvenile salmon, sandlance and other small fish and
invertebrates are eaten while the Dolly Varden are in marine water. Juvenile
salmon, sticklebacks and invertebrates are preyed on in freshwater.

Fry and Juveniles - Aquatic invertebrates, larvae and fish eggs are the primary
prey. Fry and juveniles feed primarily near the stream and lake bottoms.

Human Interactions
Dolly Varden are an important sport fish.
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Spot Shrimp (Pandalus ceros,
Range

North Pacific Ocean, from southern California to the Bering Strait, and to Japan
and Korea. :

Migration

Long-range movements of spot shrimp are unlikely. However, daily movements
bring the shrimp to shallow waters at dusk and to deeper waters during the day.

Life Cycle

spoit-svhl"i.mp are hermaphroditic. They are juveniles for 1-2 years after hatching,
then become functional males until 3-5 years of age. They reach a transitional
phase from 6-7 and remain as females until they die between 7-10 years of age.

Reproductive Period

Studies in Prince William Sound indicate that spot shrimp may lay multiple egg
clutches before death. Conversely, studies from British Columbia have indicated
a shorter life span and a single clutch of eggs per female.

Mating/Hatching

Mating occurs in the fall and females carry the eggs for 5-6 months. The eggs
hatch from March-April.

Habitat Use and Requirements

Spot shrimp are found at depths ranging from 4 to 487 meters, but they are most
common in shallower marine waters. The adults prefer areas with rocky bottoms
andfairly steep slopes. Rock crevices, cracks and small caves are used as hiding
places; shrimps will also use vegetation as cover against predators. The larvae
are pelagic when they first hatch and become demersal as juveniles. Movements
between depths and distance from shore occur daily as adults.

Food Web Interrelationships
Spot shrimp feed on detritus and worms (annelids), and on other crustaceans.
Predation - Spot shrimp are an important prey item for many other species. They

are an important component in the diet of fish, e.g. salmon, rockfish, Pacific cod,
and octopus as well as diving seabirds.
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i Human Interactions

- Spot shrimp are of commercial and recreational importance. They are primarily

~ caught in traps, but are incidentally caught in trawls. In the late 1980s, the
Alaska Department of Fish and Game reduced the allowable harvest in parts of
Prince William Sound. This change was due to information from experimental
fishery management areas which raised concerns about over-harvest.
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Descriptions of Other Injured Resources and Services

The Exxon Valdez oil spill affected several resources and services normally
provided to the public. These include: archaeological resources, recreation,
wilderness and intrinsic values, subsistence and commercial fisheries.

Archaeological Resources

Archaeological resources, including sites and the artifacts, constitute an important
part of our national and state heritage. They also have international importance
in that they constitute a significant link in our knowledge and understanding of
Native peoples who have inhabited Arctic and subarctic regions for many
thousands of years. These resources help us understand our ancestors’ past and
. enable greater. appreciation. for-the richly -varied cultures found in Alaska. The
oil-spill area contains both ancient and more recent archaeological resources.

The U.S. Congress recognized the significance of archaeological resources when
it passed the Archaeological Resources Protection Act of 1979. In that act they
recognized that: :

"Archaeological resources on public lands and on Indian lands are an
accessible and irreplaceable part of the Nation’s heritage. "

Similarly, the Alaska State Legislature passed the Alaska Historic Preservation
Act. That law states:

"It is the policy of the state to preserve and protect the historic,
prehistoric and archaeological resources of Alaska from loss, desecration
and destruction so that the scientific, historic and cultural heritage

embodied in these resources may pass undiminished to future generations.

To this end...historic, prehistoric and archaeological resources of the state

are properly the subject of concerted and coordinated efforts exercised on
behalf of the general welfare of the public..."

b

Recreation and Wilderness and Intrinsic Values

Alaska has the most significant assemblage of park, refuge and forest lands in the
United States, and much of this land is still wild. Large portions of lands under
Federal management in the spill area have been designated wilderness areas by
the Congress. Such lands are included within Katmai National Park and the
Becharof National Wildlife Refuge, both areas were contaminated with Exxon
Valdez oil. Areas within the Chugach National Forest and Kenai Fjords National
Park are in wilderness study area status. Under state management, the Kachemak
Bay State Wilderness Park lies on the outer coast of the Kenai Peninsula and it
too, felt the effects of the oil spill.

These designated wilderness lands and thousands more acres of undesignated
wildlands and developed lands provide, in part, the basis for Alaska’s tourist
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economy. A wide range of activities take place on these lands, some by
individuals or small groups seeking a personal experience, and others with the aid
of businesses that provide a variety of professional services enabling visitors to
use and enjoy the wilderness. Recreational activities-include: hunting, fishing,
hiking, camping, skiing, sightseeing, power boating, kayaking and photography.

Béyond those who actively use these lands, many Americans benefit by knowing
that in Alaska large areas of undeveloped lands provide habitat for natural,
healthy populations of wildlife.

Subsistence Use

Many people, most notably rural residents of Prince William Sound, the Kenai
Peninsula, lower Cook Inlet and the entire Kodiak archipelago use a wide variety
- of subsistence resources to provide for essential needs. Many communities in the
oil-spill area have mixed subsistence-cash economies. Considerable subsistence
harvest occurs on State, Native and Federal lands within the spill area.
Subsistence resources, such as fish, birds, and marine and terrestrial mammals,
provide vital food resources without which people could not live. Many of these
same resources provide products that serve important functions in daily life and
play a significant role in cultural practices and traditions. Several resources are
shared with members of the communities unable to obtain them or are traded for
other needed items. '

Although no single Federal or State statute defines the full range of subsistence
uses or users, both the Alaska Constitution and the Alaska National Interest Lands
Conservation Act address the value and importance of subsistence.

The Alaska Constitution, in Article VIII, Section 3 states:

"Wherever occurring in their natural state, fish, wildlife, and waters are
reserved to the people for common use."

In 1980 Congress approved the Alaska National Interest Lands Conservation Act.
Title VIII, "Subsistence Management and Use" recognizes two important
concepts: the need for continued opportunity for subsistence, and the uniqueness
of the Alaska situation. ANILCA Section 801 (1) states:

"the continuation of the opportunity for subsistence uses by rural residents
of Alaska, including both Natives and non-Natives, on the public lands
and by Alaska Natives on Native lands is essential to Native physical,
economic, traditional, and cultural existence and to non-Native physical,
economic, traditional, and social existence."
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ANILCA Section 801 (2) states:

"the situation in Alaska is unique in that, in most cases, no practical

- alternative means are available to replace the food supplies and other items
gathered from fish and wildlife which supply rural residents dependent on
subsistence uses."

Commercial Fisheries

The seafood industry is the second largest generator of revenue in the state. The
industry provides nearly 70,000 seasonal jobs, which translates to 33,000 direct,
indirect and induced year-round jobs. Total current investment by the Alaska
seafood industry is estimated at $4 billion.. . . . . . ~

In Kodiak, one of the major fishing ports impacted by the oil spill, seafood
landings ranked third in both cash value and volume in the United States from
1988 to 1990. Kenai landings (Cook Inlet) ranked 23rd in volume, but 8th in
value during the same time period. Cordova landings were 14th and 13th in
value.

All five species of Pacific salmon, herring, bottomfish, including halibut, cod and
several species of sole, and king, tanner and dungeness crab comprise the Kodiak
fisheries. Herring support a food and bait and a sac roe fishery. Pink and
sockeye salmon are of major ecological as well as economic importance.

In Cook Inlet all five species of Pacific salmon are caught as well as herring and
shellfish, especially razor clams. Herring support two sac roe fisheries, the
Kamishak and the Outer and Eastern Districts. Sockeye are the most abundant
salmon, ecologically and economically.

Pacific herring are the most abundant species of ecological importance in Prince
William Sound. These populations support a fall food and bait fishery, a purse
seine and gill net sac roe fishery, and a wild and pound spawn-on-kelp fishery.
Together they constitute the second largest herring fishery in the state.

The pink salmon fishery, however, constitutes the major volume and value of the
annual commercial harvest. Groundfish landings are increasing as that fishery
develops. Shellfish, including tanner crab and spot shrimp, are also important
fisheries in the Sound. -
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APPENDIX B
POTENTIAL RESTORATION

OPTIONS

NOTE: The following options are presented for the purpose of public comment
and are not recommendations by the Trustees.

TABLE OF CONTENTS FOR APPENDIX B
I. Restoration Options for Fuither COnsideration _
Management of Human Uses
1. archaeological resource protection
2. intensify management of fish and shellfish

3. increase management for fish and shellfish that previously did not require
intensive management

4. reduce disturbance at marine bird colonies and marine mammal haul-out
sites and rubbing beaches

5. reduce harvest by redirecting sport-fishing pressure

6. redesignate a portion of the Chugach National Forest as a National
Recreation Area or Wilderness Area

7. increase management in parks and refuges

8. restrict or eliminate legal harvest of marine and terrestrial mammals and
sea ducks

9. minimize incidental take of marine birds by commercial fisheries .
Manipulation of Resources
10. preservation of archaeological sites and artifacts

11. improve or supplement stream and lake habitats for spawning and rearing
of wild salmonids

12. creation of new recreation facilities
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13.

"14.
15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

3

28

29.

eliminate sources of persistent contamination of prey and spawning
substrates

accelerate recovery of upper intertidal zone

supplement intertidal substrates for spawning herring

test feasibility of enhancing murre productivity

eliminate introduced foxes from islands important to nesting. marine birds

replace fisheries harvest opportunities by establishing alternative salmon
runs

Habitat Protection and Acquisition

update and expand the State’s Anadromous Fish Stream Catalog
establish an Exxon Valdez oil spill "special management area"
acquire tidelands

designate protected marine areas

acquire additional marine bird habitats

acquire "inholdings" within parks and refuges

protect or acéuire upland forests and watersheds

acquire extended buffer strips adjacent to anadromous fish streams
designate and protect "benchmark"” monitoring sites

acquire access to sport-fishing streams

establish or extend buffer zones for nesting birds

Other Options

30.

31.

32.

33.

test subsistence foods for hydrocarbon contamination
develop comprehensive monitoring program
endow a fund to support restoration activities

develop integrated public information and education program
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34. establish a marine environmental institute
35. replaéement of archaeolqgical artifacts
IL. R;:sto:ation Options Rejected (listed by resource and service categories)

1. sea otters and harbor seals
2. killer whales

3. rivér otters |

4. common murres and marbled murrelets
5. marbled murrelets

6. harlequin ducks

7. harlequin ducks and black oystercatchers
8. bald eagles

9. pink salmon and sockeye salmon

10. rockfish

11. spot shrimp

12. coastal habitat

13. archaeological resources

14. multiple resources
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OPTION 1:  Archaeological Resource Protection
APPROACH CATEGORY: Management of Human Uses
INJURED RESOURCES AND SERVICES: Archaeological sites and artifacts
BACKGROUND AND JUSTIFICATION:
Beach clean-up activities resulted in increased public knowledge of exact locations
of archaeological sites. Consequently, loss of these resources from vandals has
increased. Inherently, archaeological resources injured by the oil spill are not
restorable and the remoteness of sites makes enforcement of archaeological
protection laws difficult. A site steward program could be developed to establish
a corp. of local. citizens..to..watch .over . threatened archaeological sites.
Additionally, agency monitoring and public education efforts could be expanded
to discourage vandalism. The agencies also could develop cooperative
management plans for archaeological resources to better coordinate their activities
in the oil-spill area.
ACTION:

® create an archaeological site stewardship program;

® increase number of public contact patrols in the oil-spill area; and

® expand public education efforts.
INFORMATION NEEDED TO IMPLEMENT OPTION:

No further information is needed to accomplish this work.
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‘OPTION 2: - Intensify Management of Fish and Shellfish
APPROACH CATEGORY: Management of Human Uses

INJURED RESOURCES AND SERVICES: Pink and sockeye salmon, Dolly
Varden, coastal cutthroat trout, Pacific herring, rockfish, and spot shrimp

BACKGROUND AND JUSTIFICATION:

Managing the human uses of fisheries resources, including both commercial and
recreational, is fundamental to the restoration of oil-spill injuries. Intensive
fisheries management could temporarily reduce human pressure on injured wild
stocks or populations to speed their recovery. As a means of minimizing impacts
on the fisheries, existing fisheries could be restricted or redirected to alternative
~sites. In the case of sockeye salmon, for example, one objective is to relieve
pressure on what are anticipated to be small runs in the Kenai River system in the
next several years, without shutting down other Upper Cook Inlet fisheries.

ACTION:

® develop and implement program to upgrade and intensify management
of injured fisheries resources throughout oil-spill area.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Intensive management of injured fish and shellfish resources will be difficult,
especially in mixed-stock (i.e., wild and hatchery) fisheries. Improved population
modeling, application of genetic and other techniques to separate stocks, and
other research and monitoring studies are needed to support intensified fisheries
management.
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Of"l‘ION 3:  Increase Management for Fish and Shellfish that Previously Did
: Not Require Intensive Management .

APPROACH CATEGORY: Management of Human Uses
INJURED RESOURCES AND SERVICES: Rockfish, spot shrimp
BACKGROUND AND JUSTIFICATION:

Prior to the oil spill, commercial fishing did not require comprehensive
management plans for some species. This was true for rockfish (various species)
and spot shrimp, both of which were to some degree injured by the oil spill itself.
The directed harvest and by-catch of rockfish increased significantly in 1990 and
... 1991, because fishing efforts were shifted from.salmon and herring to groundfish.
Rockfish are of particular concern; they are- long -lived and slow-growing and
overharvest could greatly exacerbate oil-spill injuries. Development and
implementation of management plans will aid the recovery of rockfish and spot
shrimp by ensuring that human harvests are consistent with the status and
productivity of post-oil-spill populations.

ACTION:

® develop and implement a fishery management plan for rockfish and
spot shrimp. The management plans should establish harvest levels,
times and areas that are appropriate to allow for recovery from oil-spill
injuries. '

INFORMATION NEEDED TO IMPLEMENT OPTION:

Considerable information is needed to develop management plans, including data
on commercial and sport catches to describe age and size composition, natural
mortality rates, general seasonal movements, stock abundance and recruitment.
Separation of discrete stocks through genetic and other studies are also needed to
enable management on a targeted rather than broad-scale basis.
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 OPTION 4:  Reduce Disturbance at Marine Bird Colonies and Marine
Mammal Haul-Out Sites and Rubbing Beaches

APPROACH CATEGORY: Management 6f Human Uses
INJURED RESOURCES AND SERVICES: Marine birds and marine mammals
BACKGROUND AND JUSTIFICATION:

. Human disturbance can adversely affect the fitness or reproductive success of
marine birds and mammals. Especially vulnerable are species that gather in large
numbers and traditionally make use of small, discrete sites. Examples include

~ colonies of common murres, which typically nest on cliffs, haul-out sites

- frequented by harbor seals, and rubbing.beaches used.by killer whales. In the
case of common murres, recent reports have indicated specific problems with the
shooting of halibut landed by charter-boat operators in the Barren Islands. The
sound of the gunshots causes murres to flush in a panic from the nesting cliffs,
kicking eggs off the cliffs and leaving eggs and chicks vulnerable to avian
predators. Problems such as these can be approached through the education of
tour- and charter-boat operators and the fishing industry. Designation of buffer
zones around particularly sensitive areas and stricter enforcement of harassment
provisions in the Marine Mammal Protection Act and the Migratory Bird Treaty
Act also are possibilities. '

ACTION:

® educate tour- and charter-boat operators about appropriate behavior
near sensitive marine bird and mammal areas;

® increase the field presence of Trustee.agencies at such areas;

® consider restrictive measures, such as the designation of buffer zones; -
and

® consider greater enforcement of Federal and State laws.
INFORMATION NEEDED TO IMPLEMENT OPTION:
There is need to determine the specific areas and times in which birds and

mammals are sensitive to disturbance. No additional information is needed to
implement the education component of this option.
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OPTION 5:  Reduce Harvest by Redirecting Sport-Fishing Pressure
APPROACH CATEGORY: Management of Human Uses

INJURED RESOURCES AND SERVICES: Dolly Varden and cutthroat trout
BACKGROUND AND JUSTIFICATION:

Spill-related injuries to cutthroat trout and Dolly Varden have resulted in a loss
of sport fishing opportunities in Prince William Sound. Both of these species are
important components of recreational fisheries in this area. Moreover, because

the affected population of cutthroat trout is at the extreme northern limit of its
geographic range, it iS important to protect the genetic integrity of these

.. populations... The proposed option is designed to manage this recreational fishery

in a manner that would redirect pressure away from impacted populations,
maintain sport fishing opportunities and, at the same time, conserve the unique
gene pool of these wild stocks.

ACTION:

® prepare a fisheries management plan that includes some or all of the
following alternatives:

- close oiled streams in Prince William Sound;
- redirect recreational fishing to non-oiled streams and drainages; and
- reduce creel limits in the affected area.
INFORMATION NEEDED TO IMPLEMENT OPTION:
Resulté from recovery monitoring studies will provide timing data for manage- -
ment actions. Results of survey and inventory studies will provide locations for

alternative sport-fishing opportunities. Stock status data on Dolly Varden and
cutthroat trout populations will aid in the development of the management plan.
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 OPTION 6: Redesignate a Portion of the Chugéch National Forest as a
' National Recreation Area or Wilderness Area

APPROACH CATEGORY: Management of Human Uses

~ INJURED RESOURCES AND SERVICES: Recreation, fish, including salmon,
coastal cutthroat trout, and Dolly Varden

BACKGROUND AND JUSTIFICATION:

The waters of Prince William Sound are surrounded by the Chugach National
Forest. The area is recognized as biologically rich and it provides a variety of
resources, including significant opportunities for private and commercial
recreation. The National Forest. System contains several national recreation areas
‘and designated wilderness areas. Management of national ‘recreation areas
emphasizes recreational values and the habitats needed to sustain recreational
opportunities. Management of wilderness areas emphasizes the preservation of
pristine qualities and opportunities for nonmechanized recreation. Within the
Chugach National Forest, Congress previously designated the Nellie Juan/College
Fjords wilderness, study area, but has never resolved fts permanent status.
Changing the designations of all or parts of the Chugach National Forest would
alter management directions to favor recreational opportunities and wilderness
qualities. '

ACTION:
® recommend that the Forest Service integrate consideration of national
recreation area and wilderness area designations into its management

planning process for the Chugach National Forest; and

® if redesignation is determined to be appropriate, that recommendation
must be forwarded to Congress for legislative approval.

INFORMATION NEEDED TO IMPLEMENT OPTION:

. The Forest Service must gather some new data on the changes brought about by
the oil spill on forest resources.
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OPTION 7: Increase Management in Parks and Refuges
APPROACH CATEGORY: Management of Human Uses

INJURED RESOURCES AND SERVICES: Coastal habitat, wildlife, fisheries
and recreation within State and Federal parks and refuges

BACKGROUND AND JUSTIFICATION:

There are many parks and refuges scattered throughout the oil-spill area. Because
of the size and location of these areas, managing agencies are limited in their
ability to provide an extensive field presence. It may be desirable to increase the
staff capability and frequency of patrols to ensure that human use activities are
.. conducted in a manner that safeguards.the recovery potential of injured resources.

ACTION:

® hire and train additional staff to patrol and monitor spill-affected public
lands; and
h ]
® provide interpretive services to educate the public about the spill and
explain how they can minimize their chances of impeding resource

recovery.
INFORMATION NEEDED TO IMPLEMENT OPTION:

This option needs no additional information to implement.
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_OPTION 8:° Restrict or Eliminate Legal Harvest of Marine and Terrestrial
Mammals and Sea Ducks

APPROACH CATEGORY: Management of Human Uses

INJURED RESOURCES AND SERVICES: Sea otter, harbor seal, brown bear,
river otter, and harlequm duck

BACKGROUND AND JUSTIFICATION:

Continued harvest of several species could slow or negate recovery from oil-spill
injuries. Legal hunting and trapping of these species represents a controllable
source of mortality that can be considered in developing a restoration strategy.
Brown bears are taken by sport hunters.in the oil-spill area-and river otters are
trapped for their furs. Under the Marine Mammal Protection Act, subsistence
users are allowed to take sea otters and harbor seals. Recently, some subsistence
users have voluntarily reduced their take of marine mammals. Harlequin ducks
are shot by both sport and subsistence users. In 1991 the Alaska Department of
Fish and Game delayed the open season on harlequin ducks in Prince William
Sound and along the outer Kenai Coast to protect the small resident breeding
population prior to an influx of a much larger number of migrant and wintering
ducks.

ACTION:

® if necessary, recommend that the Alaska Department of Fish and Game
temporarily restrict or close harvests of brown bear, river otter, and
harlequin ducks in the oil-spill area; and

® convey information to subsistence users about the status of injured
species of marine mammals and other resources and, if appropnate
encourage voluntary reductions in harvest levels.

INFORMATION NEEDED TO IMPLEMENT THE OPTION:

Monitor population levels of injured species, establish harvest levels in oil-spill
area and estimate the influence of annual harvests on the recovery of these

species.
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OPTION 9:  Minimize Incidental Take of Marine Birds by Commercial
Fisheries

APPROACH CATEGORY: Management of Human Resources

INJURED RESOURCES AND SERVICES: Marine birds

BACKGROUND AND JUSTIFICATION:

Large numbers of marine birds are susceptible to being tangled and drowned in
commercial fishing gillnets. Local, nearshore fisheries can cause the death of

significant numbers of marine birds as evidenced with common murres in a
halibut/croaker fishery in California and with marbled murrelets in a salmon

. gillnet fishery in British.Columbia.... Research-on marine bird mortalities due to

commercial fisheries in Alaska has been limited. Data from the National Marine
Fisheries Service’s observer program in 1990 suggested that the annual mortality
from Prince William Sound drift gillnets was 836-2100- marine birds, most of
which were marbled murrelets. This mortality is not high relative to the overall
size of the murrelet population, but on a local basis it could slow recovery from
oil-spill related injuries. Management strategies, such as reducing hours of night-
time fishing during critical times in discrete areas, may. reduce the mortality.

ACTION:

® if necessary, develop and implement strategies to reduce the incidental
mortality of marbled murrelets in drift gillnets.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Design and implement a sampling program throughout the spill area to obtain data
on the significance, level and distribution of annual driftnet mortalities.
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-OPTION 10:  Preservation of Archaeological Sites and Artifacts
APPROACH CATEGORY: Manipulation of Resources

- INJURED RESOURCES AND SERVICES: Archaeological sites and artifacts

BACKGROUND AND JUSTIFICATION:

Important archaeological sites, protected by Federal and State laws, were oiled.
_At some sites oil continues to degrade artifacts, to spread further within sites and
to contaminate additional artifacts. Erosion also may be a problem at some sites.
The information within some sites could be totally lost, especially since petroleum
residues interfere with Carbon' dating techniques. Additionally, increased public
knowledge of exact archaeological sites locations. is encouraging vandalism.
‘Since these injured archaeological resources: are not restorable, excavation may
be the best option available to retrieve valuable information from some of the key
sites and artifacts before they are rendered useless. It may be necessary to
develop cleaning techniques so that standard radiocarbon dating procedures can
be used to establish age of artifacts. :

ACTION:

® excavate and document (e.g., photographic record) the most threatened
and significant archaeology sites.!

INFORMATION NEEDED TO IMPLEMENT OPTION:

Completion of damage assessment studies will enable managers to more fully
understand the effects of oiling on a site-specific basis. Thereafter, possible
excavation sites can be ranked, based upon their value and ability to contribute
knowledge. .

I

1 Antifacts collected during excavations will be curated, or distributed to appropriate institutions, by the responsible
agency. )
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OPTION 11: Improve or Supplement Stream and Lake Habitats for Spawning
and Rearing of Wild Salmonids _

APPROACH CATEGORY: ‘Manipulation of Resources
INJURED RESOURCES AND SERVICES: Pink and sockeye salmon
BACKGROUND AND JUSTIFICATION:

There are a variety of established techniques for improving or supplementing
spawning and rearing habitats to restore and enhance injured wild salmonids.
These include construction of spawning channels and fish passes, removal of
barriers impeding access to spawning habitats and addition of woody debris. In-
stream productivity can be improved by. placement of egg boxes and use of net
pens for rearing fry. Unlike pink and chum salmon which swim to sea in their
first year, young sockeye salmon grow in lakes for 1-3 years before emigrating
to sea. One restoration technique for sockeye is to add chemical fertilizers to
lakes to temporarily supplement the natural nutrients needed to sustain prey on
which the fry feed. Once a run is restored, the decomposition of the carcasses
of spawned salmon are a natural source of the nutrients needed to sustain the food
chain.

ACTION:

® construct or implement stream and lake improvements for the spawning
and rearing of wild salmonids.

INFORMATION NEEDED TO IMPLEMENT THE OPTION:

Although stream and lake enhancement techniques are well established, there is
need for site-specific analyses to determine which techniques are appropriate. An
overall enhancement plan is needed to ensure an efficient, coordinated approach -
throughout the oil-spill area.
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OPTION 12: C;eation of New Recreation Facilities
APPROACH CATEGORY: Manipulation of Resources
INJURED RESOURCES AND SERVICES: Recreation
BACKGROUND AND JUSTIFICATION:

The oil-spill area contains an important assemblage of public lands that provide
recreational services to the public. These lands include a national forest, several
state and national parks and national wildlife refuges. A full range of private and
commercial recreational activity occurs in these areas, supported by facilities like
mooring buoys, boat ramps, recreational-use cabins, camping sites, and trails.

ACTION:

® replace or construct new recreational facilities within the oil-spill area.
INFORMATION NEE]_DED TO IMPLEMENT OPTION:
Identify facilities and sites that have been damaged, destroyed or rendered
unusable by the Exxon Valdez oil spill or clean up. The agencies then need to

identify what actions may be taken to restore, replace or enhance recreation sites
and opportunities.
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OPTION 13:  Eliminate Sources of Persistent Contamination of Prey and
Spawning Substrates

APPROACH CATEGORY: Manipulation of Resources

INJURED RESOURCES AND SERVICES: Coastal habitat, blue mussels,
harlequin ducks, sea otters, black oystercatchers, river otters, fisheries,
subsistence

BACKGROUND AND JUSTIFICATION:

Continued oil contamination in substrate used for spawning may affect fish-egg
deposition and survival. Mussel beds throughout the spill area were not cleaned
during_the oil spill cleanup because of the uncertainty of appropriate cleaning
techniques. Mussels are an important food resource for a variety of injured
species and the acute, chronic or sublethal effects of this continuing contamination
are poorly understood. However, there is potential for movement into higher
trophic levels, such as birds and mammals. This may cause chronic, sublethal
effects at both the individual and population levels, further affecting the health
and survival of injured resources.

ACTION:

® determine and implement, if necessary, the most effective and least
destructive method of cleaning mussel beds and other critical oiled
areas.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Conduct field surveys and sampling of oiled mussel beds and other areas
throughout the spill area and chemical analyses of sediments and mussel tissue to
determine the extent of the problem and the toxicity of the oil. Conduct additional
field tests to determine the most effective and least destructive method of cleaning
oiled mussel beds.
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OPTION 14: Accelerate Recovery of Upper Intertidal Zone
APPROACH CATEGORY: Manipulation of Resources

INJURED RESOURCES AND SERVICES: Upper intertidal community of
invertebrates and algae, especially the brown alga (Fucus)

BACKGROUND AND JUSTIFICATION:

Much of the upper intertidal zone within the oil-spill area was heavily oiled and
subjected to intensive cleanup. This zone is dominated by the brown alga Fucus
gardneri (popweed) which is not recovering rapidly. Moreover, many of the
other life forms that use the upper intertidal are dependent upon this alga and
associated invertebrate fauna for food and cover.. The .scientific literature
-indicates that Fucus is slow to recover and that its recovery is very important to
the rest of the intertidal community. It is also important to evaluate the long-term
effects of the various clean-up techniques that were used in the intertidal zone.
Conclusions derived from the assessment of these techniques may have significant
bearing on clean-up decisions for future spills.

ACTION:

® implement ways to expedite the recovery of the upper intertidal
community, especially Fucus; and

® design and implement a monitoring program that will assess the effects
of the various methods that were used to remove oil from the intertidal
zone. :

INFORMATION NEEDED TO IMPLEMENT OPTION:

There is need to conduct feasibility studies to test alternative methods of
accelerating recovery of Fucus in the field.
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OPTION 15: Supplement Intertidal Substrates for Spawning Herring

APPROACH CATEGORY: Manipulation of Resources
INJURED RESOURCES AND SERVICES: Pacific herring
BACKGROUND AND JUSTIFICATION:

Pacific herring spawn on a variety of intertidal and subtidal substrates, including
Fucus and Laminaria. Herring eggs, larvae and spawning substrates were
adversely impacted by the spill and cleanup. Attempts to supplement spawning
habitat in the United States and abroad with both artificial and cultured
macroalgal substrates have successfully increased herring egg survival and
..populations... In Russia,. spawning habitat- enhancement has been successful in
substantially increasing herring egg-survival:- T

ACTION:

® enhance and replace spawning substrates in areas used by spawning
herring.

INFORMATION NEEDED TO IMPLEMENT OPTION:

It will be necessary to test the feasibility of implementing this option on a scale
sufficient to benefit the herring population.
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OPTION 16:  Test Feasibility of Enhancing Murre Productivity
APPROACH CATEGORY: Manipulation of Resources

| INJURED RESOURCES AND SERVICES: Commonr murres

- BACKGROUND AND JUSTIFICATION:

Numerically, common murres suffered the greatest direct mortality from the oil
spill of any vertebrate species. Although murre populations have been damaged
by previous oil spills and other human-related perturbations, there have been no
documented attempts at direct restoration of murre colonies. Based on restoration
work with related species and an understanding of murre behavior, there are
several . techniques .that hold . some -promise- of- increasing--murre- productivity.
Methods that could be considered include enhancing social stimuli (e.g., use of
decoys and recorded calls) to encourage nesting activity and improving the
physical characteristics of nest sites (e.g., adding sills to ledges) to increase
productivity. These techniques are experimental and possibly intrusive, but if
effective, have the potential to reduce the recovery time of murres nesting in
colonies in such places as the Barren Islands. Without intervention, the time to
recovery is now estimated to be in the decades.

ACTION:

® conduct field study to determine the feasibility of techniques to
enhance the productivity of common murres.

INFORMATION NEEDED TO IMPLEMENT OPTION:
It will also be important to consider the practicality of implementing successful

techniques on a scale sufficient to reduce the recovery time of the murre
population. -
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OPTION 17: Eliminate Introduced Foxes from Islands Important to Nesting
Marine Birds

APPi-{OACH CATEGORY: Manipulation of Resources
INJURED RESOURCES AND SERVICES: Marine birds
BACKGROUND AND PURPOSE:

Foxes are not indigenous to many of the islands of the Aleutian chain and Gulf
of Alaska. Foxes were introduced on more than 400 islands to be raised and
trapped for their furs. Introduced foxes reduced and eliminated populations of
surface, burrow and in some cases cliff-nesting birds in a matter of years. More
. than 50 islands still have introduced foxes, and-bird populations on these islands
have never recovered. Where foxes have died out naturally or been eliminated
through trapping and shooting, recovery of marine bird populations has been
dramatic. Elimination of introduced foxes on selected islands may result in
increased numbers and diversity of marine birds in Alaska and be viewed as
"acquiring" resources equivalent to the estimated several hundred-thousand marine
birds lost due to the oil spill. If selected as a restoration option, introduced foxes
can be eliminated successfully on smaller islands using traps and guns. Most of
the target islands would be in the Aleutian Islands, west of the oil-spill area.

ACTION:

® cradicate red and arctic ("blue") foxes on islands in the western Gulf

of Alaska and in the Aleutians where such foxes are not indigenous,

and the island is or was important to nesting alcids (murres, puffins,
auklets, murrelets), storm-petrels, gulls and terns, and waterfowl, such

~ as eiders and Canada geese.

INFORMATION NEEDED TO IMPLEMENT OPTION:

No additional information is needed to implement this project other than to select
target islands where successful, cost-effective programs can be instituted.
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OPTION 18:  Replace Fisheries Harvest Opportunities by Establishing
Alternative Salmon Runs ’

APPROACH CATEGORY: Manipulation of Resources
INJURED RESOURCES AND SERVICES: Pink and sockeye salmon
BACKGROUND AND JUSTIFICATION:

Establishing alternative salmon runs can relieve pressure on injured wild stocks

" or replace harvest opportunities curtailed due to the restoration needs of injured
wild stocks. For example, pink salmon produced in hatcheries are comprised
largely of late-run stocks that return at the same time as most wild stocks of
injured pink salmon in Prince William. Sound... Harvest of the hatchery stocks in -
“this mixed hatchery-wild stock fishery- increases pressure on the wild stocks.
Early runs of hatchery salmon could be established to alleviate pressure on the
injured wild stocks without reducing harvest opportunities. Another example is
to temporarily stock hatchery-reared smolts to replace loss of sockeye fishing
opportunities that resulted from overescapement when most Kodiak-area
commercial salmon fishing was closed in 1989. This would only be appropriate
in situations where injured wild stocks would not be affected by the replacement
fishery.

ACTION:

® establish alternative salmon runs as appropriate and necessary to
relieve pressure on injured wild stocks or to replace lost harvest
. opportunities during the recovery of wild stocks.

INFORMATION NEEDED TO IMPLEMENT OPTION:
Establishing early-run hatchery salmon requires identification and development

of the appropriate brood stock. In all cases, care must be taken to not further
harm or complicate the management of injured wild stocks.
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OPTION 19: . Update and Expand the State’s Anadromous Fish Stream |
Catalog '

APPROACH CATEGORY: Habitat Protection and Acquisition

INJURED RESOURCES AND SERVICES: Anadromous fish, streams and
intertidal spawning habitat

BACKGROUND AND JUSTIFICATION:

Numerous anadromous streams were affected by the spill and cleanup. Many of
these streams are listed in the Anadromous Waters Catalog and Atlas maintained
by the Alaska Department of Fish and Game. Additional streams were identified

... as part of the response survey. effort following the oil spill and were added to the
catalog. These new additions, as-well as- a-number of previously identified
streams, need to be surveyed as part of their evaluation as anadromous fish
habitat. Evaluation of management or protection and acquisition options for
restoring anadromous fish and their habitats will need the information acquired
as part of these surveys. Under the State Forest Practices Act, streamside buffers
are required bordering certain anadromous streams. This may be an important
tool in the restoration of any stream-related ‘species.

ACTION:

® survey and catalog anadromous streams located within the affected
area. "

INFORMATION NEEDED TO IMPLEMENT OPTION:

Field surveys of anadromous streams within the affected area will provide the
necessary information for documentation.
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OPTION 20:  Establish an Exxon Valdez Oil Spill "Special Management Area"
APPROACH CATEGORY: Habitat Protection and Acquisition |

INJURED RESOURCES AND SERVICES: All

BACKGROUND AND JUSTIFICATION:

Restoration of injured resources and services may require special sensitivity or
emphasis in making permit decisions on land uses and activities in the spill zone.
This may be achieved by requiring that permits for such activities as anadromous
stream crossings, log transfer sites, and mariculture projects be subject to a
finding of compatibility with the recovery of injured resources and services. The
duration of special management would. be. limited,. depending. upon the rate of
recovery of the injured resources and services:- A period of 5 to 15 years might
be an appropriate time frame. Amendments to the State of Alaska’s program
under the Coastal Zone Management Act could be a vehicle for implementation
of special management objectives. In all cases it would be essential to consider
and minimize impacts on human uses of lands and resources.

ACTION:

® recommend creation of a special management area within the oil-spill
area. Activities requiring State permits within the zone will be
regulated to assure compatibility with the recovery of injured resources
and services.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Identify State and Federal permit decisions bearing directly on the recovery of
injured resources and services, and evaluate the adequacy of the existing
standards for issuing such permits. If a special management area is warranted, the -
process for establishing a special management area must be identified and
initiated. Implementation would require action by the State legislature.
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OPTION 21: Acquire Tidelands
APPROACH CATEGORY: Habitat Protection and Acquisition

INJURED RESOURCES AND SERVICES: Coastal habitat, including intertidal
flora, fauna and various species of birds, mammals, fish and shellfish that use the
intertidal areas

BACKGROUND AND JUSTIFICATION:

Tidelands and their associated flora and fauna were the habitat most injured by
the spill. Most tidelands (below mean high water) are owned by the State or
Federal governments. Some are owned privately or by municipalities, have high
fish and wildlife values and are heavily.used by. the. public. for such activities as
clam digging and wildlife viewing.-- Examples-suggested by the public are Mud
Bay at Homer and the Duck Flats at Valdez. Acquisition of such areas would
preserve ecologically-important habitats and maintain the services such habitats
provide for both consumptive and nonconsumptive public users. Services
provided to the public could be enhanced by interpreting an area’s natural history
and providing additional access and viewing opportunities. Acquired areas could
be designated as critical habitat areas, wildlife refuges or sanctuaries, or could be
managed as part of State-owned, unclassified tidelands.

ACTION: -

® acquire one or more tideland properties for public ownership and
management to benefit wildlife resources.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Identify tidelands eligible for acquisition and subsequent special designation.

ks
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OPTION 22:  Designate Protected Marine Areas
APPROACH CATEGORY: Habitat Protection and Acquisition

INJURED RESOURCES AND SERVICES: Coastal habitat, marine birds and
mammals, seabirds, fisheries, invertebrates, algae and seagrasses, recreation

BACKGROUND AND JUSTIFICATION:

Virtually all species injured by the oil spill live in or use the nearshore and
intertidal marine environment for feeding or reproduction. These marine habitats
also provide many recreational and research opportunities. The recovery of
injured marine resources and services may require long-term efforts and carefully
coordinated management. The Trustees have recognized.the importance of the
marine environment and the potential value of increased; coordinated management
for restoration purposes. In 1991, a two-day work shop exploring the subject was
conducted. Possible designations include national marine sanctuaries, estuarine
research reserves, marine parks, critical habitat areas, sanctuaries and refuges.

ACTION:

® if appropriate, recommend candidate areas for consideration and
designation as marine protected areas by the Trustee agencies, the
Alaska State Legislature and Congress.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Candidate areas must be identified and evaluated based on such factors as the
habitat requirements of injured species and the type of designation needed to
achieve restoration objectives.
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OPTION 23:  Acquire Additional Marine Bird Habitats
APPROACH CATEGORY: Habitat Protection and Acquisition

INJURED RESOURCES AND SERVICES: Marine birds, sea ducks, sea otters,
harbor seals

BACKGROUND AND JUSTIFICATION:

There are a number of sites that are important to the recovery of marine species
injured by the oil spill. These include various small rocky islands and cliffs used
by colonies of nesting marine birds, riparian habitats used by nesting harlequin
ducks and forested areas used by nesting marbled murrelets. Adjacent nearshore

.. waters and tidelands are frequented.by.harbor seals and sea otters. The Alaska
Maritime National Wildlife Refuge - specifically ~was established for the
conservation and management of marine birds, marine mammals, and other
wildlife and fish. Examples of privately-owned islands with important marine bird
and waterfowl habitats within the Maritime refuge are Afognak, East Amatuli and
Gull. Protecting key habitats in areas such as these would result in increased
management, monitoring and research for the benefit of injured species. Bringing
additional areas into public ownership could replace and enhance wildlife viewing
services and public education opportunities.

ACTION:

® acquire and incorporate high-value marine bird and waterfow! habitats
into public ownership.

INFORMATION NEEDED TO IMPLEMENT OPTION:
Gather additional information on habitéts relevant to injured species and integrate

into the Trustees’ overall effort to evaluate and acquire strategic fish and wildlife
habitats.
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OPTION 24: - Acquire "Inholdings" Within Parks and Refqges
APPROACH CATEGORY: Habitat Protection and Acquisition
INJURED RESOURCES AND SERVICES: All
BACKGROUND AND JUSTIFICATION:

Several State and Federal conservation system units exist within the oil-spill area.
These areas provide habitats for several injured species and various other
resources or services. There have been many suggestions to acquire privately
owned "inholdings" within existing conservation system units as a restoration
action. For example, the Alaska Native Claims Settlement Act provided for
several Native corporations-to select. lands. inside. the .boundary .of the Kenai
Fjords National Parks. Those selections have been-made-(although not conveyed)
and now overlay a significant portion of the park’s coastline.

ACTION:

® .acquire, on a willing seller basis, inholdings within existing parks and
refuges to restore and enhance resources and services injured by the oil
spill.

INFORMATION NEEDED TO IMPLEMENT OPTION:
Gather additional information on habitats relevant to injured species and integrate

into the Trustees’ overall effort to evaluate and acquire strategic fish and wildlife
habitats.
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OPTION 25: . Protect or Acquire Upland Forests and Watersheds
APPROACH CATEGORY: Habitat Protection and Acquisition

INJURED RESOURCES AND SERVICES: Harlequin ducks, marbled murrelets,
river otters, anadromous fish, bald eagles, brown bears, recreation, wilderness
and intrinsic uses

BACKGROUND AND JUSTIFICATION:

Although upland areas were not directly affected by the spill, they provide
feeding and reproductive habitat for many of the injured species. Populations of
salmonids and harlequin ducks are specifically dependent upon anadromous
. ...Streams and their.adjacent riparian.lands. . Undisturbed uplands and riparian lands
provide important habitats--and- natural - buffers that “protect the quality of
watersheds, streams and rivers. Uplands in the oil-spill area are also important
recreation areas and contribute to the aesthetic experience enjoyed by recreational
users throughout the spill area. Both recreation and tourism are dependent upon
the pristine nature of these areas. By acquiring easements, property rights or fee-
simple title to these strategic areas, injured species can be safeguarded during
recovery and various resources and services can be restored and enhanced.

ACTION:

® acquire upland areas adjacent to anadromous streams, that are relied
upon by injured species; and

® develop and implement a management plan for acquired or protected
lands.

INFORMATION NEEDED TO IMPLEMENT OPTION:
Gather additional information on habitats relevant to injured species and integrate

into the Trustees’ overall effort to evaluate and acquire strategic fish and wildlife
habitats.
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OPTION 26: - Acquire Extended Buffer Strips Adjacent to Anadromous
' Streams

APPROACH CATEGORY: Habitat Protection and Acquisition

INJURED RESOURCES AND SERVICES: Anadromous fish, harlequin duck,
river otter

BACKGROUND AND JUSTIFICATION:

Undisturbed riparian lands are important natural buffers that protect the water
quality of streams and rivers and provide cover and food for wildlife. Injured
populations of salmonids and harlequin ducks depend upon anadromous streams
as feeding and reproductive habitat. . Adverse human impacts.to.the lands adjacent
to this habitat could retard the rate of their recovery. - The- State Forest Practices
Act provides for 66-foot buffer strips along certain anadromous fish streams.
One concept is to acquire wider buffer stnps as needed to maintain habitat for
injured species.

ACTION:

® acquire title or property rights to riparian lands not currently protected
under existing law.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Identify anadromous stream habitats important to injured species and evaluate
degree of protection afforded under existing law.
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- OPTION 27: - Designate and Protect "Benchmark" Monitoring Sites
APPROACH CATEGORY: Habitat Protection and Acquisition
INJURED RESOURCES AND SERVICES: Al
BACKGROUND AND JUSTIFICATION:

A comprehensive monitoring plan has been suggested for consideration by the
Trustees [Restoration Option No. 31]. Integral to the comprehensive monitoring
plan is the designation of discrete and permanent monitoring sites within the oil-
spill area. Permanent monitoring sites will allow for the establishment of a
baseline environmental condition to use as a reference standard. These sites

.. could include.oiled,..representative--habitat -types-and unoiled control sites, set
aside untreated sites in 1989, -damage assessment study sites, and Exxon study
sites. There are several designations appropriate for monitoring sites, including
"research natural areas" (U.S. Forest Service) and "estuarine research reserves”
(National Oceanic and Atmospheric Administration). The Forest Service
presently is considering several research natural areas in Prince William Sound,
including one on Green Island. The National Science Foundation’s program for
long-term ecological research sites is also a possibility.

ACTION:

® recommend designation of permanent study sites and control areas for
long-term monitoring of marine, intertidal and upland habitats and
selected indicator parameters.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Establishment of monitoring sites should be integrated with development of a
comprehensive monitoring plan. Ownership, management and other uses of
potential sites must also be considered.
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OPTION 28:_ Acquire Access to Sport Fishing Streams

APPROACH» CATEGORY: Habitat Protection and Acquisition
INJURED RESOURCES AND SERVICES: - Recreation, anadromous fish
BACKGROUND AND JUSTIFICATION:

Anadromous fish species, such as coastal cutthroat trout, and the recreation
services provided by these fish were injured by the oil spill.. Although most of
the oil-spill area is in public ownership, some areas that provide important sport-
fishing opportunities are not. Acquiring access to such areas can replace or
enhance the injured services and also relieve pressure on streams with injured fish
stocks. Acquisition of access.for.sport. fishing might be achieved. by various
mechanisms, including fee-simple title, easements or- other property rights.
Candidate sites can be identified based on the knowledge of resource managers
in the agencies, nominations from the public and proposals from interested
landowners.

ACTION:

® acquire, on a willing-seller basis, access to strategic areas that provide
significant sport-fishing opportunities. '

INFORMATION NEEDED TO IMPLEMENT OPTION:

The identification and acquisition of access to such areas must be integrated into
the Trustees’ overall plan for identifying strategic fish and wildlife habitats and
recreation sites. Management plans must be developed for any sites acquired.
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OPTION 29: Establish or Extend Buffer Zones for Nesting Birds
APPROACH CATEGORY: Habitat Protection and Acquisition

INJURED RESOURCES AND SERVICES: Marine birds, sea ducks and bald
eagles

BACKGROUND AND JUSTIFICATION:

Most bird species have specific nesting requirements. Actions that alter nesting
habitat or disturb nesting birds may disrupt nesting birds, thus reducing
productivity and slowing the recovery of injured species. Examples of nesting
habitats for injured bird species are rocky cliffs and headlands for marine birds,
.large trees along coastlines or.streams for.bald eagles, -upland stands of large trees
for marbled murrelets, and upland wooded streamsides for harlequin ducks.
During the period these injured species are recovering from spill injuries, it may
be appropriate to adopt special management practices to ensure the integrity of
nesting habitats and minimize disruption during breeding and rearing times.
Extended buffer zones around nest sites or restrictions on certain activities at
critical times could be considered. Implementation of this option is most easily
accomplished on lands which are publicly managed, but, through cooperative
agreements and other mechanisms, privately owned lands could be included as
well. '

ACTION:

® recommend implementation of special management practices, including
buffer zones and time/area restrictions; and

® explore and negotiate cooperative mechanisms for achieving similar
management practices on private lands.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Relate results from restoration studies now underway to current and proposed
land uses and management directions on public and private lands.
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‘OPTION 30:  Test Subsistence Foods for Hydrocarbon Contamination
APPROACH CATEGORY: Other Options

INJURED RESOURCES AND SERVICES: Finfish, shellfish, sea ducks and
marine mammals

BACKGROUND AND JUSTIFICATION:

People living within the oil-spill area use subsistence resources obtained from the
intertidal zone and from nearshore waters. Finfish, shellfish, marine mammals,
and sea ducks are a substantial part of the diet of these local residents. Damage
assessment studies documented the contamination of certain of these resources by
petroleum hydrocarbons. For example, mussel and.sediment.samples collected
during the summer of 1991 revealed persistent contamination of mussels and
mussel beds. An oil-spill health task force was formed in 1989 to oversee
analyses of subsistence food resources. These studies tested for petroleum
hydrocarbon contamination in seals, deer, salmon, ducks, clams and bottomfish.
This option proposes to monitor subsistence foods for residual petroleum
hydrocarbon contamination and to disseminate the results to the public.

ACTION:

® develop a program designed to monitor for the presence of petroleum
hydrocarbons in subsistence foods; and

® disseminate the results of the monitoring project to subsistence users.
INFORMATION NEEDED TO IMPLEMENT OPTION:

The deSign and results of the previous food-testing program must be evaluated.
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OPTION 31: Develop Comprehensive Monitoring Program
APPROACH CATEGORY: Other Options

INJURED RESOURCES AND SERVICES: All
BACKGROUND AND JUSTIFICATION:

Monitoring is necessary in order to assess the adequacy of natural recovery.
Resources that are found to be recovering at an unacceptable rate may have to be
reconsidered as candidates for restoration action. Likewise, resources which are
recovering faster than anticipated may allow for the early completion of a
restoration action. Monitoring of physical, chemical and biological parameters
_will establish a baseline for the affected.area... This baseline.then can be used as
a reference standard to evaluate the effects of future disturbances to the oil-spill
area, e.g., earthquakes and oil spills. This standard could also be used to assess
the anticipated effects of human development and to guide management programs.

ACTION:
® design and implement a program that will monitor:
- natural recovery of injured resources;
- monitor recovery of restored resources; and

- monitor selected parameters to establish an environmental baseline
condition.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Initially, target resources and specific objectives of a monitoring program must
be established. A determination must be made on the best and most cost-effective
methods to be used for monitoring the selected resources.
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OPTION 32: Endow a Fund to Support Restoration Activities
APPROACH CATEGORY: Other Options

INJURED RESOURCES/SERVICES: All

BACKGROUND AND JUSTIFICATION:

- Ensuring that the spill-affected area will recover fully from the Exxon Valdez oil
spill is a complex, long-term task that involves many interests, significant funding
and much initial uncertainty. There will be a continuing need to identify, protect
and manage key habitat areas in the future. Monitoring of natural recovery and
the efficacy of restoration activities will be needed. Restoration activities will be
implemented as injury and technical information. indicate.. Continued research
into the effects of the spill will help the development of improved clean-up
methods. In making a long-term commitment to the oil spill environment, it is
important to recognize the need for continuing financial support. Contributions
from Exxon for restoration activities terminate in 2001; the Trustees may consider
spending mechanisms that will continue that support after 2001.

ACTION:
® establish a restoration endowment or trust fund using all of the
available proceeds from Exxon. There are numerous spending
alternatives available such as:

- spending only the investment income;

- spending principal at a given level for a number of years and then
spending only the investment income after that; and

- spending principal at a given level through the life of the settlement
and reinvesting the balance annually.’

INFORMATION NEEDED TO IMPLEMENT OPTION:

Identify the process and institutional structure needed to implement and manage
the fund.

2 One scenario would allow expenditure of approximately $24 million a year for restoration through 2001, reimburse
the governments for expenditures to date, and still have an endowment fund principal of approximately $600 million. By
the year 2020 approximately $900 million would have been spent on restoration with a remaining endowment fund
principle of over $1200 million. '
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OPTION 33:  Develop Integrated Public Information and Education Program
APPROACH CATEGORY: Other Options | |
INJURED RESOURCES AND SERVICES: All

BACKGROUND AND JUSTIFICATION:

This project would design and develop information available from the damage
assessment and restoration process to inform the public of ways they can help
injured resources recover from the effects of the spill and the resulting clean-up
efforts. Specifically, the information would explain changes to the ecosystem and
how people can lessen their potential for creating additional harmful human
disturbance.... The. information. would. be- delivered- through brochures, posters,
video, enhancement of school curricula, and other informational media. The
materials would be delivered to state and federal visitor centers, state ferries, and
cooperating private businesses and organizations throughout the entire spill zone.
The project would seek to recognize restoration within the context of the entire
ecosystem, rather than through a species-specific approach.

ACTION:

® provide updated summaries of oil-spill injuries and make available to
the public;

® produce brochures, posters and other informational products for
distribution to local, state and federal visitor facilities throughout the
spill zone; and

® consider constructing or supplementing interpretive facilities in oil-spill
communities.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Conduct feasibility study in regard to anticipated need, use and sites of any
interpretive facilities.
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OPTION 34:  Establish a Marine Environmental Institute
APPROACH CATEGORY: Other Options

* INJURED RESOURCES AND SERVICES: Al
BACKGROUND AND JUSTIFICATION:

Restoration of the oil-spill area will require a long-term commitment by the
Trustees. Establishing a marine environmental institute to conduct long-term
research and monitoring activities could be a means to foster long-term restoration
goals. Any information gained also will serve as an environmental baseline and
help guide the use and management of the oil-spill area. The institute could be
based in a field station in an oil-spill community. Funding for the institute could
come either directly from the joint fund or from an endowment as described in
Restoration Option 32.

ACTION:

® establish and equip a marine environmental science institute.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Evaluation of this option requires consideration of a number of factors. The
objectives of such an institute must be established and such questions as funding
mechanisms and locations must be reviewed in light of those objectives. The
relationships to established academic and research entities must be reviewed
thoroughly.
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OPTION 35: Replacement of Archaeological Artifacts

APPROACH CATEGORY: Other Options

INJURED RESOURCES AND SERVICES: Archaeological sites and artifacts
BACKGROUND AND JUSTIFICATION:

Important archaeological resources, protected by Federal and State laws, were
oiled. At some sites oil continues to degrade the resources, while at other sites
increased looting and vandalism are occurring. Since archaeological resources
are not inherently restorable, a direct replacement of artifacts may be a logical
method to restore the injuries sustained. One method could be to purchase
privately-owned artifacts that originated. in.the .region and put them into public
collections. Another complementary -approach would be to retrieve artifacts
removed from the spill zone to public institutions and to actively track down other
artifacts that were illegally collected during the spill and subsequent clean-up
activity.

ACTION:

® identify institutions and individuals with artifacts from the spill area
and offer to purchase specific pieces for public institutions; and

° 1nvest1gate the incidents of looting and vandalism and strlve to regain
possession of publicly owned artifacts.

INFORMATION NEEDED TO IMPLEMENT OPTION:

Completion of damage assessment studies will enable managers to more fully

understand the effects of looting and vandalism and may help lead to the recovery

of 111ega11y taken artifacts.
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II. Options Recommended for Rejection

This section provides a brief description of the rationale for recommending the
rejection of some options as follows:

Sea Otters and Harbor Seals:
Option:  Supplementing winter foods

The technical feasibility of this option is questionable and the
methodology is untested. Prey would have to be distributed over a

- large area in order to be effective and it would encourage unnatural
dependence on the part of the predator. The cost of implementing this
option would be extremely high, with only a marginal likelihood of
success. ' o

Option:  Translocating sea otters or harbor seals to augment injured populations

Although translocating otters and seals is technically feasible, there is
a risk of causing further damage to the populations by introducing
disease and of impacting the donor population through lost individuals.
In addition, there are source populations adjacent to the oil-spill area
that will naturally expand as the habitat improves.

Option: Reduce incidental loss through buying back limited-entry gillnet
permits

This would be extremely costly and may require legislative permission
from the State of Alaska. It is unlikely to result in a population-level
increase because the incidental take of sea otters or harbor seals is
currently low.

Option:  Establish international wildlife rehabilitation/public education center

Rehabilitation of oiled sea otters and harbor seals, while technically
feasible, has been relatively ineffective. After heroic efforts to save
the hundreds of otters brought to the Valdez rehabilitation center post
release survival has been relatively low. There is question in the
scientific community whether the additional stress related to capture,
transportation and handling may contribute to the mortality in these
situations. Costs of rehabilitation are very high, with an upper range
of $80,000 per animal. To now create a rehabilitation center would
do nothing to restore otter and seal populations impacted by the Exxon
Valdez oil spill. Although use of restoration funds for education has
merit, such efforts do not have to be linked to establishing a wildlife
rehabilitation center.
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Killer Whales:

Options Reduce marine debris and expand stranding and entanglement rescue
operations

Although this option has been used in other areas to benefit different
whale species, it is unlikely to produce noticeable benefits to killer
whales in the oil-spill area. Incidents of stranding and entanglement
of killer whales in the oil-spill area are rare, and the opportunities to
implement rescue operations are limited by the remoteness of the area.

River Otters: e

- Option: Translocating river otters to augment populations within and outside of

the oil spill area

Sufficient source populations exist for natural recolonization to occur.
Translocating river otters may result in the introduction of disease into
the injured population.

Common Murres and Marbled Murrelets:

Option:  Augment natural reproduction through captive breeding, fostering and
related techniques

The technical feasibility of this option is unknown because of the
difficulty of introducing young murres and murrelets back into the
wild. This would have to be done on a very large scale in order to
have an effect on the populations. This option would require extensive
_research, at great cost, in order to determine its effectiveness.

Marbled Murrelets:

Option:  Provide artificial nest sites to enhance productivity or redirect nest
activities to alternative sites

Marbled murrelets often nest in large trees in old growth forests. If

sufficient mature forest remains available; nest sites will not be a
limiting factor in recovery.

Harlequin Ducks:

’ Option:  Augment natural reproduction through captive breeding, fostering and
related techniques - '

Although this method has been used effectively for other species of
waterfowl, it has not been tested for harlequins. Population problems
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within the oil-spill area appear to be contaminant related and cannot be
altered by augmenting the population of harlequins. -

Harlequin Ducks and Black Oystercatchers:

Option:  Mariculture of shellfish to supplement prey base

The cost:benefit ratio of this option is extremely poor. Mariculture
‘operations would have to occur over an extremely large area to be
effective, and the birds may still be exposed to oil from other food
sources.

Bald Eagles:

Option: Aﬁgiﬁent natural reproduction through captive breeding, fostering and
related techniques

Natural recovery is expected to be adequate when combined with
habitat protection measures. Source populations for natural recovery
exist near the oil-spill area.

Pink Salmon and Sockeve Salmon:

Option:  Control predators on fish eggs and juveniles
This option would be difficult to implement over a large area. It also
conflicts with the restoration of other injured species which may rely
on salmon for food. Predator reduction may not be consistent with
State and Federal laws.

Option:  Buy back limited entry fishing permits to reduce pressure on resources
Identical results could be obtained through management practices.

Rockfish:

Option:  Construct artificial habitat structures (e.g., artificial reefs)

Habitat does not appear to be a limiting factor in the recovery of
rockfish.

Option:  Buy back limited entry fishing permits to reduce pressure on resources

Identical results could be obtained through management practices.
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Spot Shrimp:

Option: Mariculture and shore/intertidal habitat enhancements

The technical feasibility of this option for supplementing spot shrimp
populations has not been demonstrated.

Coastal Habitat:
Option:  Erosion control using rip-rap, revegetation and other methods

Shoreline assessment studies and other observations in the field
indicate that erosion problems are minimal.

Archaéological 'ggultural[ Resources:

Option: Inventory beach and upland sites for cultural resources

Potentially injured archaeological resource sites are being surveyed
under the damage assessment process.

Option:  Encourage oral history and video tape projects concerning
regional/local history and traditions

This option is not relevant to the restoration of archaeological
resources as specified by the civil settlement.

Multiple Resources:

Option: . Assist coastal communities and boat dperators with environmentally-
sound waste disposal and waste recycling programs

Option:  Determine whether old community and military dump sites add to
cumulative effects

Option: Reduce chronic oil pollution associated with boats, harbors, and
transportation of petroleum

Option: Remove mining and logging debris to minimize cumulative effects of
pollution

For any or all of the above options it would be difficult to establish
direct linkage to 'the recovery of injured resources. If such a linkage
is established, these options may become appropriate. Meanwhile,
public education may be an avenue for addressing chronic pollution
problems.
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Option: Iniﬁaté reforestation programs wherever logging has occurred (e.g.
Afognak Island)

The injured species which utilize forested habitats rely primarily on
mature forests. For this reason, reforestation practices will not help
the near-term restoration of populations injured by the Exxon Valdez
oil spill.

Option: Establish stronger regulations, improved planning, and better response

in order to minimize additional effects from future oil spills

The criminal court settlement provisions allow for expenditures
towards planning for, and response to, future oil spills. This option
is beyond the scope of the civil settlement.. In addition, the Oil
Pollution Act of 1990 will require new regulations and contingency
planning.

Option: Reduce energy consumption through improved efficiency and
conservation

This is beyond the scope of the civil settlement.
Option: Buy back Bristol Bay oil leases

This does not apply to the restoration of resources injured by the
Exxon Valdez oil spill.

Option: Buy "net operating losses” (NOLs) of timber sales or change laws to
disallow NOLs

Legislative action has already disallowed "net operating losses" of
timber sales. -
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Supplement

,mma}‘y’ of Alternatives
for Public Comment

™ n response to your request, this Supplement is being provided to help you understand and
" comment on the newspaper brochure that you previously received, the Draft Exxon Valdez Oil Spill

* Restoration Plan: Summary of Alternatives for Public Comment. The Summary of Alternatives asked

- _you to express your opinion on how the Trustee Council should restore injured resources and lost or

- miilben - reduced services. It also specifically requested comment on policy questions and restoration alternatives.

At public meetings and presentations in April and May, many people asked for more information before making

“comments. This Supplement to the Summary of Alternatives provides commonly requested information.
Remember, public comments on the Summary of Alternatives are due by August 6th.

The Supplement consists of the following six sections.

SECTION A - Allocation of the Civil Settlement Fund (June 1993): This section describes expenditures
from the $900 million civil settlement, including projects funded under the 1992 and 1993 Annual Work Plans.

SECTION B - Injury and Recovery: This section describes injuries to resources and lost or reduced ser-
vices. Information on the recovery status of these resources and services is also presented. This section is based
" on the latest available data from injury assessment studies.

SECTION C - Habitat Protection and Acquisition: Section C describes the process used to date for pro-
tecting and acquiring habitat on private lands. Examples are provided of how land parcels are ranked. The sec-
tion also explains likely changes in the habitat evaluation process and options for protecting habitat on land
already in public ownership=

SECTION D - General Restoration Options: Section D provides examples of options for restoring injuries.
Some options involve direct manipulation of resources, such as improving salmon spawning and rearing habitat.
Others focus on managing human uses of resources, such as implementing cooperative programs to assess
effects of subsistence harvests on marine mammals.

SECTION E - Restoration Monitoring and Research Program: The restoration program will likely
include monitoring of recovery and restoration act1v1t1es Ecosystem monitoring and research on new restora-
tion techniques may also be included. This section déscribes all of these components.

SECTION F - Boundaries of the Oil Spill Area: This section contains a map of the area affected by the oil
spill. This map is a revised version of the one included in the Summary of Alternatives, and now includes
Perryville and Ivanof Bay. These changes were made in response to public comments which pointed out that
these areas met the established criteria for inclusion in the spill area.
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ALLOCATION
OF THE
CIVIL SETTLEMENT FUND
(June 1993) -

n a civil settlement, Exxon Corporation
agreed to pay the United States and the

State of Alaska $900 million over a 10-

year period to restore resources
injured by the Exxon Valdez oil spill
and reduced or lost services.

Table A-1 shows the schedule of payments over
this period.

As of June 1993, $240 million of the $900 million civil
settlement has been paid by Exxon Corporation.
Exxon makes its restoration payments to a Joint
Trust Fund held by the U.S. District Court for use by
the Trustee Council. About $200 million has been
reimbursed directly to accounts of the governments,
credited to Exxon, or committed for restoration and
damage assessment projects and administration.
Some of the approved expenditures have not yet been
withdrawn from the balance in the Joint Trust Fund.
This section contains five more tables that describe
how the Trustee Council has used these funds.

Table A-2 shows how the $240 million was allocat-
ed: 45% was reimbursed to the state and federal
governments for expenses; nearly 23% was commit-
ted to Work Plans for 1992 and 1993; and 17% was
credited to Exxon for cleanup expenses. About 16%
is uncommitted. On May 13, 1993, the Trustee
Council approved purchase of Seal Bay, Afognak
Island, for $38.7 million pending results of negotia-
tions and appraisal. This potential acquisition is not
fully reflected in these figures.

-

Table A-3 shows how reimbursements to the state
and federal governments have been allocated. Of
the $58 million reimbursed to the state government,
30% was for litigation, 33% was for damage assess-
ment, and 37% was for cleanup and response. The
federal government received about $49 million.
Data on the distribution of reimbursements to the
federal government are not available. An additional
$39.9 million was credited to Exxon for the cost of
cleanup required by the U.S. Coast Guard after
dJanuary 1, 1991.

Table A-4 shows how the 1992 Work Plan allocat-
ed funds among restoration projects, damage assess-
ment, and administration Table A-5 does the
same for the 1993 Work Plan. The figures reported
for the 1993 Work Plan are for the period 3/1/93 -
9/30/93. The 1993 Work Plan is for a 7-month period
of transition to the federal fiscal year, which begins
10/1/93. The 1992 Work Plan emphasized comple-

tion of damage assessment studies; the 1993 Work

Plan emphasizes restoration. Restoration includes
monitoring, habitat protection, and general restora-
tion projects. '

Table A-6 combines allocations for both work
plans. Of the $54 million approved by the Trustee
Council for both work plans, 68% has been for
restoration, 15% for damage assessment, and 17%
for administration. Over half the allocation to
restoration projects was for habitat protection.
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DATE AMOUNT

December 1991 $90 million
December 1992 ~ $150 million
September 1993 $100 mitlion
September 1994 $70 million
September 1995 $70 million
September 1996 $70 million
September 1997 $70 million

* September 1998 $70 million
September 1999 $70 million
September2000 . $70 million
September 2001 $70 million

TOTAL  $900 million

PURPOSE : : ALLOCATION PERCENT COMMENTS

Reimbursements to state and fed- $107,500,000 44.8%  See Table A-3 for details.
eral governments
'n‘g

1992 Work Plan $19,211,000 8.0% See Table A-4 for details.
1993 Work Plan $35,054,000 14.6% See Table A-5 for details.

Credit to Exxon for cleanup costs $39,900,000 16.6%
after 01/01/91.

Uncommitted $38,335,000 16.0%

TOTAL $240,000,000 100.0%

“
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DRI A N

- PURPOSE : | . AMOUNT PERCENT

STATE
Litigation : $1 7,409,000

Damage Assessment $19,300,000
Cieanup and Response $21,600,000

SUBTOTAL $58,300,000

$49,200,000
“TOTAL $107,500,00
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PROJECT
NUMBER

PROJECT
TITLE

Restoration Projects

AMOUNT
APPROVED

PROJECT
DESCRIPTION

PERCENT

R11
g

Murre Restoration
Recovery Monitoring

Document rate of recovery of
murres breeding in the Barren
Islands and Puale Bay.

$316,700

Marbled Murrelet
Restoration Study

Determine marbled murrelet nesting
habitat.in the spill area and identify
their use of those habitats.

$419,300

Stream Habitat
Assessment

Identify and priontize private lands
where an imminent and significant
habitat alteration threat exists.

$399,600

Kenai River Sockeye
Salmon Restoration

Restore injured Kenai River sockeye
salmon stocks through im-proved
stock assessment, capabilities,
regulation of spawning levels, and
modification of human use.

$674,200

Genetic Stock
Identification

Use genetic stock identification to
protect injured Kenai River salmon
in mixed-stock areas.

$320,900

Prince
Willjam Sound

~ Pink Salmon

Recover coded-wire tags in
the catches and spawning
populations of pink salmon in
Prince William Sound.

$1,479,700

Pink Salmon Egg/Fry

Monitor recovery of wild pink salmon
stocks in Prince William Sound

$492,800

Harlequin Duck
Restoration and
Monitoring

Locate, identify and describe harle-
quin duck nesting habitat in PWS;
determine width of forested buffer
strips, and feasibility of stream habi- -
tat enhancement techniques

$424,500

Harbor Seais

Monitor movements, hauling out,
and diving behavior of harbor seals
in Prince William Sound.

$25,000

A
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PROJECT
NUMBER

PROJECT
TITLE

‘PROJECT
DESCRIPTION

~ AMOUNT
APPROVED

PERCENT

RO0

Dolly Varden Char
Monitoring

Remove weir material and camp
equipment from field locations and
produce final report

$91,500

GIS Mapping and.

Analysis: Restoration

Develop information as needed to
evaluate or implement restoratlon
projects.

$12§,500

Herring Bay
Experimental and
Monitoring Study

Determine what factors limit or

. facilitate recolonization of the inter-

tidal by algae, especially Fucus,
and invertebrates; and to provide
controlled, long-term natural
recovery monitoring of intertidal
communities.

$485,600

Oiled Mussels

Determine the geographical extent
of oiled mussel beds in the spill
area, the intensity of oil remaining
in mussels, and the underlying
organic mat in order to assess
possible linkage with continuing
injury to harlequin ducks, oyster-
catchers, juvenile sea ofters, and

- river otters.

$874,000

Site Stewardship

Recruit, educate, and involve local
people to protect archaeological
resources in their areas.

$159,200

Study and Evalua-
tion of Instream
Habitat and Stock
Restoration
Techniques for
Anadromous Fish

Determine preliminary restoration
techniques for specific sites; seiect
the most appropriate fish restora-
tion projects.

$348,100

Dolly Varden
Restoration

Prepare final report for the data
- collected in this project through
1991.

Red Lake Sockeye

Saimon Restoration

Increase survival of wild salmon in
Red Lake (Kodiak Island) by incu-
bating eggs and rearing fry in Pillar
Creek Hatchery and transplanting
them to the lake.

RESTORATION PROJECTS - Subtotal
DAMAGE ASSESSMENT
ADMINISTRATION

TOTAL

VN

$6,727,400
$7,407,500
- $5,076,100
$19,211,000

1993 SUPPLEMENT TO THE SUMMARY OF ALTERNATIVES

DRAFT EXXON VALDEZ OIL SPILL RESTORATION PLAN




PROJECT
NUMBER

PROJECT
TITLE

Restoration Projects

PROJECT
DESCRIPTION

AMOUNT
APPROVED

PERCENT

93003
Re"

_ Salmon Egg to

Pre-emergent Fry
Survival

Continue to monitor egg mortali-
ties in the oiled and-unoiled wild
pink salmon streams.

$686,000

93006

Site-Specific Archae-
ological Restoration

Assess injury at 24 sites and
restore 19 of them.

$260,100

93012

Genetic Stock
Identification of
Kenai River
Sockeye Salmon

Develop a comprehensive data-
base of sockeye salmon stocks in

Cook Inlet.

$300,600

Kenai Rivef Sockeye
Salmon Restoration

Increased monitoring and manage-
ment of the sockeye salmon
stocks in the Kenai River and
Upper Cook inlet north of Anchor
Point.

$512,600

Chenega Bay
Chinook and Silver

~ Salmon (NEPA

Compliance)

e

NEPA compliance for the replace-
ment of subsistence resources by
permitted releases of chinook and
coho salmon at designated sites
near Chenega village from stocks
of hatchery near Esther Island.!

$10,700

Suﬁsiﬁence Food
Safety Survey and
Testing

Work with communities to identify
and map areas and resources of
continuing.concern to subsistence
users; sample subsistence foods
from these areas.

$307,100

Monitor Murre
Colony Recovery

Monitor the recovery of murres in
the Barren isfands.

$177,200

Restoration of
Coghill Lake
Sockeye Salmon
Stock

Sockeye Saimon Stock
Restore natural productivity of

“Coghill Lake for sockeye salmon

through use of lake fertilization
techniques.

A

$191,900
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PROJECT PROJECT » ~ PROJECT AMOUNT
NUMBER TITLE ~ DESCRIPTION APPROVED PERCENT

93033 Harlequin Duck Study harlequin duck reproductive $300,000
Restoration Mon- failure in western PWS; on outer

itoring Study in PWS,  Kenai coast and Afognak Island deter- . (—{
Kenai and Afognak mine if there is reproductive failure
Qil Spill Areas and characterize their nesting habitat.

Pigeon Guillemot Identify and map pigeon ' $165,800
Colony Survey guillemot colonies.

Black Oystercatchers/ Determine whether black oyster- $107,900
Oiled Mussel Beds catchers breeding on shorelines with
; : persistent oil contamination in Prince
b ‘ Wiliiam Sound are affected by their
use of these habitats. :

Oiled Mussel Beds Document continued bioavailability of
petroleum hydrocarbons to consum-
ers of contaminated mussels and
determine the rate of recovery of
oiled mussel beds.

EFRE

Shoreline Assess the shoreline hydrocarbon $539,200 2
Assessment concentrations and, where appropri-

ate, carry out necessary treatment

using local work crews.

Herring Bay Determine what factors limit or facili- $507,500
Experimental and tate recolonization of the intertidal by
Monitoring algae, especially Fucus, and inverte-
brates; and to provide controlled,
3 iong-term natural recovery monitoring
5 . of intertidal communities.

Comprehensive Design the monitoring component of $237,900
Monitoring the Restoration Plan. _

Killer Whale QObtain photographs of individual kitier $127,100
Recovery whales occurring in AB pod and docu-
: ~ ment natural recovery.

Sea Otter Restore sea otter populations by $291,900
Demographics and determining what is limiting their
Habitat recovery and-identifying important sea

otter habitat in Prince William Sound

for possible protection.

Marine Bird / Sea Obtain annual estimates of the sum- $262,400
Otter Surveys ‘mer and winter populations of marine

birds and sea otters in Prince William -

Sound to determine whether popula-

tions that had declined are recovering.

_ A
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PROJECT
NUMBER

PROJECT
- TITLE

PROJECT
DESCRIPTION

AMOUNT
APPROVED

93046

Habitat Use,
Behavior, and
Monitoring of Harbor
Seals in PWS

Monitor the abundance and trends
of harbor seals in oiled and unoiled
areas of Prince William Sound and
characterize habitat use, hauling
out and diving behavior.

$230,500

Subtidal Monitoring

Monitor recovery of sediments,
hydrocarbon-degrading microor-
ganisms, eelgrass beds, and shal-
low fish species in the subtidal
environment. :

$1,000,800

Habitat Protection
Information for
Anadromous
Streams and
Marbled Murrelets

Assess marbled murrelet nesting
habitat; survey anadromous fish
streams on candidate lands for
habitat protection.

$1,222,300

Hydrocarbon
Database

Estimate the amount of Exxon
Valdez oil that is present in envi-
ronmental samples analyzed for
hydrocarbons that are collected
during restoration.

$105,500

Damage Assessment
Geographic
Information System

Compleie statistical analysis and
geographic information system

- mapping support for existing dam-

age assessment studies and pro-
vide a database for restoration.

| $67,500

Habitat Identification
Workshop

Identify parcels of nonpublic lands
with habitat necessary for recovery
of injured resources and services
under imminent threat.

$42,300

Accelerated Data
Acquisition

Collect and organize existing
resource data needed to evaluate
habitat protection and acquisition
proposals.

Restoration
Geographic
Information System

Provide statistical and spatial
analysis and geographic informa- -
tion system mapping support for
approved restoration projects.

$123,300

Anadromous Stream
Surveys

Develop proposais and designs for
appropriate and cost-effective
instream habitat and stock restora-
tion projects.

$59,400

Y

Imminent Threat
Habitat Protection

Protect habitat under imminent
threat.

A

$20,000,000 p—*f

-V
Y
\'é-
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PROJECT PROJECT

.NUMBER TITLE

. PROJECT AMOUNT
DESCRIPTION APPROVED

PERCENT

93065 Prince William
Sound Recreation
Project

Develop proposals for restoration of $71,000
recreation in Prince William Sound

and evaluate recreation manage-

ment by identifying and evaluating

potential state and/or federal special

recreation designation.

Alutiiq Museum and
Cuiture Center

Construct a Native museum and
culture center to educate the public
and provide a center for research
and preservation.

$1,500,000

Pink Salmon Coded-
Wire Tag Recovery
Program

Recover coded-wire tags from pink
salmon in Prince William Sound to
distinguish between wild stocks
and hatchery stocks.

Non-Pink Saimon
Coded-Wire Tag
Recovery Program

Recover coded-wire tags from fish
other than pink salmon.

RESTORATION PROJECTS - Subtotal  $30,203,600
DAMAGE ASSESSMENT $714,600

ADMINISTRATION . $4,135,800

PURPOSE

TOTAL  $35,054,000

1992 1993 ALLOCATION
ALLOCATION

(3/1/93-9/30/93) TOTAL

PERCENT

RESTORATION PROJECTS

DAMAGE ASSESSMENT
ADMINISTRATION

$6,727,400
$7,407,500  $714,600
$5,076,100

$30,203,600 . $36,931,000
$8,122,100

$4,135,800 $9,211,800

68%
15%
17%

TOTAL $19,211,000

$35,054,000 $54,265,000

100%
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Section
B

INJURY
AND
RECOVERY

he T/V Exxon Valdez struck Bligh Reef in March, just before the most biologically active season of
the year. The resulting oil spill occurred during the seaward migration of salmon fry, major migra-
tions of birds, and the primary breeding season of most species of birds, mammals, fish, and marine
- invertebrates in the spill’s path. Approximately 1500 miles of southcentral Alaska’s coastline were
oiled (about 350 miles were heavily oiled), frequently with devastating impact to the upper inter-
tidal zone. Direct oiling killed many organisms, and beach cleaning, particularly high pressure, hot water
washing had a devastating effect on intertidal communities. The spill also affected human uses (services),
including subsistence, recreation, commercial fishing, and other uses. Some resources and services remain vul-
nerable to persistent oil in intertidal areas.

This section describes in detail the injuries sustained by individual resources and services, and what scientists
and resource managers know about the present status of recovery. Table B-1 lists injured resources and lost or
reduced services. Where possible expectations for the progress of natural recovery are also made. Information
“on injury and recovery is summarized in Tables B-4, B-5 and B-6 at the end of the section.

- POPULATION
DECLINE

INJURED, BUT NO
POPULATION DECLINE

OTHER

Black oystercatcher
Common murre
Harbor seal
Harlequin duck
Intertidal organisms
Marbled murrelet
Pigeon guillemot
Sea otter

Sockeye salmon
Subtidal organisms

* Bald eagle
Cutthroat trout
Dolly Varden

® Killer whale
Pacific herring

® Pink saimon
River otter

Archaeological
resources

Designated
wilderness areas

@ For these species, the Trustee
Gouncil’s scientists have considerable
disagreement over the conclusions to
be drawn from the results of the
damage assessment studies.

N

(Hurman uses)

Commercial fishing
Commercial tourism
Passive use

Recreation including
sport fishing, sport hunt-
ing, and other

recreation use

Subsistence
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INJURY TO NATURAL
RESOURCES

A natural resource has experienced injury if it has
sustained a loss due to exposure to oil spilled by
the T/V Exxon Valdez, or a loss which otherwise can
be attributed to the oil spill and clean-up.

Loss includes:

1) direct mortality: animals killed by contact
with oil or by the cleanup;

2) sublethal and chronic effects: injuries to a

life stage such as eggs or larvae, but that may
not result in mortality; and

3) degradation of habitat: alteration or

contamination of flora, fauna, and the physical |

components of the habitat.

In some cases, injuries result in measurable popula-
tion declines that may persist for at least one genera-
tion. In other cases, they do not.

Population-Level Injuries

The most serious injuries are those that have result-
ed in measurable declines in population. In these
cases, injury may persist for more than one genera-
tion; that is, the injury will not usually be repaired
over the life span of the generation affected. For
example, the common murre:was the most severely
impacted bird species; several large colonies in the
Gulf of Alaska may have lost 35% to 70% of their
breeding adults, a loss that may not be restored for
many generations.

The oil spill and cleanup altered and contaminated
the flora, fauna, and physical components of the
habitats of many species. This is most pronounced
in intertidal and shallow subtidal areas where popu-
lations of many species of plants and invertebrates
declined as a result of oiling or cleanup. The persis-
tence of oil in some intertidal habitats may continue

to affect the many natural resources that use these
habitats as well as the services they provide.

If serious enough, direct mortality, sublethal effect,
or degradation of habitat may result in measurable
population declines.

Injured But No Measurable |
Population Decline

There are several reasons why an oil spill injury may
not result in a measurable population decline that
persists for more than one generation. Natural vari-
ability associated with the estimate of abundance for
a species may mask any effect of the injury; that is,
available scientific measurement techniques may be
insensitive to detection of some injuries. Also, some
affected species may compensate for injury by
increasing productivity. Other species did not suffer
mortality. Rather, their injuries were sublethal.

INJURY TO OTHER
NATURAL
RESOURCES

mportant archaeological resources, protected by

both Federal and State laws, were oiled.
Archaeolog1cal resources could be irretrievably lost
as oil continues to contaminate additional artifacts
at some sites. Archaeological resources, such as sites
and artifacts, are not living, renewable resources and
have no capacity to heal themselves. The cleanup
increased public knowledge of exact archaeological
site locations which fosters looting and vandalism.

. The spill also resulted in oiling of waters adjacent to

designated wilderness areas, with oil deposited
above the high tide line in many cases. The intense
cleanup that followed resulted in an unprecedented
disturbance of the area’s undeveloped and normally
uninhabited landscape. The massive intrusion of
people and equipment associated with cleanup has
ended, but direct injury to wilderness and intrinsic
values lingers.
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REDUCED OR LOST
~~ SERVICES

'uman use (service) has experienced
A reduction or loss if the Exxon Valdez oil
- gpill or cleanup:

4 ) has significantly reduced the physical or -
biological functions performed by natural
resources; or .

2) has significantly reduced aesthetic and
intrinsic values, or other indirect uses provided
by natural resources.

This definition covers a wide range of services depen-
dent upon the injured natural resources. Some
examples are commercial fishing, subsistence (hunt--
ing, fishing, and gathering), passive use, commercial
tourism and recreation. Some recreation examples
include sea kayaking, backcountry camping, sport
fishing, and hunting.

CONCEPTS
CRITICAL TO
- UNDERSTANDING
RECOVERY

any resources and services will recover to

prespill levels without intervention. For many
resources and services, there is no known restoration
approach that will effectively accelerate recovery.
Other resources and services that were declining
before the spill will continue to decline if present
trends continue.

To maximize the benefits of restoration expendi-
tures, the Trustee Council may consider the effects of

A

natural recovery before investing restoration dollars.
The Trustee Council has adopted the following defin-
ition of recovery to address this need.

In a scientific sense, full ecological recovery will have
been achieved when the prespill population of flora
and fauna are again present, healthy and productive,
and there is a full complement of age classes at for-
mer abundances. A fully recovered ecosystem is one
which provides the same functions and services as
were provided by the prespill, uninjured system.

To predict the amount of time needed for a species to
recover is extremely difficult. Scientists often use
models based on factors such as population numbers
and growth rates. However, for many of the biologi-
cal resources injured by the Exxon Valdez oil spill, the
background information was not available to develop
these predictive models. For those resources, peer
reviewers and agency scientists based their estimates
of recovery on the best available information from the
damage assessment and restoration studies, the sci-
entific literature and other sources.

Estimates of recovery provided in this section should
be used with caution, but they are the best that can

be provided under the circumstances. For some esti-
mates, there is also substantial disagreement within
the scientific community. The estimates are likely to

change as recovery continues, more information is

provided through monitoring, and scientists learn
more about the species. Recovery estimates for ser-
vices are not provided. Recovery is linked, in part, to
the resources that support the service, but is also
linked to changes in human perception of injury and
can vary widely among user groups.
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MARINE MAMMALS

Harbor Seals

INJURY: _

The oil spill caused population declines and sub-
lethal injuries to harbor seals in Prince-William
Sound. Many were directly oiled and an estimat-
ed 345 died. The prespill population of harbor
seals in Prince William Sound was estimated to be
between 2,000 to 5,000 animals. While some dead
seals were recovered from the Kenai Peninsula,
the extent of injury outside Prince William Sound-
is unknown.

Many seals were exposed to oil in 1989. At 25
haulout areas in Prince William Sound that have
been regularly surveyed since 1984, 86% of the seals
'seen in the postspill spring (April) survey were
extensively oiled and a further 10% were lightly
oiled. This included many pups. By late May, 74%
of the animals continued to be heavily oiled. Tissues
from harbor seals in Prince William Sound contained
many times the concentrations of aromatic hydrocar-
bons than did tissues from seals in the Gulf of
Alaska. This trend persisted in 1990, when high con-
centrations of petroleum hydrocarbons again were
found in the bile of surviving seals. In addition,
pathology studies revealed damage to nerve cells in
the thalamus of the braifi, which is consistent with

- exposure to relatively high concentrations of low mol-
ecular weight aromatic (petroleum) hydrocarbons.

RECOVERY: A

Because harbor seal populations have declined pre-
cipitously since 1984, and the underlying causes of
this decline are unknown, it is difficult to predict
recovery from the oil spill. However, stable counts in
1990 to 1992 at haulouts within Prince William
Sound may indicate an end to the ongoing decline
within the Sound. There is evidence suggesting that
the subsistence harvest has declined since the spill,
which may contribute to the stabilization of the pop-

ulation.- If the population has stabilized, growth may

soon begin to replace the estimated 345 seals killed
during the spill. However, additional information on
the rate of exchange between seal populations in
Prince William Sound and the Gulf of Alaska, partic-
ularly with the large Copper River Delta population,
as well as a better understanding of the causes of the
prespill decline, would be required to improve predic-
tions of the time needed for recovery. ‘
‘ vV

Humpback Whale

INJURY:

The only apparent effect of the spill on humpback
whales was a temporary displacement from pre-
ferred habitat in Lower Knight Island Passage
during the summer of 1989. There is no evidence
that any humpbacks were killed by the spill, nor
has reproduction been affected.
Photodocumentation studies confirmed that nor-
mal use of lower Knight Island Passage resumed
in late 1989. ‘

RECOVERY:

Other than a temporary displacement, there is no evi-

dence of injury. No estimate of recovery was made.
vewvw

Killer Whales

INJURY:

- Thirteen killer whales disappeared from one pod
(extended family group) between 1988 and 1990, and
are presumed to have died. Approximately 140
killer whales forming nine distinct pods regularly
use Prince William Sound, and are considered resi-
dent pods. There are also transient pods and other
resident pods with wider ranges that enter the
Sound occasionally. The rate of natural mortality in
killer whales in the North Pacific is about 2% per
year, so it would be unusual for more than three to
four individuals to be missing annually from Prince
William Sound’s resident pods.

A

1993 SUPPLEMENT TO THE SUMMARY OF ALTERNATIVES

DRAFT EXXON VALDEZ OiL. SPILL RESTORATION PLAN



nér.of 1989, there were more than nine
sing from resident pods. The AB pod,
3¢ individuals when last seen in the

anged from 3.1% to 9.1% from 1984 to 1988)
he missing whales were either females or
ture animals, and in several cases calves were
rphaned. No births were recorded in 1989 or 1990.
ueto the fidelity of killer whales to the pod, and the
'go,ﬁg,bonds observed between mothers and calves,
e missing whales are presumed to have died.
owever, no dead individuals were ever recovered.

he cause of death is uncertain. Some experts think
the circumstantial evidence points to the spill.
"Othéfe)i'perts acknowledge that something very
inusual happened to AB pod in 1989 and 1990, but
that based on current knowledge of whale biology, the
circiimstances of the spill and the toxicity of crude oil,
these deaths may not be due to contact with oil
spilled'by the T/V Exxon Valdez.

E RECOVERY

R Desplte the loss of a large number of reproductive
females, AB pod is growing again. One birth was
" recorded in 1991; and two births were recorded in
1992. It is expected that AB pod may not recover to
its prespill level of 32 to 36 individuals for more than
a decade.
’ A A A 4

- Sea Lions

INJURY:

Results from sea lion studies were inconclusive
about the effects of the spill. Several sea lions
were observed with oiled pelts, and oil was found
in some tissues.

Sea lions have experienced a severe decline over the
last 30 years in the north Pacific Ocean—as great as
93%. This decline combined with seasonal move-

A

ments, which are significant but not well understood,
hindered determining if the sea lion population in the
Gulf of Alaska was affected by the spill. Sea lions
were counted at eight haulout sites, located mainly in
the Gulf of Alaska. Some of these sites were oiled,
although oiling was patchy and generally short-lived,
but away from these sites sea lions were observed
swimming through oil. Ten sea lions were found
dead in oiled areas, mainly on rocky beaches, but it is
not known how many of these deaths were attribut-
able to natural mortality, or if any were due to oiling.

RECOVERY:
Because it was not possible to establish that sea
lions were injured by the oil spill, no estimate of

recovery time was made.

A A 4 4
Sea Otters
INJURY:

The oil spill caused declines in populations of sea
otters in Prince William Sound and possibly in the

‘Gulf of Alaska. Sea otters were the most abundant
" marine mammal in the path of the spreading oil slick

and were particularly vulnerable to its effects. Their
estimated population before the spill included as
many as 10,000 in Prince William Sound and 20,000
in the Gulf of Alaska. It also is estimated that there
are a total of 150,000 animals in Alaska.

During 1989, 1013 sea otter carcasses were collected,
including animals that died during capture and reha-
bilitation. Veterinarians determined that up to 95
percent of the deaths were attributable to oil. This
information coupled with estimates of the probability
of finding carcasses, data from boat surveys, and
computer models, indicated that injuries were exten-
sive, killing an estimated 3,500 and 5,500 sea otters

. in the first few months following the spill.

Studies conducted throughout the spill area in 1990
and 1991 indicated that sea otters were still being
affected by the spill. Carcasses found in these years
included an unusually large proportion of prime-age
adult otters, rather than mainly juvenile and old
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otters, as were found before the spill. A study of sur-
vival of recently weaned sea otters also showed a 22%
higher death rate during the winter of 1990-1991 and
spring of 1991 in areas affected by the spill.

One possible cause of the relatively higher mortali-
ties of weanling and prime-age animals is the inges-
tion of oil-contaminated prey. During 1992 surveys,
fresh (unweathered) oil was found in beds of mussels
on protected (low energy) beaches. Sea otters, partic-
ularly young sea otters, feed on mussels and other
invertebrates and may still be exposed to oil persist-
ing in intertidal habitats.

RECOVERY:

While little or no evidence of recovery has been
detected, sea otters are expected to eventually recov-
er to their prespill population. The rate of recovery
will be dependent on the growth rate of the injured
population. Under ideal habitat conditions (abun-
dant high quality food and little competition) sea
otters can expand their population at more than 10%
per year. For sea otter populations already estab-
lished in an area, the growth rate is probably closer
to 2% to 3% per year.

Future habitat conditions and corresponding popula-
tion growth rates are difficult to predict in the spill
area. If the habitat remains degraded, the sea otter
population may not recover for several decades. If
their habitat recovers rapidly and stress remains
negligible, recovery may take less than two decades.
In order to achieve this recovery rate, the population
would have to sustain a growth rate greater than 5%
per year.

v
TERRESTRIAL
MAMMALS

Brown Bear

INJURY:
In the Kodiak Archipelago and on the Alaska
Peninsula, brown bears forage in the intertidal zone,

where clams are a favorite food. Brown bears also
apparently scavenged the carcasses of sea otters and
birds that washed ashore after the spill. Analyses of
fecal material and samples of bile indicated that
some brown bears had been exposed to oil. High con-
centrations of oil were found in the bile of one year- -
ling brown bear found dead in 1989. The mortality
rate for cubs is close to 50% for the first two years,
and it is uncertain if this death was associated with
oil exposure...

RECOVERY:
Since there is no evidence that brown bears were
injured by the spill, no estimate of recovery time
was made.

ewvw

Black Bear

There was an initial attempt to study the potential
effects of the spill on black bears, but due to the diffi-
culty of finding, tagging or observing this species in
dense vegetation, the effort was quickly abandoned.
No carcasses or other indications of oil spill-related
injuries were ever reported.

RECOVERY:
Since there is no evidence that black bears were
injured by the spill, no estimate of recovery time
was made.

A A 4

River Otters

INJURY:

~ Following the oil spill, eleven river otter carcasses
were found on beaches. It is estimated that as many
as 50 animals could have been killed if it is assumed
that the recovery rate of carcasses is similar to that
for sea otters. The bile from two river otters collected
from oiled areas in 1989 was analyzed and found to
contain elevated concentrations of hydrocarbons.
This indicates that surviving river otters could have
ingested contaminated food.

A
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There are indications that chronic oil exposure may

affect river otters in Prince William Sound, although

there is uncertainty about the evidence. First, river
otters captured in oiled areas after the winter of -
1989-1990 weighed less than those captured in
unoiled areas, while they were of the same overall
length. Since the oiled population is an island popu-
lation (Knight Island) and the unoiled population is
from a mainland location (Esther Passage), and

there are no comparative prespill length and weight

data from the two areas, it is difficult to determine
whether this represents an effect of the spill.
Second, chemical factors in the blood show slight dif-
ferences between study areas: in the oiled popula-
tion, haptoglobin concentrations and some amino
transferase enzyme activities are slightly elevated.
These differences could be caused by oil exposure,
but they also could be caused by disease, handling
stress, and parasites.

A reduction in the number of prey species was noted
in the diets of river otters in the oiled areas between
1989 and 1990; this reduction was not seen in the
unoiled study areas. This reduction was probably
due to the severe impact of the spill on the intertidal
and shallow subtidal fauna in the oiled portions of
Knight Island. Also, on Knight Island the average
size of territories of river otters was larger than on
the mainland, potentially a result of having to forage
over a larger area to find sufficient food. Because of
the lack of prespill data and follow-up study, howev-
er, there again is uncertainty.

Finally, data from an analysis of river otter droppings
in latrine sites suggested that estimated populations
sizes were not different between the study areas,
although this conclusion also can be questioned
because of the relatively small sample sizes employed.

RECOVERY:

Most of the evidence of injury to the river otters was
gathered in 1989 and 1990, although some of the
parameters that are designed to indicate continuing
sublethal injury still showed differences in 1991,
including length-weight differences. Without a reli-
able way to detect small changes in populations (an

estimated 50 animals were killed), it is difficult to
predict when the population will recover. With a pop-
ulation density of approximately one otter for every
two to three kilometers of shoreline in suitable habi-
tats, the percentage of the population that requires
replacement appears to be relatively small. Without
much further study, however, scientists cannot esti-
mate a time to recovery.

vVewVw

Sitka Black-tailed Deer

INJURY:

Deer often forage in the intertidal zone on seaweed.
Since seaweeds were extensively contaminated on
oiled shores, deer were probably exposed to oil. In
fact, tissues from deer taken by subsistence hunters
and chemically analyzed were found to contain, in
some cases, slightly elevated concentrations
of oil. The deer were, however, determined to be safe
to eat. No evidence was found that populations of
Sitka black-tailed deer were injured by the spill.
Most deer carcasses found in 1989 on islands in
Prince William Sound were probably the result of
winter kill.

RECOVERY: ‘
Since there is no evidence that Sitka black-tailed deer
were injured by the spill, no estimate of recovery time
is required.

VvV

Mink

INJURY:

Mink forage in the intertidal zone and, therefore,
could have been exposed to oil by contact or by inges-
tion of contaminated food. However, due to the lack
of prespill information on population abundance and
distribution and-the difficulties of assessing popula-
tion trends postspill, an assessment of injury to mink
employing field studies was judged impractical.
Instead, a laboratory study of mink was carried out
to determine if oil-contaminated food affected repro-
duction. However, no reproductive effects were docu-
mented, even when high concentrations of weathered
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crude oil were added to their diet.

RECOVERY:

Since there is no evidence that mink or other small
" mammals were injured by the spill, no estimate of
recovery time is required.

v
BIRDS

Bald Eagles

INJURY:

There are estimated to be 27,000 adult bald eagles in
Alaska. About 2,000 of these are in Prince William
Sound and about 6,000 are found along the northern
coast of the Gulf of Alaska. Bald eagles encountered
floating oil while preying on fish and oil-contaminat- .
ed carcasses, and heavy oiling of the plumage led to
loss of flight and probably also loss of body heat.
Preening also exposed eagles to oil by ingestion.
While 151 eagles were found dead after the spill, an
estimated 200 to 300 may have been killed.

There is considerable uncertainty as to the total
number of eagles killed by the spill. Seventy-four

- percent of radio-tagged eagles that died of natural
causes in a postspill study were found in forests and
other inland areas. If this carcass deposition pattern
is representative of eagles dying from acute oil expo--
sure, then total mortality based mainly on the recov-
ery of carcasses during beach searches would be
about 430 individuals. However, it seems unlikely
that acutely oiled birds would die in similar locations
as those that died of natural causes.

Most aerial surveys to estimate population size and
productivity were conducted in Prince William
Sound. Population estimates made in 1989, 1990 and
1991 mdlcate that there may have been an increase
in the bald eagle population since the previous survey
conducted in 1984, although considerable variability
was associated with these data. Estimates for the
three postspill years were not significantly different.

'\

Estimates of productivity indicate that, in 1989, 85%
of nests in moderately and heavily oiled areas failed,
compared to 55% in lightly oiled and unoiled areas.
In 1990, there were no differences between these
areas. It is estimated that the loss of production in
1989 was equivalent to 133 chicks.

RECOVERY:
Since the number of eagles lost appears to be less
than the change that can be detected by the aerial
survey techniques, it may not be possible to follow
recovery to prespill numbers. It also appears that
the lost chick production in 1989 will not have a
measurable impact on the population. Bald eagles
are recovering, and may have already recovered from
the effects of the spill.

vewvw

Black Oystercatchers

INJURY:

The spill caused population declines and sublethal
injuries to black oystercatchers. Nine black oyster-
catcher carcasses were recovered from beaches after
the spill. It is unknown how many additional oyster-
catchers were killed by the spill but were not recov-
ered. Prespill (1972-1973, 1984) and postspill popu-
lation surveys suggest that within Prince William
Sound, an estimated 120 to 150 black oystercatchers
representing 12% to 15% of the total estimated popu-
lation, died as a result of the spill. Mortality outside
of Prince William Sound is unknown, but the total
spill-area population is thought to be approximately
2,000 birds.

In addition to mortality caused directly by the spill,
oiling also affected their reproductive success. Egg
volume and the weight of chicks raised in oiled areas
were lower compared to those raised in unoiled
areas; however, there are no prespill data, and it is
not known if those conditions existed before the spill.
Other measures such as hatching success, fledgling
success, and chick production were not different
between oiled and unoiled areas. It is quite possible
that in 1989 and 1990, disturbance associated with
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cleanup activities of oiled study areas, for example,
Green Island, contributed to these differences.

RECOVERY: - _
While black oystercatchers are recovering, an esti-
mate of their recovery time is difficult to make.
There is significant uncertainty associated with any
estimate of recovery made because the population
growth rate for black oystercatchers is unknown.

However, if the growth rate is equal to Eurasian oys- . .

tercatchers (6.25%) and there are no lingering sub-
lethal injuries, the calculated estimate of recovery is
several decades. Finally, the potential contribution
of immigration from unoiled areas on recovery is not

easily estimated. .
vewvw

INJURY:

The oil spill caused population declines and sublethal
injuries at murre colonies in the Gulf of Alaska.
Including both common murres and thick-billed mur-
res, there are about 12 million murres in Alaska, and
1.4 million in the Gulf of Alaska region. About 1.2 mil-
lion of the total population in the Gulf of Alaska nest

on the Semidi Islands, which were not directly impact-

ed by the oil. Murres are particularly vulnerable to
floating oil and have been killed in large numbers by
oil spills elsewhere in the world.

At the major breeding colonies studied (Chiswell
Islands, Barren Islands, Puale Bay, and the Triplets),
an estimated 120,000 to 134,000 adult breeders were
killed by contact with oil. The oil arrived in early
April just as birds were beginning to congregate at the
colonies in anticipation of breeding. If the rate of mor-
tality is adjusted for birds not counted on the colonies,
but feeding at sea, it is estimated that 170,000 to
190,000 breeding birds were killed. In general, it is
estimated that between 35% and 70% of the breeding
adults at the above colonies were killed by the spill. It
'is not known where prebreeding juveniles were at the
time of the spill, or if many were killed.

The timing of reproduction also chénged at
oil-impacted colonies following the spill. At the

A

Barren Islands and at Puale Bay, egg laying was
about a month late in 1989, 1990, and 1991. In 1992
there were some indications that breeding was
returning to normal at places in the Barren Islands
colony. At the Chiswell Islands, laying was not
observed in 1989, and laying was late in 1990. Due
also to fewer birds occupying these colonies, it is like-
ly that the rate of predation was much greater than

“normal, since these colonies rely on sheer numbers of

birds to discourage predation by gulls and eagles.
Furthermore, the delay in egg-laying (estimated to
be one month) that has been seen in the Barren
Islands, at Puale Bay and in the Chiswell Islands
since the spill, may produce chicks that cannot sur-
vive the first autumn storms in the Gulf of Alaska.
Conservatively, the estimate of lost production asso-

- ciated with delayed reproduction could exceed

300,000 chicks.

RECOVERY:

The degree of recovery necessarily varies among the
affected colonies. There are preliminary indications
of recovery at the Barren Islands in 1991 and 1992,

but it is not yet known when the timing of reproduc-

tion will return to normal. Agency scientists estimate
that it could take many decades and perhaps a centu-
ry before the injured murre populations return to
their prespill levels. These estimates assume that
disturbance does not increase near the colonies over
this time interval.
. A A4

Harlequin Ducks

INJURY:

The oil spill caused population declines and appears
to have caused sublethal injuries in harlequin ducks.
Of the six species of sea ducks studied, harlequin
ducks feed highest in the intertidal zone where most
of the stranded cil was initially deposited and in some
cases still persists. An estimated 1,000 harlequin
ducks were killed by the spill. The resident prespill
population of harlequin ducks in western Prince
William Sound was estimated to be approximately
2,000. Wintering migrants increase this population
in the western Sound annually by 10,000. With few
exceptions since 1989, neither breeding adults nor
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fledglings have been located in the heavily oiled
areas of western Prince William Sound. Evidence of
breeding activity in the unoiled eastern Prince
William Sound appears to be normal.

Elevated concentrations of hydrocarbons and their
metabolites were found in the bile of harlequin ducks
collected in western Prince William Sound in 1989.
If residual oil in the diet is affecting reproduction,
then the effect should begin to diminish once the . . -
threshold for toxicity is reached and the levels of per-
sistent oil decrease in the environment.

Unfortunately, we have no information after 1989 that
determined exposure levels in bile for harlequin ducks
in western Prince William Sound. Also, there is so lit-
* tle known about how oil may affect reproduction and
what physiological changes can be induced by feeding
onoiled prey. For these reasons, the possible causes of
breeding failure have not been established.

RECOVERY: .

There appears to be diminished reproduction in harle-
quin ducks in oiled areas of western Prince William
Sound. There are no indications that recovery has
occurred. Scientists disagree on the time it will take
harlequin ducks to recover to their prespill levels, but

estimates suggest that recovery may not occur for sev-

eral decades. Recovery could depend upon final
degradation of oil in intertidal habitats where harle-
quin ducks feed, if it can be assumed that continued
injury is due to ingestion of oil-contaminated food.

Marbled Murrelets

Approximately 612 marbled murrelets were recov-
ered from beaches following the spill. Based on other
carcass recovery studies, this suggested that between
8,000 and 12,000 birds may have been killed by the
oil spill, which appears to be about 5% to 10% of the
current population in the affected area. The avail-
able postspill data indicated that the marbled mur-
relet population has declined since the last census
conducted in the middle 1980s. The oil spill probably
increased the rate of decline for this species in the

spill area, although the magnitude of incremental
injury is difficult to estimate.

RECOVERY:

Since the spill, surveys conducted in Prince William
Sound have resulted in population estimates of
107,000 in 1989, 81,000 in 1990, and 106,000 in
1991. With such variation in postspill population
estimates, it is not yet possible to determine a trend
in marbled murrelet abundance in Prince William
Sound. The data collected in the 1970s and 1980s

.indicate that the population was declining before the

spill. Although there is uncertainty associated with
the causes of this decline, scientists expect it to con-
tinue. There are several factors that could account
for this decline including a diminished food supply,
increased predation, reduced nesting habitat, or
fishery interactions, but there are no conclusive
data that indicate if any or all of these factors
affected the population.

Because of the population decline, the marbled mur-

relet populatien is not expected to return to prespill

population levels. Estimates of when the population

may stabilize vary widely among experts but may be

more than a decade. Estimates of further decline range

from 20% to 50%, but again there is much uncertainty.
A A A 4

Pigeon Guillemots

INJURY:

Because these birds forage near shore and often con-
gregate on rocky beaches, they were vulnerable to

the spilled oil. Five hundred and sixteen guillemot
carcasses were recovered after the spill. Total mor- .
tality is estimated to be between 1,500 to 3,000 indi-
viduals, and may be as much as 10% to 15% of the
pigeon guillemot population in the Gulf of Alaska.
The results of boat surveys in Prince William Sound
indicate that the population of this species was

'14,600 in 1973. After the spill, the populations were

4,000 in 1989; 3,000 in 1990; and 6,600 in 1991. The
population in Prince William Sound was probably
declining prior to the spill, but the survey data indi-
cate that the decline in oiled areas was greater than
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in unoiled areas. For the Naked Island group,
results of postspill surveys indicated a 40% decline in
abundance compared to the latest prespill surveys in
the mid-1980s. The decline showed a correlation
with degree of shoreline oiling. The oil spill probably
increased the rate of decline for this species in the
spill area, although the magnitude of incremental
injury is difficult to estimate.

RECOVERY:

Pigeon guillemots may not return to prespill popu-
lation levels, as their population was probably
declining prior to the spill. The reasons for the
long-term decline are unknown which makes pre-
dictions of future population trends extremely dif-
ficult. The population is expected to stabilize
sometime over the next several decades, but esti-
mating the population size when it stabilizes is
even more uncertain. _
A A A 4

Other Birds

INJURY:

There were numerous other birds affected by the
spill. The most direct evidence of injury comes from
the carcasses of birds found on the beaches after the
spill in 1989. Some of the other species found dead
included falcons, ducks, sandpipers, phalaropes,
gulls, terns, auklets, puffins, various passerines,
loons, grebes, shearwaters, petrels, cormorants, kitti-
wakes, and geese. Other important information
comes from boat surveys carried out after the spill
using similar techniques to those used in 1972-1973
and 1984-1985 surveys. Other birds that declined
more in oiled than in nonoiled areas since the early
1972-1973 surveys include the Northwest crow and
cormorant. A similar comparison based on the
1984-1985 surveys showed that cormorant, Arctic
tern and tufted puffin declined more in oiled areas.

Injuries to murres, eagles, marbled murrelets, pigeon
guillemots, black oystercatchers, and harlequin
ducks are discussed individually above; however,
these are only six of the approximately 90 species of
birds represented in the collections of dead birds

A

recovered after the spill. A list of the species recov-
ered during the spill can be found in Table B-4. In

~ general, the number of dead birds recovered probably

represents only 10% to 15% of the total numbers of
individuals killed. For most species, there are no
reliable prespill data that will allow accurate assess-
ment of the significance of estimated losses.

RECOVERY:

There is a great deal of uncertainty about the recov-
ery of populations of individual species because
many were not studied.

\ 4 ,
FISH

Cutthroat Trout and Dolly
Varden

INJURY:

Both Dolly Varden char and cutthroat trout feed
extensively in the nearshore marine habitat and are
particularly vulnerable to the effects of oil spills. -
Measurement of oil in the bile of Dolly Varden follow-
ing the spill in 1989 showed that this species had the
highest oil concentration of any fish species studied.
Both species were captured at weirs on five stream
after overwintering in 1989, 1990 and 1991 in an
attempt to understand the effects of oiling. Studies
of injury were not carried out in 1992.

While survival of Dolly Varden returning to oiled
streams in 1990 was 32% less than those returning to
unoiled streams, and survival appeared to be 57% less
for cutthroat trout returning to oiled streams in 1990,
these differences are not statistically significant.
There also are no prespill data with which to compare
these results. However, it was determined that larger
cutthroat trout grew significantly less in oiled areas in
1989, 1990 and 1991. Dolly Varden growth rates were
also reduced between 1989 and 1990.

RECOVERY:

Dolly Varden and cutthroat trout in oiled areas may
have sustained a sublethal injury (slower growth in
oiled areas). Scientists cannot estimate a recovery
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time without much further study.
A A A £

Pacific Herring

INJURY: '

The oil spill caused sublethal injuries to Pacific her-
ring in Prince William Sound, but scientists do not
know whether these injuries will result in a popula-
tion decline. Pacific herring spawned in intertidal
and subtidal portions of Prince William Sound short-
ly after the spill. Over 40% of areas used by herring
to stage, spawn, or deposit eggs, and 90% of the
areas used for summer rearing and feeding were

lightly to heavily oiled. Oiled spawning areas includ-

ed portions of Naked and Montague islands.

Studies conducted in 1989 and 1990 showed a slight
but statistically significant higher rate of egg mortali-
ty in oiled areas, compared to unoiled areas. In 1989,
rates of larval mortality, lethal and sublethal genetic
damage, and physical deformities also were greater in
oiled areas. There also is some evidence of differences
in histopathological condition and reproductive suc-
cess in oiled areas in 1989. However, all differences
between oiled and unoiled study sites were less pro-
nounced in 1990, and were not observed in 1991.

Three-year-old herring exposed as eggs or larvae in
1989 were underrepresented in the 1992 spawning
migration. Compared to Sitka Sound, which corre-
lates closely with Prince William Sound in herring
recruitment, the 1992 returns of the 1989 year class
were lower in Prince William Sound than expected.
Data comparing herring biomass and age composi-
tion of Prince William Sound and Sitka Sound from
1969 to 1992 demonstrates a statistically significant

correlation between the size and age structure of her-

ring migrations in these two areas. However, since
the 1989 year class was not fully recruited to the

- adult population until 1993, analysis of 1993 data

could be more instructive. There also was an out-

break of viral hemorrhagic septicemia (VHS) in her-
ring returning to Prince William Sound in 1993, but
it is not known if the disease is linked to the oil spill

A

RECOVERY:
The complex population dynamics of Pacific herring
make it is very difficult to predict the extent of injury
or estimate natural recovery rates. However, analysis
of 1993 data may give a more complete picture of
injuries suffered by the 1989 year class.

: A A A4

Pink Salmon

The oil spill caused sublethal injuries to wild popula-
tions of pink salmon, but there is continuing debate on
whether the wild stock population has been affected.

Seventy-five percent of the wild pink salmon spawn
intertidally at the mouth of streams in Prince William
Sound. There was no apparent change in the use of
this habitat in the summer of 1989, and many salmon
deposited their eggs in the intertidal portion of oiled
streams. In the autumn of 1989, egg mortality in
oiled streams averaged about 15%, compared to about
9% in unoiled streams. Since 1989, egg mortality has
generally increased, until in 1991, there was an
approximate 40% to 50% egg mortality in oiled
streams, and 18% mortality in unoiled streams.

Although the differences between egg mortality in
oiled and unoiled streams over the first two years
are likely attributable to the effects of oil, the persis-
tence of these differences three years after the spill
was entirely unexpected and is not understood. In
this regard, natural factors that vary between oiled
and unoiled streams, e.g., the degree of wave expo-
sure, have not been eliminated as possible causes of
persistent differences. Also, the studies of pink
salmon carried out after the spill have documented
that adults released as fry from nearby hatcheries

- are wandering into streams and spawning with wild

stocks. The potential effect of this phenomenon on
egg survival has not been investigated. Some scien-
tists suggest that the longer the differences in egg
mortality persist, the less likely it will be that oil is
the cause or a contributing cause.
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Pink salmon fry released from hatcheries as well as
wild pink salmon fry leaving their natal streams in
the spring of 1989 were also exposed to oil in the
open water. Both pink salmon and chum salmon lar-
vae were exposed to sufficient amounts of oil to
induce enzymes that metabolize oil. In addition,
tagged pink salmon larvae released from the hatch-
eries and collected in oiled areas were smaller than
those collected in unoiled areas, even after account-
ing for the effects of food supply and temperature.
The rate of return of pink salmon adults is depen-
dent on conditions during the larval stage; and lower
food supply, temperature and growth will result in a
lower return of adults the following year.

Despite the differences in egg mortality and larval
growth, tagging data do not show that pink salmon
populations were affected by the oil spill. For exam-
ple, fry that were tagged as they left their streams in
1990, and were recaptured as returning adults in
1992, did not show differences in survival between
oiled and unoiled streams. Fisheries experts disagree
whether or not the increased egg mortality seen in
the oiled streams is affecting the adult populations.

RECOVERY:

The most apparent injury to pink salmon is to egg sur-
vival. This difference in mortality rates between oiled
and unoiled streams persisted in 1991. For at least
the first three years after the spill, the rate appears to
be worsening, both in oiled and unoiled areas. While
there is disagreement among experts on whether popu-
lation level injuries exist, those who do believe that the
spill reduced the adult population estimate that recov-

ery will take more than a decade.
) A A A 4

Rockfish

INJURY:

The oil spill may have caused sublethal injuries to
" rockfish, but it is unknown whether or not popula-
tion declines also occurred. There is little prespill
data on rockfish in the spill area. Many dead rock-
fish were reported to have been sighted after the

A

spill, although only 20 adult yelloweye rockfish were
recovered by biologists. Of these, only five were in
good enough condition to chemically analyze. All five
fish were determined to have died from oil ingestion.
Samples collected from oiled areas in Prince William
Sound and the outer Kenai coast indicated there was
evidence of exposure to oil (in bile) in 1989, and high-
er-than-normal prevalances of organ lesions in 1989,
1990 and 1991, although there is some uncertainty
associated with causes of these pathological changes.
In 1990 and 1991, oil exposure was documented in
fish collected from oiled but also unoiled sites.

An additional unknown is the degree to which post-
spill increases in fishing pressure may be impacting
rockfish. Partially due to numerous spill-related
commercial fishing closures (salmon and herring) in
1989, commercial fishers increased their take of
rockfish. Rockfish harvests in Prince William Sound
increased from approximately 93,000 pounds in 1989
to over 489,000 pounds in 1990. While harvests
decreased since 1990, harvests are still higher than
the historic average. While population levels are
unknown, concerns have arisen about possible over-
fishing. Rockfish are a slow growing species, pro-
duce relatively few young, and do not recover rapidly
from overfishing.

RECOVERY: v
Because there is still considerable uncertainty
that rockfish experienced significant direct mor-
tality or sublethal effects, a natural recovery rate
was not estimated. )

vewvw

Socke é Salmon

INJURY:

Kenai River and Red Lake-Kodiak sockeye salmon
stocks may have suffered population declines as
well as sublethal injuries. This potential injury is
unique, since it is due in part to a decision to close
commercial fishing in 1989 in portions of Cook Inlet
and in Kodiak waters. As a result, there were
higher-than-usual returns (overescapement) of
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spawning fish to the Kenai and Red Lake systems
in 1989, although this was the third consecutive
year of overescapement to the Kenai River system..
Public comments have indicated that sockeye
overescapements may have occurred in the Chignik
Lake system. - :

For the Kenai system, more than 900,000 spawning
fish returned each year from 1987 through 1989,

when the system was managed for a returnof only - -

600,000 fish a year. The cumulative effect of too
many spawning adults in the Kenai River system
has been a decline in smolt production. Although
the exact mechanism by which this occurred is not
clear, it is believed that concentrations of food
(planktonic crustacea) are insufficient to meet the
needs of the greater number of fry produced. Fewer
fry surviving their first winter in rearing lakes result
in fewer outmigrant smolt in the spring. Smolt pro-
duction in the Kenai River system has declined as
follows: 1989, 30 million; 1990, six million; 1991, 2.5
million; and 1992, less than one million.

Outmigrations of smolt from the system have been
on the decline since 1990, and the forecasted returns
in 1994 and 1995 are below escapement goals.

RECOVERY:

There are no indications of recovery in either the
Kenai River or Red Lake systems. Estimates of pop-
ulation recovery vary among experts but could
exceed a decade to attain a 10;year population aver-
age similar to the prespill population levels. The
Kenai River recovery could be prolonged if plankton
populations do not recover to prespill population con-
centrations and salmon develop a cyclic pattern with
large returns in some years followed by very small
returns in others. Recovery could occur more quickly
if plankton populations return to normal by 1993,
and there is a normal adult escapement.

v
SHELLFISH

grab',‘ Shrimp, Sea Urchin

While clams, mussels, crab, shrimp, sea urchins and
oysters are all commonly referred to as shellfish,
injuries to clams and mussels are addressed in the
section on Intertidal Communities.

Dungeness crab and brown king crab studies ended .
early in 1989 due to the scarcity of these species in the
spill area. Fishing pressure and natural predation
may have reduced population levels prior to the spill.-

There also is little conclusive evidence to suggest
that spot shrimp were injured by the oil spill. There
were no studies on sea urchins, and oyster studies
(on farmed oysters) ended after a legal interpretation
indicated that the Natural Resource Damage
Assessment Rules (Comprehensive Environmental
Response, Compensation and Liability Act of 1980,
42 U.S.C 9601) did not apply. However, since oil is
known to have impacted subtidal sediments and
communities, it is possible that undocumented expo-
sure and injury occurred for several shellfish species
not studied.

RECOVERY:

Because it was not possible to establish that these
species were injured by oil, no estimate of recovery
was made. |

A
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A 4 .
INTERTIDAL

COMMUNITIES

- Intertidal Communities

INJURY:

The intertidal zone is the area of beach between the
low and high tide extremes. The oil spill caused pop-
ulation declines and sublethal injuries to the com-
munity of plants and animals living in the intertidal
zone. Portions of 1500 miles of coastline were oiled
(350 miles heavily oiled) resulting in significant
impacts to intertidal habitats, particularly the upper
intertidal zone. With tidal action, oil penetrated
deeply into cobble and boulder beaches that are rela-
tively common on the rocky islands of the spill area.
Cleaning removed much of the oil from the intertidal
zone, but subsurface oil persisted in many heavily
oiled beaches, and in mussel beds which were avoid-
ed during the cleanup.

Direct oiling killed many organisms, but beach
cleaning, particularly high-pressure, hot water
-washing, had a devastating effect on intertidal life.
Several studies have documented the combined
effects of oiling and cleanup on beaches and now
track the course of recovery. Because of little or no
prespill data, these studies have relied on compar-
isons of oiled and unoiled sites. Because of our abili-
ty to measure effects on common organisms, these
have been emphasized in the injury studies.

The most significant impacts occurred in the upper
and middle intertidal zones on sheltered rocky
shores, where the greatest amounts of oil was
stranded. In the upper and middle intertidal zones
of rocky shores, the seaweed Fucus gardneri (rock-
weed or popweed), barnacles, limpets, periwinkles,
clams, amphipods, isopods and marine worms were
less abundant at oiled than unoiled sites. Although
there were increased densities of mussels in oiled

area, they were significantly smaller than mussels in |

- the unoiled areas, and the total biomass was signifi-
cantly lower. While the percentage of intertidal
areas covered by Fucus was reduced following the
spill, the coverage of opportunistic plants (ephemeral

algae) that characteristically flourish in disturbed
area was increased. The average size of Fucus
plants was reduced, as was the reproductive poten-
tial of those plants surviving the initial oiling.

The magnitude of measured differences varied with
degree of oiling and geographic area. On sheltered
beaches, the data on abundance of clams in the lower
intertidal zone strongly suggest that littleneck clams
and, to a lesser extent, butter clam also were signifi-
cantly affected by the spill. Also, in 1990, compar-
isons of abundance of intertidal fishes indicated few-
er fish in oiled areas, but such differences were not
found in 1991.

In 1991, relatively high concentrations of oil were
found in mussels and in the dense underlying mat
(byssal substrate) of certain oiled mussel beds.
These beds were not cleaned or removed after the
spill and are potential sources of fresh (unweath-
ered) oil for harlequin duck, black oystercatchers,
river otters, and juvenile sea otters, all of which feed
on mussels and show signs of continuing injury. The
extent and magnitude of oiled mussel beds are
unknown and continue to be investigated.

RECOVERY:

The lower and middle intertidal zones have recovered
to a large extent, but injuries persist most strongly in
the upper intertidal zone, especially on rocky sheltered
shores. Natural recovery of the upper intertidal zone
will occur in stages as the different species in the com-
munity respond to improved environmental conditions.

Recovery in the upper intertidal appears to depend
on the return of adult Fucus in large numbers to this
zone. In the absence of a well-developed canopy of
adult plants, eggs and developing propagules of
Fucus lack sufficient moisture to survive. The -
reduced canopy of rockweed in the upper intertidal
zone also appears to have made it easier for oyster-
catchers to prey on limpets. Accordingly, the recovery
of limpets and other invertebrates also is linked to
the recovery of rockweed. Existing adult plants will
act as centers for the outward propagation of new
plants, and it is estimated that recovery of Fucus may
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take a decade. Full recovery of the intertidal commu-
nity may take more than a decade, since it may take
several years for invertebrate species to return after
Fucus has recolonized an area.

v
SUBTIDAL
COMMUNITIES

Subtidal Communities

INJURY:

The oil spill caused population declines and sub-
lethal injuries in the communities of plants and ani-
mals found below low tide. Several kinds of subtidal
environments were studied after the spill: eel grass
beds, Laminaria (kelp) beds, fjords and the deep bot-
tom (40 to 100 meters). All these studies relied on
comparisons between oiled and unoiled environ-
ments. Study sites also were matched for conditions
(sediment grain size, depth., etc.) likely to affect the
distribution and abundance of organisms.

The greatest differences were seen for small organ-
isms living in the sandy sea bottom below eelgrass
beds—they were less abundant in oiled environments.
Among affected groups were amphipods, known from
previous studies to be highly sensitive to oil. In addi-
tion, there were larger organisms that showed differ-
ences in abundance, most notably the crab Telemesus
was less abundant in oiled areas. Two separate stud-
ies found that eelgrass in oiled areas did not bloom as
well after the spill as in unoiled areas. Other organ-
isms, however, were more abundant in oiled
areas—some small mussels that live on eel grass and
juvenile cod. Even greater differences were observed
in the abundance of fauna at depths from six to 20
meters below the oiled eelgrass beds, where there
were far fewer individuals in oiled areas.

The results of other subtidal studies were more
equivocal. Chemical analyses show that Exxon
Valdez oil apparently did not reach deeper than 20 to
40 meters, although elevated activities of hydrocar-

“bon-degrading bacteria were seen somewhat deeper

in some cases. Reduced abundances in fauna were
encountered in several oiled bays at 100 m, but the
causes of these differences are not clear. Some flat-
fish had elevated amounts of hydrocarbons in their
bile in 1989 and 1990, and slightly elevated preva-

lences of gill damage.

RECOVERY:

Analysis of invertebrates associated with eelgrass
beds collected in 1991 indicated that differences not-
ed in 1990 between oiled and unoiled areas had
started to converge. Another year of study in 1993
may indicate if this trend has continued. Because
recovery has been observed in shallow (<20m) subti-
dal habitats, full recovery is expected in most cases
within several years.

A4 |
OTHER RESOURCES

Archaeological Resources

INJURY:

The oil spill area has been occupied by Native peo-
ples for at least 11,000 years. The spill area also con-
tains artifacts from the post-European contact era.
It is estimated that the oil spill area contains

~ between 2,600 and 3,137 historic properties, 1nclud-

ing 1,287 known sites that have been recorded in the
Alaska Heritage Resources Survey.

Currently, 24 sites are known to have been adversely
affected by oiling, cleanup activities, or looting and
vandalism linked to the oil spill. One hundred thir-
teen sites are estimated to have been similarly
affected. Injuries attributed to looting and vandal-
ism (linked to the oil spill) are still occurring.

Injuries to archaeological sites include theft of sur-
face artifacts and masking of subtle clues that

 archaeologists depend upon to identify and classify

sites. Key diagnostic artifacts have been illegally
taken, ancient burials have been violated and pot-
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holes dug by looters have destroyed critical evidence

contained in the layered sediments. Additionally,
vegetation has been disturbed which has exposed
sites to accelerated erosion. The effect of oil on the
soil chemistry and organic remains has reduced or
eliminated the utility of radiocarbon dating. Other
injuries to archaeological sites have not yet been
reported and the actual extent of damage will not be
known for decades.

Some injuries, particularly looting and vandalism,
are continuing and are on the rise in the spill area
because of ongoing human intrusion into previously
pristine areas.

RECOVERY:
Archaeological sites cannot recover in the same
sense as biological species or organisms. They repre-
sent a category of finite, nonrenewable resources.
Injury to this resource results not only in the loss of
important scientific data, but in an irretrievable loss
of Alaska’s cultural heritage. Restoration cannot
regenerate what has been destroyed, but it can suc-
 cessfully prevent further degradation of both sites and
~the scientific information. Documentation of injured

sites is necessary to preserve the artifacts and scientif- -

ic data which remains in the vandalized sites.
A A A 4

Designated Wilderness Areas

INJURY:
Areas formally designated as wilderness within the
spill area are: Katmai National Park, Becharof
National Wildlife Refuge, and Kachemak Bay State
Wilderness Park. Four federal areas are currently -
being formally considered for wilderness designation:
Kenai Fjords National Park, Lake Clark National
Park, Aniakchak National Monument and Preserve,
and the Nellie Juan/College Fjord area of the
Chugach National Forest. Federal wilderness areas
are managed according to the 1964 Wilderness Act
“and the Alaska National Lands Conservation Act
(ANILCA) of 1980. State wilderness areas are man-
aged according to enabling legislation and subse-

A

quent management plans. Generally, the areas are
managed to maintain their natural landscape, a
sense of solitude, and their wild character. Evidence
of human presence is generally limited to temporary
uses. Various state and federal lands not legislative-
ly designated as wilderness or wilderness study
areas are managed according to each agencies’
enabling legislation and subsequent regulations.
These areas allow a broader range of uses and
increased human development and thus have
increased human presence.

The oil spill delivered oil in varying quantities to the
adjoining waters of all designated wilderness areas,
and oil was deposited above the mean high tide line
in many areas. During the intense cleanup seasons
-of 1989-1990, hundreds of workers and thousands of
pieces of equipment were at work in the spill area.
This activity was an unprecedented imposition of peo-
ple, noise and activity on the area’s undeveloped and
normally sparsely occupied landscape.

RECOVERY:

0Oil remains in isolated pockets in these wilderness
areas. Although the oil is disappearing, it will be
decades before the wilderness returns to its pristine
condition. As a result, direct injury to wilderness
and intrinsic values continue. The massive intrusion
of people and equipment associated with oil spill
cleanup has now ended.

D\ 4
SERVICES
(HUMAN USES)

Commercial Fishing

During 1989, emergency commercial fishery closures
were ordered in Prince William Sound, Cook Inlet,
and the waters around Kodiak Island and the
Alaska Peninsula. Harvests were closed or restrict-
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ed for pink and sockeye salmon, herring, crab,
shrimp, smelt, rockfish and sablefish. In 1990, por-
tions of Prince William Sound were closed to shrimp
and salmon fishing for the same reason. (See Table
B-2) All of the 1989 and 1990 closures were done to
prevent harvest of oiled fish and were not triggered
by population reductions in these species. There are
currently no splll-related commercial ﬁshery clo-
sures in effect.

Significant impacts on fisheries may result from too
many fish returning to the Kenai River and Red
Lake (Kodiak Island) systems in 1989. During the
1989 commerecial sockeye fishery closures, large
numbers of fish escaped harvest to spawn, This
resulted in an unusually large number of salmon fry
moving into the lakes to feed. Sockeye fry spend up
to two years feeding in fresh water before migrating
to the ocean. It is hypothesized that the salmon fry
overgrazed the zooplankton available to them in the
upper layers of the lakes. This reduced rates of
growth and survival for the fry. Previous Kenai
River overescapements in 1987 and 1988 compound-
ed the problem. Fry survival in the Kenai system
was very poor for two years in a row, and Red Lake
fry may have stayed in the lake an extra year to
feed. This will probably result in severely reduced
adult returns to these systems starting in 1994. Itis
also likely that 1995 returns to the Kenai River will
be very low. Closure of Kenai River sockeye fisheries
would have major impacts on many user groups.

The extent of injury to rockﬁsﬁ is not fully under-
stood, although a few mortalities were caused by
exposure to petroleum hydrocarbons and residual
hydrocarbons have been found in tissues and bile.
An additional, indirect injury may have been inflict-
ed by significantly increased commercial fishing
pressures. Following the multiple, spill-induced
fishery closures, many commercial fishermen redi-
rected harvest efforts towards rockfish. Little is
known about current population levels and how well
they will be able to withstand the increased pres-
sure. However, rockfish are known to have low rates
of reproduction and growth and have been seriously
damaged by overfishing in other places. Thus, the
possibility exists that the increased rockfish harvest

may overfish the population.

Public comment indicated concern that the oil
spill had caused or could cause the followmg
fishery impacts:

1) poor Prince Willlam Sound pink salmon
returns in 1992;

22) potential reductions of sockeye returns in
Chignik Lake due to 1989 sockeye
overescapements;

3) poor Prince William Sound herring
returns and disease problems in 1993; and

4) decreased Prince William Sound spot
shrimp populations.

At this time, biologists do not know whether these
events were caused by the oil spill. :

RECOVERY:

Sockeye recovery status is unknown but will depend
on recovery and availability of zooplankton popula-
tions in the lakes used by rearing fry. This will prob-
ably occur sooner in Red Lake than the Kenai sys-
tem, although less is known about recovery in Red
Lake. Itis not yet known how many year classes of
sockeye fry will be directly impacted by food short-
ages. However, the number of outmigrating Kenai
River smolt was extremely low in 1991 and 1992,
indicating that at least two consecutive year classes
were impacted by overescapement. Kenai River
smolt will return as adults in 1994 and 1995. The
number of adults returning from these reduced out-
migrations will almost certainly be lower than nor-
mal and may not be able to produce enough eggs to
rebuild the runs within a single generation. If this
turns out to be the case, adult returns to the Kenai
in 1999 and 2000 may also be low.

Insufficient data exist to determine whether rockfish
continue to be impacted by hydrocarbon contdamina-
tion or if they are being harmed by overfishing. The
lack of data could result in additional damage to the
species. Likewise, the recovery status of herring and
pink salmon is unknown.
: A A A 4

Yy
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PACIFIC HERRING

SHRIMP

SABLEFISH (BLACK COD)

DUNGENESS CRAB

KING CRAB
GROUNDFISH
MISCELLANEOUS SHELLFISH

PINK AND SOCKEYE SALMON

SOCKEYE SALMON

SHRIMP
MISCELLANEOUS SHELLFISH

PACIFIC HERRING

PRINCE WILLIAM SOUND

Gillnet and purse seine sac roe fisheries and pound and wild roe-on-kelp fish-
eries all closed Aprit 3, 1989. '

Pot shrimp fishery closed while in progress on April 3,1989. Trawl shrimp
fishery closed on April 9, 1989. A small pot shrimp harvest area near Knight,
Eleanor and Smith Islands was closed in.1990. .

- Closed April 1,1989. Reopened in inside waters only, in conjunction with the

halibut opening on June 12, 1989.

Closed April 30, 1989.

Closed on October 1, 1989.

Closed April 30, 1989. Reopened with the June 12, halibut opening.

On April 24, 1989 it was announced that no miscellaneous shellfish permits
would be issued. , :

Closures of commercial drift and set net fisheries in Eshamy District, Northem
District (surrounding Naked and Perry Islands), parts of Culross Island
Subdistrict, Southwestern District, and parts of Montague isiand District.

In 1990, two set net areas near Eshamy Bay were closed for four days and then
reopened. In addition, portions of the northem and eastem shorelines of Latouche
Island,and waters around Eleanor and Ingot Islands were closed to fishing.

UPPER COOK INLET

With the exception of a very minor opening of a small portion of the Central
District, the commercial drift gillnet season was closed because of oil. In
addition, setnet fishing in the Upper Subdistrict south of the Kasilof River
was closed for the 12 hour regular fishing period on July 7, 1989, due to the
presence of oil on beaches.

LOWER COOK INLET
Closed April 30, 1989. Reopened July 7, 1989.

On April 24, 1989, it was announced that no miscellaneous shellfish permits
would be issued to harvest these species in the Outer and Eastern Districts
until the danger of oil contamination had passed.

The Outer and Eastern Districts were closed at noon, April 30, 1989. The
fishery reopened to all species except sablefish, June 12 in conjunction with
the 24-hour halibut opening.

" Smelt was closed along with groundfish in the Outer and Eastem Districts

on April 30, 1989. When groundfish reopened, smelt fishing remained
closed. ‘

The sac roe fishery in the Quter and Eastern Districts closed on April 15,
1989, prior to the anticipated opening date of April 20, 1989.

A

1993 SUPPLEMENT TO THE SUMMARY OF ALTERNATIVES

DRAFT EXXON VALDEZ OIL SPILL. RESTORATION PLAN

B19



PINK SALMON

PACIFIC HERRING

SOCKEYE AND PINK SALMON

SOCKEYE SALMON

LOWER COOK INLET (continued)

~ The seine fishery in the Kamishak District opened on June 1, 1989 and was

closed by emergency order on June 8, 1989. Portions of Kamishak District
north of Contact Point were opened after July 20 based on run strength. The
Tutka Bay Subdistrict north of the powerlines was closed to seining on July
10, and opened later the same day after further assessment showed the
commercial fishery would not be impacted.

Approximately 34 of 56 management units were closed for the duration of
the sac roe fishing season.

The commercial season was scheduled to begin June 9,1989. The fishenes
were postponed until June 19, when only the setnet fishery in the Alitak
District opened; there were approximately 114 days fished in this setnet fish-
ery by 87 fishermen. The only other commercial opening to occur during
the 1989 salmon season was a two day seine opening in Karluk Lagoon, on
the west side of Kodiak Island, in mid-September. The entire Kodiak
Management Area closed to commercial salmon fishing at the conclusion of
the Lagoon fishery.

CHIGNIK

The Chignik fishery opened on June 12, 1989. However, portions of the
Eastern District were closed due to the presence or close proximity of oil in
the Kilokak Rocks area, and in Imuya and Wide Bays. The ADF&G
announced a 24-hour fishing period on June 26 for a portion of the Chignik

_Bay District. The area was limited to a small portion of this district due to

the presence of oil in surrounding areas, and was later closed the same day
due to the presence of mousse and sheen. Additional closures occurred on
July 27 and August 5,1989.

A
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Commercial Tourism |

Much of the injury to Commercial Tourism is similar
to Recreation. For example, passengers on guided
sailboats and those on recreation sailboats may
experience similar changes. For this reason, much of
the information listed under the Recreation and
Recreation - Sport Fishing and Hunting applies to
Commercial Tourism. After the spill, a consulting
firm, McDowell and Associates, surveyed Alaskan
tourism businesses to find out the effect of the spill.
Approximately 43% of the tourism businesses sur-

~ veyed by McDowell and Associates felt their busi-
nesses had been significantly or completely affected
by the oil spill in Summer 1989. The net loss in visi-
tor spending in Southcen-tral and Southwest Alaska
in 1989 was $19 million. [See also Recreation and
Recreation - Sport Fishing and Hunting.]

RECOVERY:

By 1990 only 12% of the tourism businesses sur-

veyed felt their businesses had been significantly or

completely affected by the oil spill. /See also Recrea-

tion and Recreation -Sport Fishing and Hunting.]
vVewvw

Passive Use

INJURY:

Passive uses of resources include the appreciation of
the aesthetic and intrinsic values of undisturbed
areas, the value derived from simply knowing that a
resource exists, and other nonuse values. The areas
of Alaska impacted by the oil spill supported a large
diverse ecosystem that was valued by large numbers
of the American public who did not visit the area.
The spill killed substantial numbers of different bird
species and marine mammals as well as oiling much -

of the coastline in the impacted areas. The spill also

‘'had substantial effects on the fish, bird, and wildlife
populations. While some of these effects may be of
relatively short duration, others such as recovery of
various bird populations are likely to take decades. A
contingent valuation study of the American public
done in 1991 found that approximately 95% were still
aware of the Exxon Valdez ol spill, and that over 50%
spontaneously named the spill as one of the worst

environmental accidents to occur in the world during
their lifetime. The median household was willing to
pay $31 to prevent a spill similar to the Exxon Valdez
in the future. Multiplied by the number of U.S.
households, this results in an estimate of spill dam- -
ages of $2.8 billion.

RECOVERY: /
The animals initially killed are irreplaceable. Fish
and wildlife populations are recovering at different
rates. Much of the oil in shoreline areas has been
removed or has weathered to varying degrees.

A A4

Recreation

INJURY:

In 1992 a key informant study was conducted to
obtain current information about abroad range of
recreation uses. The study canvassed 92 users in
the following ten user groups: air taxi operators,
camping/kayaking, conservation/education, lodge-
owner, Native corporations, public recreation man-
agers, sailing/motorboating, sport fishing/hunting,
tour operators, and tourism associations. The study
was not based on a random sample of recreation
users. Instead, it surveyed individuals knowledge-
able about recreation in the spill area. The response
rate was 45%.

Informants were asked how their recreation
experience had changed. About a quarter of -
the respondents reported no change in their
experience. However, others reported the fol-
lowing changes: '

1 ) avoidance of heavily oiled areas and
displacement to less affected areas, primarily
northern Prince William Sound and parts of
Kenai Fjords;

2) reduced wildlife sightings and fewer fish;
3) residual oil in the form of tar balls and

sheens that affect the enjoyment of coastal areas
and raise concerns about tainted fish; and

4) more interest in the spill area and more
people using it. Recreational use of Prince

Wy
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William Sound and the Outer Kenai Coast
appeared to be most severely affected; less
severe effects were reported in Kodiak and
Kachemak Bay.

Informants were also asked whether there are
changes not reflected in their experiences that con-
cern the way they think about the area or perceive
their recreatlon opportunities. Most of the respon-
dents (80%) said their perceptions had changed.
This group included at least half of each user group
except air-taxi operators.

Those indicating a change in perception of
recreation opportunities cited one or more of
the following changes:

4 ) increased sense of vulnerability with
regard to future oil spills, the fragility of the
ecosystem, and threats to archaeological
resources;

22) erosion of wilderness caused by the spill
itself as well as the intrusion of cleanup and
restoralion activities;

3) a sense of permanent change; ‘

. @) a sense of unknown or unseen ecological
effects that may alter the environment in the
future. Some of the respondents reported a
sense of optimism about the future.

RECOVERY:
Although the status of recovexy of recreation was not
asked in the key informant interview, respondents
volunteered information. They reported seeing less
oil now than in 1989 and subsequent years; a slow,
but discernible increase in wildlife sightings; and
each year a slight increase in people using the spill
area for recreation activities. :

' A A A 4

Recreation -
Sport Fishing and Huntmg

INJURY:
While there were no sport fishery closures until

A

1992, ADF&G data documented a significant decline
in sport fishing from 1989 to 1990 and quantified the
losses at $31 million. Declines in the number of
anglers, fishing trips and fishing days were noted for
saltwater fisheries in Prince William Sound, Cook
Inlet and the Kenai Peninsula areas. In addition,
damages to public perception of the spill zone as a
pristine environment may have been largely respons-
ible for reductions in sport-fishing activities.

The only spill-related sport fish closure has resulted
from a 1992 emergency order restricting cutthroat
trout fishing in western Prince William Sound due to
low adult returns. This closure will remain in effect
until runs return to a sustainable level. Damage
assessment from 1991 studies suggested that growth

“and survival rates of cutthroat were lower in oiled

areas. This could be due to injuries to the food chain,
which result in insufficient food for ﬁsh feeding in
nearshore marine waters.

Significant impacts on fisheries may result from too
many fish returning to the Kenai River and Red
Lake (Kodiak Island) systems in 1989. Discussions
of injury to sockeye salmon and rockfish are found
under the description of injury to commercial fishing.
Sport hunting of harlequin duck was affected by
restrictions imposed in 1991 in response to damage
assessment studies.

RECOVERY:
Sockeye recovery depends on recovery and availabili-

ty of zooplankton populations in the lakes used by
rearing fry. This will probably occur sooner in Red

 Lake than the Kenai system. It is not yet known

how many year classes of sockeye fry will be directly
impacted by food shortages. However, the number of
outmigrating Kenai River smolt was extremely low
in 1991 and 1992, indicating that at least two consec-
utive year classes were impacted by overescapement.
These smolt will return as adults in 1994 and 1995.
The number of adults returning from these reduced
outmigrations will almost certainly be lower than

- normal and may not be able to produce enough eggs

to rebuild the runs within a single generation. If this
turns out to be the case, adult returns in 1999 and
2000 may also be low.
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Cutthroat trout fishing may remain closed or
restricted in the western Sound in 1993, and will
not reopen until populations recover. Recovery may
be contingent upon recovery of the ecosystem which
supports the food chain in nearshore marine waters
where these fish feed.

Insufficient data exist to determine whether rock-
fish continue to be impacted by hydrocarbon conta-

mination or if they are being harmed by overfish-

ing. The lack of data could result in additional
damage to the species.

Harvest restrictions for harlequin duck are expected
to continue through 1993.
vVVewv

Subsistence

INJURY:

The Division of Subsistence, Alaska Department of
Fish and Game, determined before the Exxon Valdez
oil spill, that 15 Native Alaskan communities (with
about 2200 people) of Prince William Sound, Lower
Cook Inlet, Kodiak and the Alaska Peninsula relied
heavily on subsistence resources. These resources
included salmon, halibut, cod, rockfish and Dolly
Varden; marine invertebrates such as clams, chitons,
shrimp, crabs, and octopus; marine mammals (har-
bor seals and sea lions); land mammals such as deer
(Prince William Sound and Kodiak Island), black
bear and goats (Prince William Sound and Lower
Kenai Peninsula); birds including ptarmigan, water-
fowl, and gulls eggs; and wild plants. Many of these
species were studied after the spill, and the results of
these studies are summarized in this section. The
mean number of resources used per household
ranged from 10 to 25, and generally every household
participated in subsistence harvests. The per capita
subsistence harvest ranged from nearly 200 pounds
to over 600 pounds per year.

" Table B-3 illustrates changes in harvest levels in
the first year (April 1989 to March 1990) following
the spill. Subsistence harvests of fish and wildlife in

A

nine of these villages (Chenega Bay, Tatitlek,
Nanwalek [English Bay], Port Graham, Karluk, Old

* Harbor, Ouzinkie, Port Lions, and Chignik Lagoon)

declined from 4% to 78%, compared to prespill aver-
ages. The reasons for this decline varied among
communities and households, but most dealt with
the reduced availability of injured species and per-
ceived consequences of the oil spill, especially the
concern for potential health effects as a result of con-

~ suming subsistence resources from the spill area.

Chemical analytical studies conducted in 1989-1991
measured levels of petroleum hydrocarbon and
metabolites in the bile and edible tissues of subsis-
tence foods. These studies found that most resources
tested (fish, some species of shellfish, deer, ducks,
marine mammals) contained no or very low levels of
petroleum hydrocarbons, and that eating foods with
those levels posed no health risk. Exposure to oil did
not necessarily render organisms unsafe to eat since
some exposed animals were found to have low or
nonexistent levels of hydrocarbons and their metabo-
lites in their edible tissues. Some samples of shell-
fish, however, had unacceptably high levels of petro-
leum hydrocarbons prompting advisories in 1989-

1991 that shellfish should not be collected from obvi-

ously oil-contaminated areas.

RECOVERY:

Table B-3 summarizes changes in harvest levels in
Native villages following the oil spill. The finding
that subsistence harvests had increased in five vil-
lages during the 1990-1991 timeframe suggested
increased confidence in using some subsistence
resources. However, the continued very low levels of
harvest at Chenega Bay and Tatitlek, Nanwalek
(English Bay) and Ouzinkie, and the continued con-
cern in some households in many villages that some
subsistence foods remained unsafe to eat, suggested
that the injury persisted through the second year fol-
lowing the spill. ) ’

While published reports are not yet available for the
period of April 1991 to the present, it is believed that
subsistence harvests have not returned to prespill
averages in all affected Native communities, especial-

1993 SUPPLEMENT TO THE SUMMARY OF ALTERNATIVES

DRAFT EXXON VALDEZ OIL SPILL RESTORATION PLAN

B23



ly Chenega Bay and Tatitlek. Concern over poten- ties to determine if traditional foods are safe to eat,
tial long-term health effects of consuming resources and the reduction in available resources, are all fac-
from the spill area, a loss of confidence on the part tors likely to affect recovery of subsistence use.

of subsistence hunters and fishermen in their abili- ' A A A 4

: PRE-SPILL PRE-SPILL OIL SPILL PERCENT POST- SPILL
COMMUNITY - YEAR ONE YEAR TWO YEAR CHANGE YEAR ONE
' (ercapitahar-  (percapitahar-  (per capita har- ) (4/90-3/91)

vestin ds ti in pounds (per capita harvest
estin pounds)  vestinpounds)  vestin pounds) in pounds)

A
Chenega 3742 -60.4 143.1
Tatitlek , 643.5 -66.6 155.2

LOWER COOKINLET
Nanwalek (English Bay) (c) -51.3 1811
Port Graham (c) : -46.5 2135

Akhiok +869 (d)
Karluk -343 395.2

Larsen Bay +4.5 3404
0ld Harbor -35.2 (d)
 Quzinkie -78.1 204.9

Port Lions ' -55.4 (d)

ALASKA PENINSULA
Chignik Bay - +111 (d)
Chignik Lagoon ' -3.7 (d)
Chignik Lake +60.1 (d)
Ivanof Bay +8.4 (d
Perryville +1.0 (d)

~
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he tables in this part of the supplemen--

tal information package summarize the
results of the injury assessment studies
for all natural resources and archaeolo-
gy completed after the Exxon Valdez oil
spill. For most resources, the “Description of Injury”
columns focus on injury that took place during 1989 .
— just after the spill. Table B-4 shows whether
there was initial mortality caused by the spill,
whether the spill caused a measurable population
decline that will persist for more than one genera-
tion, and whether there is evidence of injury but
without a measurable population decline. For some
resources, an estimate is available for the total num-
ber of animals initially killed by the spill. If avail-

-, able, that estimate is shown in parentheses under

A

the initial mortality column. For many resources,
the total number killed will never be known. For oth-
er resources, and archaeology, listed in Table B-5,
information on injury is not quantitative.

The “Status of Recovery” columns show the best esti-

.. mate of recovery using information from 1992. (Most

information comes from the 1992 summer field sea-
son). The columns show resources’ progress toward
recovery to the population levels that scientists esti-
mate would have occurred in the absence of the spill.
The “Current Population Status” column shows a
resource’s progress from any “Decline in Population
after the Spill.” Similarly, the column labeled
“Evidence of Continuing Sublethal Effects” shows
whether an initi