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Notice
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1975, and Title IX of the EducatIOn Amendments of 1972
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• ADF&G ADA Coordmator, POBox 115526, Juneau, AK 99811-5526

• The ADF&G's ADA Coordmator can be reached Via phone at the followmg numbers
(VOICE) 907-465-6077, (Statewide TelecommunIcatIOn DeVIce for the Deaf) 1-800-478
3648, (Juneau TDD) 907-465-3646, or (FAX) 907-465-6078

• US FIsh and WildlIfe ServIce, 4040 N FaIrfax Dnve, SUIte 300 Webb, Arlmgton, VA
22203

• Office of Equal OpportUnIty, U S Department of the Intenor, Washmgton DC 20240
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2014 UPDATE ON INJURED RESOURCES AND SERVICES

INTRODUCTION

Purpose of the Injured Resources and Services List
In November 1994, the Exxon Valdez all SpIll Trustee CouncIl adopted an officIal lIst of resources and
servIces Injured by the Exxon Valdez OIl SpIll (EVOS or SpIll) as part of Its RestoratIOn Plan The
Injured Resources and Services List (List) serves three maIn purposes In the RestoratIOn Program

1 ImtIally, the List identIfied natural resource and human service InJunes caused by the 011 SpIll and
cleanup efforts

2 The List helped gUide the RestoratIOn Plan and was especially important In 1994 when the plan was
first adopted The List was created as gUidance for the expenditure of publIc restoratIOn funds under
the Plan, and assisted the Trustees and the publIc With ensurIng that money was expended on
resources that needed attentIOn The LISt contInues to serve that purpose today to some extent,
although the focus of the CouncIl has expanded to an ecosystem approach, which is discussed below

3 FInally, the status of Injured resources on the List prOVides the Trustees and the publIc a way to
momtor recovery of ecological functIOns and human services that depend on those resources

Although the fish and wIldhfe resources that appear on the List expenenced populatIOn-level or chromc
Injury from the SpIll, not every speCies that suffered some degree of Injury was Included For example,
carcasses of about 90 different speCies of oIled birds were recovered In 1989, but only 10 speCIes of
bIrds were Included on the List

Moreover, it should be noted that the analYSiS of resources and services In relatIon to their recovery
status only pertaIns to amelIoratIOn of effects from the 1989 011 SpIll When the RestoratIOn Plan was
first drafted, the dIstInctIOn between effects of the 011 Spill and the effects of other natural or
anthropogemc stressors on affected natural resources was not clearly delIneated At that time, the SpIll
was recent, the impact to the SpIll area ecosystem was profound and adverse effects of the 011 on
bIOlogical resources were apparent As time passes, the abihty to distIngUish effects of 011 from other
factors affectIng fish and wIldhfe populatIOns dimimshes Currently, natural and human perturbatIOns
may be hInderIng recovery of some resources Initially Injured by the SpIll WhIle those perturbatIOns
warrant conSIderatIOn In definIng and asseSSIng recovery, they do not negate the responsibihty of the
CouncIl to pursue restoratIOn of Spill-affected resources However, the passage of time and the
evolutIOn of SCience have focused the CouncIl's work from a hstIng of Injured speCIes to an ecosystem
approach and thIS has shifted the purpose and utIhty of the Injured Resources and SpeCIes List The
CouncIl recogniZes that the compleXities and the difficulties In measurIng the contInuIng impacts from
the SpIll result In some Inherent uncertaInty In definIng the status of a resource or service through a
speCific lIst and the CouncIl's focus has accordIngly expanded to a more ecosystem approach The 1994
Plan also outlIned an ecosystem approach to restoratIOn and thiS more Integrated VIew has become
IncreaSIngly recogmzed as essential and the ongInal orgamzatIOn of efforts through a hst of speCies In
the Update is no longer a Viable approach

In 2009, at the Twentieth Anmversary of the Spill, the CouncIl acknowledged that fundIng for future
restoratIOn IS hmited and that it is becomIng IncreaSIngly difficult to distIngUish between Spill Impacts
and other effects In measurIng recovery Consequently, the CouncIl's current efforts are focused on a
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few specific programs: (1) long-term herring research and monitoring; (2) long-term monitoring of
marine conditions and injured resources' (3) shorter-term harbor protection/restoration projects; (4)
lingering oil; and (5) habitat protection.

The Council also recognizes that long-term management of species and resources initially injured by the
Spill lies with the agencies and entities that have the mandate and resources to pur ue these long-term
goals. To support natural restoration and to enable management consistent with this long-term
restoration, the Council has increasingly directed funds toward research that provides information that is
critical to monitor and support the healthy functioning of the Spill ecosystem.

Restoration Goals and Objective
The Restoration Plan guides the Council's restoration efforts with respect to resources and services in
the pill-affected area (Figure I).

Gll.

,--

THE EXXON VAI.DEl
OIL SPILL AREA

Soul""""lr.) Ala'ika

Figure I: Map produced by: Alaska Department of atural Resources, Land Records
Information Service

It contains policies for making restoration decisions and describes how restoration actions will be
implemented. As part of the Re toration Plan the List was created to document injured resources that
were of concern to the Council. The benchmarks that were established at that time to assess the status of
the resources and services injured by the oil Spill included:

• Restoration Goal: The overarching goal of the Restoration Program is the recovery of all
injured resources and services, sustained by healthy, productive ecosystems to maintain naturally
occurring diversity.
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• Recovery Goal of Injured Resources and Services The pnmary goal for all recovermg mJured
resources and servIces IS a return to condItIOns that would have eXIsted had the SpIll not
occurred

• Recovery Objectlve/s SpecIfic, measurable parameters that, when achIeved, sIgnal the recovery
of an mJured resource or servIce

It IS dIfficult to predIct condItIons that would have eXIsted m the absence of the SpIll Therefore, the
recovery ObjectIves mclude measurable and bIologIcally substantIve parameters that can be used as
prOXIes for these condItIons In some cases, multIple ObjectIves are used for mdIvIdual resources For
some resources, so lIttle IS known about the ongmal or current mJury or status that IdentIfymg a
recovery ObjectIve has not been possIble

Recovery Status CategorIes
The LISt has hlstoncally mcluded four categones of recovery WhICh are defined below A fifth category
was mtroduced m 2010, "Very LIkely Recovered" Together, these categones represent a scale along
WhICh an mJured resource can progress

• Not Recovermg Resources that are Not Recovermg contmue to show lIttle or no clear
Improvement from mJunes stemmmg from the 011 SpIll Recovery objectIves have not been met

• Recovermg Recovermg resources are demonstratmg substantIve progress toward recovery
obJectIves, but are stIll adversely affected by resIdual Impacts of the SpIll or are currently bemg
exposed to Imgenng oIl The amount of progress and tIme needed to attam full recovery vanes
dependmg on the speCIes

• Recovered Recovery ObjectIves have been met, and the current condItIon of the resource IS not
related to resIdual effects of the oIl SpIll

• Very Likely Recovered WhIle there has been lImIted sCIentIfic research on the recovery status
of these resources m recent years, pnor studIes suggest that there had been substantIal progress
toward recovery m the decade followmg the SpIll In addItIon so much tIme has passed smce
any mdIcatIons of some SpIll mJury, mcludmg exposure to oIl, It IS unlIkely that there are any
resIdual effects of the SpIll

• Recovery Unknown For resources m the unknown category, data on lIfe hIStOry or the extent of
mJury from the SpIll IS lImIted Moreover, gIven the length of tIme smce the SpIll, It IS unlIkely
that new or further research wIll provIde mformatIOn that wIll help m comprehenSIvely assessmg
the ongmal mJury or determmmg the resIdual effects of the SpIll such that a better evaluatIon of
recovery can occur

Human servIces that rely on natural resources were also mJured by the oIl SpIll and can thus be placed m
one of the above categones Because the recovery status of mJured servIces IS mextncably lmked to the
state of the resource on WhICh It depends, full recovery of the SpIll area cannot occur untIl both
resources and servIces are restored
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L,st Update HIstory
The Restoratwn Plan states that the LIst should be revIewed penodically and updated to reflect results
from sCIentIfic studIes and other mformatIOn A summary of how the hst has changed SInce 1996 IS
avaIlable m Table 1

A reassessment of the LISt IS necessary to understand the consequences of the ongmal SpIll and the
effects of 011 remammg m the enVIronment It also provIdes a way to IdentIfy areas where addItIOnal
restoratIOn actIvItIes are needed and documents each resource's progress toward ItS recovery ObjectIves

The LISt was first updated In September 1996 At that tIme, the bald eagle was upgraded from
recovermg to recovered In March 1999, a major reVIew of recovery objectives and status occurred and
several more changes were made River otters were then consIdered to be recovered, and five
resources-black oystercatchers, clams, marbled murrelets, PacIfic herrmg, and sea otters-were
upgraded to reCOverIng One resource, the common loon, was moved from recovery unknown to not
recovermg FIve resources remamed as recovery unknown All four human servIces were classIfied as
recovermg

Recovery contInued to progress and more changes were made to the LISt m 2002 FIve more specIes or
resources were moved to the recovered category archaeologICal resources, black oystercatchers,
common murres, sockeye salmon and pmk salmon In addItIOn, deSIgnated WIlderness areas were moved
from the recovery unknown to the recovermg category, PacIfic herrmg were moved back from the
recovermg to the not reCOverIng category, subtIdal commumties were moved from the recovermg to
recovery unknown category, and kIller whales were moved from not recovermg to recovenng In all,
seven resources were consIdered fully recovered from the effects of the 011 SpIll, 16 resources and all
four human servIces were not fully recovered, and the recovery of five resources was stIll consIdered
unknown

In 2006, the Update acknowledged the recovery of common loons, cormorants, Dolly Varden, and
harbor seals from the effects of the SpIll Harlequm ducks were moved from not recovermg to
recoverIng based on pOSItIve populatIOn trends, and marbled murrelets were moved from recovermg to
unknown In addItIOn, m the 2006 Update the followmg factors were consIdered m the development of
the Recovery Objectives estabhshed for mJured resources

• Return to pre-SpIll levels Used where populatIOn estImates or mdices were avaIlable pnor to
1989 For specIes that are hIghly vanable, these numbers could reflect a range of values Where
possIble, these numbers account for the effects of other mfluences on mJured populatIOns, such
as from chmate change, although these other effects may Interact WIth 011 SpIll effects

• Hydrocarbon exposure Used where hydrocarbon exposure Itself was part of the ongInal baSIS
for mJury, where hydrocarbon exposure may hmit recovery, or where hydrocarbon exposure m
an mJured resource may be a pathway to mJury In other resources

• Stable or mcreasmg populatIOn Used where resources were m declme before the SpIll or where
ongOIng declmes unrelated to the SpIll may be occurrmg

• ProductivIty ReproductIve success and populatIOn demographIcs are used m heu of or to
supplement data on populatIOn SIzes Measures mclude such IndIcators as eggs produced per
female, young successfully reared, returns per spawnIng adult and growth rates
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In 2010, 21 years after the SpIll, the CouncIl agam evaluated the status of mJured resources and services
and provided a synopsIs of the most current mformatlOn avaIlable Based on the recommendatIOns from
the SCience Panel and agency experts, the recovery objectives were reviewed for each resource and
service to provide objectives that are potentially attamable and SCientifically valId

In 2010, a fifth Recovery Status was also added "Very Likely Recovered" was added to reflect the
status of species for which (1) there has been lImited sCientific research on the resource's recovery
status m recent years, (2) prIor studies suggest that there had been substantial progress toward recovery
m the decade followmg the Spill, and so much time has passed smce any mdlcatlOns of some Spill
mJury, mcludmg exposure to 011, that It IS unlIkely that there are any residual effects of the Spill

Barrows goldeneyes were added to the List m 2010, based on their contmumg exposure to 011 at that
time Lastly, the Recovery Objectives were also updated to address

• Stressors other than oIl that may be currently affectmg a populatIOn

• The lIkelIhood that a resource has recovered given the amount of time that has lapsed smce the
SpIll

• Changes to the environment m PrInce WIllIam Sound smce 1989 may make returnmg some
resources to pre-SpIll levels unlIkely

ThIS 2014 Update, 25 years post-SpIll, acknowledges the recovery of sea otters, Barrow's goldeneye,
harlequm ducks, clams, and mussels The 2014 Update also mcludes, for the first time, citatIons for
updated mformatlOn on recovery statuses

Recovery for most mJured resources has taken much longer than was orIgmally projected However, thIS
Update contams a large number of resources movmg to recovered status ThIS ShIft marks an Important
stage m recovery from the SpIll WhIle this IS a positive step forward, there remam thirteen resources
and four services that are stilI recoverIng from the SpIll

Recovery Status Determmatzon
The recovery goal for mJured resources IS a conditIOn that would eXIst m the absence of the Exxon
Valdez 011 Spill However, ecosystems are dynamic and the SpIll-affected area would have changed even
without the SpIll Given the lImited abilIty to predict multi-year changes m marIne ecosystems, It IS
difficult to know precisely what changes were mevltable had the Spill not occurred However, It IS stilI
possible to assess the recovery status of a particular resource by revlewmg multiple sources of
applIcable mformatlOn

Types of mformatlOn that are used to assess the recovery status of a particular resource or service
mclude

• mltIal magmtude of 011 Impacts to a populatIOn m the Spill area
• comparIsons of populatIOn demographiC m Oiled and reference areas
• survey data of commumty members m oIled and reference areas
• contmued exposure to residual 011 m the Spill area as measured by the bIOmarker cytochrome

P450 or tissue concentratIOns of petroleum hydrocarbons
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• exposure potentIal as evaluated by the dIstrIbutIOn of Imgermg 011, overlap m spatIal dIstrIbutIon
of Imgermg 011 and a resource, and IdentIficatIOn of an exposure pathway

• persIstence of sub-lethal or chromc mJUrIes
• mtrmslc abIlIty of the populatIOn to recover
• other natural or human-caused stressors

Even wIth such an evaluatIOn, dIrect lInks cannot always be drawn between effects from the 011 SpIll and
the observed, current condItIOn of a partIcular resource m most cases the amount or type of data IS
msufficlent to complete a cause and effect relatIOnshIp SpecIfically, there IS lIttle pre-SpIll data for
many of the mJured resources Moreover, the phySIologIcal effects of 011 on key speCIes of WIldlIfe and
subsequent populatIOn consequences were not well understood at the tIme of the SpIll As a result, few
speCIes eXIst for whIch there IS complete knowledge of the OrIgmalimpacts of the 011 SpIll

Uncertainties In Evaluating Recovery Status
To mItIgate the uncertamtles mherent m evaluatmg recovery, the CounCIl reVIews current, relevant
SCIentIfic mformatIOn whIle acknowledgmg the lImItatIOns of asslgnmg an ultImate cause and effect
relatIOnshIp usmg the eXlstmg data The types of uncertamty found m the lIterature mclude

1 Varzabillty In populatIOn estimates Because the patterns of ammal dIstrIbutIOn present challenges m
gettmg accurate counts (especIally of hIghly mobIle fish, bIrds and marIne mammals), most
estImates of populatIon SIze have WIde ranges of VarIabIlIty assocIated wIth the data

2 Lack ofpre-Spill data For many of the resources affected by the SpIll there was lImIted or no recent
data on theIr status m 1989 AddItIOnally, some of the avaIlable pertment data were the result of
lImIted samplmg, whIch consequently produced WIde confidence mtervals around the populatIOn
estImates

3 InteractIOn ofSpill and natural factors It IS mcreasmgly dIfficult to separate what may be Imgermg
effects of the SpIll from changes that are natural or caused by factors unrelated to the 011 SpIll

4 Scale The geographIC scale of studIes conducted over the years has varIed among resources and thIS
dISparIty must be consIdered when mterpretmg data and applymg results to recovery status Some
studIes were conducted at the large spatIal scale to address populatIOn and ecosystem concerns,
whIle other studIes focused on localIZed exposure and effects of 011
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Table 1: Historical and current overview of the status of injured resources and services during each reassessment year. 
Resource 1996 Status 1999 Status 2002 Status 2006 Status 2010 Status 2014 Status 
Archaeological Resources Recovering Recovering Recovered Recovered Recovered Recovered 
Bald Eagles Recovered Recovered Recovered Recovered Recovered Recovered 
Barrow's goldeneye N/A N/A NIA N/A Recovering Recovered 
Black Oystercatchers Unknown Recovering Recovered Recovering Recovering Very Likely Recovered 
Clams Unknown Recovering Recovering Recovering Recovering Recovered 
Common Loons Unknown Not recovering Not recovering Recovered Recovered Recovered 
Common Murres Recovering Recovering Recovered Recovered Recovered Recovered 
Cormorants Not recovering Not recovering Not recovering Recovered Recovered Recovered 
Cutthroat Trout Unknown Unknown Unknown Unknown Very likely recovered Very likely recovered 
Designated Wilderness Unknown Unknown Recovering Recovering Recovering Recovering 
Dolly Varden Unknown Unknown Unknown Recovered Recovered Recovered 
Harbor Seals Not recovering Not recovering Not recoverin_g Recovered Recovered Recovered 
Harlequin Ducks Not recovering Not recovering Not recovering Recovering Recovering Recovered 
Intertidal Communities Recovering Recovering Recovering Recovering Recovering Recovering 
Killer Whales-AB Not recovering Not recovering Recovering Recovering Recovering Recovering 
Killer Whales-ATI N/A N/A N/A N/A Not recovering Not recovering 
Kittlitz's Murrelets Unknown Unknown Unknown Unknown Unknown Unknown 
Marbled Murrelets Not recovering Recovering Recovering Unknown Unknown Not Recovering 
Mussels Recovering Recovering Recovering Recovering Recovering Recovered 
Pacific Herring Not recovering Recovering Not recovering Not recovering Not recovering Not recovering 
Pigeon Guillemots Not recovering Not recovering Not recovering Not recovering Nt;>t recovering Not recovering 
Pink Salmon Recovering Recovering Recovered Recovered Recovered Recovered 
River Otters Unknown Recovered Recovered Recovered Recovered Recovered 
Rockfish Unknown Unknown Unknown Unknown Very likely recovered Very likely recovered 
Sea Otters Not recovering Recovering Recovering Recovering Recoverinl!; Recovered 
Sediments Recovering Recovering Recovering Recovering Recovering Recovering 
Sockeye Salmon Recovering Recovering Recovered Recovered Recovered Recovered 
Subtidal Communities Recovering Recovering Unknown Unknown Very likely recovered Very likely recovered 

Human Service 1996 Status 1999 Status 2002 Status 2006 Status 2010 Status 2014 Status 
Commercial Fishinl!; Recovering• Recovering Recovering Recovering Recovering Recovering 
Passive Use Recovering• Recovering Recovering Recovering Recovering Recovering 
Recreation & Tourism Recovering' Recovering Recovering Recovering Recovering Recovering 
Subsistence Recovering• Recovering Recovering Recovering Recovering Recovering 

• Classified as "Lost or Reduced Semce" m 1996 Update, meanmg that the serv1ce was negatively md1rectly Impacted by the Spill due to 1ts 
connection with impacted natural resources 

Adopted /1119//4 
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More Effective Use ofRemammg Funds
For some speCIes such as rockfish and cutthroat trout, no further actIons have been taken wIth regard to
future fundmg of studIes to assess recovery ThIS may be based upon the factors dIscussed above and
may also mclude a consIderatIOn of the followmg

1 AdditIOnal studies expensive More study, WIth suffiCIent effort and scope to achIeve powerful tests
of the Impacts oflmgermg oIl, would be prohIbItIvely expensIve

2 Unable to defimtlvely demonstrate an effect Natural vanabilIty, confoundmg effects, and a lack of
tools to estImate Important metncs make It unlIkely that an effect could be detected WIth a hIgh
degree of confidence

3 Effects llkely small Based on avaIlable data, meChanIstIc pnnclples, and knowledge of past SpIll
Impacts on processes of recovery, the lIkely effects are deemed to be mInImal

4 Effects unllkely to be ofecological Importance Based on avaIlable data, understandmg of
ecologIcal mteractIOns, and the expected small SIZe of Imgenng Impacts, It IS unlIkely that the effect
(If any) WIll Impair functIOn of the ecologIcal system

5 No effective restoratIOn optIOns aVQllable Even If demonstrated, there are no reasonable optIOns
for restoratIon of the mJured resource

6 More effective uses offunds Other projects provIde promIse of more definItIve results, greater
SIgnIficance to the ecosystem, or more potentIal for restoratIOn

Ecosystem Perspective and Recovery
The LISt conSISts mamly of smgle speCIes and resources, but It also provIdes a baSIS for evaluatmg the
recovery of the overall ecosystem, ItS functIOns and the servIces It provIdes to people Wlthm theIr 1994
RestoratIOn Plan, the CounCIl adopted an ecologIcal approach to restoratIOn, and the studIes and projects
the CounCIl sponsors have been ecologIcally-based

The RestoratIOn Plan defmes ecosystem recovery as follows

Full ecologlCal recovery Will have been achieved when the populatIOn offlora and fauna are
agam present at former or pre-Splil abundances, healthy and productive, and there IS a full
complement ofage classes at the level that would have been present had the Spill not occurred
A recovered ecosystem provides the same functIOns and services as would have been provided
had the Splil not occurred

Although SIgnIficant progress has been made usmg thIS definItIOn of recovery, the coastal and manne
ecosystems m the 011 SpIll regIon have not fully recovered at thIS time from the effects of the Spill
Although full ecologIcal recovery has not been achIeved, the SpIll area ecosystem IS making progress
towards recovery 25 years after the Exxon Valdez oIl SpIll
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INJURED RESOURCES

ARCHAEOLOGICAL RESOURCES

Injury
The 011 SpIll area IS belIeved to contam more than 3,000 sItes of archaeologIcal and hIstorIcal
sIgmficance Twenty-four archaeologIcal sItes on publIc lands are known to have been adversely
affected by cleanup actIvIties or lootmg and vandalIsm Imked to the 011 SpIll AddItIOnal sItes on both
publIc and prIvate lands were probably mJured, but damage assessment studIes were lImIted to publIc
land and not desIgned to Identify all such sItes

Documented mJUrIes mcluded theft of surface artIfacts, maskmg of subtle clues used to IdentIfy and
classIfy sItes, vIOlatIOn of anCIent bunal sItes, and destructIOn of eVIdence m layered sedIments In
addItIon, resIdual 011 may have contammated sItes

Recovery ObjectIve
ArchaeologIcal resources are nonrenewable they cannot recover m the same sense as bIOlogIcal
resources ArchaeologIcal resources wIll be consIdered to have recovered when SpIll-related mJury
ends, lootmg and vandahsm are at or below pre-SpIll levels, and the artIfacts and sCIentIfic data
remammg m vandahzed sItes are preserved (e g , through excavation, sIte stablhzatIOn, or other forms of
documentatIOn)

Recovery Status
Assessments of 14 sItes m 1993 suggested that most of the archaeologIcal vandalIsm that can be Imked
to the SpIll occurred early m 1989, before adequate constramts were put mto place over the actIvItIes of
oIl SpIll cleanup personnel Most vandalIsm took the form of "prospectmg" for hIgh yIeld sItes Once
these problems were recognIzed, protectIve measures were Implemented and successfully lImIted
addItIonal mJury Although some cases of vandahsm were documented m the 1990s, there appears to be
no SpIll-related vandahsm at the present tIme

From 1994-1997, two sItes m Prmce WIlham Sound were partly documented, excavated, and stabIlIZed
by profeSSIOnal archaeologIsts because they had been so badly damaged by oIlmg and erOSIOn The
presence of 011 m sedIment samples taken from four sItes m 1995 dId not appear to have been the result
of re-011mg by Exxon Valdez 011 ResIdual 011 does not appear to be contammatmg any known
archaeologICal sItes

In 1993, the Trustee CouncIl provIded part of the constructIon costs for the Alutllq ArchaeologIcal
ReposItory m Kodiak (www alutllqmuseum com) ThIS facIlIty now houses KodIak area artIfacts that
were collected durmg SpIll response In 1999, the Trustee CouncIl approved fundmg for an
archaeologIcal reposItory and local dIsplay facIlIties for artIfacts from Prmce WIlham Sound and lower
Cook Inlet Local dIsplays are open to the publIc m Port Graham, Cordova, Seward, SeldOVia, and
TatItlek The facIlIty m Seward serves as the reposItory for the Chugach regIon

Based on the apparent absence or extremely low rate of Spill-related vandalism and the
preservation of artifacts and sCientific data on archeological Sites, archaeological resources are
considered to be recovered
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BALD EAGLES

Injury
The bald eagle IS an abundant resIdent of manne and nverme shorelmes throughout the 011 SpIll area
Followmg the 011 SpIll, a total of 151 eagle carcasses were recovered from the SpIll area Prmce
WIllIam Sound provIdes year-round and seasonal habItat for about 6,000 bald eagles, and wlthm the
Sound It IS estImated that about 250 bald eagles dIed as a result of the SpIll There were no estImates of
mortalIty outsIde the Sound, but there were deaths throughout the SpIll area In addItIOn to dIrect
mortalItIes, productIVIty was reduced m oIled areas ofPrmce WIllIam Sound m 1989

Recovery Objectzve
Bald eagles wIll have recovered when theIr populatIOn and productIVIty (reproductIve success) have
returned to pre-SpIll levels

Recovery Status
ProductIVIty (or reproductIve success as measured by chIcks per nest) was back to pre-SpIll levels m
1990 and 1991, and an aenal survey of adults m 1995 mdlcated that the populatIOn had returned to or
exceeded ItS pre-SpIll level m the Sound

In September 1996, the Trustee CouncIl classIfied the bald eagle as recovered from the effects of
the 011 SpIll

BARROW'S GOLDENEYES

Injury
Barrow's goldeneyes are sea ducks that wmter m protected nearshore manne waters m Prmce WIllIam
Sound and feed m the mtertldal zone, consummg pnmanly mussels

Some acute mortalIty of Barrow's goldeneyes was observed m the weeks and months unmedlately
followmg the Exxon Valdez 011 SpIll m March 1989 Total acute mortalIty of Barrow's goldeneyes IS
dIfficult to determme, gIven uncertamty m carcass IdentIficatIOn and recovery rates, but sea ducks,
generally, were vulnerable to acute mortalIty and constItuted approxImately 25 percent of the carcasses
recovered m Prmce WIllIam Sound GIven the number of Barrow's goldeneyes present at the tIme of the
SpIll, acute mortalIty was lIkely m the low thousands

Of more concern are longer-term effects due to eIther chromc exposure to Imgermg 011 or mdlrect effects
of trOphIC web dIsruptIOn Because Barrow's goldeneyes occur exclusIvely m mtertldal and shallow
subtIdal habItats, they are partIcularly vulnerable to Imgermg 011 exposure and the potential for
phySIOlogIcal effects SImIlarly, relIance on mtertldal mvertebrate prey suggests that Barrow's
goldeneyes are partIcularly vulnerable to dIsruptIOns of mtertldal commumtIes Barrow's goldeneyes
were shown to have hIgher levels ofmductIOn of cytochrome P4501A (CYPIA) m oIled areas compared
to unoIled areas ofPWS m 1996, 1997 and 2005 However, m March 2009, average CYPIA was
SImIlar between areas, suggestmg that exposure to reSIdual 011 had abated by that tIme

Recovery Objectzve
Barrow's goldeneyes WIll have recovered when demographIcs and bIOchemIcal mdlcators of
hydrocarbon exposure m goldeneyes m oIled areas ofPrmce WIllIam Sound are SImIlar to those of
goldeneyes m un011ed areas

10
Adopted 11/19/14



Recovery Status
Withm theIr wmtenng range, Prmce WIllIam Sound IS an Important area, supportmg between 20,000
and 50,000 wmtermg mdividuais Survey data from the U S FISh and WIldlIfe ServIce mdicated that
wmter numbers of goldeneyes on oIled areas were stable from 1990-1998, m contrast to sIgnIficantly
mcreasmg numbers on unOiled areas durmg that same tIme penod That was mterpreted as eVIdence of
lack of recovery, as the predIctIOn would be that lack of contmued mJUry would result m parallel
populatIOn traJectones and that recovery would be mdicated by more posItIve traJectones on Oiled areas
However, US FIsh and WIldlIfe ServIce surveys (Cushmg et ai, 2012) through Apn12012 show that
populatIOn growth rates were the same between oIled and unOiled sItes and remamed relatIvely
unchanged between 1998 and 2012

A 2012 study of Barrow's goldeneye habItat use m Oiled and unOiled portIOns ofPrmce WIllIam Sound
found that densItIes of bIrds m oIled areas were at expected levels, gIven the habItat m the oIled areas,
suggestmg that food lImItatIOns m the mtertidal zone withm oIled areas were not restrammg recovery
There IS no eVIdence that Barrow's goldeneyes are currently bemg exposed to lmgermg oIl m the
mtertidal habItat

InterpretatIOn of surveys and habItat selectIOn IS constramed by lack of full understandmg of Barrow's
goldeneye demography, partIcularly rates of sIte fidelIty and dIspersal These values have Important
ImplIcatIons for understandmg the process of populatIOn recovery

Lack of elevated CVP1A m oIled relative to unoIled areas suggests that exposure to IIngermg oIl
has ceased m the Barrow's goldeneyes Surveys from 2009- 2012 mdlcate that populations moIled
and unoIled areas have converged and the total populatIOn m Prmce WIlham Sound has remamed
stable smce the SpIll (Esler, et al 2011) Barrow's goldeneyes are considered to be recovered from
the effects of the SpIll

BLACK OYSTERCATCHERS

Injury
Black oystercatchers spend theIr entIre lIves m or near mtertidal habItats and are hIghly vulnerable to 011
pollutIOn They are fully dependent on the nearshore enVIronment and forage exclUSIvely on mvertebrate
specIes along shorelmes It was estImated at the tIme of the SpIll that 1,500-2,000 oystercatchers breed
m south-central Alaska Only nme carcasses of adult oystercatchers were recovered followmg the SpIll,
but the actual number of mortalItIes may have been several tImes hIgher

In addItIOn to dIrect mortalItIes, breedmg actIvItIes were dIsrupted by the oIl and cleanup actIvItIes
When comparmg 1989 WIth 1991, SIgnIficantly fewer paIrs occupIed and mamtamed nests on oIled
Green Island, whIle durmg the same two years the number of paIrs and nests remamed SImIlar on
unOiled Montague Island Nest success on Green Island was SIgnIficantly lower m 1989 than m 1991,
but Green Island nest success m 1989 was not lower than on Montague Island In 1989, chIcks
dIsappeared from nests at a SIgnIficantly greater rate on Green Island than from nests on Montague
Island DIsturbance assOCIated WIth cleanup operatIons also reduced productIVIty on Green Island m
1990 In general, the overt effects of the SpIll and cleanup had dIsSIpated by 1991, and m that year
productivIty on Green Island exceeded that on Montague Island
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Recovery Objective
Black oystercatchers WIll have recovered when the populatIOn, reproductIOn and productIVIty have
reached levels that would have eXIsted wIthout the SpIll An mcreasmg populatIOn trend and
comparable hatchmg success and growth rates of chIcks m oIled and unolled areas, after takmg mto
account geographIc dIfferences, WIll mdIcate that recovery IS underway

Recovery Status
Black oystercatchers are long-lIved (15+ years) and terntorIal, occupymg nests m rocky areas close to
the mtertIdal zone and returnmg m succeSSIve years to nest agam m the same VICInIty In the early
1990s, elevated hydrocarbons m feces were measured m ChICks lIvmg on OIled shorelmes DeleterIOUs
behaVIoral and phySIOlogICal changes mcludmg lower body weIghts of females and chIcks were also
recorded Because foragmg areas are lImIted to a few kIlometers around a nest, contammatIOns of
mussel beds m the local VICInIty was thought to provIde a source of exposure In 1998 the Trustee
CouncIl sponsored a study to reassess the status of thIs speCIes m Prmce WIllIam Sound The data
mdIcated that oystercatchers had fully reoccupIed and were nestmg at OIled SItes m the Sound The
breedmg phenology of nestmg bIrds was relatIvely synchronous m oIled and unOlled areas, and no 011
related dIfferences m clutch SIze, egg volume, or ChICk growth rates were detected However, a hIgher
rate of nest faIlure occurred on oIled Green Island at the tIme thIS was thought to be the result of
predatIOn, not lmgerIng effects of 011 Because the extent of shorelIne WIth perSIstent contammatIOn was
lumted and lmgermg 011 was patchy, It was concluded that the overall effects of 011 on oystercatchers m
the Sound had been mmImal However, the reasons that predatIOn was hIgher at OIled Green Island than
at Montague were not mvestIgated It IS not clear whether predatIOn was hIgher because there were
hIgher numbers ofpredators, lower number of nests mItIated or a behaVIoral change m the parents that
would have led to lower nest protectIOn There have been no further studIes of hatchmg success of black
oystercatchers m PrInce WIlham Sound smce thIS study

Based on thIS study and one year of boat-based surveys (2000) of marme bIrds m Prmce WIllIam Sound
mdIcatmg that there were mcreases m numbers of oystercatchers m both the OIled and unOlled areas for
that year, the black oystercatcher was IdentIfied as recovered A long-term (1989- 2007) evaluatIOn of
marIne bIrd populatIOn trends suggested that populatIOns of black oystercatchers m the Sound may not
have recovered to condItIOns had the SpIll not occurred, makmg the recovered deSIgnatIOn premature
and theIr status was changed to recovermg m the 2010 Update Surveys through 2012 have shown a
stable populatIOn trend

Further, 011 exposure to oystercatchers was documented m 2004 usmg a bIOchemIcal marker of
exposure, cytochrome P450IA However, no studIes smce 2004 have documented contmumg 011
exposure

Recent studies show no eVidence of change m black oystercatcher abundance m oiled areas and no
eVidence that trends differ between oiled and unoiled areas (Johnson et aI, 2010, Poe et aI, 2009
and 2013) However, no data eXISts to evaluate the recovery of the hatchmg success m oiled or
unoiled areas Therefore we mterpret the recovery status of black oystercatchers as very likely
recovered
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CLAMS

Injury
Clams are wIdely dIstnbuted throughout the 011 SpIll area They can be found m a vanety of substrates
and are most abundant m the lower mtertIdal and shallow subtIdal zones Clams are Important prey for
vanous fish and wIldlIfe resources mcludmg sea otters and some sea bIrds

The magnItude of the ImmedIate Impacts of 011 on clam populatIOns vaned dependmg on speCIes of
clam, degree of oIlmg and locatIOn Although dIrect mortalIty of some clam speCIes lIke lIttlenecks and
butter clams were assessed for several years after the SpIll, other more senSItIve speCIes, (e g , Macoma
and Mya spp) were not the focus of much study, and the ImmedIate Impact of the oIl to these speCIes
remams unknown In 1990 and 1991, growth of lIttleneck clams at oIled SItes was less than at reference
SItes, and growth rate was dIrectly proportIOnal to hydrocarbon concentratIOns AddItIOnally, mortalIty
was hIgher and growth rates lower m clams transplanted from clean areas to oIled areas, five to seven
years after the SpIll

Cleanup technologIes, mcludmg hot water, hIgh pressure washmg, manual and mechanIcal scrubbmg
and phySIcal removal of oIled sedIments, were detnmental to clam populatIOns Hot water washmg
caused thermal stress, oIl dIspersal mto the water column, anImal dIsplacement and bunal, and the
transportatIon of fine gram sedIment from the upper mtertIdal mto the lower mtertIdal zone Early
assessments reported that cleanup actIVItIes resulted m reductIOns m clam abundance and dIstnbutIOn on
treated (olled-but-treated) beaches up to three years after the SpIll

Recovery ObjectIve
Clams wIll have recovered when populatIOn and productIvIty measures at oIled and washed SItes are
comparable to populatIOns and productIVIty measures at unwashed SItes, when there IS no 011 exposure,
and when abundances of large clams can prOVIde adequate, uncontammated food supplIes for predators
and SubSIstence users

Recovery Status
StudIes have mdIcated that abundances of some speCIes of clams were lower on treated beaches through
1996 DenSItIes of lIttleneck and butter clams were depressed through 1997 on cleaned mIxed
sedImentary shores where fine sedIments had been washed down the beach durmg pressured water
treatments

As part of an mvestIgatIOn of sea otter populatIOns conducted from 1996-1998, researchers compared
clam denSItIes between OIled SItes on KnIght Island and unOIled SItes on Montague Island They reported
an mcrease m mean SIze of lIttlenecks and butter clams at KnIght Island, where numbers of sea otters, a
major predator of clams were SIgnIficantly reduced Absolute denSItIes of httlenecks and butter clams
were not dIfferent between oIled and unolled SItes, however, oIled SItes had fewer JuvenIle clams and
lower numbers of other clam speCIes In 2002, dIfferences m speCIes nchness, dIversIty and abundance
of several speCIes were stIll measurable between cleaned (OIled and treated) and untreated (oIled but
untreated) beaches Moreover, as of2005, several wIldlIfe speCIes that use the mtertIdal zone and feed
on bIvalves (e g , harlequm ducks and sea otters) were stIll bemg exposed to 011

Between 2002 and 2010, bIvalve assemblages declmed substantIally m PWS Recent (2012) studIes
mdIcate that the declme IS m response to changes m regIOnal condItIOns rather than the SpIll or
subsequent cleanup actIVItIes There are currently no differences III species richness, diverSity and
abundance between cleaned (oiled and treated) and untreated (oiled but untreated) beaches and
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no eVidence of 011 exposure m clam tissue samples The recovery objectives have been met and
clams are considered recovered

COMMON LOONS

InjUry
Carcasses of395 loons of four specIes were collected followmg the SpIll, mcludmg 216 common loons
Current population SIzes m the SpIll area are not known for any of these specIes, but It IS estimated that
the 216 collected common loons represented between 720-2,160 total mdividuais that dIed as a result of
the mitlal OIlmg event Common loons m the SpIll area may number only a few thousand, mcludmg
only hundreds m Prmce WIlham Sound Common loons mJured by the SpIll probably mcluded a
mIxture ofwmtermg and mIgratmg bIrds The specIfic breedmg areas used by the loons affected by the
SpIll are not known

Recovery ObjectIve
Common loons wIll have recovered when theIr populatIOn returns to pre-SpIll levels m the 011 SpIll area
An mcreasmg populatIon trend m Prmce WIlham Sound WIll mdIcate that recovery IS underway

Recovery Status
Boat-based surveys of rnanne bIrds m Prmce WIlham Sound gIve some mSIght mto the recovery status
of the loons affected by the 011 SpIll Pre-SpIll counts of loons eXIst only for 1972-1973 and 1984-1985
After the SpIll, contrasts between OIled and unOIled areas of the Sound mdIcated that loons as a group
were generally domg better m unOIled areas than m oIled areas Thus, the survey data suggested that the
oIl SpIll had a negatIve effect on numbers ofloons (all speCIes combmed) m the OIled parts of the Sound

Common loons exhIbIted dechnes m populatIon numbers and habItat usage m oIled areas m 1989 but not
m 1990 There was a weak negatIve effect of OIlmg on populatIOn numbers agam m 1993, but not m
1996 or 1998 Based on the boat surveys carrIed out through 2000, there were mdicatIOns of recovery,
because m that year the hIghest counts ever recorded for common loons m PWS In addItIOn, July 2000
counts were the thIrd hIghest of the 11 years smce 1972, although these mcreases were hmIted to the
unolled portIOn of the Sound Loons are a hIghly mobIle speCIes WIth WIdely vanable populatIOn
numbers and the pre-SpIll data were hmIted, thus, thIS one year of hIgh counts m the unOIled areas was
msufficlent to mdicate that recovery had started

PopulatIOn surveys conducted from 1989-2007 found mcreasmg wmter populatIOn trends m common
loon densIties m OIled areas The summer counts do not show a consIstent pOSItIve relatIOnshIp, however
the summer counts of loons are usually low and vanable because they are predommately found on theIr
breedmg grounds m other areas durmg the summer Common loons have an mtrmsIcally low populatIOn
growth rate and relatIvely large numbers of carcasses were recovered after the SpIll, yet post SpIll wmter
populatIOn counts of common loons have met or exceeded avaIlable pre-SpIll counts for all years
measured smce the SpIll, except 1993

Given the long-term posItive changes m wmter populatIOn mformatIon, common loons are
considered recovered from effects of the 011 Spill
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COMMON MURRES

Injury
About 30,000 carcasses of oIled bIrds were pIcked up m the first four months followmg the oIl SpIll, and
74 percent of them were common and thIck-bIlled murres (mostly common murres) Many more murres
probably dIed than actually were recovered Based on surveys of mdex breedmg colOnIes at such
locatIOns as the Barren Islands, Chiswell Islands, Tnplet Islands, Puale Bay, and Ugiaushak Island, the
SpIll area populatIons may have declmed by about 40 percent followmg the SpIll In addItIOn to dIrect
losses of murres, there IS eVIdence that the tImmg of reproductIOn was dIsrupted and productIVIty
decreased InterpretatIOn of the effects of the SpIll, however, IS complIcated by mcomplete pre-SpIll
data and by mdications that populatIOns at some colOnIes were m declIne before the oIl SpIll

Recovery Objective
Common murres WIll have recovered when populatIOns at mdex colOnIes have returned to pre-SpIll
levels and when reproductIve success (productIVIty) IS sustamed withm normal bounds Increasmg
populatIon trends at mdex colOnIes WIll be an mdIcation that recovery IS underway

Recovery Status
Post-SpIll mOnItormg at the breedmg colOnIes m the Barren Islands mdicated that productIve success
was withm normal bounds by 1993, and It has stayed withm these bounds each breedmg season smce
then Dunng the penod 1993-1997, the murres nested progreSSIvely earlIer by two to five days each
year, suggestmg that the age and expenence ofnestmg bIrds were Increasmg, as mIght be expected after
a mass mortalIty event By 1997, the numbers ofmurres at the Barren Island had mcreased, probably
because three- and four-year old non-breedmg sub-adult bIrds that were hatched there In 1993 and 1994
were returnmg to theIr natural nestmg colony Although counts were low m 1996, the counts m 1997 at
thIS mdex SIte brought the colony SIze to pre-SpIll levels

The populatIon SIZe coupled wIth normal reproductive success (productiVIty), mdicate that
recovery has been achIeved for common murres

CORMORANTS

InjUry
Cormorants are large fish-eatmg bIrds that spend much of theIr time on the water or perched on rocks
near the water Three speCIes of cormorants are typIcally are found withm the oIl SpIll area Carcasses
of 838 cormorants were recovered followmg the 011 SpIll, mcludmg 418 pelagIC, 161 red-faced, 38
double-crested, and 221 UnIdentified cormorants From thIS sample, dIrect oIl SpIll related mortalIty was
estImated at between 2,900 and 8,800 deaths In 1996, the U S FISh and WIldlIfe ServIce Alaska
SeabIrd Colony Catalog, however, lIsted counts of7,161 pelagIC cormorants, 8,967 red-faced
cormorants, and 1,558 double-crested cormorants m the oIl SpIll area These are dIrect counts at
colOnIes, not overall populatIOn estImates, but they suggest that populatIOn SIzes are small In thIS
context, It appears that InjUry to all three cormorant speCIes was SIgnIficant

Counts on the outer KenaI Penmsula coast suggested that the dIrect mortalIty of cormorants due to 011
resulted m fewer bIrds m thIS area m 1989 compared to 1986 In addItIOn, there were statistIcally
SIgnIficant declmes m the estImated numbers of cormorants (all three speCIes combmed) m the oIled
portIon ofPrmce WIllIam Sound based on pre and post-SpIll boat surveys m July 1984-85 compared to
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1989-91 It IS not known what the counts and trends of cormorants would have been m the absence of
the oIl SpIll

Recovery Objective
PelagIc, red-faced, and double-crested cormorants wIll have recovered when theIr populatIOns return to
pre-SpIll levels m oIled areas An mcreasmg populatIOn trend m Prmce WIlham Sound WIll mdlcate that
recovery IS underway

Recovery Status
Manne bIrd surveys were conducted durmg ten of the 16 years durmg1989-2005 For cormorants, trends
for both summer and wmter populatIOns were mcreasmg m the oIled area ofPrmce WIlham Sound
Moreover, populatIOn estImates for cormorants m summer 2004 ranged from 9,000- - 11,000 bIrds,
whIch falls wlthm the range of 10,000-30,000 estImated m 1972

Therefore, although populatIOn estimates of cormorants are highly variable throughout their
range, the recovery objectives have been met and cormorants are conSidered to be recovered

CUTTHROAT TROUT

Injury
Anadromous streams throughout the SpIll zone were oIled followmg the SpIll m 1989, and 011 was
sequestered m the mtertldal sedIments at stream mouths and along shorelmes Subsequently, It was
documented that cutthroat trout emlgratmg wlthm the oIled areas m 1989-1990 grew more slowly than
those m the unol1ed areas When trout leave theIr freshwater spawnmg areas they feed pnmanly m the
nearshore envIronment, thus It IS hkely cutthroats were exposed to 011 m thIS enVIronment The
dIfference m growth rates between trout m oIled versus unol1ed streams persIsted through 1991 It was
hypotheSIzed that the slower rate of growth m oIled streams was the result of reduced food supphes or
dIrect exposure to 011, and there was concern that reduced growth rates resulted m reduced survIval

Recovery Objective
Cutthroat trout wIll have recovered when growth rates wlthm oIled areas are SImIlar to those for un011ed
areas, after taking mto account geographIC dIfferences

Recovery Status
Due to lack of wIdespread, long-term stock assessment throughout Alaska, It IS dIfficult to assess
populatIOn status and trends of cutthroat trout Recent exposure to Imgermg OllIS unhkely, because most
of the bIOavaIlable 011 appears to be confined to subsurface mtertldal areas, and not dIssolved m the
water column (NIxon et ai, 2013) Moreover, dlstnbutIOn of cutthroat trout IS patchy throughout the
Sound, thus access to 011 IS restncted However, the Sound IS the northern edge of cutthroat trout range
and dIspersal durmg manne mIgratIOn IS restncted, thereby mcreasmg theIr susceptlblhty to habItat
alteratIOn and pollutIOn Cutthroat trout populatIOns m the Sound are small and geographIcally Isolated
from each other These charactenstlcs suggest that recovery of a populatIOn would depend less on
mlxmg WIth nearby aggregates than on the productIVIty of the endemIC populatIOn and the extent to
WhICh It was mJured by the SpIll Confoundmg factors such as sport fishmg and habItat alteratIOn of
spawnmg streams (e g , through loggmg) may also mhlblt successful recrmtment of young mto a
populatIOn and subsequent mcrease m numbers
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GIven the ecologIcal sImIlantles m summer dIet and foragmg ecology (Currens et ai, 2003) along
shorelmes between cutthroat trout, Juvemle pmk salmon and Dolly Varden, and the absence of ongomg
mJury to those other two speCIes, further research would be very unlIkely to demonstrate any eVIdence
of contmumg dIfferences between OIled and unOIled areas due to the SpIll Thus, fundmg the addItIOnal
research necessary to prOVIde current growth rate and abundance data for thIS specIes IS not a cost
effectIve SCIentIfic pnonty

Cutthroat trout are very likely recovered

DESIGNATED WILDERNESS AREAS

InjUry
The SpIll deposIted 011 mto the waters and tIdelands adJommg areas deSIgnated as WIlderness or
WIlderness Study Areas by Congress or the Alaska State LegIslature Dunng the mtense cleanup
seasons of 1989 and 1990, thousands of workers and hundreds of pIeces of eqUIpment were at work m
the SpIll zone ThIS actIVIty was an unprecedented ImpOSItIOn of people, nOIse, and actIVIty on the area's
undeveloped and normally sparsely occupIed landscape Although human actIVIty levels on these
WIlderness shores have returned to normal, lmgermg 011 stIll occurs at some locatIOns The SpIll-affected
areas were deSIgnated wIlderness m the KatmaI NatIOnal Park, WIlderness study areas m the Chugach
NatIonal Forest and KenaI Fjords NatIOnal Park, and Kachemak Bay WIlderness State Park

Recovery Objective
DeSIgnated wIlderness areas WIll have recovered when OllIS no longer encountered m them and the
publIc perceIves that they are recovered from the SpIll

Recovery Status
SIX moderately to heaVIly OIled SItes on the KenaI and Katmal coasts were surveyed m 1994, at WhICh
tIme some 011 mousse persIsted m a remarkably unweathered state on boulder-armored beaches at five
SItes These SItes were VISIted agam m 1999, and 011 was found along park shorelmes ofthe Katmal
coast Surveys carrIed out m 2001 and 2003 to determme the surface and subsurface dlstnbutIOn of 011 m
Prmce WIlham Sound found lmgermg 011 on shorelmes wlthm deSIgnated WIlderness study areas In
2005 and 2012 the SItes surveyed m 1999 were agam sampled Although surface cover of 011 had
declmed, the subsurface 011 persIsted m amounts SImIlar to those found m 1999 Moreover, the 011 at
those SItes was compOSItIOnally SImIlar to samples collected 11 days after the SpIll The strandmg of the
011 on stable, boulder-armored shores or on a low-energy bedrocklboulder beach further protected the 011
and slowed 011 degradatIOn processes

Lmgermg 011 perSIsts m deSIgnated wIlderness areas, and quantItatIve studIes of lmgenng 011 outSIde of
Prmce WIlham Sound are lackmg However, m many areas, the amount of 011 has dlmlmshed smce
1990 Therefore, deSIgnated wIlderness areas are conSIdered to be recovermg

DOLLY VARDEN

InjUry
Dolly Varden are WIdely dlstnbuted m the SpIll area Adults spawn m natal streams and most
overwmter m contIguous freshwater lakes MIgratIOn mto the manne enVIronment occurs m the summer
where the fish spend tIme feedmg m nearshore waters Many fish were m freshwater when the 011 SpIll
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occurred but emIgrated m and out of the SpIll area later m the season ConcentratIOns of hydrocarbons m
the bIle of Dolly Varden were some of the hIghest of any fish sampled m 1989 LIke the cutthroat trout,
there IS eVIdence from 1989-90 that Dolly Varden, m a small number of oIled mdex streams m Prmce
WIlham Sound, grew more slowly than m unOlled streams It was hypothesIzed that the slower rate of
growth m oIled streams was the result of reduced food supphes or exposure to 011, and there was concern
that reduced growth rates would result m reduced survIval

Recovery Objective
Dolly Varden WIll have recovered when growth rates wlthm OIled streams are comparable to those m
unOlled streams, after takmg mto account geographIc dIfferences

Recovery Status
The growth dIfferences between Dolly Varden m OIled and unOlled streams dId not persIst mto the
1990-91 wmter, but no growth data have been gathered smce 1991 In addItIon, by 1990 the
concentratIOns of hydrocarbons m bIle had dropped substantIally and a bIOchemIcal marker of oIl
exposure had a dImInIshed

In a 1991 restoratIOn study sponsored by the Trustee CouncIl, some tagged Dolly Varden moved
consIderable dIstances among streams wlthm Pnnce WIlham Sound, suggestmg that mlxmg of
overwmtermg stocks takes place durmg the summer m saltwater Follow up studIes mdlcate that Dolly
Varden are abundant throughout the Sound, and genetIcally SImIlar among geographIcally dIfferent
aggregates Frequent genetIc exchange among groups offish Imphes that mlxmg occurs, and outsIde
populatIOns are avaIlable to enhance depleted stocks Moreover, fishmg pressure on Dolly Varden IS
hkely not as mtense as that on coastal cutthroat trout PopulatIOns are larger, the fish are more WIdely
spread throughout the Sound and larger numbers can better tolerate harvest Fmally, current exposure to
lmgermg OllIS unhkely because most of the bIOavaIlable OllIS confined to subsurface mtertldal areas
and not dIssolved m the water column

GIVen the available eVidence, Dolly Varden are considered to be recovered from effects ofthe 011
Spill

IIARBOR SEALS

InjUry
Harbor seal numbers were declmmg m the Gulf of Alaska, mcludmg m Prmce WIlham Sound, before
the 011 SpIll Exxon Valdez 011 affected harbor seal habItat, mcludmg key haul-out areas and adjacent
waters, m Prmce WIlham Sound and as far away as Tugldak Island, near KodIak EstImated mortahty
as a dIrect result of the 011 SpIll was about 300 seals m OIled parts ofPrmce WIlham Sound In some
parts of the Sound, 80 percent of the seals had oIl on them m May 1989 and remamed oIled untIl theIr
molt m August Some of the haul-out SItes were oIled through the puppmg season, and many pups
became OIled shortly after bIrth Based on aenal surveys conducted at trend-count haulout SItes m central
Prmce WIlham Sound before (1988) and after (1989) the 011 SpIll, seals m OIled areas dechned by 43
percent, compared to 11 percent m unoIled areas

Recovery Objective
Harbor seals WIll have recovered from the effects of the oIl SpIll when theIr populatIon IS stable or
mcreasmg
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Recovery Status
Harbor seal populatIOns m the Sound were declmmg before the 011 SpIll and the declme contmued after
the SpIll occurred Factors contnbutmg to thIS declme may mvolve envIronmental changes that occurred
m the 1970's m whIch the amount and qualIty of prey resources were dImImshed It IS possIble that the
changes m the avaIlabIlIty of hIgh qualIty forage fish such as PaCIfic herrmg and capelm altered the
ecosystem such that It may now support fewer seals than It dId pnor to the late 1970's Other sources of
mortalIty that may be contnbutmg to lower seal numbers could mclude predatIOn, SubSIstence huntmg,
and commerCIal fishery mteractIOns (e g , entanglement and drownmg m nets)

SatellIte taggmg studIes sponsored by the Trustee CouncIl and genetIC studIes carrIed out by the
NatIonal Manne FIshenes ServIce mdIcate that harbor seals m the Sound are largely reSIdent throughout
the year and have lImIted movement and mterbreedmg wIth other subpopulatIOns m the northern Gulf of
Alaska ThIs suggests that recovery must come largely through recruItment and survIval wIthm reSIdent
populatIOns

Based on annual counts from haulouts concentrated m the south-central regIOn of the Sound, seal
numbers stabIlIzed from 1996-2005 and lIkely mcreased between 2001-2005 From 1990-2005, seal
numbers at SItes that were not oIled decreased at a greater rate than OIled SItes, mdIcatmg no localIzed
effects of the SpIll However, the entIre SpIll zone was not surveyed, and trends may have been
mfluenced by movements of seals from oIled to unOlled SItes after the SpIll and a return to more oIled
SItes m recent years ThIS hypotheSIS has not been studIed dIrectly

Harbor seals are conSIdered recovered due to collectIve eVIdence from the last ten years mdlcatmg
that harbor seal populatIon numbers are stabIllZmg or mcreasmg

HARLEQUIN DUCKS

InjUry
Harlequm ducks spend most of theIr tIme m mtertIdal and shallow subtIdal habItats where much of the
011 was mItIally stranded In Prmce WIllIam Sound, about 150 harlequm duck carcasses were collected
ImmedIately after the SpIll m 1989 From these recovered bIrds, It was estImated that 1,000 harlequms
were kIlled by the mItIal 0I1mg event, whIch represented about 7 percent of the wmtermg populatIOn In
addItIOn to acute effects, harlequm ducks were one of the few speCIes for whIch chromc mJury related to
long-term exposure to Imgermg 011 was documented

Recovery Objective
Harlequm ducks WIll have recovered when breedmg- and non-breedmg-season demographICS and
bIOchemIcal mdIcators of hydrocarbon exposure m harlequms m oIled areas ofPrmce WIllIam Sound
are SImIlar to those m harlequms m unOlled areas

Recovery Status
Wmter populatIOns ofharlequm ducks m Prmce WIllIam Sound have ranged from a hIgh of 19,000
ducks m 1994 to a low of around 11,000 ducks m March of 1990, one year after the SpIll The 2010
estImate ofwmtermg harlequm ducks m the Sound was approxImately 15,425

Several post-SpIll studIes were deSIgned to measure the extent and seventy of mJunes to the Prmce
WIllIam Sound harlequm duck populatIOn from the 011 SpIll and assess recovery Through 1998, 011 SpIll
effects were stIll eVIdent although the extent and magmtude of the mJury remamed unclear Supportmg
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studIes provIded eVIdence of contmumg mJury to harlequms through the followmg mechamsms 1)
mvertebrate recovery m upper mtertldal and subtIdal areas remamed mcomplete for some specIes,
thereby Impactmg potentIal prey base for harlequms, 2) oIl persIsted m mtertldal areas ofPnnce WIllIam
Sound where It was IdentIfied as a source of contammatIOn of benthIc mvertebrates, 3) the possIbIlIty of
external oIlmg of feathers remamed due to Imgermg oIl, 4) the possIbIlIty of oIl mgestIOn whIle dlggmg
for prey m the subsurface, 5) a bIochemIcal marker of 011 exposure (cytochrome P450) was hIgher m
tIssues of harlequm ducks captured m OIled areas than m reference areas and 5) overwmter female
survIval was lower m OIled than reference areas

From 1997-2007, age composItIon and numencal trends were compared m harlequm ducks between
oIled and unoIled areas of the Sound No dIfference m populatIon trends was observed between areas
Although populatIOns m the oIled area were no longer declmmg as they were m the mld-1990s, a
posItIve trend was not observed Overall, more males than females occurred Sound-WIde whIch IS
consIstent WIth other PacIfic populatIOns of harlequm ducks The ratIo of Immature to adult males was
sImIlar between areas, thus mdlcatmg sImIlar recruItment mto both populatIOns However, there
remamed a dIsproportIOnately lower number of female ducks m the oIled areas From 2000-2002,
female survIval rates were sImIlar between OIled and unoIled areas However, m 2005 through 2011 the
P450 bIOmarker was elevated m ducks from the oIled areas (Esler et ai, 2011) Fmally, Imgermg 011
appeared to remam m habItats used by harlequms, thereby mamtammg the possIbIlIty of chromc effects
related to contmued exposure

In 2013 studIes, hepatIc CYPIA levels m harlequm ducks, based on EROD actIvIty, were sImIlar
between areas oIled dunng the SpIll and m nearby unoIled areas (Esler, 2011 and 2013) ThIS constItutes
the first tIme smce mltlatIOn ofharlequm duck CYPIA samplmg m 1998 that EROD actIVIty has not
been hIgher m oIled areas than m unoIled areas ofPnnce WIllIam Sound ThIs would mdlcate that
harlequm ducks are no longer exposed to reSIdual oIl from the SpIll

Harlequm ducks are conSidered to be recovered, as mdlcatIons of negative effects (reduced
survival and dechnmg numbers) m oIled areas have abated and breedmg- and non-breedmg
season demographIcs m oded and unoded areas have converged (Esler, 2013)

INTERTIDAL COMMUNITIES

InjUry
Over 1,400 mIles of coastlme were oIled by the SpIll m Prmce WIllIam Sound, on the KenaI and Alaska
penmsulas, and m the KodIak ArchIpelago Heavy oIlmg affected approxImately 220 mIles of thIS
shorelme It IS estImated that 4~5 percent of the 11 mIllIon gallons of crude oIl SpIll by the Exxon
Valdez washed ashore m the mtertldal zone For months after the SpIll m 1989, and agam m 1990 and
1991, both 011 and mtenslve cleanup actIVItIes had sIgmficant Impacts on the flora and fauna of thIS
enVIronment

Imtlallmpacts to the mtertldal zone occurred at all tIdal levels and m all types of habItats throughout the
011 SpIll area DIrect assessment of the SpIll effects mcluded sedIment tOXICIty testmg, documentmg
abundance and dlstnbutIOn of mtertldal organIsms and samplmg ecologIcal parameters of commumty
structure Dommant speCIes of algae and mvertebrates dIrectly affected by the SpIll mcluded common
rockweed, speckled lImpet, several barnacle speCIes, blue mussels, penwmkles, and olIgochaete worms
At lower elevatIOns on gravel and mIxed sand/gravel beaches, the abundance of sedIment orgamsms and
denSItIes of clams declmed Large numbers of dead and monbund clams were documented on treated
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beaches, but these effects were hkely due to a cOmbInatIon of oIl tOXICIty and hot water washIng
IntertIdal fish were also affected In a study conducted In dIfferent habItats, denSIty and bIOmass of fish
at oIled sItes showed declInes relatIve to reference sItes In 1990

Recovery Objective
IntertIdal COmmUnItIes WIll have recovered when such Important speCIes as Fucus (manne
algae/seaweed) have been reestablIshed at sheltered rocky sItes, clams and mussels at soft or mIxed
sedIment beaches are not contamInated by reSIdual oIl, the dIfferences In communIty compOSItIon and
organIsm abundance on oIled and unolled shorelInes are no longer apparent after takIng Into account
geographIc dIfferences, and the IntertIdal and nearshore habItats prOVIde adequate, uncontamInated food
supplIes for predators and SubSIstence users

Recovery Status
By 1991, In the lower and mIddle IntertIdal zones, algal coverage and Invertebrate abundances on oIled
rocky shores had returned to condItIons SImIlar to those observed In unOlled areas However, large
fluctuatIOns In the algal coverage In the oIled areas caused a subsequent alteratIon In communIty
structure The Fucus canopy was InItIally elImInated In most of the areas that underwent extenSIve
cleanIng, thereby remOVIng the protectIon prOVIded by thIS alga to IntertIdal organIsms from predatIon,
deSIccatIOn and abraSIOn ThIS early eradIcatIOn of Fucus led to InStabIlIty of thIS alga's subsequent
populatIons because the SIngle-aged stands present after recolOnIZatIon of the habItat were susceptIble to
large synchronous dle-offs UntIl a broader dIstnbutIOn of mIxed-aged stands IS establIshed, thIS cycle
may contInue for many generatIons MeanwhIle, full recovery of Fucus IS cruCial for the recovery of
IntertIdal COmmUnItIes at oIled SItes, because many IntertIdal organIsms depend on the shelter thIS
seaweed prOVIdes

As of 1997, Fucus had not yet fully recovered In the upper IntertIdal zone on shores onented towards
dIrect sunlIght, but In many locatIons, recovery of IntertIdal COmmUnItIes had been substantIal In other
habItat types, such as estuanes and cobble beaches, many speCIes dId not show SIgnS of recovery when
they were last surveyed In 1991 StudIes on the effects of cleanup actIVItIes on OIled and washed beaches
showed some Invertebrates, lIke mollusks and annelId worms were stIll much less abundant than on
comparable unolled beaches through 1997 It IS undetermIned how much recovery has occurred In these
locatIons SInce 1997, because further work has not been conducted

LIngerIng OllIS stIll present In some IntertIdal areas WIthIn the SpIll zone Recent studIes IndIcate that at
beaches WIth pockets of buned lmgermg oIl, hIgh amphipod mortahty IS assocIated WIth elevated
hydrocarbon concentratIons

IntertIdal commuDItIes are conSidered to be recovermg, due to the progress m the reestablIshment
of functIonmg mtertldal commuDItIes

KILLER WHALES

I11jury
More than 160 kIller whales m eIght reSIdent (fish eatmg) pods regularly use PrInce WIlham
Sound/Kenal Fjords as part of theIr ranges TranSIent (manne mammal eatmg) groups are observed In
the Sound less frequently, but some (the AT1 populatIon) use the Sound year-round After the SpIll, the
loss of IndIVIdual whales from the reSIdent AB pod was of partIcular concern At the tIme of the SpIll,
thIS group numbered 36 anImals, and from 1989-1990, fourteen whales dIsappeared DurIng that tIme
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no young were recruIted mto the populatIOn Members of the tranSIent ATI populatIOn were also
observed m the area of the SpIll and adjacent to the tanker as It was leakmg 011 Two stranded whales
were found m 1990, but theIr cause of death was not determmed

The ongmal hnk between the AB pod losses and the 011 SpIll was largely cIrcumstantIal No carcasses of
any resIdent whales were dIscovered However, whales were observed surfacmg m Exxon Valdez 011
shcks followmg the SpIll m 1989 and nearly all of the deaths occurred at the tlme of the SpIll or the
followmg wmter It IS hkely that petroleum or petroleum vapors were mhaled by whales, and It IS also
possIble that they ate contammated fish The mortahty rate for the AB pod was 19 percent m 1989 and
21 percent m 1990, compared to an expected natural mortahty rate of 2 2 percent or less

The ATI populatIOn appears to range only through Prmce WIlham Sound and the Kenai Fjords regIOn
From 1984-1989, theIr numbers were stable at 22 regularly observed mdividuals, but m a retrospectIve
analysIs It was determmed that nme whales dIsappeared shortly after the SpIll Because transIents may
occasIOnally leave theIr groups and SWIm WIth other tranSIent whales, It could not be ImmedIately
determmed If these whales were dead However, m the subsequent 20 years these mdividuais were not
seen by researchers WIth any other tranSIent groups and they had not reappeared WIth theIr ongmal
group Thus, they were consIdered deceased It was hypothesIZed that these whales dIed from mhalmg
tOXIC 011 vapors or as a result of eatmg OIled harbor seals The tlmmg and magnItude of mIssmg
mdividuais dIrectly followmg the SpIll and the fact that the ATI pod IS a year-round reSIdent of the
Sound suggest that 011 may have caused a declme Immediately after the SpIll

Smce 1989, a total of 15 of22 whales have gone mIssmg from the ATI group and are now presumed
dead (five of the carcasses were found on beaches) Dunng that same penod there has been no
recruItment of calves mto thIS genetIcally umque group of tranSIents The ATl tranSIents are a dIstmct
populatIOn segment and consIdered depleted under the Manne Mammal ProtectIOn Act

Recovery Objective
The recovery ObjectIve for kIller whales IS a return to a pre-SpIll number of 36 for the AB pod and a
stable populatIOn trend m the ATI populatIOn

Recovery Status
From 1990-1995 seven calves were born withm the AB pod however, addItIOnal mortahtles occurred
and by 2005, the number of whales was only 28 AB pod contmues a slow recovery and m 1990
numbered 30 mdividuals, although the pod has now spht and travels as two dIstmct umts KIller whales
are long-hved and slow to reproduce Female kIller whales gIve bIrth about every five years, and are
hkely to produce only four to SIX calves throughout theIr lIfe Moreover, a dIsproportIOnate number of
females were lost at the tIme of the SpIll, and populatIOn modelIng has demonstrated that the SpIll
Impacted the AB pod pnmanly through the loss of young and reproductIve females Unexpected
mortalItIes m the years smce the SpIll have also Impacted thIS group These factors mdicate that the
recovery rate of thIS populatlon wIll contmue to be slow The AB pod IS the only tracked pod that has
expenenced a declme followmg the SpIll Other pods have mcreased at an average rate of 3% per year

TranSIent kIller whales, such as the ATI populatIOn, largely prey on manne mammals, especIally harbor
seals From data collected at haul-outs m the south-central regIon of the Sound, It appears that harbor
seals numbers may have mcreased over the past five years It IS unclear how the populatIOn dynamIcs of
harbor seal mfluence tranSIent whale populatIOns, but changes m the avaIlabIlIty of such an Important
prey speCIes could Impact survIval of mdiVIduals and reproductIve success withm groups Research
sponsored by the Trustee CouncIl on contammants m kIller whales m the Sound mdicates that
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mdividuais of the ATI populatIOn are carrymg elevated levels of PCBs, DDT, and DDT metabolItes m
theIr blubber Although the presence of these contammants IS not related to the oIl SpIll, the hIgh
concentratIOns found m these tranSIents are comparable to levels that cause reproductIve problems m
other manne mammals Accordmgly, It IS lIkely that the populatIOn dynamIcs of thIS populatIon are
bemg mfluenced by factors other than resIdual 011 whIch may further hmder theIr abIlIty to rebound from
the mitIal mJury from the SpIll

Smce 1990, the AB Pod females that survIved EVOS have produced nearly as many calves as would be
expected based on the number of females and theIr ages The lack of recovery of AB Pod, thus, can be
largely attnbuted to the loss of young adult females, WhICh reduced the number of reproductIve females
by half, and by the loss ofJuvemles, such that fewer ammals matured to replace the reproductIve
females that dIed As a result, the annual bIrth rate m AB Pod smce the EVOS has been about 70 percent
the bIrth rate observed m other reSIdent pods, WhICh was sIgnIficantly lower than expected, thIS pod IS
consIdered recovermg Full recovery can be expected over decades If recruItment rates remam pOSItIve
and unexpected mortalItIes do not occur The ATI tranSIent populatIOn of kIller whales has remamed
stable at seven mdividuais WIth no recorded bIrths or deaths smce 2010 (Matkm, 2013) and IS
consIdered not recovermg Progress toward recovery appears unlIkely as key breedmg females have
been lost and no new recrUItment observed

The AB kIller whale pod IS consIdered to be recovermg due to the low but stabIlIZed reproductIOn
rate of the pod The recovery status of the ATl kIller whale populatIOn IS consIdered to be not
recovermg due to a lack of recrUItment of breedmg females

KrITLITZ'S MURRELETS

IYlJury
The KittlItz's murrelet IS found only m Alaska and the RUSSIan Far East A large percentage of the
world populatIOn, whIch may number only a few tens of thousands, breed m Prmce WIllIam Sound
(PWS) The KenaI Penmsula coast, lower Cook Inlet and Kachemak Bay are also Important
concentratIon areas for thIS speCIes

Seventy-two KittlItz's murrelets were pOSItIvely IdentIfied among the bIrd carcasses recovered after the
oIl SpIll Nearly 450 more Brachyramphus murrelets were not IdentIfied to the speCIes level, and It IS
reasonable to assume that some of these were KittlItz's In addItIOn, many more murrelets probably
were killed by the oIl than were actually recovered EstImates of the total number of KIttlItz' s murrelets
that died as a result of the SpIll vary from 255-2,000, It has been suggested that thIS represents 5-10
percent of the world's populatIon

Recovery Objective
KittlItz's murrelets WIll have recovered when theIr populatIOn has recovered to a level had the SpIll not
occurred Stable or mcreasmg productIVIty withm normal bounds WIll be an mdication that recovery IS
underway

Recovery Status
WhIle studIes ofKIttlItz's murrelets were conducted m the 2000s, our knowledge of theIr ecology and
trends remams lImIted They are known to nest m montane areas histoncally or actIvely shaped by
glaCIal actIOn and are thought to reSIde withm PWS from May through August Nestmg has been
reported from around the PWS regIOn, as well as the KenaI and Alaska Penmsulas, and KodIak Island
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KlttlItz's murrelets lay a smgle egg and have an mtrmslcally low populatIOn growth rate, thus recovery
from an acute loss IS lIkely to be slow

KlttlItz's murrelets have shown eVIdence of steep declmes, whIch began before the SpIll The rate of
declme between 1972 and 2007 was -18% per year, but If measured between 1989 and 2007, the rate of
declme was -31 % per year (Kuletz et aI, 20l1a) Estlmatmg populatIOn trends for thIS specIes IS
complIcated, however, because of the small populatIOn SIze, patchy dIstrIbutIOn, and dIfficulty m
dlstmgUIshmg the rare KlttltIZ'S murrelet from the more abundant marbled murre1et Data from
EVOSTC surveys m PWS from 2010 and 2012 (Cushmg et aI, 2012) suggest a possIble stabIlIzatIOn of
KlttlItz's murrelets at a lower populatIOn SIze

Natural recovery has not restored thIS resource to levels that would have eXIsted had the SpIll not
occurred What lIttle eVIdence IS aVaIlable from studIes m Alaska suggest possIble predator lImItatIOn m
some areas, and lack of productIVIty due to food avaIlabIlIty and ChICk predatIOn A 2014 study has also
found that paralytIC shellfish pOIsomng has contrIbuted to chIck mortalIty at nest SItes on KodIak Island
(Shearn-Bochsler et aI, 2014) WhIle It IS lIkely that basIc bIologIcal studIes would be useful to
understand what may be lImltmg recovery, these confoundmg effects make It unlIkely that further study
WIll clarIfy whether there are stIll resIdual effects of the SpIll In addItIOn, the rarIty of thIS speCIes
makes It dIfficult and expenSIve to study

WhIle the population decline appears to have abated, KlttlItz's murrelets have not met their
recovery objective and, due to the factors discussed above, their current recovery status remams
unknown

MARBLED MURRELET

Injury
Marbled murrelets are found throughout the northern Gulf of Alaska and are known to concentrate m
Prmce WIllIam Sound Carcasses of nearly 1,100 Brachyramphus murrelets were found after the SpIll,
and about 90 percent of the murrelets that could be IdentIfied to the speCIes level were marbled
murrelets Smce they are a small bIrd and not easIly seen, many more murrelets probably were kIlled as
a result of the 011 than were recovered EstImates vary but between 2,900 and 14,800 mdlvlduals were
kIlled by the Imtlal OIlmg and thIS represented 6-12 percent of the marbled murrelets m the SpIll area In
addItIOn to dIrect mortalIty, foragmg actIVIty and behaVIor was lIkely dIsrupted durmg the cleanup
actIVItIes

Recovery ObjectIve
Marbled murrelets WIll have recovered when theIr populatIOn has recovered to a level had the SpIll not
occurred Sustamed or mcreasmg productIVIty wlthm normal bounds WIll be an mdlcatIOn that recovery
IS underway

Recovery Status
Marbled murrelets were declInmg m the Sound before the 011 SpIll, and the declme has contmued smce
the SpIll In PWS, It IS estImated that marbled murrelets declmed at a rate of 5% per annum from 1989
2012, a cumulatIve populatIOn loss of -69% (Cushmg et aI, 2012, Platt et aI, 2007) It IS lIsted as a
threatened speCIes m Washmgton, Oregon, CalIfornIa and BrItIsh ColumbIa Marbled murrelets have
low mtrmslC productIVIty and a slow populatIOn growth rate Therefore, recovery from an acute loss
wIll lIkely take many years
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Marbled murrelets rely on forage fish such as PacIfic herrmg and PacIfic sand lance, whIch may be
declmmg m the SpIll area due to vanous reasons TheIr dIetary preferences and foragmg areas make
sIgnIficant contact WIth Imgermg oIl unlIkely and there are no dIfferences m populatIon trends between
oIled and unOiled areas Exogenous factors such as clImatIc factors, decreases m habItat avaIlabIlIty, and
ShIfts m forage fish populatIons are the most lIkely dnvers of murrelet populatIon dynamIcs

Marbled murrelets have not met their recovery objective of an mcreasmg or stable population
They are considered to be not recovermg from the effects of the Spill

MUSSELS

InjUry
Mussels are a keystone speCIes m the nearshore enVIronment throughout the SpIll area and are locally
Important for SubSIstence users They provIde prey for harlequm ducks, black oystercatchers, JuvenIle
sea otters, nver otters and many other speCIes Mussel beds are also Important components of mtertldal
habItats because they provIde phySIcal stabIlIty and habItat for other organIsms m the mtertldal zone
Although mussels were coated WIth 011 from the Exxon Valdez, dense mussel beds were purposely not
dIsturbed durmg cleanup operatIOns so the stabIlIty and habItat they prOVIded would be preserved
However, some unconsolIdated groups of mussels were subjected to hot water hIgh pressure washmg

In 1989, after the SpIll, concentratIons of 011 m mussel tIssue from the oIled area mcreased rapIdly
These concentratIons were typIcally far hIgher than m mussels from unOiled areas (or m mussels
sampled from 1977-1979) The chemIcal compOSItIOn of thIS 011 was conSIstent WIth Exxon Valdez oIl
Long-term mussel contammatIOn occurred where substantIal amounts of 011 was trapped m sedIment,
pnmanly wlthm coarse-textured habItats, mcludmg heavIly oIled beaches exposed to conSIderable wave
and storm energy (e g, Sleepy Bay) In 1991, hIgh concentratIons of relatIvely unweathered oIl were
found m the mussels and m underlymg byssal mats and sedIments m certam dense mussel beds No
dIfferences m abundance or bIOmass were documented ill sheltered rocky and estuanne habItats
However, m coarse-textured habItats along the Kenai Penmsula, mussel populatIOns were stIll affected

Recovery Objective
Mussels WIll have recovered when populatIOn and productIVIty at oIled SItes are comparable to
populatIOns and productiVIty at unOiled SItes, when chemIcal markers no longer mdlcate 011 exposure,
and when mussels can prOVIde adequate, uncontammated food supplIes for predators and SubSIstence
users

Recovery Status
The pnmary route by whIch mussels accumulate OllIS through mgestIOn of petroleum hydrocarbons m
the water Much of the lmgermg oIl m the Sound and the Gulf of Alaska IS sequestered m the subsurface
sedIments Mussels are found both as epibIOta, attached to the surface substrates, and also partIally
embedded m coarse sedIment, where they could come mto close contact WIth OIled sedIments It IS
pOSSIble that mussels could filter partIculate and dIssolved hydrocarbons from the water If the oIl IS re
suspended durmg storm surges, wave actIOn or when underlymg sedIments are dIsturbed by predators
The current dlstnbutIOn of 011 wlthm a mussel bed IS determmed by water flow, amount of oIl present,
sedIment gram SIze, and dIsturbance hIStOry
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After the SpIll, hydrocarbons accumulated m mussels for about a decade at sItes where 011 was retamed
m sedIments Remammg 011 was bIOlogIcally avaIlable for many years after the SpIll, but the frequency
of occurrence and average hydrocarbon concentratIOns m mussel tIssue has declmed wIth tIme In most
mstances concentratIOns of 011 m mussels from the most heavIly oIled beds m Prmce WIlham Sound
were largely mdlstmgUIshable from background by 1999 However, concentratIOns m sedIment
underlymg the mussel beds remamed elevated

Data from 2012 mdlcated that hydrocarbon concentratIOns m mussels, even on armored beaches where
ehmmatIOn has been slow, are not dIfferent from background (Fukuyama et ai, 2014, Lees et ai, 2012)

As mussels have met all ofthelr goals for recovery, they are considered recovered from the effects
of the Spill

PACIFIC HERRING

InjUry
PacIfic herrmg are an ecologICally and commercIally Important speCIes m the PWS ecosystem They are
central to the manne food web, provldmg food to manne mammals, bIrds, mvertebrates and other fish
Herrmg are also commercially fished for food, baIt, sac-roe and spawn on kelp

PaCIfic herrmg spawned m mtertldal and subtIdal habItats m Prmce WIlham Sound shortly after the oIl
SpIll All age classes and a SIgnIficant portIOn of spawmng habItats and stagmg areas m the Sound were
contammated by 011 Juvemle and adult herrmg typIcally come to surface at mght to feed and would
have had mcreased exposure probablhty at thIS tIme LesIons and elevated hydrocarbon levels were
documented m some adult PaCIfic herrmg from the oIled areas Laboratory studIes showed abnormahtles
and possIble depressed Immune functIOns m PaCIfic herrmg exposed to 011 Egg mortahtles and larval
deformItIes were also documented m the 1989 year class, but populatIOn level effects of the SpIll were
never clearly estabhshed

Pnor to the SpIll, herrmg populatIOns m the Sound were mcreasmg as documented by record harvests m
the late 1980s However, four years after the SpIll a dramatIc collapse of the fishery occurred, and the
herrmg populatIOn has never rebounded Herrmg populatIOns are dommated by occaSIOnal, very strong
year classes that are recruIted mto the overall populatIOn The 1988 pre-SpIll year-class of PacIfic
herrmg was large m Prmce WIlham Sound, and as a result, the estImated peak bIOmass of spawnmg
adults m 1992 was hIgh DespIte the expectatIOn that thIS large spawmng event would lead to hIgh
numbers of fish, the populatIOn exhIbIted a denSIty-dependent reductIOn m SIze of mdlvlduals, and m
1993 there was an unprecedented crash of the adult herrmg populatIOn m PWS The overall 1993
harvest was about 14 percent of the 1992 harvest, and the 1989 year class was one of the smallest
cohorts ever to return as spawnmg adults

Recovery Objective
The populatIOn ofPWS PaCIfic herrmg wIll be conSIdered recovered when the spawnmg bIOmass has
been above the current regulatory fishery threshold of23,000 tons for 6 to 8 years, two strong
recrUItments (> 220 mllhon) of age-3 fish have occurred durmg those 6 to 8 years, and spawnmg occurs
m at least three geographIC regIOns of the Sound

26
Adopted 11/19/14



Recovery Status
The herrIng fishery In the Sound has been closed for 19 of the 25 years SInce the SpIll The populatIOn
began IncreasIng agaIn In 1997 and the fishery was opened bnefly In 1997 and 1998 However, the
populatIOn Increase stalled In 1999, and research suggests that the openIng of the fishery In 1997 and
1998 stressed an already weakened populatIOn and may have contnbuted to the 1999 declIne The
fishery has been closed SInce then and no trend suggestIng healthy recovery has occurred

One of the factors currently lImItIng recovery of herrIng In the Sound appears to be dIsease Two
pathogens, a ViruS and a fungal InfectIOn are prevalent In herrIng populatIOns among several age classes
CondItIOns which made herrIng susceptIble to these two dIseases (viral hemorrhagIc septIcemIa and
1cthyophonus hoferz InfectIOn) are unknown, but it appears they have been impactIng herrIng for over a
decade While these diseases can occur at background levels, they do not usually impact fish populatIOns
for such a long duratIOn

LIngerIng 011 eXists In the Sound, however there does not appear to be much overlap between current
herrIng spawmng areas and sites known to harbor residual 011 In 2006, some herrIng spawn was
observed In areas of the Sound that were O1led however, the spatIal extent was lImited, and thIS was the
first year In decades that it has been reported Therefore, it is not lIkely that lIngerIng OlliS directly
affectIng spawnIng adults, eggs or larvae

Low genetiC diverSity does not appear to be a lImItatIOn withIn herrIng populatIOns It has been
hypothesized that hIstonc overfishIng coupled with the populatIOn crash of 1993 could have resulted In a
populatIOn wIth low genetiC diverSity Similar genetiC structure could lImIt a populatIOn's abilIty to
tolerate disease or recover from acute losses, but the genetiC diverSity of PrInce WillIam Sound herrIng
IS no different from other northwest populatIOns

Other factors may have contnbuted to the crash of 1993 Some eVIdence ImplIes that zooplankton
productIOn In the 1990's was less than In the 1980's, thereby caUSIng food to be lImIted at the time ofa
peakIng populatIOn ThIS hypotheSiS is offered some support by the fact that the average size-at-age of
herrIng had been decreaSIng SInce the mId-1980s as populatIOn numbers were nSIng Poor nutrItIOn may
also Increase susceptibilIty of herrIng to disease

PredatIOn also plays a role In herrIng populatIOn dynamiCs, as they are a prImary forage fish wIthIn the
PrInce WillIam Sound ecosystem It is plauSible that the small herrIng populatIOn is fightIng an on
gOIng disease problem and IS further beIng kept In check by predators such as whales, seals, sea lIons
and seabIrds

Despite the pressures of predatIOn and dIsease, ADF&G bIOmass forecasts In 2010, 2011 and 2012
exceeded the commercial fishIng threshold of22,000 tons (Botz et ai, 2011, 2012 and 2013) However,
they dId not prOVide a large enough harvestable surplus to allocate fish among all five herrIng fishenes
purse seIne sac roe, gillnet sac roe, spawn-on-kelp not In pounds, spawn-on-kelp In pound fisherIes, and
herrIng foodlbaIt fishery HIndcasts from the 2013 forecast model for 2011 and 2012 were below the
regulatory threshold with 2013 haVIng the lowest mile-days of spawn In PWS SInce 1973 (Dressel,
pers comm)

A cOmbInatIOn of factors, IncludIng disease, predatIOn and poor recrmtment appear to contnbute to the
contInued suppreSSIOn of herrIng populatIOns In the Sound No strongly successful year class has been
recruited Into the populatIOn and health IndICeS suggest that herrIng In the Sound are not fit However,
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the bIOmass has remamed relatIvely stable over the past seven years but at a lower tonnage than can
support a sustamable commercIal fishery

PacIfic herrmg have not yet met theIr recovery ObjectIves and are conSIdered not recovermg from
the effects of the SpIll

PIGEON GUILLEMOTS

Injury
Although pIgeon gmllemots are wIdely dIstnbuted m the North PacIfic regIOn, they do not occur
anywhere m large concentratIOns An estImated 2,000 - 6,000 gUIllemots, representmg 10-15 percent of
the SpIll area populatIOn, dIed from acute oIlmg AddItIOnally, an mcrease m nest predatIon ofpIgeon
gUIllemot chIcks and mcubatmg adult bIrds occurred m the Sound after the SpIll Researchers speculated
that ImmedIately after the SpIll, predators such as nver otters and mmks preyed more heavIly on nestmg
gUIllemots due to heavy OIlmg and subsequent reductIOn of theIr customary shellfish prey

Recovery Objective
PIgeon gUIllemots WIll have recovered when theIr populatIOn IS stable Sustamed or mcreasmg
productIVIty withm normal bounds WIll be an mdicatIOn that recovery IS underway

Recovery Status
PIgeon gUIllemot populatIOns were lIkely declmmg pnor to the SpIll and thIS declme has contmued
through 2008 The causes of the declme are unclear and the extent to whIch the SpIll has been a factor
has not been determmed From 1989 to 1991, pIgeon gUIllemot abundance decreased more m OIled areas
than m unOlled areas, and thIS accelerated decrease persIsted m most years through 2001 Summer
surveys along both oIled and unolled shorelmes of the Sound have mdicated that numbers of gUIllemots
contmued to declme through 2005 March surveys reveal no sIgmficant trends m abundance although
the data appear to suggest a declme at thIS tIme of year as well

In 1999, adult pIgeon gUIllemots m the oIled areas were stIll bemg exposed to oIl as mdicated by
elevatIOn of a bIochemIcal marker of exposure, cytochrome P450 No dIfferences were found between
P450 actIVIty m ChICks from oIled and unOlled SItes The dIfference m P450 actIVIty between adults and
chICks IS probably due to the fact that pIgeon gUIllemot chIcks are fed pnmanly fish, whIle adults eat a
combmatIOn of fish and mvertebrates Invertebrates are more lIkely to sequester petroleum compounds,
whereas fish metabolIze them Data collected m 2004 mdicated that there was no dIfference m P450
actIVIty m adult pIgeon gUIllemots collected m OIled and unOlled parts ofthe Sound

ReductIOn m forage fish, speCIfically herrmg and sand lance, has been ImplIcated m declmes of pIgeon
gUIllemots The extent to whIch the 011 SpIll resulted m the depletIOn of these speCIes could mdirectly
mJure gUIllemots and other seabIrds by removmg the food resources on whIch they depend Other
factors, such as predatIOn and mteractIOns WIth commercIal fishenes, mIght be contnbutmg to the
negatIve populatIon trend, however comprehensIve studIes mcludmg these vanables have not been
conducted

The pIgeon gUIllemot populatIOn contmues to declme m both oIled and unOlled areas ofPrmce WIllIam
Sound (Ben-DavId, 2012a and 2012b) Nest predatIOn IS a potentIal source of mortalIty that may be
IImItmg recovery m some areas, Implymg that predator removals could prove an effectIve restoratIOn
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optIOn More data on productIVIty levels IS needed to determme If the recovery ObjectIve of mcreasmg
abundance and productIVIty has been met

A project to determme Ifmmk predatIon IS a lImltmg factor m the nestmg success ofPIGU on the Naked
Island complex began m 2014 and wIll contmue through 2015 (Ben-DavId, 2012a and 2012b)

Pigeon guillemots are considered to be not recovered from the effects of the Spill

PINK SALMON

Injury
Up to 75 percent of wIld pmk salmon m Prmce WIllIam Sound spawn m the mtertldal portIons of
streams Eggs deposIted m gravel and developmg embryos were chromcally exposed to hydrocarbon
contammatIOn from the water column and from leachmg oIl deposIts on adjacent beaches When
Juvemle pmk salmon mIgrate to saltwater, they spend several weeks foragmg for food m nearshore
habItats Thus, Juvemle salmon entermg seawater from both wIld and hatchery sources were lIkely
exposed to 011 as they swam through contammated waters and fed along OIled beaches Two pnmary
types of mJury Impacted early lIfe stages ofpmk salmon 1) growth rates m both WIld and hatchery
reared Juvemle pInk salmon from oIled parts of the Sound were reduced, and 2) mcreased embryo
mortalIty was documented m oIled versus unolled streams

Recovery ObjectIve
Pmk salmon WIll have recovered when populatIon mdlcators, such as Juvemle growth and survIval, are
wIthm normal bounds and when ongomg 011 exposure, whIch may cause mJury to pInk salmon embryos
(eggs), IS neglIgIble

Recovery Status
In the years precedmg the SpIll, returns of wIld pmk salmon m Prmce WIllIam Sound vaned from a

maXImum of23 5 mIllIon fish m 1984 to a mmlmum of2 1 mIllIon m 1988 Many factors, such as the
tlmmg of sprmg plankton blooms and changes m water cIrculatIon patterns throughout the Gulf of
Alaska are lIkely to have a great mfluence on year-to-year returns m both wIld and hatchery stocks of
pmk salmon Smce the SpIll, returns of wIld pmks have vaned from a hIgh of about 12 7 mIllIon fish m
1990 to a low of about 1 9 mIllIon m 1992 In 2001 the return of wIld stock fish was estImated to be 6 7
mIllIon fish

The decade precedmg the 011 SpIll was a tIme of peak produCtIVIty for pmk salmon m the Sound In
1991 and 1992, It appears that wIld adult pmk salmon returns to the Sound's Southwest Dlstnct were
reduced by 11 percent, however wIld salmon returns are naturally hIghly vanable Furthermore, the
methods used to estImate thIS decrease could not be used to produce relIable mJury estImates across
multIple generatIOns of salmon An analysIs of escapement data from 1968-2001 dId not show any
dIfferences m annual escapements between oIled and unolled parts of the Sound Therefore, populatlon
level effects from the SpIll dId not Impact wIld pmk salmon or were short-lIved

Sound-wIde populatIOn levels appear to be wlthm normal bounds In addItIon, reduced Juvemle growth
rates m Prmce WIllIam Sound occurred only m the 1989 season Smce then, Juvemle growth rates have
been wlthm normal bounds
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HIgher embryo mortality persIsted m Oiled streams when compared to unOiled streams through 1993
These dIfferences were not detected from 1994 - 1996, but hIgher embryo mortality was agam reported
m 1997 It could not be determmed If the reemergence of elevated embryo deaths was due to the effects
oflmgermg 011 (perhaps newly exposed by storm-related dIsturbance of adjacent beaches), or due to
other natural factors (e g , dIfferences m the phySICal enVIronment) Although patches oflmgermg 011
stIll perSIst m or near mtertldal spawnmg habItats m a few of the streams used by pmk salmon m
southwestern Prmce WIlliam Sound, the amounts were consIdered negligIble based on 1999 and 2001
studIes In 1999, dIssolved 011 was measured m SIX pmk salmon streams that had been OIled m 1989
Only one of the SIX streams had detectable concentratIOns of 011, and they were about a thousand tImes
lower than concentratIOns reported as tOXIC to developmg pmk salmon embryos Based on these results,
contmumg exposure of pmk salmon embryos to lmgermg OllIS negligIble and unlikely to limIt pmk
salmon populatIOns

Given the fact that pmk salmon population levels and mdlcators such as juvemle growth and
survival are wIthm normal bounds, pmk salmon were conSidered recovered from the effects of the
oil Spill m 1999

RIvER OTTERS

Injury
RIver otters have a low populatIOn denSIty m Prmce WIlliam Sound Twelve nver otter carcasses were
found followmg the SpIll, but the actual total mortalIty IS not known StudIes conducted dunng 1989-91
IdentIfied several dIfferences between nver otters m oIled and unoIled areas m the Sound, mcludmg
bIOchemIcal alteratIOns, reduced body SIze, and mcreased home-range SIze The lack of comparable pre
SpIll mformatIOn precluded any effort to determme If these dIfferences were the result of the 011 SpIll

Recovery Objective
The nver otter WIll have recovered when bIOchemIcal mdlcators of hydrocarbon exposure or other
stresses and mdlces of habItat use are SImIlar between oIled and unOiled areas of Pnnce WIlliam Sound,
after takmg mto account any geographIC dIfferences

Recovery Status
Although some of the dIfferences (e g, values of blood charactenstICs) between nver otters m oIled and
unoIled areas m Prmce WIlliam Sound were apparent through 1996, they dId not perSIst m 1997 and
1998

In 1999, the Trustee Council conSidered river otters to be recovered, because the recovery
objectives had been met and mdlcatIons of pOSSible hngermg mjury from the oil Spill were not
present

ROCKFISH

InjUry
Dead rockfish were observed throughout the Sound ImmedIately followmg the SpIll, but an absolute
count was never documented NecropSIes of five fish mdicated that 011 mgestIOn was the cause of death
AddItIonally, hydrocarbon concentratIOns m dead fish from oIled areas were hIgher than those from
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unOlled areas Closures to salmon fisherIes apparently caused mcreasmg fishmg pressure on rockfish,
whIch may have adversely affected local populatIOns
Recovery Objective
Due to the contmumg lack of data on rockfish, no recovery ObjectIve can be IdentIfied

Recovery Status
From 1989-1991, hIgher petroleum hydrocarbon concentratIons were measured m rockfish from oIled
areas when compared to unOlled areas InterpretatIOn of these data IS lImIted, however, because 011
accumulatIOn dIffers by speCIes and by age of the fish, and these varIables were not fixed across sItes
Other CouncIl-funded studIes have been conducted on rockfish smce the SpIll, mcludmg 1) an
exammatlon of larval growth offish, (mcludmg rockfish) m 1989, 2) a genetIcs mvestlgatlon deSIgned
to IdentIfy speCIes of rockfish larvae and young m the Gulf of Alaska and 3) a mIcroscopIC exammatlon
of fish tIssues to IdentIfy lesIOns assocIated wIth 011 exposure These studIes were mconcluslve as none
of them dIrectly Imked exposure of Exxon Valdez 011 to any of the endpomts that were measured

It IS unlIkely that rockfish are currently bemg exposed to Imgermg oIl because known pockets of
lIngerIng oIl rarely occur m theIr preferred habItat Documented Imgermg bIOavaIlable OllIS m the
subsurface sedIments of the mtertidal zone, and rockfish mostly occur m dlffermg habItats of subtIdal
areas and m pelagIC envIronments From 1999-2000, no dIfferences were measured m phySIologIcal
responses to 011 m rockfish from oIled and unoIled areas

Rockfish are managed by the Alaska Department of FIsh and Game for recreatIOnal fishmg and the
North PaCIfic FIsherIes Management CouncIl for commercIal fishmg m PWS Data collected by both
groups m the years smce the SpIll (Wessel et aI, 2014 and NPFMC, 2014) mdlcate that the populatIOn IS
healthy m Prmce WIllIam Sound and have shown no bIOmarkers of oIl exposure There have been no
demonstrated dIfferences m populatIOn or breedmg success between OIled and unOlled areas

As there IS no defined recovery obJectIve, we used objectIves set by other mJured resources to
determme the rockfish's recovery status We conSIder rockfish to be very lIkely recovered

SEA OTTERS

InjUry
Sea otters were orIgmally found throughout the north PaCIfic mcludmg Japan, RUSSIa, the Umted States,
Canada and MeXICO By the late 1800s, they had been elImmated from most of theIr range due to over
harvest by fur traders Sea otters came under mternatronal protectIOn m 1911 and smce then, theIr
numbers have rebounded Today, sea otters can only be harvested for subSIstence purposes Surveys of
sea otters m the 1970s and 1980s mdlcated a healthy and expandmg populatIOn m most of Alaska,
mcludmg PrInce WIlham Sound

More than a thousand otters became coated wIth 011 m the days followmg the SpIll, and 871 carcasses
were collected throughout the SpIll area EstImates of the total number of sea otters lost to acute
mortalIty vary, but range as hIgh as 40 percent (2,650) of the approxImately 6,500 sea otters mhabItmg
the western areas of the Sound In 1990 and 1991, hIgher than expected proportIons of prIme-age adult
sea otters were found dead m western Prmce WIlham Sound (PWS) HIgher mortalIty of recently
weaned Juvemles m oIled areas was documented through 1993 Contmumg studIes of mortahty rates,
based largely on sea otter carcass recoverIes, suggest that relatIvely poor survIval of otters m the oIled
area persIsted for well over a decade
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Recovery Objective
Sea otters will have recovered when the populatIon In OIled areas returns to condItIOns that would have
eXIsted had the SpIll not occurred and when bIOchemIcal IndIcators of hydrocarbon exposure In otters In
the oIled areas are sImilar to those In otters In unOIled areas An IncreaSIng populatIon trend and normal
reproductIon and age structure In western PrInce WIlham Sound WIll IndIcate that recovery IS underway

Recovery Status
No apparent populatIon growth occurred for Pnnce WIlham Sound sea otters through 1991 After 1993,
the populatIon In the western Sound began IncreaSIng at a rate approxImately one-half of the pre-SpIll
rate of Increase From 1993-2000, the number of otters Increased by 600 ammals whIch represents an
annual growth rate of 4 percent However, In areas that were heavIly OIled, such as northern KnIght
Island, sea otter populatIons remaIned well below pre-SpIll numbers, and populatIon trends contmued to
declme through 2010 Moreover, the demographIcs withm thIS group apparently were not stable as many
of the females are below reproductIve age and young, non-terrItonal males moved mto and out of the
populatIon

However, the aenal surveys m 2013 (Esler, 2013) mdicated that populatIOn abundance m PrInce WIlham
Sound have converged m oIled and unoIled areas The estImated number of sea otters more than
doubled relatIve to the 1993 estImate and the mcrease over that tIme frame was greater to or SImIlar to
estImates of sea otters that dIed WIthIn the first years of the SpIll The 2013 surveys mdicated that the
sea otter populatIon at heavIlY-OIled northern KnIght Island, where abundance was depressed for two
decades after the SpIll, had finally reached pre-SpIll levels

Startmg In 2011, there was a dlstmct change m the age-class proportIons of dymg sea otters, WIth a
return to the pre-SpIll pattern of predommantly young and older sea otters recovered as carcasses ThIS
pattern contmued m 2012 and 2013, whIch may be mterpreted as eVIdence that from 2011 - 2013,
chromc exposure to lmgermg 011 and/or chromc effects due to preVIOUS exposure abated to the pomt
where they are no longer factors constrammg survIval (Esler, 2011 and 2013)

Overall, the current populatIon level data for sea otters m PWS are consIstent WIth the EVOSTC
defimtion of recovery for sea otters from the long-term mJury mcurred In the wake of the 1989011 SpIll
The support for thIS IS based pnmanly on demographIc data, mcludmg (l) a return to estImated pre-SpIll
abundance of sea otters at northern KnIght Island, a heavilY-OIled area withm PWS, and (2) a return to
pre-SpIll mortahty patterns based on ages-at-death Gene transcnptIOn rates m 2012 were SImilar m sea
otters from OIled, moderately-oiled and unoIled areas, suggestmg abatement of exposure effects m 2012
However, because 2012 gene transcnptIOn rates generally were low for sea otters from all areas relatIve
to 2008, these observatIons cannot be fully mterpreted WIthout data from a WIder panel of genes ThIS
shght uncertamty WIth respect to the data from the bIOchemIcal mdlcator IS outweIghed by the strength
of the data for the demographIc mdicators The return to pre-SpIll numbers and mortahty patterns
suggests a gradual dISSIpatIOn of exposure to lmgermg 011 over the past two decades, to the pomt where
contmuIng exposure IS no longer of bIologIcal sIgmficance to the PWS sea otter populatIOn (Ballachey
et ai, 2014)

Therefore, sea otters are conSIdered to be recovered
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SEDIMENTS

Injury
The Exxon Valdez SpIlled approxImately 11 mIllIon gallons of crude oIl mto Prmce WIllIam Sound, and
much of thIS 011 washed up on shores and was deposIted m mtertldal and subtIdal zones of the SpIll area
IntertIdal shorelmes captured approxImately 40 - 45 percent of the oIl, and up to 13 percent of the oIl
settled m subtIdal habItats Usmg a vanety of methods, manual removal elImmated some of the 011 from
the mtertldal zone early m the response phase, and wlthm a few months of the SpIll, 89 percent of the
moderately to heavIly oIled beaches had been treated Cleanup actIvItIes also occurred m 1990 and 1991
Accordmg to Shorelme Cleanup Assessment Team (SCAT) surveys, by 1992, approxImately 10 km of
the ongmal estImated 583 km beaches WIth surface oIlmg remamed uncleaned The SCAT surveys were
focused on documentmg surface oIlmg as a way to dIrect cleanup actIvItIes Therefore, subsurface and
subtIdal oIl was not as closely momtored

Recovery Objectzve
SedIments WIll have recovered when there are no longer sIgmficant resIdues of Exxon Valdez 011 on
shorelmes (both mtertldal and subtIdal) m the 011 SpIll area Declmmg 011 resIdues and dlmmlshmg
tOXICIty are mdlcatIOns that recovery IS underway

Recovery Status
ApprOXImately 10 acres ofExxon Valdez oIl remams m surface sedIments ofPrmce WIllIam Sound,
pnmanly m the form of hIghly weathered, asphalt-lIke or tar deposIts In 2003, It was estImated that 20
acres of unweathered, Imgermg 011 may stIll be present m subsurface, mtertldal areas of the Sound,
WhICh could represent up to 100 tons of remammg 011 Most of thIS OllIS found m protected, unexposed
bays and beaches Subsurface 011 was not subjected to the ongmal cleanup actIvItIes, and because thIS oIl
IS trapped beneath a matnx of cobbles, gravel and finer sedIments, It IS not easIly exposed to natural
weathermg processes

The most recent studIes exammmg the extent of subsurface shorelme oIlmg m PWS and the Gulf of
Alaska mcluded selectIOn of SItes that had any level of Imtlal oIlmg for field surveys Known field data
were combmed WIth modelmg to estImate the extent of oIled shorelme at that pomt An earlIer estImate
of the amount of 011 remammg was that 200 tons of 011 mIght stIll eXIst GIven the slow loss rate of
subsurface 011mg that estImate may stIll be reasonable

Several studIes have evaluated the extent of Imgermg 011 on armored oIled beaches along the outer
KenaI Penmsula coast, the Alaska Penmsula, and KodIak ArchIpelago These studIes looked at the same
SItes repeatedly at mtervals from 1992-2012 By 1995, lIttle VISIble 011mg was observed m the study
area on KodIak Overall, by 1995, hydrocarbon concentratIOns m sedIments at the Gulf of Alaska SItes
were generally lower than for SItes m Prmce WIllIam Sound, but at some locatIOns substantIal
concentratIOns perSIsted Through 2012, surface oIl was not frequently observed m these areas, and
subsurface oIl was present as mostly unweathered mousse

In 1989, chemIcal analySIS of oIl m subtIdal sedIments was conducted at a small number of mdex SItes m
Prmce WIllIam Sound In the subtIdal areas, petroleum hydrocarbon concentratIOns were hIghest at
depths of 1-60 feet (below mean low water) and dlmlmshed out to depths of 300 feet It IS lIkely that oIl
m subtIdal sedIments have decreased substantIally smce the SpIll In 2001, several SItes that were
sampled after the SpIll were re-vlslted, and no oIl was found m the subtIdal sedIment from these
locatIOns
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Twenty-five years after the SpIll, Imgermg 011 persIsts m the mtertldal zones ofPrmce WIlham Sound
and on northwest shorelmes of the SpIll area The presence of subsurface 011 contmues to compromIse
wIlderness and recreatIOnal values, expose and potentially harm hvmg orgamsms, and offend VIsItors
and resIdents, especially those who engage m SubsIstence actIvItIes along stIll-OIled shorelmes Although
much of the 011 has dlmmlshed over tIme, pockets of unweathered 011 eXISt, and natural degradatIOn of
thIS OllIS very slow (Boufadel, 2012)

Therefore, sediments are still considered to be recovermg

SOCKEYE SALMON

Injury
Commercial salmon fishmg was closed m Prmce WIlham Sound and m portIOns of Cook Inlet and near
KodIak m 1989 to avoId the posslbIhty of contammated salmon bemg sold at market As a result, there
were hlgher-than-deslrable numbers (1 e , "overescapement") of spawnmg sockeye salmon entermg the
KenaI RIver and Red and Akalura lakes on KodIak Island ImtIally, these hIgh escapements produced an
overabundance ofJuvemle sockeye that overgrazed the zooplankton, and altered planktomc food webs m
the nursery lakes As a result, growth rates were reduced durmg the freshwater stage ofthe salmon's hfe
cycle, whIch led to a declme m returns of spawnmg adults The net result was an mltlal loss of sockeye
productIOn

Recovery Objectlve
Sockeye salmon m the KenaI RIver system and Red and Akalura lakes wIll have recovered when adult
returns-per-spawner are wlthm normal bounds

Recovery Status
Although sockeye freshwater growth tends to return to normal wlthm two or three years followmg an
overescapement event, there are mdicatIOns that the populatIOns are less stable for several years The
overescapement followmg the SpIll resulted m lower sockeye productIVIty, (as measured by return per
spawner) m the KenaI RIver watershed from 1989-92 However, productIOn of zooplankton m both Red
and Akalura lakes on KodIak Island qUIckly rebounded from the mitIal effects overgrazmg By 1997,
Red Lake had responded favorably m terms of smolt and adult productIOn and was at or near pre-SpIll
productIOn of adult sockeye At Akalura Lake there were low Juvemle growth rates m freshwater durmg
the penod 1989-92, and these years of low growth correspond to low adult escapements durmg the
penod 1994-97 Startmg m 1993, however, the productIOn ofsmolts per adult mcreased sharply and the
smolt SIzes and age composItIOn suggested that rearmg condItIOns had Improved It IS pOSSIble that
overescapement also affected lakes on Afognak Island and on the Alaska Penmsula However, analySIS
of sockeye freshwater growth rates ofJuvemles from ChIgnIk Lake on the Alaska Pemnsula dId not
IdentIfy any Impacts aSSOCiated WIth a 1989 overescapement event On the baSIS of catch data through
2001 and m VIew of recent analyses of return per spawner estImates presented to the Alaska Board of
Flshenes m 2001, the return-per-spawner m the KenaI RIver system IS wlthm hlstoncal bounds
Therefore, It IS hIghly unhkely that the effects that reverberated from the overescapements m 1989
contmue to affect sockeye salmon

In 2002, thIS species was conSidered to be recovered from the effects of the oil Spill
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SUBTIDAL COMMUNITIES

Injury
SubtIdal habItats encompass all of the seafloor below the mean lower low water tIde Ime to about 800
meters, although deeper habItats are often referred to as the deep benthos For purposes of thIS LIst and
evaluatmg 011 SpIll effects, the Impacted subtIdal zone generally ranges from the lower mtertidal zone to
a depth of about 20 meters COmmUnItIes m the near subtIdal areas are typIcally charactenzed by dense
stands of kelp or eelgrass and compnse vanous mvertebrate specIes, such as amphipods, polychaete
worms, snaIls, clams, sea urchms and crabs SubtIdal habItats provIde shelter and food for an array of
nearshore fishes, bIrds, and manne mammals

It IS estImated that up to 13 percent of the 011 that was SpIlled deposIted m the subtIdal zones The dIrect
tOXICIty of the 011, as well as subsequent cleanup actIvItIes caused changes m the abundance and specIes
composItIOn of plant and anImal populatIOns below lower tIdes InItIal mJunes were eVIdent for several
oIl-sensItIve specIes Infaunal amphipods, a promment prey specIes m subtIdal COmmUnItIes, were
consIstently less abundant at oIled than at unOlled sItes Reduced numbers of eelgrass shoots and flowers
were also documented and may have resulted from mcreased turbIdIty assocIated wIth cleanup actIvItIes
Two specIes of sea stars and helmet crabs also were less abundant at oIled sItes when compared to oIled
areas However, stress tolerant organIsms, mcludmg polychaete worms, snails and mussels were more
abundant at OIled sItes It has been suggested that these speCIes may have benefited from organIC
ennchment of the area from the 011 or from reduced competItIOn or predatIOn because other, more
sensItIve specIes were depleted

Recovery Objective
SubtIdal COmmUnItIes wIll have recovered when communIty composItIOn m oIled areas, especIally m
assocIatIOn WIth eelgrass beds, IS sImIlar to that m unOlled areas or consIstent WIth natural dIfferences
between, sItes such as proportIons of mud and sand, and that the subtIdal communIty and sedIments
found withm are no longer contammated by Imgermg 011

Recovery Status
Invertebrate assemblages withm eelgrass beds and adjacent areas of soft sedIment, were compared at
oIled and unOlled sItes from 1990-1995 It was hypothesIzed that reductIOn m eelgrass and kelp could
alter the habItat structure of subtIdal COmmUnItIes and contmue to Impact resIdent specIes because food
and shelter resources were removed from the envIronment By 1995, some benthIc specIes withm
eelgrass habItats of the oIled areas had recovered However, Important specIes such as amphipods,
certam bIvalves, crabs and sea stars were not as abundant at OIled sItes as they were m unoIled areas It
was dIfficult to mterpret the findmgs of these studIes, because It was not possIble to dIstmgUIsh between
natural condItIOns and dIfferences m habItat charactenstics caused by the SpIll or subsequent cleanup
actIvItIes

More recently, a census of manne lIfe throughout the Gulf of Alaska measured bIOdIversIty mdices of
plants and anImals m the mtertidal and shallow subtIdal zones Measurements of specIes abundance,
nchness and evenness were compared among areas m Prmce WIllIam Sound, KodIak Island and
Kachemak Bay Generally, communIty structure was sIgnIficantly dIfferent between mtertidal and
subtIdal areas wIth mtertidal cOmmUnItIes compnsmg more specIes and bemg more vanable than
subtIdal COmmUnItIes However, dIrect compansons between oIled and unoIled sItes were not evaluated
for each communIty, and compansons m these COmmUnItIes at a smaller scale are not known
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ConcentratIOns of oIl m subtIdal areas declmed by 1995, but were stIll slIghtly elevated over unOiled
SItes In 2001, at a few random SItes adjacent to heavIly or moderately oIled mtertldal areas, lIttle or no
011 was found m the subtIdal sedIments However, a systematIc samplmg of sedIments from subtIdal
areas m the entIre SpIll zone has not been conducted

In the early 1990's, several benthIc organIsms usmg the subtIdal zones showed trends towards recovery,
and hydrocarbon concentratIons had declmed m many areas However, consIstent, systematIc surveys
have not been conducted for many specIes GIven the length of time smce eVIdence of mJury was last
documented, the lack of subtIdal oIl for many years, and the reSIlIency and short generatIOn times for the
speCIes that had shown lower populatIOns m the Oiled areas, It seems lIkely that recovery has occurred

Subtidal commUnIties are very likely recovered In additIOn, further study, With suffiCient effort
and scope to achieve powerful tests of the Impacts of IIngermg oil, would be relatively expensive
and unlikely to definItively demonstrate an effect of the oil Spill on thiS resource

HUMAN SERVICES

COMMERCIAL FISHING

InjUry
CommercIal fishmg was mJured as a result of the SpIll's dIrect Impacts to commercIal fish speCIes (see
mdlvldual resource accounts) and through subsequent emergency fishmg closures FIsherIes for salmon,
herrmg, crab, shrImp, rockfish and sablefish were closed m 1989 throughout Prmce WIllIam Sound,
Cook Inlet, the outer KenaI coast, KodIak and the Alaska Penmsula ShrImp and salmon commercIal
fisherIes remamed closed m parts ofPrmce WIllIam Sound through 1990

Recovery Objective
CommercIal fishmg WIll have recovered when the commercIally Important fish speCIes have recovered
and opportunItIes to catch these speCIes are not lost or reduced because of the effects of the oIl SpIll

Recovery Status
In the 1994 RestoratIOn Plan, the Trustee CounCIl speCIfically recognIzed the declmes m pmk salmon
and PaCIfic herrmg populatIons, and conSIdered the reductIon m these two fisherIes as the bIggest
contributors to mJury of the commercIal fishmg servIce m the SpIll area Therefore, many restoratIon
actIVIties were focused towards these resources The strategy for restoring commerCial fishmg mcluded
fundmg projects that accelerated fish populatIon recovery, protected and purchased Important habItat
and mOnItored recovery progress By 2002, the Trustee CouncIl conSIdered pmk salmon and sockeye
salmon to be recovered from the 011 SpIll However, recovery was not conSIdered complete for PaCIfic
herrmg and the recovery status of thIS resource remams 'Not recovermg' (see mdlvldual resource
accounts)

Income from commerCIal fishmg dramatIcally declmed ImmedIately after the SpIll, and for a varIety of
reasons, dIsruptIons to mcome from commerCIal fishmg contmue today, as eVIdenced by changes m
average earnmgs, ex-vessel prIces and lImIted entry permIt values Natural VariabIlIty m fish returns and
a number of economIC changes m the commerCIal fishmg mdustry smce 1989 probably mean that many
of these changes m mcome are not dIrectly attributable to the SpIll However, these factors also make
dlscernmg SpIll-related Impacts dIfficult EconomIC changes confrontmg the mdustry mclude the
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Increased world supply of salmon (due prImarIly to farmed salmonIds) and correspondIng reduced
prIces, entry restrIctIons In certaIn fisherIes (such as IndIvIdual FIShIng Quotas, for halIbut and
sablefish), allocatIOn changes (e g , a reductIOn In the allocatIon of Cook Inlet sockeye salmon to
commercIal fishermen), reductIon m processIng capacIty, and spatIal lImItatIons of groundfish fisherIes
In the SpIll areas In conjUnctIon WIth sea lIon management Fmally, competitIon among commercIal,
recreatIonal, and SubsIstence fishers Influence management deCISIons of these shared resources

SInce 1989, there have been no non-herrIng, SpIll-related, dIstrIct-wIde fishery closures related to 011

contammatIOn, and populatIons ofpInk and sockeye salmon are consIdered recovered from the effects of
the SpIll The PrInce WIllIam Sound herrIng fishery has been closed for 19 of the 25 years SInce the SpIll
and herrIng are stIll consIdered to be reCOverIng recovered

Commercial fishmg, as a lost or reduced servIce, IS consIdered to be recovermg from the effects of
the 011 SpIll

PASSIVE USE

Injury
PassIve use IS the servIce provIded by natural resources to people that wIll lIkely not VISIt, contact, or
otherwIse use the resource Thus, InjUrIes to paSSIve use are tied to publIc perceptIOns of Injured
resources PaSSIve use IS the appreciation of the aesthetIc and IntrInSIC values of undIsturbed areas and
the value derIved from sImply knOWIng that a resource eXIsts The oIl SpIll occurred In what many
AmerIcans vIewed as an undIsturbed area and caused vISIble Injury to shorelInes, fish and wIldlIfe The
loss to passIve use folloWIng the 011 SpIll was estImated by the State of Alaska at $28 bIllIon USIng a
contmgent valuatIon approach, thIs was the medIan value that those surveyed were WIllIng to pay to
prevent a catastrophe SImIlar to the Exxon Valdez all SpIll from happenIng agaIn

Recovery ObjectIve
PassIve use WIll have recovered when people perceIve that aesthetIc and IntrInSIC values associated WIth
the SpIll area are no longer dImInIShed by the 011 SpIll

Recovery Status
The Trustee CouncIl determIned that paSSIve use InjurIes occurred as a result of the oIl SpIll because
natural resources IncludIng scenIC shorelInes, wIlderness areas, and popular WIldlIfe specIes, from whIch
passIve uses are derIved, were Injured The key to the recovery of passIve use IS prOVIdIng the publIc
WIth current InfOrmatIOn on the status of Injured resources and the progress made towards theIr recovery

Two vItal components of the Trustee CouncIl's restoratIon effort are the research, mOnItorIng, and
general restoratIOn program and the habItat protectIOn and acqUISItIon program ExtensIve work has
been done to restore and mOnItor resources and commUnIcate these findmgs to the publIc The research,
mOnItorIng, and general restoratIOn program IS funded each year through the annual work plan, whIch
documents the projects that are currently funded to Implement restoratIOn actIVItIes for Injured resources
and servIces ThIS mcludes two long-term mOnItorIng programs The habItat protectIOn program
preserves habItat Important to Injured resources through the acqUISItion of land or Interests In land As
of2006, the CouncIl has protected more than 630,000 acres of habItat, IncludIng more than 1,400 mIles
of coastlIne and over 300 streams valuable for salmon spawnIng and rearmg
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Other publIc mformatlon efforts m WhICh the CouncIl IS currently engaged follows

• The Trustee CouncIl's websIte (www evostc state ak us) offers detaIled mformatIOn regardmg
past, current, and future restoratIOn efforts

• The Trustee CouncIl prepares a number of documents for dlstnbutlon to the publIc mcludmg
• An InvItatIon for Proposals, Issued at five-year mtervals, whIch SOlICItS restoratIOn project Ideas

from the SCIentIfic commumty and the publIc for the CouncIl's restoratIon actIvItIes, mcludmg
two long-term momtormg programs,

• The Annual Work Plan (descnbed above),
• Updates to the RestoratIon Plan (1996, 1999,2002, & 2006) whIch perIOdIcally provIdes new

mformatlon on the recovery status of mjured resources and servIces
• Project final reports are avaIlable to the publIc at the Trustee CouncIl's webSIte, through the

Alaska Resource LIbrary and InformatIOn ServIces (ARLIS) m Anchorage as well as at several
other lIbrarIes m the State, at the LIbrary of Congress, and through NTIS (NatIOnal Techmcal
InformatIon ServIce) In addItIOn, the CouncIl supports researchers m publIshmg theIr project
results m peer-revIewed SCIentIfic lIterature, WhIch expands theIr audIence well beyond Alaska

• PublIc Input The PublIc AdVISOry CommIttee (PAC) IS an Important means of keepmg
stakeholders and others mformed of the progress of restoratIon and provldmg the publIc's
opmIOns to the Trustee CouncIl as they make deCISIOns

UntIl the publIc no longer perceIves that lIngermg OllIS adversely affectmg the aesthetICS and mtrmslC
value of the SpIll area It cannot be conSIdered recovered

Because recovery of a number of IDJured resources IS IDcomplete, the Trustee Council conSiders
services related to passive use to be recoverlDg from the effects of the Spill

RECREATION AND TOURISM

InjUry
RecreatIon and tOUrIsm m the SpIll area dramatIcally declmed m 1989 m Prmce WIllIam Sound, Cook
Inlet and the KenaI Penmsula InjUrIes to natural resources led resource managers to lImIt access to
huntmg and fishmg areas, and users such as kayakers were prevented from enjoymg those beaches that
harbored VISIble 011 RecreatIOn was also affected by changes m human use m response to the SpIll,
because areas that were unOlled become more heaVIly used as actIVIty was dIsplaced from the OIled
areas

Recovery Objective
RecreatIOn and tOUrIsm wIll have recovered, m large part, when the fish and wIldlIfe resources on WhICh
they depend have recovered, and recreatIOnal use of OIled beaches IS no longer ImpaIred

Recovery Status
RecreatIon and tOUrIsm accounted for 26,000 jobs, generated $2 4 bIllIon m gross sales and contnbuted
$1 5 bIllIon to Alaska's economy m 2003 The number of VIsItors to Alaska has mcreased m the years
smce the SpIll and It IS expected that the recreatIOn and tounsm mdustry m south-central Alaska WIll
grow approxImately 28 percent per year through 2020 By 2001, over $10 mIllIon had been spent on
repaIr and restoratIOn of recreatIOnal faCIlItIes m the SpIll area, and damage caused by the SpIll or
cleanup efforts at the Green Island cabm and Flemmg SpIt campSItes were repaIred
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Telephone mtervlews conducted m 1999 and 2002 of people who used the SpIll area for recreatIOn
before and after the SpIll, mdlcated that, although oIl remamed on beaches, It dId not deter them from
usmg the area However, they contmued to report dimmIshed wIldlIfe sIghtmgs m Prmce WIllIam
Sound, partIcularly m heavIly OIled areas such as around KnIght Island They also reported seemg fewer
seabIrds, kIller whales, sea lIons, seals, and sea otters than were generally SIghted before the SpIll, but
also reported observmg mcreases m the number of seabIrds over the last several years Key mformants
WIth expenence along the outer KenaI coast reported dImmIshed sIghtmgs of seabIrds, seals, and sea
lIons However, they mdIcated that the possIble presence of resIdual oIl has no effect on recreatIOnal
actIvItIes along the outer KenaI coast, the KodIak ArchIpelago, and the Lake Clark and Katmal natIOnal
park coastlmes Changes m the amount of wIldlIfe observed could be due to a vanety of factors,
mcludmg the SpIll

RecreatIOn and tounsm rely on both consumptIve and non-consumptIve uses of natural resources
Although these actIvItIes have mcreased smce the SpIll, several resources have not yet recovered from
the SpIll and beaches used for recreatIOn contam lmgermg 011 Resources that are Important to
recreatIOn and tounsm, but are still not consIdered recovered from the SpIll or theIr recovery IS unknown
mclude KittlItz's and marbled murrelets, pIgeon gUlliemots, and kIller whales Sport fishmg resources
that affected recreatIOn and tounsm are now eIther very lIkely recovered (cutthroat trout) or recovered
(rockfish and pmk and sockeye salmon)

Even though VISItatIOn has mcreased smce the 011 SpIll, the Trustee CouncIl's recovery ObjectIve
reqUlres that the mJured resources Important to recreatIOn be recovered and recreatIOnal use of oIled
beaches not be Impaired Lmgermg oIl remams on beaches and m some localIzed areas thIS remams a
concern for users Moreover, some of the natural resources upon whIch recreatIOn and tounsm rely have
not recovered from the effects of the SpIll

Therefore, the Trustee Council finds recreation and tourism to be recovermg from the effects of
the Spill, but not yet recovered

SUBSISTENCE

InjUry
FIfteen predommantly Alaskan Native commUnIties (WIth a total populatIOn of about 2,200 people) m
the oIl SpIll area rely heavIly on harvests of SubSIstence resources, such as fish, shellfish, seals, deer, and
waterfowl all from the SpIll dIsrupted SubSIstence actIvItIes for the people of these VIllages and
approxImately 13,000 other SubSIstence permIt holders m the area all affected the SubSIstence harvests
through a vanety of mechanIsms mcludmg reduced aVailabIlIty offish and wIldlIfe due to mJury,
concern about possIble health effects of eatmg Oiled fish and wIldlIfe, and dIsruptIOn of the tradItIOnal
lIfestyle due to cleanup and related actiVItIes

Recovery Objective
SubSIstence WIll have recovered when mJured resources used for SubSIstence are healthy and productIve
and eXIst at sustamable levels In addItIon, there IS recognItIOn that people must be confident that the
resources are safe to eat and that the cultural values provIded by gathermg, preparmg, and sharmg food
need to be re-mtegrated mto communIty lIfe
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Recovery Status
After the SpIll, SubsIstence harvest declmed between 9-77 percent m 10 vIllages withm Prmce WillIam
Sound, Cook Inlet and Kodiak Villages m TatItlek and Chenega reduced theIr harvest by 56 and 57
percent, respectIvely OutsIde of the Sound, harvest declmed m AkhIok (on the lee sIde of KodIak
Island) by nme percent, but by 77 percent m OuzmkIe, WhICh IS on the northern sIde of the Island The
primary reason that harvest declmed so dramatIcally was the fear that 011 had contammated the resources
and made them unfit to eat

Harvest levels have generally mcreased m many commumtles smce the SpIll, but results of harvest
surveys have been variable By 2003, they were generally hIgher than pre-SpIll levels m the
commumtles m Cook Inlet, but lower m Kodiak and Prmce WillIam Sound (except for Cordova) Even
though the harvest levels m the PWS commumtles were not as hIgh as pre-SpIll estimates, they were
withm the range of other Alaska rural commumties Harvest composItIon was also altered by the SpIll
In the first few years followmg the SpIll, people harvested more fish and shellfish than marine mammals
because of the reduced number of marine mammals and the perceptIOn that these resources were
contammated and unsafe to eat

Both safety concerns and the reduced availabIlIty of shellfish contributed to a declme m harvest levels
From 1989-94, SubsIstence foods were tested for eVIdence of hydrocarbon contammatIOn, WIth no or
very low concentratIOns ofpetroleum hydrocarbons found m most SubsIstence foods However, concerns
about 011 contammatIOn remamed, and there was a belIef that the mcrease m paralytIC shellfish
pOisonmg (PSP) was Imked WIth Exxon Valdez 011 By 2006, most SubsIstence users expressed
confidence m foods such as seals, fmfish and chltons However, the safety of certam shellfish, such as
clams was stIll met WIth skeptICIsm

SubsIstence use IS a central way of lIfe for many of the commumtIes affected by the SpIll, thus the value
of SubsIstence cannot be measured by harvest levels alone The SubsIstence lIfestyle encompasses a
cultural value of tradItIOnal and customary use of natural resources Followmg the 011 SpIll, there was
concern that the SpIll dIsrupted opportumtles for young people to learn cultural SubsIstence practIces and
technIques, and that thIS knowledge may be lost to them m the future In a 2004 survey of the Spill area
commumtles, 83 percent of respondents stated that their "tradItIOnal way of lIfe" had been mJured by the
011 SpIll and 74 percent stated that recovery had not occurred

Many factors may contribute to the changes observed m SubsIstence harvests and the lIfestyle
surroundmg thIS tradItIOn DemographIC changes m VIllage populatIOns, ocean warmmg, mcreased
competItIOn for SubSIstence resources by other people (e g , sport fishmg charters), predators (e g , sea
otters), and mcreased awareness ofPSP and other contammants may playa role m resource availabIlIty,
food safety, and partICIpatIon m tradItIonal practIces

Fears about food safety have dImmished smce the SpIll, but It IS still a concern for some users
AddItIOnally, harvest levels from VIllages m the SpIll area are comparable to other Alaskan
commumties

For these reasons, SubSIstence IS conSIdered to be recovermg from the effects of the 011 SpIll
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