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I We have completed the final draft of the Update on Injury and Recovery Status (i.e., Chapter 5
revisions). This version incorporates the changes discussed at the Trustee Council meeting on
August 29. '

My plan is to have these printed with a September 1996 date aild to distribute them to the general
mailing list sO,metime this fall or winter, probably in combination with the final FY 1997 work
plan or some other document that needs wide distribution.
"

I will put this topic on the agenda for the Work Force meeting on October 2nd. If you have any
corriments or suggestions, please bring them up at .that time.' "
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Exxon :Valdez on span Trustee Counc'n
Restolratiof1 Offnce

645 G Street, Suite 401, Anchorage, Alaska 99501 ~3451

, Phone: (901) 218=8012 Fax: (907) 216=1118

September 1996

Dear Reader:

The Trustee Council adopted the Exxon Valdez~Oi/Spill Restoration Plan in Novembe~ 1994
with the intent that the plan would be updated as needed to incorporate'ne~'scientific
information,' , '

The enclose~ do~uments update two parts of the Restoration Plan: the list of Injured'
Resources an~ SelVices in Chapter 4 and the sum,maries of Injury and Recovery and the
R~cov'ery Objectives in Chapter 5. ',,' , ' , " "

list.of ,Injured Resources andServices,"
Chapter 4 of the Restoration Plan indicates that the list of injured reso~~ces and services (p. 32,
Table 2) will be reviewed as new information is obtained. .The approved revisions include , .'
changes to the recovery status of some resources (for,example, moving 'Bald Eagles from the
"recovering" category to "recovered") and ~dditions to the list itself. In August 1995, the Council
added Kittlitz's murrel,ets and' common loons to the injured species list. In addition, the, Council .

, has now adqed three species of cormorants (red-faced, pelagic, and double-crested).

'" ,

Chapter,S: Goals, Objectives & Strategies ,
Chapter 5 of the Restoration Plan (pp. 33-56) discusses general goals and strategies for
restoring injured resource's and service~ and also provides specific information 'on the status,
recovery objectives, and restoratIon strategies for individual resources and services. In the
attached document, the Council' now provides updated information on the status ,of injured'
resources and services, as well as revlsi,ons to the Recovery Objectives for injured resources
and services. Readers ,are referred to annual work plans and invitations to submit proposals
(e.g., Invitation to Submit Proposals for Federal Fiscal Year 1997) for the most qurrent
information on the restoration strategies chosen by the Council to achieve its re~overy
pbjectives. .

,
Thank you for your interest In restoration following the Exxon Valdez 011 spill.

Sincerely,

Molly McCammon,
Executive Directoli
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[Note, to Readers: This ~ocument updates hlformat~on ,on Injury 'and
Recovery status and Recovery Objectives, in ,Chapter 5 (pPm 33-56)'and th,e
list of Injured Resources and Services (p; 32) in the Restoration Plan.]
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RESOURCES

ARCIHlAEOlOGICAl ResouRcES

~ll'Ijm'Y <llll1l4:l1 Recove!"y
The oil-spm area is believed to contain more than 3,000 sites of archaeologica! and historical
significance. Twenty-four archaeo~ogica!sites on public lands are known to have been adversely
affected by cleanup activities or looting and vandalism linked to the oil spm. Additiona! sites on
both public and private lands were probably injured, but damage assessment studies were ,iimited
to public land and not designed to identify all such sites.

Documented injunes indude theft of surface artifacts, masking of subtle dues used to identify
and classify sites, violation of ancient burial sites, and destruction of evidence in ~ayered

sediments. !n addition, vegetation has been disturbed, which has exposed sites to accelerated
erosion. The effect of oil on soil chemistry and organic remains may reduce or eliminate the
utility o.f radi~carbon dating in some sites.

Assessments of 14 sites in 1993 suggest that most of the archaeologica~vandalism that can
I •

be linked to the spill occurred early in 1989, before adequate constraints were put into place
over the activities of oil spill clean-up personnel. Most vandalism took the form of "prospecting"
for high yield sites. Once these problems were recognized, protective measures were
impiemented·that successfully limited additional injury. In 1993, only two of the 14 sites visited
showed signs of continued vandalism, but it is difficult to prove that this rece!)t vandalism was
related to the spin. ali was visible in the intertidal zones of two of the 14 sites monitored in
1993, and hydrocarbon analysis has shown that the oil at one of the sites was fmm the Exxon
Valdez splil. Hydrocarbon levels at the second site were not sufficient to permit identification
of the source or sources of the oiL

Monitoring of archaeological sites in 1994 and 1995 found no evidence of new damage from
vandalism. The presence of oil is being determined in sediment samples taken fmm four sites
in 1995.

None of the archaeological artifacts collected during the spill response, damage assessment, or
restoration programs is stored withm·the spill area. These artifacts are stored in the University
of A!aska Museum in Fairbanks and in the Federal Buildmg m Juneau. Native communities in the
spill area· have expressed a strong interest in having them returned to the spill area for storage
and display.

The Alutiiq Archaeological Repository In Kodiak, whose construction costs were partiy funded
by the Trustee Council, IS the only physically appropriate artifact storage facility in the spill area.
in 1995 the Trustee Council approved funds for development of a comprehensive community
plan for restoring archaeo!ogical resources in Prince William Sound and lower Cook inlet,
including strategies for storing and displaying artifacts at appmpriate facilities within the spill
area.

Recove!"y Objective
Archaeological resources are nonrenewable: they cannot recover in the same sense as biological
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resources. Archaeological resources will be considered to have recovered when spill-related
injury ends, looting and vandalism are at or below prespill levels, and the artifacts and scientific
data 'remaining in vandalized sites are preserved (e.g., 'through excavation, site stabilization, or
other forms of documentation).

BALD EAGLES

Injury and Recovery
The bald eagle is an abundant resident of coast lines throughout the oil-spill area. Following the
spill a total of 151 eagle carcasses was recovered from the oil-spill area. Prince William Sound
provides year-round and seasonal habitat for about5,000 bald eagles, and within 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, qut there were deaths throughout the oil-s'pill area.

In addition to direct mortalities, productivity was reduced in oiled areas of Prince William Sound
in 1989. Productivity was back to normal in 1990 and 1991, and an aerial survey of adults in
1995 indicated that the population has returned to or exceeded its prespill level in Prince William
Sound. - ,

Recovery Objective
, Bald eagles will have'recovered when their population and productivity have returned to prespill
'levels. Based on the results of studies in Prince William Sound, this objective has been met.

BLACK OVSTERCATCHERS

Injury and! Recovery
Black oystercatchers spend their entire lives in or near intertidal habitats and are highly
vulnerable to oil pollution.', Currently, it IS estimated that 1,500-2,000 oystercatchers breed in
south-central Alaska. Only nme carcasses of adult oystercatchers were recovered following the
spill, but the actual number of mortalities may have been considerably higher. ' I

In addition to direct mortalities, breeding activities were disrupted by the oil and clean-up
activities. In comparison with black oystercatchers on the largely unoiled Montague Island,
oystercatchers at heavily oiled Green Island' had reduced hatching success in 1989 and their
chicks gained weight more slowly during 1991-93. interpretation of these data on 'reproductive
performance, however, are confounded by lack of prespill data. Productivity and survival ,of
black oystercatchers in Prince William'Sound have not been monitored since 199'3, and the

I '

recovery status of this species is not known.

Recovery Objective
Black oystercatchers will have recovered when the population returns to prespl1l levels and
reproduction is within normal bounds. An increasing population trend and comparable hatching
success and growth rates of chicks !n' oiled and unoiled areas, after taking into account
geographic differences, will indicate that recovery' is underway.
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Injury and Recovery" ,', " ",
,The ,magnitude of impacts 6n clam population's varies ,with the' species ot c1i3!TI' degree of oili/lg, !

and location. Hovye\ler" data from the lower intertidal zone on sheltered beaches suggest that
little-heck clams ,and~ to a lesser e?<tent; ,butter clams were killed a'nd suffered' slower 9r9wth '

,rates as a result of the oil, spill and ch~an-up 'activities. lin communities 9n the Kenai Peninsula",
Kodiak, ~nd the Alaska Peninsula and in' Prince William' Sound concern about the effects of the

, oil, spill on clams and subsistence uses of cla~s remains bigh. "",' " ' ',' ,
I I' 1 I

Recovery Objective ,
Clams will have 'recovered when populatlqns and productivity have returned t~ levels that wo~'ld
have prevailed in the absence of the oil spill, ,ba'sedon prespill data or compar'is~~s of'oil~d and'
unoiled'sites.' , '"

',COMMON lO()NS ,
~ t I !

Injury and Recovery " "
Carcasses of 395 loons of four :species were recovered following the spill, in'cluding at least 216
common loons. Cur~ent p~pulation sizes aren~t known for any ,of these species, but, in general,'
loons are lo~g-lived, slow-reproducing, '~nd have small popu'lations., Common'loons in the oil~spill,
area may' number, only a few' thousand, inCluding only hundreds, in Prince William' Sound.
Common I~ons injured by the spill probably included a mixture of reside'nt and migrant birds, and
their ,recovery status is not known. ' ,., " ,

I \ ",

Recovery Objective , ,,"
No realistic recovery objective,'can be identified 'without more'information on injury to and the

, J , I,,' 1 ~' II

recovery status .of cQmmon loons.'

"" ;

COMMON MURRES

Injury and RecoverY
About 30,000 carcasses bf oiled birds-were p'icked up following the oil spill, 'and 74 percent of

1 'f \ , I ' ~,

them were common and, thick-billed murres (mostly commOn murres). Many more murres
probably died thari actualJy 'were ,rec:':ov'ered" Based on suryey~ Jof index coloni~s at such
locations as Resurrection Bay, the Chiswell, Barren,and Triplet islands, and Puale Bay, the spill-,
area population may have declined by about 40 percent following the spill. ' I~, addition to dire'ct"
losses of, murres" there' is eVld~nce that"the timing of reproduction, was disrupted and
productivity reduced.', 'Interpretation of the effects of the spill, however, is complicated by
incomplete prespill data and by indications that populations at some colonies were in decline
before ~he OILsp,ill.' , , ',"" "

" '
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Postspill monitoring of productivity at the colonies in the Barren Islands indicates that
reproductive timing and success were again within normal bounds by 1993. Numbers of adult
murres were last-surveyed at those same colonies in 1994. At that time, the local population
had not returned to prespill levels. '. .

The Alaska Predator Ecosystem Experiment (APEX project), funded by the Trustee Council, is
. , !

,investigating the linkages among murre populations and changes in the abundance of forage fish,
sllch as Pacific herring, sand lance, and capelin. .

Recovery Objective
Common murres will have recovered when populations at index colonies have returned to prespili
levels and when productivity is sustained within normal bounds. Increasing population trends
at index colonies will be a further indication that recovery is underway.

CORMORANTS

Injury am:!! Recovery
Cormorants are large fish-eating birds that spend much of their time on the water or perc~ed on
rocks near the water. Three species typically are found within the oil-spill area.

Carcasses of 838 cormorants were recovered following the oil spill, including' 418 pelagic, 161
red-faced, 38 double-crested, and 221 unidentified cormorants. Many more cormorants probably
died as a result of the spill, but their carcasses were' not found.

No regional population estimates are available for any of the cormorant species found in the oil
spill area. The U.S. Fish and Wildlife Service Alaska Seabird Colony Catalog, however, currently
lists counts of 7,161 pelagic cormorants, 8;967 red,-faced cormorants, and 1,558 double-crested
cormorants in the oil-spill area. ·These are direct counts, not overall population estimates, but
they suggest that population sizes are small. in this context, it appears that injury to all three
cormorant species may have been significant.

Counts on the outer Kenai Peninsula coast suggested that the direct mortality of cormorants due
to 011 resulted in fewer birds in this area in the 1989 compared to 1986. In addition, there were
statistically-signific~nt declines in the estimated numbers of cormorants (all three species
combined) in Prince William Sound based on pre- and postspill July boat survey~ (1972-73 v
1989-91), and there were fewer cormorants II] OIled than in unoiled parts of the Sound. More
recent surveys (1993-94) did ,not show an increasing population trend since the oil spill. With
support from the Trustee Council, these boat surveys wili be repeated in 1996.

.Recovery Objective
Pelagic, red-faced, and double-crested cormorants ·will have recovered when their populations
return to prespill levels in the oil-spill area. An increasing population trend in Prince William
Sound will Indicate that recovery is underway.
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"CUTTHROAT TROUT

Injury and Recovery ",
Prince William'SoLind is ,at the northwestern ,limit of the ralJge of cutthroat tr6u( ~nd few 'stocks
are known to exist within the S'ou~d.' Local cutthroat trout popul'ations rarely number mor~ th~n
1,000 each, and the, fish have sm'~II'home ranges and are geogrCiphically isolated. Cutthroat
trout,' therefore;' ~re highly vulnerable'to exploitation, habitat alteration, or pollutiorl.

, ~ .... ,~' I I, , ~ , ,~I

Following the oil spill, cutthro~t trout 'in a sm~1I number of oiled index ~treafTls grew more slowly ,
thEm in unoiled streams, possibly a~' a result of reduced food supplies or exposure to oil,' and
there is ,concern that reduced growth rates may'ili:l\fe led to, reduced survival'. The ;difference in
growth rates persisted thrdugh'199J . .' No studies have beet} ~onducted'since the~, and the
recovery status of this species is,not known. ' ,

I I ~ _ ~ \_

,Recovery Objective I I i I I l ~ ~ ,I

Gutthroat trout will have recoyered when 'growth, rates within oiled areas are' similar to those for
uj,oif~d areas; after taking info account geo'graphic differ~nces." " ','- " - ' "

1 '""1 r " 'I, I

- DESIGNATED WILDERNESS AREAS' "

InjurY and Recovery- ' " ,
, The oil spill delivered oil in varying quantities to the waters adjoining the seven areas within the

spill area desig'nated as wilderness areas and wilde'rness study areas 'by Congress. Oil also. was'
deposited above, tile mean high-tide line in these: areas. During the. intehs~ clean-up seasons of '
198,9 and'1990, thousands of workers and hundredS of pieces Of equipment were at work ,in the
spill area. 'This "activity w~s an' unpreced~nted 'imposition'of 'people, n~is'e, and acti~ity on the
area's undeveloped and normally sparsely occupied landscape. Although,activity levels onthese

, ' wilderness shores have probably returned to nor~al,at,some loCations 'there is 'still residual oil.
, ' - c ~ , " I' --

Recovery Objective , , ".
Designa~ed 'wilderness areas will have recovered when oil is no longer encquntered in these
areas and the JJublic perceives them ,to be recovered from the 's'pill.

DOLLY VARDEf\I ' ,

Injury and Recovery , ' , ,,', , ' ,
u'ke,the cutthroat trout, there is evidenCe t~at DolI{Varden gre~ more slowly in oifed streams
than in unoiled':' streams, and there is concern that reduced growth' rates. may have led to

, reduced survival. However, no .data have be~n 'gatheredsinc'e 1991. The recovery status of
this species is not ,known. '

Update on Injured Resource,s ~'Servi~es. September "-996 7



Recovery Objective ,
Dolly Varden will have recovered when growth rates within oiled streams are comparable to
those in unoiled streams, after taking into account geographic differences.

HARBOR SEALS

Injury and Recovery
Harbor seal numbers were declining)nthe Gulf of Ala~ka, including in Prince William Sound,

. before the oil spill. Exxon Valdez oil affected harbor seal habitats, including key haul-out areas
and adjacent waters, in Prince William Sound and as far away as Tugidak Island; near Kodiak.
Estimated mortality as a direct result of the oil spill was abo,ut 300 seals in oiled parts of prince
William Sound.' Based on surveys conducted before (1988) and after (1989) the oil spill, seals
in oHed areas had declined by 43 percent, compared to 11 percent in unoiled areas.

in adeclining population deaths exceed births, and harbor seals in both oiled and unoiled parts
of Prince William Sound have continued to decline since the spill. For the period 1989-19,94,
the average estimated annual rate of decline is about 6 percent., Changes in the' amount or
quality of food may have been an initial cause 'of this long-term decline. Although there is no
evidence that such factors as predation by killer wliales, subsistence hunting, and interactions
with commerical fisheries caused the decline in the harbor seal population, these'are among the
on-going sources of mortality. ' ,

Harbor seals have long been a key subsistence resource In the oil-spill ~rea. Subsistence hunting
is affected by the declming, seal population, and lack of opportunities to hunt seals has changed
the diets of subsistence users who traditionally had relied heavily on these marine mammals.

Recovery Objective
Harbor seals will have recovered from the effects of the oil spill when their population is stable
or increasing.-

HARLEQUIN DUCKS

Injury and Recovery
Harlequin ducks feed in intertidal and shallow subtidal habitats where most of the spilled oil was
initially stranded. More than 200 harlequin ducks were found dead in 1989, mostly in Prince
William Sound. Many more than that number probably died throughout the spill area. Since the

. oil spill occurred in early spring, before wintering harlequins had left the oil-spill area, the impacts
of the oil spill may have extended beyond the immediate spill area. The geographic extent of
these impacts is not known.

~ile samples from harlequin ducks (combined with samples from Barrow's and common
goldeneye) collected in eastern and western Prince Wilham Sound and In,the western Kodiak
Archipelago in 1989-90 had higher concentrations of hydrocarbon metabolites than a

i
small

number of samples' from harlequins and goldeneye collected at Juneau. Prespill data on
harlequin populations and productivity are poor and complicated by possible geographic
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1 ,,"

diffe'rences'f~'habitatq~ality. Hqwever~ the 'summer population in PrinceWilli~i'n Sound is small,
<mly a f,ew thousand birds. There contim~es to' be concem ~bout poor repro'ductiPIJ and a

'c possible decline in numbers' of molting birds in western versus eastern parts of, the Sound.
, j' L L 'J J, \ ' ~ -', , ~ J - I ~ 'J ~' , '

,,' Recovery Objective, , " ',~ ,
Harlequin ducks 'will have \re-<;overed when I breeding and, postbreeding ~sea~son ,(JE~Rsities and

,production of young return to prespill levels. ,A normal population age- and I sex-structure and
reproductive success, taking into account geographi,c difference,s, 'wilUndlcate that recovery is'

r d - \ ~ , , t
r

(1" I 1, ~

un erway., '" ' " ,,' , '" 'I , ' , ,

INTERTIDAL COMMUNITiES ' I 'I'

, injury and Recovery I

Portions of 1,500 miles of coastline were oiled by the spill in Prince William Sound, on the Kenai,
and, Alaska p_enin,sul~s; and in the Kodiak Arch\pel,ago. Both the ,0'jI and intensive clean-up
activities had'significant impacts on the flora and fauna of, the intertidal zone, ,the area of b,each'

, , I ) , f , ~ , I ,

between, lOw ,and high tides. ,Intertidal resources are important to subsistence users, sea' and
river otters, and to a variety of ,birds, including 'black oystercatchers" h'arlequin ,ducks, surf ,
scoters" and 'pigeon guillemots.' " ,

Impacts'to 'intertidal orgcmisn:,s, occurred at all, tidal' lev~ls in all types of h~bitats throughout the
oil~spill area. Many species of, algae and invertebrates were less abundant at oiled sites

,compared to unoiled reference sites. Other opportunistic species, including a small species of
barnacle, oligochaete' ~orms, a""d filamentous brown algae, colonized shores where dominant

,species were removed by the oil spill and clean-up activities. The abundance and reproductive
potential of the common seaweed; Fucus gardneri (Imown as 'rock~eed or. popweed), was'also
reduced following, the,'spill. ' \," , ' ,

, "

r_ • I - (, 'f' , I

On the sheltered'; bedrock shores tha't are common in' Prince William Sound, fl;J1I recovery of'
Fucus is crucial for the recovery of inteitidal communities at these sites, since many invertebrate
o~ganisms depend on the cover provided by this seaweed. F,ucus has not'y~t fully r~covered in'
the upper intertidal zone on shores sul;>jected to direct sunlight, but in many locations" recovery ,
of intertidal 'commUnities has made substantial progress.' ,In' other habitat types, such as
estuaries and cobble be'aches, many species did not show signs of recover,y' when they were last

_ J _ r I

surveyed in 1~91 . , "

~IJ ,

Recovery Objective, "" ,
Intertidal communities will have recov,e~ed when community composition on' oiled shar,elines is
Similar to that which yvould have prevailed in the aqsence of the spill. Indications of recov~ry
are the reestablishment of important species, such as Fucus at sheltered rocky sites, the,
convergence In' community composition on oiled and unOlled shorelines, and the provision of
,adequate, uncontaminated food',supplies for to'p predato~s -in ir:ltertidal and nearshore habitats.

, , ,

Update o,n Injured Resources & S~rvices, September 1996
" , '
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KILLER WHALES

Injury and Recovery 1

Mpre than 80 killer whales in six "resident" pods regularly use Prince William Sound wi'thin their
ranges. Other whales in "transient" groups are observed in the Sound less frequently. There
has been 'particular concern in Prince William Sound about the resident AS pod, which numbered
36 animals prior to the spill. Fourteen whales disappeared from this pod in 1989 and 1990,
during which time no young were recruited into the population. Althoug'l four calves were
added to the AB pod during 1992-94, surveys in 1994 and 1995 indicate the loss of five more
adult whales. The link between these losses and the oil spill is only circumstantial, but the likely
mortality of killer whales in the AS pod in Prince William Sound following the spill,-far exceeds
rates observed for other pods in British Columbia and Puget Sound over the last 20 years. In
addition to the effects of :the oil spill, there has been concern about the possible shooting of killer
whales, perhaps due to conflicts with long-line fisheries.

The AB pod may never regain its former size, but overall numbers within the major resident killer
whale pods in-Prince William Sound are at or exceed'prespillieveis. There is 'concern, however,
that a decline in resightings of individuals within the AT group of transient killer whales has
accelerated following the oii spill.

Recovery Objective
.Killer whales in the AS pod will have recovered when the number of individuals in the pod is
stable or increasing relative to the trends ·of other major resident pods in Prince William Sound.

KllTlITZ'S MURRELET

injury and Recovery
The Kittlitz's murrelet is found only in Alaska and portions of the Russian Far East, and a large
fraction of the world population, which may number only a few tens of thousands, breeds in
Prince William Sound. The Kenai Peninsula coast and Kachemak Bay are also important
concentration areas for this species. Very little is known about Kittlitz's murreiets. However,
they associate closely with tidewater glaciers and nest on scree slopes and similar sites on the
ground.

Seventy-two Kittlitz's murrelets were positively identified among the bird carcasses recovered
after the oil spill. Nearly 450 more Brachyramphus murreiets 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 probablV were killed by the oil than were actually recovered. One published estimate
places direct mortality of Kittlitz's murr.elets from the oil spill at 1,000-2,000 individuals, which

, would represent a substantial fraction of the world population.

Because of the highly patchy'dlstribution of Kittlitz's murrelet, the difficulty of identifying ,them
in the field, and the fact that so little is known about this species, the recovery status of the
Kittlitz's murrelet is not known. The Trustee Council has funded an exploratory study 'on the
ecology and distribution of this murre~et starting in 1996.
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Recovery Objective
No recovery objective can be identified for Kittlitz's murrelet at this time.

MARBLED MURRElET

Injury and Recovery _
The northern Gulf of Alaska, including Prince William Sound, is a key area of concentration in
the distribution of marbled murrelets. The marbled murrelet is federally listed as a threatened,
species in Washington,' Oregon, and California; it is als~ listed as threatened in British Columbia'.

The marbled murrelet population in Prince William Sound had declined before the oil spill. The
causes of the prespill decline' are unknown, but may be related to changing food supplies. It is
not known whether the murrelet population was still declining'at the time of the oil spill, but the
spill caused additional losses of murrelets. Carcasses of nearly 1,100 Brachyrampiws murrelets
were found after the spill, and about 90 percent of the murrelets that could be identified to the
species level were marbled murrelets. Many more murrelets probably were killed by the oil than
were found, and it is estimated that as much as 7 percent! of the, marbled murrelet population
in the oil-spill area was killed by the spill. _ ,- ' ,

Population estimates for murrelets are highly variable. 'Postspill boat surveys do not yet indicate
any statistically significant increase in numbers ,of marbled murrelets in Prince William Sound,

,nor is there evidence of any further'decline. I

Recovery Objective
Marbled murrelets will have recovered when its population,is stable or increasing. Stable ,or
increasing productivity win be an indication that recovery is under~ay.

MUSSELS

Injury and Recovery , ' ,
Mussels are an important prey species in the' nearshore ecosystem throughout 'th~ oil-spill area,
and beds of mussels provide physical stability and habitat for other organisms in the intertidal
zone. For these reasons, mussel beds were purposely left alone during Exxon Valdez clean-up
operations.

, !

In 1991" high concentrations of relatively unweathered' oil were found in the mussels and
underlying byssal mats and sediments in certain dense mussel beds. The biological significance
of oiled mussel beds is not known, but they are potential pathways of oil contamination for local
populations of harlequin ducks, black oystercatchers, river otters, and juvenile sea otters, all of
which feed to some extent on mussels and show some ,signs of continuing injury.

, About 30 mussel beds in Prince William Sound are known still to have oil residue, and 12 of
them were cleaned on an experimental basis in 1994. By August 1995, these beds showed a
98 percent reduction in oil in the replacement sediments, compared to what had been there
befor~. Mussel beds along the outer Kenai Peninsula coast, the Alaska Peninsula', and Kodiak
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Archipelago were surveyed for the presence of oil in 1992, 1993, and 1995. Hydrocarbon
concentrations in mussels and sediments at these Gulf of Alaska sites is generally lower than
for sites in the Sound, but at some sites substantial concentrations persist.

Subsistence user_s continue to be concerned about contammation from oiled mussel beds. The
Nearshore Vertebrate Predator project is focusing on mussels as a key prey species and
component of the nearshore ecosystem.

Recovery Objective
Mussels will have recovered when concentrations of oil in the mussels and in the sediments
below mussel beds reach background levels, do not contaminate their predators, and do not
affect subsistence uses.

PACIFIC HERRING

Injury and Recovery
Pacific herring spawned in intertidal and subtidal habitats in Prince William Sound shortly after
the oil spill. A significant portion of these spawning habitats as well as herring staging areas in
the Sound were contaminated by oil. Field studies conducted in 1989 and 1990 documented
increased rates of egg mortality and larval deformities in oiled versus unoJled areas. Subsequent
laboratory studies confirm that these effects can be caused by exposure to Exxon Valdez oil, but
the significance of these injuries at a population level is not 'known.

The 1988 prespill year-class of Pacific herring was very strong in Prince William Sound, and, as
a result, the estimated peak biomass of spawning adults in 1992 was at a record level. In 1993,
however, there was an unprecedented crash of the adult herring population. A viral disease and
fungus were the probable agents of mortality, and the connection between the oil spill and the
disease outbreak is under investigation. Numbers of spawning herring in Prince William Sound
remained depressed through the 1995 season. Preliminary results from the Sound Ecosystem
Assessment (SEA) Project indicate the possible significance of walleye pollock as both
competitors with and predators on herring, which may indicate that there is a connection
between the lack of recruitment of strong year classes of herring and the presence of large
numbers of pollock in Prince Wilham Sound.

Pacific herring are extremely important ecologically and commercially and for subsistence users.
Reduced herring populations could have significant implications for both their predators and their
prey, and the closure of the herring fishery from 1993 through 1995 has had serious economic
impact on people and communities in Prince William Sound.

Recovery Objective
Pacific herring will have recovered when the next highly successful year class is recruited into
the fishery and when other indicators of population health are sustained within nor,mal bounds
in Prince William Sound.

12



I L'L

PIGEON GlJlLLEMOT

Injury and Recovery , " '
AlthoL!9h,the pigeon 'g~iIIemotis wiqely distributed in the n,orth P~cific region, nowhere does it
occur'in large numbers or concentrations. Because guillemots feed in shallow, nearshore 'waters,: '
the gUill,~mots,and the fish on ~hich ':thev prey are vulnerable to oiLpoll~tion: ,.

'Lik~ ,ttie' 'marbi~d "rriur~elet, there 'is~vi~ence, that the pigeon' gUille~ot,pOP~latio'~ 'i'n Prince'
William So~ncJ had declined before,tlle spilLThe causes of the 'prespill decline ,are unknown. It
is, estimated that 10-15 'percent of th~' spill-area population 'may have died following the spill.
Guillemot nesting on the Naked Islands 'was well-~tudied in 1978-81. Postspill surveys' using
the same method's indicated a decline of abol;lt 40 percent in guillemots in the Naked Islands.

, Based on boat surveys, the overall guillemot population in the Sound declined as' well.
I I , ~ ~ \. J > <. ~ • I L

,Numbers of guillemots r~corded on boat surveys are highly variable,' and' there is not yet any
"statistically significante~id~nce'of,a postspill population incre~se: The factors responsible for
,t~e guillerll0t's prespill declin~ 'may negate.or r:nask r~covery' from the effec::ts of th~'oil spill.

- - -, I J I L ' ~

The Alaska Predator Ecosystem Experiment '(APEX) project is investigati~g the p~ssible link
I I ) I '

, between pigeon guillemot declines to the availability' ,and abundance of, forage fish, suc,h as
Pacific herring, sand lance, and capelin. The Nearshore' Vertebrate Predator (NVP) project also
addresses the possibility that exposure to,oil continues to limit th'e guillemot"s recovery. 'Both

, 'projects are'supported by, the Trustee Council. " , -
, ,f

Recovery Objective , ,'" ,
Pigeon gUillemo~s,will, have recovered,whe~their population i'sstable or increa~ing. , Sustained
productivity 'within normal bounds will be an indication that recovery is undervyay. '

, r' ~ _) I

I' , , ,PINKSALMON

Injury, and Recovelj ," ,
,About 75 percent of, wild pink salmon in Prince William Sound'spawn in the in~ertidal'portions
of streams'and were highly vulnerable 'to the effects 'of the oil spill. Hatchery salmon and wild
salmon from' both intertidal and upstream spawning habitats swam through oiled waters and
ingested oil parti~les, and oiled prey as t~ey fo'rag~d in, the Spu'nd and emigrated to th'e sea: As
a result, three types of early life-stage Injuries, were id'entified: First, growth rates' in juvenile pi'nk'
salmon from 'oiled parts'of Prince William Sound were reduced. ,Second,·there was increased
egg mortality in oiled versus, onpiled streams. A possible third etfect, geneti,c 'damage~ is under

, investigation,.' , " '"

In the yearsfpreceding the spill, returns of,Wild pink,s~lmon in Pr;ince William Sound v'arled from
a maxlITlum of 21.0 million fish ir:i 1984 to a minimum of 1:8 million in 1988. Since the spill,'
returns of wild pinks ~ave varied from a high of about 14.4 million,fish in 1990 to a low of about
2.2 million i'n 1992. There is a 'particular cOl)cern about the $ound's southwest management'
district, where returns of both hatchery and' wild st09ks have been generally weak' since the' oil
spill. Because of the ,tremendous ,natural' variation in adult returns, however, it is difficult to

I I L - -.. I
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attribute poor returns in a given year to injuries caused by Exxon Valdez oil. For pink salmon,
mortalities of eggs and juveniles remain the best indicators of injury and recovery.

Evidence of 'reduced juvenile growth rates was limited to the 1989 season, but increased egg
mortality persisted in oiled compared to 'unoiled 'streams through 1993. The 1994 and'1995
seasons were the first since 1989 in which there were no statistically significant differences in
egg mortalities in piled and unoiled streams. These data indicate that recovery from oii-spill '
effects is underway.

The Sound Ecosystem Assessment '(SEA) 'Project is exploring oceanographic and ecologica!
factors that influence production of pink salmon and Pacific herring. These natural factors are
likely to have'the greatest influence over year-to-year returns in both wild and hatchery stocks
of pink salmon.

Recovery Objective
Pink salmon wit! have rec;overed when' population indicators, such as growth and surviVEd, are'
within normarbounds and there are no statistically significant differences in egg mortalities in
oiled and unoiled streams for two years each of odd- and even-year runs in Prince William Sou~d.

RiVER OTTERS

Injury and Recovery ,
River otters have a low population density and an unknown population size in Prince William
Sound, and, therefore, it is hard to assess oil-spill effects. Twelve river otter carcasses' were
found following the spill, but the actual mortality is not known. - Studies conducted during 1989
91 identified several differences b,etween river otters in oiled and unoiled areas in Prince William
Sound, including biochemical evidence of exposure to hydrocarbons or other sources of stress,
reduced diversity in prey species, reduced body size (length-weight), and increased territory size.·
Since there were no prespill data and sample sizes were small, it is not clear that 'these
differences are the result of the oil spill.

The Nearshore Vertebrate Predator project, now' underway, will shed new light on the status of
the i"iver otter. In 1995 the ,Alaska Board of Game 'used its emergency authority to restrict
trapping of river otters in western' Prince William Sound to ensure that the results of thiS ,study
are not compromised by the removal of animals from study areas on Jackpot and Knight islands.

Recovery Objective
The river otter will have recovered when biochemical indices of hydrocarbon exposure or other
stresses and indices of habitat use are similar between oiled and unoiled areas of Prince William
Sound, after taking into account any geographic differences.

, .
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ROCKfiSH

Irnjury and Recovery " <' , ,

Very 'little is known '~bout ro'ckfish population~ in the 'northern Gulf of Alaska. A small' num'ber'
-of dead' adult, rockfish was'recovered following th.e -oil spill, and autopsies of five specimens
indicated that oil ingestion ,was the cause of death: A':lalysis of other rockfish showed exposure
to hyqrocarbons ,and probable :sublethal effects: In 'addi'tion, closures to salm~n fisheries
,apparently increased fishing pressure~ on rockfish, which may have adversely affected 'the
'rockfish population~ However, the original ex;tent of injury and the current recover,y status' of
this species' are un~nown,' '- , , I, I , , "

-RecoverY Objective , .
No recovery objective 'can be'identified.

SEA OTTERS

Injury and Recovery .
'By the late 1800s, sea otters' had be~n eliminated from most of their historical'range in Alaska,
'due to excessive fu'r hawes'ting by Russian and American, fleets: Surveys of sea, otters in the

, ,1970s and 198o'~, however,' indicated ',a healthy and expandi~g populati~n, including in,Prince
, William Sound, prioLto the oil spill. Sea dtteis are today'an important subsistence resourc~ for

thei~ furs. ' ' ' - , ,

About 1.,600 sea otter ,carcasses were recovered,following the spill, although additional animals
probably died 'but-were not 'recovered. In 1990and 1991, higher-th~n-expectedproportions of

, pri~e-age adult ~ea 'otters yvere found dead. in 'western ~Prince WiUiarTl Sound, and'there :was
~vidence 'of higher mortality 'of' recently weaned 'juveniles in oiled' areas. By ,1992-93,
,overwintering mortality ratJls forjuveniles had', decreased, b~t were still higher in, oiled ,~ha~ in,
unoiled'parts of, the Sound: ' ,, II , " ,

\ ' "

_ , , 1 j ~

Based pn -boat sur'veys conducted in,' p,rinqe 'William Sound, 'there is not yet statistically
significant"evidence of an overalll?o'pulation increase following the 011 spill (1990.-94); Thi~ lack
o(asignificant pos!tive trel)d"'ho,,,:,ever,' may result frc;>m low statistica! powe~ in tne'~urvey,

which will be repeated in 1996.

Based on ,obser.vatio~s by,local residents, 'It is evident that th'e sea otter is ab~ndant in much 'of
Prince William Sound. There is'noevidence that recovery has occurred, however, in heavily-oiled
parts of western Prince WiUiam' Sound, such as around northern Knight Island. The Nearshore'

_ Verte,brate ,Pred~tor project"which was starte:d in 1995, should help c1arif,y~the recovery 'status
- of the sea otter in ,the west~rn'Sound.
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Recovery Objective ,
Sea otters will have recovered when the population in oiled areas returns to its prespill
abundance and distribution. An increasing population trend and normal reproduction and -age
structure in western Prince William Sound will indicate that recovery is underway. '

SEDIMENTS

InjLllry and Recoverry
Exxon Valdez oil penetrated deeply into cobble and boulder beaches that are common on
shorelines throughout the spill area, especially in sheltered habitats. CleaninQ and natural
degradation removed much of the oil from the intertidal zone, but visually identifiable surface
and subsurface oil persists at many locations.

The last comprehensive survey of shorelines in Prince William Sound, conducted in 1993,
included 45 areas of shoreline known to have had the most significant oiling. Based on that
survey, it was estimated that heavy subsurface oil had decreased by 65 percent since 1991 and
that surface oil had decreased by 50 percent over the same time period. Surveys also have
indicated that remaining shoreline oil in the Sound is relatively stable and, by this time, is likely
to decrease only slo~iY. Oil also pe'rsists under armored rock settings on theXenai and Alaska
penin~ulas, and this ~il has undergone little chemical change since 1989. - ,

In 1995, a shoreline survey team visited 30 sites in the Kodiak Archipelago that had measurable
or reported oiling' in 1990 and 1991. The su'rvey team found no oil or only trace amounts at '
these sites. The'oiling in the Kodiak area is not persisting as it is at ~ites in Prince William :Sound
due to the higher energy settmgs in the Kodiak area, the state of the oil when it came ashore,
and the- smaller concentrations of initial oiling relative to the Sound.

Following the oil spill, chemical analyses of oil in subtidal sediments were conducted at a small
number of index sites in Prince William Sound. At these sites, oil in subtidal sediments reached
its greatest concentrations at water depths of 20 meters below mean low tide, although elevated
levels of hydrocarb(;>n-pegradmg bacteria (associated with elevated hydrocarbons) were detected
at depths of 40 and 100 meters in 1990 in Prince William Sound. By 1993, however, there
was'little evidence of Exxon Valdez oil and related microbial activity at most index sites in Prince
William Sound, except at those associated with sheltered beaches that were heavily oiled in
1989. These index sites--at Herring, Northwest, and Sleepy bays--are among the few sites at
which subtidal oiling is still known to occur.

Recov~ryObjective
Sediments Will have recovered when there are no longer residues of Exxon Valdez oil on '
shorelines (both tidal and subtidal) in the oil-spill area. Declining 011 residues and dimin,shing
toxicity are indications that recovery is underway.
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Injury and Recovery, , ,
, Commercial salmcm:fishing was closed in Prince William Sound and in portions of Cook Inlet and

near'Kodiak in 19,89 to avoid any possibility of conta~inatedsalmon being"se'nt to 'market. As
a result, there were higher~than-desirablenumbers (i.e.~ overescapement) of spaWrii~g sockeye
salmon entering the KerJ~i River" Red and Akalura lakes on 'Kodiak Island, and',other'.!akes on
Afognak Island and the Alaska Peninsul~. Initially these higft-escapem~tlts may have produced
an overabundance of juvenile socke,'{e that overgrazed, th~ zooplankton,' thus 'altering planktonic ,
foo'd web~ in ,the nursery; lakes., ,Although'the exact mechanism: is unclear, the resuh ~,as lost'
sockeye production as shown by declines in the returns of adults per spawning socke,ye.

I 'L ' ~ I

-J ~,~ q 1 I \ j ,

,The effects of the 1989 overescap~ment,of sockeye salrrion have persisted in the Kenai River
',~ystem through 1995. Although the overall escapement goal for that system was met in 1995,
,there is concerlJ that the initial overe!5capement will continue to affect post-spill year-classes.

\ "-' , \ ',) , ~ J - I _ ' , I

Production of~zooplarikton in both'Red and Akalura lakes on Kodiak Island has rebounded from
the effects of the overesc~pel'nentat' the time of the oil spill.' T~ere continues to be some
problem in the rate of production of sockeye ,fry In Red and Akalura lakes. This problem may
or may not'be linked to the o,verescapement, and possible additio~al factors include low egg-to
fry survival, competition fr;om other freshwater 'fishes, and the' interception of adults ih, tre
mixed-stock fishery harvest offshore'. - '

, -'" \ ' ~ ,

,Recovery Objective '
SO,ckeye sal~oh in the Kenai River system and Red and Akalura lakes will ,have re'c~vered when
adult returns-per-sp,awner are' yvithin norma! bounds.' C ", , "

,\ J' 1

, i ,

, Injury and Recovery, :, ' , ' "C, ,

Oil that was transported downto'subtldal habitats appareotly caused changes in the abundance
and' species composition of plant arid anima(populations below lower tides. Different 'habitats,
including eelgrass beds,'kelp b'eds, and adjacent nearsh6~e waters '(depths less,than 20 meters),
,were compared at oiled and unoiled'sites. The concentration of oi(m, sediments in 1990 was,

, more than:twice as great at oiled sites:' The greatest differences were detected' at oiled sites
with sandy sea bottomf? in the vicinity o,f eelgras's ,beds, at which there' were reduced

, abunqances o'f:eelgra'ss shoots and flO\/vers a'nd helmet crabs. The abundance and diversity, of
worms, clams, 'snails, and oil-s'ensitive amphlpods (sand fleas) also were reduced. 'Organisms
living, in sediment at ~epths of 3-20 meters' wer,e es'pecially affected. "Som~ opportunistic (i.e.;
stress-tolerant) invertebrates. Within the substrate, mussels and worms on the eelgrass, and
juvenile 'cod" were greate~in numbers at oiled sites. ,

, L " I

, ,

By 1993, oil con'ceritrations in sediments had dropped considerably, so that there was little
"difference b,etween oiled 'alJd unoiled:sites. The eelgrass habitat, the only habitat e'xamined in
"i 993, revealed fewer differences in abundances of plants and animals. As was true in 1990,
h~wever', some opportunistic spedesistill 'were more abundant at'oiled sites. These incJuded the

\ 'r I

, "

Update on Injured Resources & Services, September 1996
~ , > \ ' I

17



, .'

opportunistic worms and snails, mussels and worms on the eelgrass, and juvenile cod.

Preliminary results from eelgrass habitats visited In 1995 revealed that natural recovery had
occurred: No difference was detecteql in abundance of eelgrass shoots and flowers, mussels on
eelgrass, amphipods, helmet crabs, and dommant sea star:s between oiled and unoiled sites. The
abundance of small green sea urchins, however, was more than 10 times greater at oiled ,sites.
The possibility that urchins- increased due to a reduction in numbers of sea otters, which prey
on urchins, is being examined in the Nearshore Vertebrate Predator Project. Analyses of the
recent oil concentrations in sediments and organisms ~hat live within the substrate are not yet
complete.

Recovery Objectnve
Subtidal communities will have recovered when community composition in oiled ~reas, especially
in association with eelgrass beds, is similar to that in unoiled areas; Indications of recovery are
the return of oil-sensitive species, such as amphipods, and the reduction of opportunistic species
at oiled sites.

SlERV~CES

COMMERCIAL FISHING

injury and Recovery
Commercial fishing is a service that was reduced through injury to commercial fish species (see
individual resources) and also through fishing closures. in 1989, closures' affected fisheries in
Prince William Sound, lower Cook inlet, upper Cook Inlet, Kodiak, and Chignik. These fisheries
opened again in 1990. Since then, there have been no spill-related district-wide closures, except
for the Prince William Sound herring fishery, which was closed in 1993 and has remained closed
since then due to the collapse of the herring population and poor fishery recruitment since 1989.
These closures, including the on-going closure of the herring fishery in Prince William Sound,
harmed the livelihoods of persons who fish for a living and the communities in which they live.
To the extent that the oil spill continues to be a factor that reduces opportunities to catch f,ish,
there is on-going injury to commercial fishing as a service.

, '

On this basis, the -Trustee· CounCil continues to make major investments in projects to
understand and restore commerCIally important fiSh species that were injured by the oil spill.
These projects include: supplement,ation work, such as fertilizing Coghill Lake to enhance its
sockeye salmon run and construction of a barrier bypass at Little Waterfall Creek; development
of tools that have almost immediate benefit for fisheries managem'ent, such as otolith mass
marking of pink salmon in Prince William Sound and in-season genetic stock identification for
sockeye salmon In Cook Inlet; and research such as the SEA Project and genetic mapping ,which
will enhance the ability to predict and manage fisheries over the long-term.

RecQvery Objective
Commercial fishing will have recovered when the c-ommercial!y important fish species have
recovered and opportunities to catch these species are not lost or reduced becatlse of the effects
of the 011 spill.
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PAssivE USE

InjurY and Recovery
'Passive use of resourc'es includ~s the appreciation of the ,aesthetic and intrinsic values of
undisturbed areas,' the' value derived ,from simply 'knowing that a resource exists, and other
nonul?e. values. ,'Injuries t~'.passive uS,es ar~ tied tq' public pergeptions of iAjuted reso~rces..
Contingent valuation studies conduct'ed by the' State oL6.laska for'·' the Exxon Valdez oil spill"
litigation' measured substantial losses, of p~ssive use values ~esulting from the oil spill..

) f ~ 1 1 \ j I 1

I ~'

, Recovery Objective
• Pa~sive uses will have recovered' when people perceive that aesthetic
, associated with, the spill area are no I~mger diITlinish~d by the oil spill. "',

. ,, ,

,', RECREATION,AND TOURISM

and l'ntrinsic: values

, "

Injury arid'Recovery, , , ,,' , , , ,
The, s,piil disrupted use of the>spill area fo'r recreation ',and tourism. Resources importantJor

I , ' wildlife yiewing 'and which still ar~~,injured by the spill include killeL whale, sea otter, harbor seal,
: and v'arious ~eabirds. Residual o'i1'exil?ts on some beaches ~ith, high value for recreation, and its
presence may, decrease ,the quality 'of recreational experiences and discourage recreational' use
of these, beaches.' ' , " , ' ,

Closures' of, sp'brt hunting !3nd' fl~hing ,also affected use- of th~ spill a~~a for recreati(:>n 'and
, 'touri?m. Sport fishing' resoun;:es Include"salmon, rockfish, Dolly Varden, and 'cutthroat trout.

~ince 1992, the Alaska Board' of Fisheries has' !r1lposed speCial restricti~ns on sport fishing in
, parts Qf Prince William Sound to protect cutthroat trout populations.' Ha'rlequin ducks are, hunted
. in the spill area: The Alaska Board of Game restricted' sport harvest of harlequin ducks fn Prince"

'William Sound in 1991, and those restrictions remain in place. ",' " " , "
ii, _ \

"

Re~reat'ion wa~ als~'affected by, ch_~'ng,es in hu~a,n ,:-!se'ln respon,s'e t() the spill. Fo:r example, ,
displacement of use' from oiled are'as to' unoiled areas increased, management pr9blems and
fa,cility use In.unoiled areas. Some ,facilities, such 'as the Green 'Island cabin and the' Fleming Spit
c'~mp area, 'were injured by clean-up workers. ' ", " " , '

, ..

In the' years, since the oil spill,,'there has been a general, marked' incre~se in visitatio:n to'the"spill
/ " ,I

area. However, there are stm locations within ttie,oil-spill area which are avoided by recreational
useq:; -b~~ause of the presence of residuai oil. " , , - -,

, ,

Recovery Objective ' -
Recreation and tourism will have recovered,' in large part, when the fish and wildlife resources
'on' which they depend have' recovered, ,recreation' use of Oiled beaches is no longer impaired, and, '
.facilities and management capabilities' can accomnlodate cha~ges in human'use. '
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SUBSISTENCE

In]ury illll'Bd Recovery
Fifteen predominantly Alaskan Native communities (numbering about 2,200 people) in the oil-spill
area rely heavily on ~arvests of subsistence resources, such as fish, shellfish, seals, deer, ducks,
,and geese. Many families In other communities, both in and beyond the oil-spill area, also rely
on the subsistence resources of the spill area.

Subsistence harVests of fish and wildlife in most of these villages declined substantially following
the oil spill. The re~sons for the declines include reduced availability of fish and wildlife to
harvest, concern about possible health effects of eat}ng contaminated or injured fish and wildlife,
and disruption of lifestyles due to clean-up and other activities.

Subsistence foods were tested for evidence of hydrocarbon contamination from 1989-94. No
or very low concentrations of petroleum hydrocarbons were found in most subsistence foods.
The U.S. Food and Drug Administration determined that eating foods with such low levels of

- hydrocarbons posed no significant additional risk to human health. Because shellfish can
continue to accumulate hydrocarbons, however, the Oil Spill Health Task Force advised
subsistence users not to eat shellfish from beaches where oil, can be seen or smelled on the
surface or subsurface. Re'sidual oil exists on some beaches near subsistence communities. In
general, subsistence user~ remain concerned and uncertain about the safety, of fish ,and other
wildlife resources., '

I

The estimated size of the subsistence harvest In pounds per person now, appears to have
returned to prespill levels in some ,communities, according to subsistence users through
hClusehold interviews conducted by the Alaska Department of Fish and Game. These interviews
also indicated that the total subsistence harves't began to rebounp first in the communities of
the ,Alaska Peninsula, Kodiak Island, and the lower Kenai Peninsula, but that the harvest has
laggec:i behind a year 9r more in the Prince William Sound villages. The interviews also showed
that the relative contributions of certain important subsistence resources remains unusually low.
The scarcity of seals, for example, has caused people in Chenega Bay to harvest fewer seals and
more salmon than h'as been customary. Herring have been very scarce throughout Prince
William Sound sil1ce 1993. Different types of resources have varied cultural and nutritional
importance, and the changes in diet composition remain a serious concern to subsistence users.
Subsistence users also report that they have to travel farther and expend more time and effort
to harvest the same amount ~s they did before the spill, espeCially in Prince William Sound. ,

Subsistence users also point out that the value at subsistence cannot be measured in pounds
alone. This conventional measure does not Include the cultural value of traditional and
customary use of natural resources. Subsistence users say that maintaining their subsi~tence

culture depends on uninterrupted use of fish and Wildlife resources. The more time users spend
away from subsistence activities, the less likely that they will return to these pra6tices.
Co"ntinuing injury to natural resources used for subsistence may affect ways of life of entire
communities. There is particular concern that the oil spill disrupted opportunities for young
people to learn subSistence culture, and that this knowledge may be lost to them in the future.
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Recovery Objective , , ,
Subsistence' will have, recovered when' injured resources used for subsistence are healthy and
productive and 'exist at ~respillievels; In addition, there is recognition that people' must be
confident that the resources are' safe to 'eat and that'the culturaf values provided by'gathering,

, preparing', and sha'~ing food need to be reintegrated into,community life., ', ,

" ,

, "

l \\ \
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[Note: C This table is modified from p. 32 of the Restoration Plan.]

Table 2~. Resources and S'ervices Injured by the Spill

..

INJURED RESOURCES, " "
,,' ',,; t' ,~ 1" I, t' " , " .',

, , '.' .. j , .. ' ~ U.OST or REDVCED,,"\'\,~~,,\,+,

SERVICES

Recovered
Bald eagle'

Recovering
Archaeological resources*~

Common murres
Intertidal communities * *

-Mussels
Pink salmon·
Sediments
Sockeye salmon
Subtidal communities

"I\rcillumiouloni rl1110!JI0l111 nlll nOl
renewable m the same way that
bioloOlcal resources are, bllt there has
boor; 91gllilicollt progrOGB tuword tho _
recovery objective•

. • ·Status of Intertidal commUnities
bOBod Imaoly on monltorina In,- ,
sheltered rocky habitats In Prince
Wilham Sound; status' of'other ,
mtertldal 'habltats IS less certam or
unknown, thou9tl some recovery can
be anticipate-d. '

"

Not Recovered 
Cormorants

(3 species)
Harbor seal
Harlequin duck
Killer whale (AB

pod)
Marbled murrelet
PaCific herring
Pigec:m guillemot
Sea otter (in oiled

west. PWS)

Recovery Unknown
Black oystercatcher
Clams
Common loon
Cuttllroat trout·
Designated

Wilderness areas
Dolly Varden
Kittlitz's murrelet
River otter
Rockfish,

Commercial fishing
Passive uses
Recreation and Tourism

including sport fjshing, _
sport hunting, and other
recreation uses

Subsistence

Amending the list of Injured Resources and Services. _The hst of injured resources and servic~s will be reviewed as new information is
obtained through research,' monitoring, and other studies sponsored by th,e Trustee Council. In addition, information.may be ,submitted
to add to' or otherwise change this Irst. This, Information ca'n include research results, assessment of population trends, ethnographic and 
historicaL data, and supportive rationale. Information that has been through an appropriate scientific. review process is preferable. r(data
have not been peer reviewed, they should be presented in a format that permits and facilitates peer r~view. Informatipn to change the
list will be reviewed through the Trustee Council'·s scientifi~ review process. ' . ,
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Exxt;JtrB Valdez O~~ Spm~~· Trustee Council .
. fllestolfaltson Offnce

645 'G Street~ Su-ite 401., Anchorage~ Alaska 99501 G 3451
Phone: (907) 27&-8012 Fax: (901) 276G 7118

I ~, 8',5"

September 1996

Dear Reader:

The Trustee Council adopted the Exxon Valdez Oil Spill Restoration Plan in November 1994
with the intent that the plan would be updated as needed to incorporate new scientific
information. ' '

The enclosed documents update two parts of the Restoration Plan: the list of Injured
Resources-and Services in Chapter 4 and the summaries of injury and,Recovery and the
Recovery Objectives in Chapter 5.

list of injured Resources alnd! SellVices , ,
Chapter 4 of the Restoration Plan indicates that the List of Injured Resources and Services
(p. 32, Table 2) will be reviewed as new information is obtained. The approved revisions
include changes to the recovery status of some resources (for example, moving Bald Eagles
from the "recovering" category to "recovered") and additions to the list itself. In August 1995,
the Council added Kittlitz's murrelets and common loons to the injured species list. in addition,
the Council has now added three species of cormorants (red-faced, pelagic, and dotible-
crested). - ,

Chapter 5: Goa!~, Objectives & Strategies
Chapter 5 of the Restoration Plan (pp. 33-56) discusses general goals and strategies for
restoring injured resources and services and also provides specific information on the status,
recovery objectives, and restoration strategies for individual resources and services. In the
attached document, the Councii now provides updated information' on the status of injured.
resources and services, as well as revisions to the Recovery Objectives for injured resources
and services. Readers are referred to annual work plans and invitations to submit proposals
(e.'g., Invitation.to Submit Proposals for Federal Fiscal Year 1997) for the most current
information on the restoration strategies chosen by the Council to achieve its recovery
objectives. - ,

Thank you for your interest in restoration foHowing the Exxon Valdez oil spill.

Sincerely,

~~l~
Executive Director

enclosure

Trustee Agencies
State of Alaska: Departments of Fish & Game, Law, and Environmental Conservation

United States: Nationa! Oceanrc and Atmosphenc Administration, Depart"':1ents of AgriCUlture and Interior
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[Note to Readers: This document updates information' on ~njury and
Recovery status and Recovery Objectives in Chapter 5 (pp. 33-56) and the
list of Injured Resources and Services (p. 32) in the Restoration Plan.]

\ I ( I -, I
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ARCHAEOLOGICAL RESOURCES

Injury and Recovery , "
, The oil~spiWarea is believed to contain more' than 3,000 sites of archaeological' and historical

significance. 'TweI')W-four archaeological,sit~son pUbli~'lands are,kno~nt~ have been adversely,
affected by cleanup activities or looting and vandalism linked to the oil spill. Additional sites on '
both public and private lands were probably injured, but damc;lge assessment studies were limited,
topuplic,!and and not designed to 'Identify all su~h sites. " ",,",' " . " ., " ,

- ~ I I r I ~

" '

Documented Injuries include theft of ~urface artifacts, masking of subtle clues used' to, ide~tify
and classify sites, violation' of. ancient burial, sites',' "and destructi~n ,I of 'evide~ce in layered .
sediments. In addi~i,o,n, ,vegetation has been disturbed<,~~i~h has exposed sites to aG,celerat'ed,
eroston~ The effect of oil on ,soil chemistry and organic remains may, redu~e or eliminate the
utility of radiocarbon dating, in some sites;

" \ < - I \

,Ass~ssments~f 'f4 sites in 1-993 suggest that'~ost o(th~ ~rcha~~16gical ~and~lism that ~an
be linked to,the spilroccurred early in"1989, before adequate constraints were pui'into place
over theaetivities of oil spill clean-up personnel. 'Most vandalism tOc>k the form of "prospecting":
for high yield" 'sites'> Once Y these problems were recognized,' protective measures were

1 implemented,that~ucces~fully limited adqitional ,ir:tjury:'\ln' 1993, only,two ,of tl;1e 14 sites visited
showed signs 'ofconttmied,vandalism, but it is difficult to prove that this recent Van!;falism was
related to the spill .. Oil was 'visible 'in the inte'rtidal zones of two of the ,1,4 sites monitored in'

, 1993, and hydrocarbon analysis has shown that the 'oil at pne '6fthe sites was from the Exxon
Valdez spill. ,Hydrocarbon levels' at the second'site were not sufficient to permit identification

, of the source or sources of the oil. ,'" ' ,

Monitoringdf 'archaeological sites'in 1994 and 1995 foun~ no ~evid~nc~"of new dar:nagetrom
vandalism .. The presence, of oil is being determj,ned in sediment samptes taken fro~ four sites
in 1995.'

'" None of the archaeol~gic~1artifacts collected during the, spill response,' damage assessment, o~
restoration programs'is stored within:,the spill area~ These artifacts:are sfored, in the University

'of Alaska Museum in Fairbanks ~nd in the Federal'Building in June'au. Native communi~ies in the
, 'spill area, have' expressed a strong interest in having them 'returrje,d' to ,the' spill area for storage

,and,displa\,~.,' , '" , ,

The A1!Jtiiq Archaeological, Repository in K,odiak~ whose co~structi6ncosts were partly ~unded
by the Trustee Council, is the only physically, appropriate

L

artifact storag'e 'facility, in the spill area.
In 1'995 the Trustee Council approved funds for development 0f ,a 'comprehensive comm~nity

plar(for ,'restoring archaeological resources in Prince William' Sound a'nd lower 'Cook Inlet,
incl~ding'strategies for storing and "displaying artifacts at appropriat~, facilities,within the spill

'> I I 1

ar~a.

Recovery Objective ' ,
Archaeological resources are'nonrenewabl~: they cannot, recover in the same sense as biological

[ I - I - l I I
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resources. Archaeological resources will be considered to have recovered when spill-related
injury ends, looting and vandalism are at or below prespill levels, and the artifacts and scientific
data remaining in vandalized sites are preserved (e.g., through excavation, site stabilization, or
other forms of documentation).

BALlO EAGLES

Injury and Recovery
The bald eagle is an abundant resident of coast lines throughout the oil-spill area. Followi'lg the
spill a total of 151 eagle carcasses was recovered from the oil-spill area. Prince William Sound
provides year-round and seal:1onal habitat for about 5,000 bald eagles, and within ,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 oil-spill area.

In addition to direct mortalities, productivity was reduced in oiled areas of Prince William Sound
in 1989. ,Productivity was back to normal in 1990 and 1991, and an aerial survey of ad~lts in
1995 indicated that the population has returned to or ,exceeded its prespillievel in Prince Wjmam
Sound.

Recovery Objective
Bald eagles will have recovered when their population and productivity have, returned to prespill
levels. Based on the results of studies -in Prince William Sound, this objective has been met.

, BLACK OVSTERCATCHERS

Injury and Recovery
Black oystercatchers spend their entire lives in or near intertidal habitats and are highly
vulnerable to oil pollution. Currently, it is- estimated that 1,500-2,000 oystercatchers br,eed in
south-central Alaska. Only nme carcasses of adult oystercatchers were recovered following the
spill, but the actual number of mortali~ies may have been considerably higher.

In addition to direct 'mortalities; breeding activities were disrupted by the, oil ard clean-up
activities. In comparison with black oystercatchers on the largely unoHed Montague Islan'd,
oystercatchers at 'heavily oiled Green Island had reduced hatching success in 1989 and their
chicks gained weight more slowly during 1991-93. Interpretation of these data on reprod~ctive

performance, however, are confounded by lack of prespill data. Productivity and survival of
black oystercatchers in Prince William Sound have not been monitored since 1993, and the
recovery status of this species is not known.

Recovery Objective
Black oystercatchers will have recovered when the population returns to prespill level,S and
reproduction is within normal bounds. An increasing population trend and comparable hatching
success and growth rates of chicks in oiled and unoiled areas, after taking into acco_unt
geographic differences, will indicate that recovery is underway." ,

4
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CLAMS

, '

Injuryand'Recovery "',', ',',' , ",'," ',", , .'
The magnitude of impacts on clam populations varies with th~, species of clam, degree 9f oiling,
and location. Ho'wEwer, data from the lower intertidal' zone 6'n sheltered' beaches suggest that
littl~~neck'clains'and,to a lesser extent, butter clams were killed and suffered slower growth
rate~,as a result ofthe 'oil. sp'iII: and clean-up activities. In communities on the-Kenai Peninsul~,
Kodi~k, and the Alaska Peninsula and in Prince, Willian) Sound ,concern abo~t the, effects of the
Qil,spill on dams a.nd subsistence uses of ,clams remain's high (see Subsistence).

Recovery Objective' .', "
, ,Clams will have recoVered when populations arid producthfity, have returned to levels that would:

have prevailed in the absence of the 011 spill, based 'on prespill data or comparisons of oiled and
unoiled sites.' " '. ' ,

, "

, COMMON LOONS

Injury and Recovery
Carcasses of '395 loons of four species were recovered following the sp'iII, including at least ,216
common' loo~s. ' Current population sizes are not known for any of the's8 species, but, in general,
loons are long-lived, slowo;:reproducing, and have small populations. Common lo'ons in the oil-spill
area may number only 8' few thousand, 'including only. hundreds in Prince William Sou~d.
Common loons injur~d:by the spill probabiy included a mixture of resident and migrant birds, and
their recovery status is not known. """ , . '" ' ,

1 - S (

Recovery Objective ,
No realistic recovery obje,ctive 'can' be iqen,tified without ~O"re information on inj~ry to and ~he
recovery status of common loons.

, " ~ r I I I ,

COM~ON MURRES

Injury an(i Recovery', ',' " ," " '
About 30,000 carcasses of oiled birds were picked up"folloWing the oil"spill, a'nd 74 percent' of

J - \ -, J ) t \ "

them 'we,re' coir)mon and thick-billed murre,s (mostly C~h1rrion murres). " Many ,more murres
probably died' than' actuall~ we~e re'covered. Based' on surveys of ind~x .colonies at 'such'
location~ as R,esurrection Bay, the Chiswell, Barren,' and Triplet islands, and Puale Bay, the ~pill:

area population may',have declined. by about 40 percent following the spill. In addition to' direct
losses of murres, . there is evidence that ,the timing of' reproduction was di~rupted and
productivity reduced~ , Interp~etation of th~ effec~s of the spill, however, "is cO,mplicated by, '
incomplete prespill data a'nd by indicaii'ons that popul,ations 'at some colonies were in decline,

~ before 'the oil spill. ',' , " ' , , ,'.
, ~ J , J r) {

, , ,

r,'-

, ,~
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Posfspill m<;mitoring of productivity at the colonies in the- -Barren Islands indicates -that
reproductive timing and success were again within normal bounds by 1993. Numbers of. adult
murres were last surveyed at those same colonies in 1994. At that time, the local population
had not returned to presplli levels.

The Alaska Predator Ecosystem Experiment (APEX project), fundled by the Trustee Council,.is
. investigating,the linkages among murre populations and changes in tlie'abundance of forage fish,

such as Pacific herring, ~and lance, and! capelin. .'

Recovery Objective
Common murres will have recovered when populations at index colonies have-retur':led to prespili
levels' and when productivity is sustained within normal bounds.·' Increasing popu~ation trends
at index colonies will be a further indication that recovery is underway.

CORMORANTS

Injury and Recovery
Cormorants are large fish-eating birds that spend much of their time on the water'or perched on
rocks near the water. Three species typically are found within the oil-spill area. .

Carcasses of 838 cormorants were recovered following the oil spill, including 418 pelagic, 161
red-faced, 38 double-crested, and 221 unidentified cormorants. Many more cormorants probably
died as a result of the spill, but their carcasses were not found.

No regional population estimates are available for any of the cormorant species found in the oil
spill area. The U.S. Fish and·Wildlife Service Alaska Seabird Colony. Catalog, however, currently
lists counts of 7,161 pelagic cormorants, 8,~67 red-faced cormorants, andl1 ,558 double-crested
cormorants, in the oil-spill area. These are direct counts at colonies, not'overall population
estimates, but they suggesHhat population sizes are small. In this. context, it appears that injury
to all three co~mo~ant species may have been significant.

Counts on the outer Kenai Peninsula coast suggested that the direct mortality of cormorants due
to oil resulted in fewer birds in this area in 1989 compared to 1986. In addition, there: were
statistically-significant declines in the estimated numbers of cormorants (all three species
combined) in Prince William Sound based on pre- and postspill July boat surveys (1972-73 v i I

1989-91), and there were fewer cormorants in oiled than in unoiled parts of the Sound. More
recent s.urveys '(1993-94) did not show an increasing population trend since the oil spill. With
support from th~ Trustee Council, these boat surveys will be repeated in 1996. .

RecovellY Objective _
Pelagic, red-faced, and double-crested cormorants will have recovered when their populations

. retum to prespill levels in the oil-spill area. An increasing population trend in Prince William
Sound will indicate that recovery is underway. "

6
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CUTniROAT TROUT

, ,

Injury and Recove,ry , ,',' _
'Princ'e ,William Sound iS,at the northwestern' limit orthe, range of cutthroat trout, and few stocks
are known to exist within the Sound. Local cutthroat trout populations rar-eN number more than

'1,000 eacti, and the fish have,'small home,ranges 'and' are geographically isolated. Cutthroat
trout, ther~fore, are highly vUlnerable to ~xploitati0!1,habitat alteration/or pollution. '

\ ~ I \ 1 "'

Following the oil spill, cutthroat trout in, a small,numb~r of oiled ind~x streal1Js grew more slowly'
than in unoiled streams, possibly as a result of reduced- food supplies or exposure to oil, and
there is concern that ,reduced growth rates may have leA to reduced surVival. The difference in
growth rates persisted through "99,1. "No studies h,ave"been conducted since then, 'a~~ the
recovery status of this species ,is not known.," -", ,

Ie

Recovery'Objective, ,
Cutthroat trout. will have recovered when growth rates, within oiled a'teas are similar to those for
unoiled areas, after taking into ,account geographic differences. ," ' , '

I , - I - 'l
, , ,

,Injury and Recovery 'r

The oil spill delivere'd oil in varying q~antities to the waters adjoining,the seven areas designated
as wifdern~ss ,areas and wilderness study areas by Congress. Oil 'also wC!s deposited a!Jove the

, mean high-tide line at these locations. -n'uring ,'the 'intense .clean-up seasons of ,1.989, and "9,90,
thou'sands of 'workers and hundred~ of,pieces'of equipment were at work in ,the spill zo'ne. This

, act'i~rty 'was ~'n unp~ecedente'c1 imposition of, people, noise, ,and ,acti~ity' on th~ area's
undeveloped afld normally sparsely occ,upied landscape. AlthoughactiviW, levels, on these

, wilder,ness shores have 'probably'returned to normal, ',at some lo'cations there ,is still ,residual 'oil:
, ,'~ - ,- "

Recovery Objective ' , ,,- ,', ' ' ,<' , ,

b~signat~d' wilderness areas will' have recOvered when oil is no longer encounte'red in them and
the public perceiv'es them to be recovered from ,the spill. '

, '

, ' ,

,DOLLY VARDEN"

Injury and R~covery , ' ' ,
Ljke the cutthroat trou't" there, is evidemce that D~lIy Varden grew more slowly' in oiled streams

'than in unoiled streams,' anp ther'e'is COnCer!) ~that' re9uced growth, rates, may have led to, '
reduced survival: However, no data hav!3 been gathered since 1991'.. The recovery status of
th}s species is not known.

I !i
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Recovery Objective" '
Dolly Varden wil'l have recovered when growth rates within oiled streams are comparable to
those in unoiled streams, after taking into account geographic differences.

HARBOR SEALS

Injury a.nd Recovery
Harbor seal numbers were dedining in the Gulf of Alaska, including in Prince Wmiam SoiJnd,
before the oil spill. Exxon Valdez oil affected harbor seal habitats, including key haul-out areas
and adjacent waters, in Prince William Sound and as far away as Tugidak island, near Kodiak.
Estimated mortality as a direct result of the oil spill was about 300 seals in oiled parts of Prince
William Sound. Based on surveys. conducted before (1988) and after (1989) the oil spill, seals
in oiled areas had declined by 43 percent, compared to 11 percent in unoiled areas.

!n a declining population deatlis exceed births, and harbor seals in both oiled and unoiied, parts
of Prince William Sound have continued to decline since the spill. For the period 1989-1994,
the average estimated annual rate of decline was about 6 percent. Changesin the amount or
quality of food may have been an initial cause of this long-term decline. Alt~6ugh there' is no
evidence that such factors as predation by killer whales, subsistence hunting, and interactions
with commerical fisheries caused the decline in the harbor seal p9pulation, these are among the
on-going sources of mortality.

Harbor seals have long been a key subsistence resource in the oil-spill area. Subsistence hunting
is affected by the declining seal population, and lack of opportunities to hunt seals has changed
the diets of subsistence users who traditionally had relied heavily on these marine mammals.

Recovery Objective .
Harbor seals will have recovered from the effElcts of the oil spill when their population is stable
or increasing.

, -I

HARLEQUIN DUCKS

. Injury and! Recovery
-Harlequin ducks feed in intertidal and'shallow subtidal habitats where most of the spilled oil was
initially stranded. More than 200 harlequin ducks were found dead in 1989, mostly in Prince
William Sound. Many more than that number probably died throughout the spill area. 'Sin~,e the:
oil spill occurred in early spring, before wintering harlequins had left the 'oil-spill area, the impacts
of th.e oil spill may have extended beyond the immediate spill area. The geographic e?<tent of
'these impacts is not known. -

Bile ,samples from harlequin ducks (combined with samples from Barrow's and common
goldeneye) collected in eastern and western Prince William Sound and in the western Kodiak
Archipelago in 1989-90 had higher concentrations of hydrocarbon metabolites than a 'small
number of samples from harlequins and goldeneye collected at Juneau. - Prespiil data on
harlequin populations and productivity are poor and complicated by. possible geographic

8
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, differences in habitat quality. However, the summer population in Prince William Sound is small,
only a few thousand birds. There continues to be concern about poor reproduction and a
possible decline in numbers of molting birds in ,western versus eastern parts of the Sound.

Rec,overy Objective' ,
Harlequin ducks will have recovered when breeding and postbreeding season densities and
production of young return to prespill levels. A normal population age- and sex-structure and
reproductive, success, taking into account geographic differences, will indicate that recovery is
underway;' :

INTERTIDAL COMMUNITIES

Injury and Recovery ,
Portions of, 1,500 miles of coastline were oiled by the spill in Prince William Sound, on the Kenai
and Alaska peninsulas" and in the Kodiak Arc::hipelago. Both the oil and intensiye clean-up
activities had significant impacts on the flora and fauna of the intertidal zone, the area of beach
between low and high tides. Intertidal resource,s are important to subsistence users, sea and
river otters,' and to a variety of birds,' including black oystercatchers, harlequin ducks, surf
scoters, and' pigeon guillemots. '

Impacts to intertidal organisms occurred at all tidal, levels in all types of habitats throughout the
oil-spill area. Many _species of 91gae and invertebrates were less abundarJt at 'oiled sites
compared to unoiled reference sites. Other opportunistic species, including a small species of

- barnacle, oligochaete-worms, and filamentous brown algae, colonized shores where dominant
species were removed by the oil spill,and clean-up activities. The abundance and reproductive

, potential of the common seaweed, Fucus gardneri (known as rockweed or popw,eedl, was also
reduc:ed following the spill. " ,

On the sheltered: bedrock shores that are common in Prince William Sound, full recovery of '
Fucus is crucial for the recovery of intertidal communities at these sites, since many invertebrate

, organisms depend on tb~ cover provided by this seaweed. Fucus has not yet fully recovered in
the upper intertidal zone on shores sllbjected to direct sunlight, but in many locations, recovery'
of intertidal communities has made substantial progress. In other habitat types, such as
estuaries and cobble beaches, many species did not show signs of recovery when they were last
surveyed in 1991.

, Recovery Objective
Intertidal communities will have recovered when community composition on oiled shorelines is
similar to that which would have prevailed in the absence of the spill. Indications of recovery
are the reestablishment of important spe'cies, such as Fucus at sheltered rocky sites" the
convergence in community composition on oiled and unoiled shorelines, a'nd the provision of
adequate, uncontaminated food ~upplies for top predators in intertidal and 'nearshore habitats.

- Update on Injured Resources & Services, September 1996 9'



KILLER WHALES

Injury and Recovery
More than 80 killer wh,ales in six "resident" pods regularly use Prince William Sound within their
ranges. Other whales in "transient" groups are observed in the Sound less frequently. There
has been particular concern in Prince William Sound about the resident AB pod, which numbered
36 animals prior to the spill. Fourteen whales disappeared from this pod in 1989 and 1990,
during which time no young were recruited into the population. Although four calves were
added to the AB pod during 1992-94, surveys in 1994 'and 1995 indicate the loss of five more

- adult whales. The link between these losses and the oil spill is only circumstantial, but the' likely
mortality of killer whales in the AS pod in Prince William Sound following the spill far exceeds
rates observed for other pods in British Columbia and Puget Sound over the last 20 years. In
addition to the effects of the oil spill, there has been concern about the po~sible shooting of killer
whales, perhaps due to conflicts with long-line fisheries. -

The AB pod may never regain its former size, but overall numbers within the major resident killer
whale pods in Prince William Sound are at or exceed prespilileveis. There is concern, however,
that a decline in resightings of individuals within the AT group of transient killer whales has
accelerated following the oil spill.

Recovery Objective
Killer whales in the AS pod will have recovered when the number of individuals in the pod is
stable or increasing relative to the trends of other major resident pods in Prince William Sound.

KITTUTZ'S MURRElETS

Injury and! Recovery
The Kittlitz's murrelet is found only in Alaska and portions of the Russian Far East, and a large
fraction of the world population, which may number only a few tens of thousands, breeds in
Prince William Sound. The Kenai Peninsula coast and Kachemak Bay are also important
concentration areas for this species. Very little is known about Kittlitz's murrelets. However,
they associate closely with tidewater glaciers and nest on scree slopes and similar sites on the
ground.

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. One published estimate
places direct mortality of Kittlitz's murrelets from the oil spill at 1,000-2,000 individuals, which
would represent a substantial fraction of the world population.

Because of the highly patchy distribution of Kittlitz's murrelet, the difficulty of identifying ~hem

in the field, and the fact that so little is known about this species, the recovery status of the
Kittlitz's murrelet is not known. The Trustee Council has funded an exploratory study on the
ecology and distribution of this murrelet starting in 1996.
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Recovery Objective ,
No recovery objective can beidenti,fied for Kittlitz's murrelet a~ thls'time.,

'MARBLED MURRELETS

/, ,
Injury and Recovery ,
The northern ,Gulf of Alaska, including Prince William Sound, is a, key area of concentration in'
the distribution of marbled murrelets. The 'marbled, murrelet is federally listed as a ~hrea~ened
species in Washington, Oregon, and California; it is also listed as threatened in British Columbia.
1 <., I ' t,' ~

Th,emarbfep'murrelet p~pulation in Prin~e'William Sound'had decl,ined before,th~ oil spill. The
; 'causes of the prespill decline are 4nkn'own, bu~ may be related to cha'lging"foodsupplies. It is'

not known whether the murrelet population was still declining at the time of the oil spill, but the
spill caused additional losses of murreleJs. Carcasses of nearly 1,100Brachyramphus murrelets
were found after the spill, and about 90 percent of the murrelets'that could be identified to the
species level were marbled murrelets: Many more murrelets probably were' killed by the' oil than
\iyere found,' and it is estin:tated, that as muqh as 7 per;centof the marbled:murrelet population'
in the oil-spill area was'killecf,by the spill. " ;" , , ',-'

, I r ~ 'I ~"

Populati~nestimates for '~~;~elets a~e highly,~ariable.' P~stspill bo~t' s~rvey~, d~ 'not yet, indi'cate ,/
any statistic'~lIy significant increase in 'numbers of marbl~d murrelets in Plrince William Sound, '
nor is there evidence of any further decline'. " ' I

Recovery Objective :,
Marbled murrelets yvill' have 'recovered ,when its population, is -stablemincreasing. Stable or
increasing productivity will be an' indication'that recovery is underway. I

• " <_ I j ~j J - i J , ' "" J '. ~ )

MUSSELS

Injury and Recovery : ' '-', ' , ,:, .
Mussels are an important prey species, ill the, nearshore ecosystem throughout the oil-spill area,
and'-beds of mussels provide physical stability and habitat for other organisms in the intertidal
zone.' For these reasons, mussel beds were purposely left al,one during'Exxon vaicfez clean-up

,"operatio,ns.' , ,

In 1991, high concentrations of relatively unweather,ed oil were found in the mussels 'and
underlying byssal mats and sediments in certain dense mussel beds., The biological significance
of oiled mussel beds is, not known, but they ?re potential pathways of oil contamination for local
populations of harlequin ducks; blackoystercatchers, river otters, and juvenile sea ,otters, all of ,
which feed to some extent' on mussels and show some ,signs of cQntinuinginjury~

) I ~ , I , \ (

About 30, mussel beds in Prince -William Sound 'are known still to have oil residue~ and 12 of
, ther;n we~e cleaned 0[1 an exp~rimental' basis in 1994. By August 1995, these beds showed a
98 percent _reduction in oil in the' replacemEmt sediments, qompared to what had been there
before. Mussel beds'along the outer, Kenai Peninsula' coast, the Alaska Peninsula, and K~diak

~ . \ , ) , /
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Archipelago were surveyed for the presence of oil in 1992, 1993, and 199q. Hydrocarbon
concentrations in mussels 'and sediments at these Gulf of Alaska sites is generally lower than
for sites in the Sound, but at some sites substantial concentrations persist.

Subsistence users continue to be concerned about contamination from oiled mussel beds. The
Ne,arshore Vertebrate Predator project is foclJlsing on mussels, as a key prey species and
component Of the nearshore ecosystem. ' '

Recovery Objectlve
Mussels will have recovered when concentrations of oil in the mussels and in the sediments
below mussel beds reach background levels, do not contaminate their predators, and do not
affect subsistence uses.

PACIFIC HERRING

Injury and! Recovery
PaCific herring spawned in intertidal and subtidal habitats in Prince William Sound shortly after
the oil spill. .A significant portion of these spawning habitats as well as herring staging areas in
the Sound were contaminated by oil. Field studies conducted in 1989 and 1990 docum'ented
increased rates of egg mortality_ and larval deformities in oiled versus,unoiled areas. Subsequent
laboratory studies confirm that these effects can be caused' by exposure to Exxon Valdez oil; but
the significance of these injuries at a population level is not known.

The 1988 prespili year-class of Pacific herring was very strong in Prince William ,Sound, and, ~s

a result, the estimated peak biomass of spawning adults in 1992 was at a record level. In 1993,
however, there was an unprecedented crash of the adult herring population. A viral disease-and
fungus were the probable agents of mortality, and the connection between the oil spill and the
disease outbreak is under investigation. Numbers of spawning herring in Prince William Sound
remained depressed through the 1995 season. Preliminary results from the Sound Ecosystem
Assessment (SEA) Project indicate the possible significance of 'walleye pollock as both
competitors with and' predators on herring, which may indicate that there, is a connection
between the lack of recruitment of strong year classes of herring and the prese'n~e of large
numbers of pollock in Prince William Sound.

Pacific herring are extremely important ecologically and commercially and for subsistence users.,
Reduced herring populations'could have significant implications for both their predators and their
prey, and the closure of the herring fishery from 1993 through 1996,has had serious eco~omic
impact on people and communities in Prince William Sound. '

Recovery Objective
Pacific herring will have recovered when the next highly successful year class is recruited into
the fishery and when other indicators of population health are sustained withm nqrmal bpunds
in Prince William Sound.
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PIGEON, GUILLEMOTS

J, ','

, "
Injury and Recovery "

',Although tHe pigeon guillemot is widely distributed in the north Pacific region, nowhere does it
'occur in la~ge numbers oLconcemtratio'ns., Because guillemots't'eed in sh,allow, nearshore'waters,

" t~e guillehlots and the fish dn 'which the'y prey are' vulnerable to oil pollution. '

Like the '~arb'led '~urr~let; th~r~:' is ~vidence that the pigeon' gUill~mot,pOPl.llation in' Prince
William' Soun~ had declined' before the spill. The causes of the pre~pill,decline ,are unknown: It
is estimated that' 10-15 percent of,the',spill-area population 'may have died following the spill.
Guillemot nesting on the Naked Isl~nds, was w,ell-studied 'in 1978-81. Postspill surveys using

, the same methods indicated a decline of about 40 percent'in guillemots in the Naked Islands.
Based on bo~t surveys; the overall guillemot population in the Sound declined as well. ' ' ''', '

) '" ~ r) ~ ( ~

,Numbers of ~uillel1lots recorded ,on boat surveys are highly 'lariable, and there is not yet any
statistically, significant evidence of,a p'ostspill ,population' increase. ' The factors responsible for ,
the guillemot's 'prespi,I' decline,may negate or mask recovery from, t~e effects of th;e oil spill.

, r ~ ~ J ',,' , ~ \ _ ~

The Alaska, Pr'edator Ecosystem 'Experiment '(APEX)' project is' investigating 'the possible link
betw'een pigeo~ 'guillemot' declines to' the availability and abundance of forage ffsh, such as

, Pacific herring, sand lance, and capeli!1' The, Nearshore Vertebrate Predator (f\NP) project .~Iso
addresses the possibility that exposure.to oil continues to Ii111it the guillemot's recovery'. Both
projects are supported by the 1rustee Council. ' ,

i,Recovery Objective , ,
, ',Pigeon gUiliemots will have recove~ed ~hen their· population 'is stable or incre,asing'. Sustained
" productivity wlihin"'normal'bounds will be an indication that'recovery 'is underway. '

i ~,,~ ~ 1 ~ 'l(' _ ~ - ' '",... , ' l' _

PINK SALMON

Injury and Recov~ry "
About 75 percent ot wild' p,ink ,salmon in P~ince William Sound s'pawn in t~e i,nterti~al portions
of streams and were highly vylnerable, to the ef~ects'of the oil' spill. Hatchery sal!TIc)n' and wild
salmon from both intertidal and upstream 'spawning 'habitats swam throu'gh oiled waters and
ingested oil parti~les and oiled prey as th~y fo.raged in 'the Sound and emigrated to the sea. As
a 'result, three, types of early life-stage injuries we~e identif,ed: First, growth rates in juvenile 'pink
salmon ,from oiled parts of Prince William Sound were reduced. Second, there ,was increased
e:gg mortality in oiled :versus 'unoiled streams. A possible third effect, genetic damage; is' under,
investigation. ' ' , , , ", ,

In the years preceding the spill, returns of, wild pink salmon iil"Prince William Sound va'ried from
a .maximum of 21.'0 million fish in .1984 to a minimum of 1.8 million in 1988. Since the spill,

'returns of wild pinks' have varied Jrom a high of about 14.4 million fish in 1'990 to a low of about
r2.2 million in 1'992.' There is a particular concern about the ~6und's -southwest management

. district,' where '.returns of both hatchery and wild stocks' have been' generally we,ak sfnce the oil
spill. Because 'of the t~emendous natural variation 'in adult Teturns,,'howeve'r, it is difficult to

-,: j - "

I) 'I
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attribute poor returns in a given 'year to injuries caused by Exxon Valdez oil. For pink salmon,
mortalities of eggs and juveniles remain the best indicators of injury and recovery.

'Evidence, of reduced juvenile growth rates was limited to the 1989 season, but increased egg
mortality 'persisted in oiled compared to unoiled streams through 1993..Th~ 1994 and '1995
'seasons were th~ first since 1989 in which there were no statistically significant differences in
eg,g mo'rtalities in oiled and unoiled streams. These data indicate that recovery from oil-spill
effects is underway.

The Sound Ecosystem Assessment (SEA) Project is exploring oceanographic and ecological
factors that influence production of pink salmon and Pacific herring. These natural factors are
likely to have the greatest influence over year-to-year returns in both wild and hatchery sitocks
of pink salmon. '

Recovery Objective
. Pink.salmon wi!! have recovered when population indicators, such as growth and survival, are
within norma! bounds and there are no s~atistical!y significant differences in egg mortalities in .
oiled and unoiled streams for two years each of odd- and even-year runs in Prince William Sound.

RIVER OTTERS

Injury and Recovery
River otters have a low population density and an unknown population size in Prince William
Sound, and, therefo're, it is hard to assess oil-spill effects. T.welve river otter carcasses were
found following the spill, but the aet~al mortality is not known. Studies conducted during '9a9
91 identified several differen'ces between river otters in oiled and unoiled areas in Prince William
Sound, including biochemical evidence of exposure to hydrocarbons or other sources of stress,
reduced diversity in prey species, reduced body size (length-weight), and increased territorv:size.
Since there were no prespili data and sample sizes were small, it is not clear that these
differences are the result of the oil spill.

The Nearshore Vertebrate Predator project, now underway, Will, shed new light on the status of
the river otter; In 1995 the Alaska Board of Game used its emerge~cy authority to restrict
trapping 'of river otters in western Prince William Sound to enslJre that the results Of .this study
are not compromised by the removal of animals from study areas on Jackpot and Knight islands.

Recovery Objective
The river otter will have recovered when biochemical indices of hydrocarbon exposure or,other
stresses and indices of habitat use are similar between oiled and unoiled areas of Prince V\(illiam
Sound, after taking into account any geographic differences.
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'ROC~FISH

Injury and, Recovery "" ' , ,
Very. little is known. about' rockfish populatfons ,in"the in'orthern Gulf of. Alaska. A small number
of dead adult rockfish w,as recove~ed following the oil spill, and autopsies of five specim~ns ,
in<:licated that oil inges~ion was the cause of death. Analysis of other rockfish showed exposure

, to hydrocarbon,s and probable sublethal effects. in additipn~ closures to ,s'almon fisheries
apparently increas'ed fishing pressures on rockfish, which may have adversely affected tne
rockfish population. 'However, the original extent of inju'ry and the current recovery status, of
this .species,are,unknown; "., , .

Rec~"ery Objec~ive ,
No recovery objective can be identified.'

SEA OTTERS ,

Injury' and R:e,covery " ., '1" ,

By the late 1800s"sea otters had 'been eliminated from most of their histori,cal range in Alas~a

due to excessive fur harvesting by Russian and-American fl'eets. Surveys of sea' otters in the
1970's and 1980s, lJovVever, indicated a healthy and expan'ding pOPulatio~~ 'i~cludingin Prince
William Sound,pribr to the, oil spill. Sea otters' are'today all important s'ubsistence resou'~ce for
their furs. '" ,

, ,

About 1,000 sea otter carcasses were recovered following, the spill, although additional animals
probably died but were not recovered: In 1990 and 1991, higher-than-'expected proportions of
prime~age adult sea :otters were fou'rid 'dead in western, Prince William Sound,' and' there was
evidence of high~r mortality of ':ece~tly. weaned juV'eni'l~s' in :oiled, areas: 'By, '19'92-93,
overwintering mortality rates for juveniles had decreased, but ~ere still higher in oiled than in

, 'unoilea parts ~f the Sound: , ," , . , ' ' ..' "~' "." ,,'" , '
, r r -. , J '

,Based. on boat surveys' conducted 'in Prince WilliamS~lind, there ,is' not' yet statistically
sig~ificantevidence 01, an overall pppulation ihcreaseJollowing the ~i1 spill (1'990-94). T~is lack
of a significant positive trend, however, may result from low stati'sticai power in the survey,
which will be repeated in 1996. '. I' , .' " ' •

\ - I ~,- I _ ~ I

I '

Based' on observations by local re'sidents; it is evident that the sea otter is abun'dant in"m'uch of
, I' Prince William Sound~ There is 'no e~idence'that recovery, has occurred, however, in 'heavily oiled

parts of western'Prince William.Sound, such as around northern, Knight Island. The Nearshore
, Vertebrate Predator project, which was started in 1995, should help clarify the recovery status
~f the~sea otter in the west~rn,Sound.-" , ' , '"

Update on Injured Resour~es 8r. Services, Se'pteinbe'r:.1996
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Recovery Objective
Sea otters will have recovered when the population in oiled areas returns to its prespill
abundance and distribution. An increasing population trend and normal reproduction and age
structure in western Prince William SO,lInd will indicate that recovery is underway. I

SEDIMENTS

injury and! RecoverY '
Exxon Valdez oil penetrated deeply into cobble and boulder beaches that are common on
shorelines throughout the spill area, especially in sheltered habitats. Cleaning and n'aturai
degradation removed much of the oil from the intertidal zone, but visually identifiable surface
and,subsurface oil persists at many locations.

The last comprehensive survey of shorelines' .In· Prince William Sound, .conducted in t993, ..
included 45 areas of shoreline known to have had the most significant oiling. Based on that
survey, it was estimated that heavy subsurface oil had decreased by 65 percent since 1991 and
that surface oil had decreased by 50 percent over the same ti'me period. Surveys also have
indicated that remaining shoreline oil in the Sound is relatively stable and, by this time, is' likely
to decrease only slowly. Oil also persists under armored rock settings on the Kenai and Alaska
peninsulas, ana this oil has u'ndergone little chemical change since 1989. , '

In 1995, a shoreline survey team visited 30 sites in the Kodiak Archipelago that had measurable
or reported oiling in 1990 and 1991. The survey team found no oil or only trace amounts at
these sites. The oiling irnhe Kodiak area is not persisting as it is at sites in Prince William Sound
due to the higher energy settings in the Kodiak area, the state of the oil when it came ashore,

'and the smaller concentrations of initial ,oiling relative to the Sound. '. ,

Following the oil spill, chemical analyses of oil in subtidal sediments were co'nducted at a small
number .of index sites in Prince William Sound. At these sites, oil in subtidal sediments reached
its gre'atest concentrations at water depths of 20 meters below mean low tide, although elevated
levels of hydrocarbon-degrading bacteria (associated with elevated hydrocarbons) were detected
at depths of 40 a'nd 100 meters in 1990 in Prince William Sound; By 1993, however, there
was"little evidence of Exxon Valdez oil and related microbial activity at most index sites in Prince
William Sound, except.at those associated with sheltered beaches that were heavily oileo in
1989. These index sites--at Herring, Northwest, and Sleepy bays-:-are among the few sites at
which subtidal oiling is still known to occu'r. ' .- ,

Recovery Objective
Sediments :will have recovered when there are no longer residues of Exxon Valdez oil on
shorelines (both tida! and, subtidal) .in the oil-spin area. Declining oil residues and diminishing
toxicity are indications that recovery is underway.
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SOCKEYE SAl1YJON

Injury and Recovery " , "'. , -, ,- , ',', , .
CommerciaLsalmon 'fishing was'c1osed in Prince ,William Sound and in portions 'of Cook Inlet and
near Kodiak in i989Jo avoid' any possiDility of conta,minate'd salmon being'sent to market. As
a ',reSUlt, there were higller-,than-desirable numbers (i.e.; overescapemen't) of spawning s~~keye
salmon entering, the Kenai River:,' R~d and ,Akalura lakes on Kodiak Island"and other lakes on
Afognak Island'and' the Alaska Peninsula. Initially these high escapem~ntsmay 'have produced'
an overabundanCE;! of juvenile so.ckeYe .that overgrazed the zooplankton, thus altering planktonic

'food w'ebs in the nursery lakes. Although the exact mechanism is unclear,the result was lost
soc~eye production, as shown by'declines in the returns of'adul~s per spaw,",ing sockeye. ,

The effects of the 198'9" ov'~~esc~pemerii' of~6ckeye s'~lmon have.persisted'in the Kenai ,River
system through '1995. Although the ove;all es~apement goal f~r that system was met in'1995, '

, there is concern that the initial.overes~~pement.~iII continue to affectpost-~pill.year-dasses.,

Production of zooplankton i~ both Red and AkahJra lakes on Kodiak, Island has feoounded from
the effects',of, the overesc'apem~'nfat t~e time of the oil spill; There, continues to be some'
problem in·the:rate of production of sockeye fry in Red and Akalura lakes. This problem may
'or may not be link~d to the o~erescapement,and,pqssibleadditional factors include low egg-to
fry survival, competition from other freshwater fishes,' and the interceptipl1 of adults, in the
mixed-stock fishery harvest offshore.' < , •

I , ' '~I , ,

Recovery Objective ,',
Sockeye salmon in the Kenai River: system 'and, Red and Akalura lakes will have recovered ~hen

,adult returns-per-spawner ,are within normal bounds. ,
, ~ :' ,\ \ . -, - ' ,

Injury and Recovery ,;
Oil that was transported down tosubtidai habitats apparently caused changes in the abundance I'

and species composition ot'plant and animal populations below lower tides:' Different habitats,
including eelgrass beds, kelp beds, and adjacent nearshore Waters (depths less than '20 meters),'
were cqmpared 'at oiled ~nd unoiled.~ites. 'BiologicaIlY"the greatest diff~rences were detected '-
at' ofled sit'e~ with .sandy sea bottoms,~in the vicinity ,of eelgrass, beds, ,at which the're were
reduced abundances of eelgrass 'shoots and flqwers arid helmet crabs. -The 'abundance and ",

. diversity of worms, clams, snails, and oil:~ensitive amphipods (sand fleas) afso' were' reduced.
, Organisms living in sediment at depfhsof 3-20 ,meters' were especially affectsq. Some

, opportunistic (Le.',' stress-tolerant) ,invertebrates within the substrate, ,mussels and worms on the
eelgrass, a~d .juvenilec~d~ were' greater in numbers at oiled sites. , " '" :

, " ~ \ - J " t I

By 1993, ~iI concentrations in sediments' had dropped' 'consid-erably, 'so'that there was 'little
difference 'between oile'd and unciiled sites:' The eelgrass habitat, the only habitat 'examined in
1993, revealed fewer differences in ~bundances of plantsand'animal's.As ~as true in 1990,
howe~er, s'om~ opp-ortunistic~sp~ciesstill wer'e more abun_dant at oiled sites. ' Th'ese included the
,opportunistic w'orm,s a~d snails, mussels. and w~r!l1s on the eelgrass," an'd juvenile":cod. "

;> .,' \ '
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Preliminary results from eelgrass habitats visited in 1995 revealed that natural recovery had
occurred. No difference was detected in abundance of eelgrass shoots and flowers, mussels on
e~!grass, amphipods; helmet crabs,:and dominant sea stars between oiled and unoiled site~. The
abundance of small green sea urchins, however, was more than 10 times greater at oiled sites.
The possibility that urc-hins increased due to a reduction in numbers,of sea otters, which prey
on urchins, is being examined 'in the Nearshore Vertebrate Pre'dator Project. Analyses of the
recent oil concentrations in sediments and organisms that live within the substrate are not yet
comJllete.

Recovery Objective ,
Subtidal communities will have recovered when community composition in oiled areas, especially
in association with eelgrass beds,. is similar to that in tmoiled areas. Indications of recove1ry are
the return of oil-se'nsitive species, such as amphipods, and the reduction of opportunistic species
at 'oiled sites.

SIERV~CES

COMMERCIAL FiSHING

Injury and Recovery ,
Commercial fishing is a service that was reduced through injury to commercial fish species (see
individual resources) and also through fishing closures., In 1989, closures affected fisheries in
Prince William Sound, lower Cook Inlet,' upper Cook Inlet, the outer Kenai coast" Kodiak, and
Chignik.' Most of these fisheries opened again in 1990. Since thEm, there have been no spill
related district-wide closures, except for the Prince William Sound herring fishery, which was
closed in 1993 and has remained closed since then due to the collapse of the herring population
and poor fishery recruitment since 1989. These closures, including the on-going closure of the
herring fishery in Prince William So'und, harmed the livelihoods of persons who fish for a' living
and the communities in which they live. To the extent that the Oil spill continues to be a factor
that reduces opportunities to catch fish, there is on-going injury to commercial fishing as a
service.

On this basis, the' Trustee Council continues to make major investments in' projects to
understand and restore commercially important-fish species that were injured by the oil spill.
These projects include: supplementation 'work, such as fertilizing Coghill Lake to enhance its
sockeye salmon run and construction of a barrier bypass at Little Waterfall Creek; development
of tools that,have almost immediate benefit for fisheries management, such as otolith, mass
marking of pink salmon in Prince William Sound and in-season' genetic stock identification for
socKeye salmon in Cook Inlet; and research such as the'SEA Project and genetic mapping ;which
will enhance the ability to predict and manage fisheries over the long-term.

Recovery Objective
Commercia! fishing will have recovered when the commerCially important fish speCies have
recovered and opportunities to catch these species are not lost or re'duced because of the effects
of the oii spill.
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PASSIV~USE

Injury and Recovery.
Pa'ssive use of resour~es includes, the appreciation of ,the aesthetic' and intrinsic val~es of
undisturbe'd areas," the' value derived from simply, knowing that' a resource exists, and other
nonuse values.' Injuries to passive uses are tied to, public perceptions of- injured resourc~s:

, Contingent valuation studies conducted by the State of Alaska for ,the Exxon Valdez oil spill"
, litigation measured substantial losses of passive use values resulting -from th~ 'oil 'spill., ,
, ' ,

"

Recovery Objective ,
'Passive 'uses will have' ,recovered whEm people perc~ive that ~8esthetic,and intrinsic 'values

, ,associated with the spill area are no longer diminished by the,oil spill.
" ,

"',
RECREATION AND tOURISM.

",, ,

Injury and Recoyery ,
The spill 9is~upted use of the spill area for recreation and t.out-ism: Resources 'important for
WileJlife viewing ,and which'still are injured by the spill, include killer whale, sea otter, harbor ~eal,
and 'various sea'birds.,Resicfual oil exists "on some beaches with high value for recreation, and 'its
presence 'may de~r~ase Jhe.quality of recreational experiences and cfis~ourage recreational use
.of these beaches. " .

! \ I ~, (

Closu'res of sport 'hunting and fishi'~galso,affe~ted use of the spill area for r;ecre~tion ~nd'
t~uri~m. "Spqrt fishing r~sowces include salrT!on, rockfi~h" Dolly Varden, ami c'utthroat trout.
,Since 1992, the A,laska ,Board of f=isheries has imposed special restrictipns ,on sport fishing in '
p~rts' or Prince W'iIIiam Soul1d to' prote~t cutthroadrout pqpulations. Harlequin ducks.are hunted '
in the spill area. 'The AlaskCil Board of, Game restricted sport harvest of harlequin ducks in PrilJce
WillIam Sound in 1991, 'an'a th~s~' restrictions remain in place. ' " ' , ' '

," ~ t 1 ! ~ ,

Recrea~ion ~as, al;:;o affected by chang'es' in' huma,n use i~ ~:~sp~nse to the ~pill.: For exampl~"
displaceme~t o~, use ,from oiled area,s to unoiled areas increased inanag~ment problym,s 'and
fc,Jcility use in unoile,d a~eas. Some 'fCilcilities",such as th~ Green Island cabin and the Fleming Spit
camp area, were 'injured by clean-up w9rkers. , " , " '

\ ~~ '\\

r _ ~ J , '"

In th'e years since the oil Spill,.there has been ~' general, ma~ked increase i~ visitation ~o, the ~pill
area. However, there are still locations within the oil-spill ,area which are avoided oy recreational
users'l?ec8use ot the pres~n~e.of, residual oil. " , ' , . '

", , - ~ (

.' R~c.o~ery Objective _ _
Rec;:reationand tourism will have recovered, in large part" when the fish" and wildlife resources,

.. on whil;:h,they"depen'd have r:e~overed,.r~crea!ionuse of oiled beaches is no longer, impaired, and
, facilitiel3 and management capabilities can accommoQate char)ge~in human use." ' , ' ,

~ " I

I,'
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SUBSiSTENCE

injury and Recovery
Fifteen pr~dominantly Alaskan Native communities (numbering about 2,200 people) in the oil-spill
area rely heavily on harvests of subsistence resources, such as fish, shellfish, seals, deer, ducks,
and geese." Many families in other communities, both in and beyond the oil-spill area, aJso rely
,on the subsisfence resources of the spill area.

Subsistence harvests of 'fish and wildlife ,in most of these villages declined substantially following
the oil spill. The reasons for the declines include reduced availability of fish and wildlife to
harvest, concern about possible health effects of eating contaminated or injured fish,and wildlife,
and disruption of lifestyles due to clean-up and other activities. ,,<"

Subsistence foods were tested for evidence of hydrocarbon contamination from, 1989-94. ' No
or very low concentrations of petroleum hydrocarbons were found in most'subsistence'foods.
The U.S. Food and Drug ,Administration determined that eating foods with such low levels of
hydrocarbons ,posed no significant additional risk to human health. Because shellfish can
continue to a~cumulate hydrocarbons, however, the Oil Spill Health Task Force advised
subsistence users not to'eat Shellfish from beaches where oil can be seen or smelled on the
surface or subsurface. Residual oii exists on some beaches near subsistence communities. In
general, subsistence users'remain concerned and uncertain about the safety of fish and other

, wildlife resources.

The estimated size of the subsistence harvest in pounds per person now appears to, have
returned to prespill levels In some communities, according to, subsistence, users through'
household interviews conducted by the Alaska Department of Fish 'and Game. These interviews

, also indicated'that the total subsistence harvest began ,to rebound first in the communities of
the Alaska Peninsula,' Kodiak Island, and the lower Kenai Peninsula, but that the harvest' has
I~gged behind a year' or more in the Prince William Sound villages. The interviews 'also showed
that the relative contributions ofcertain important subsistence resources remains unusually low.
The scarcity of seals, for example, has caused people in Chenega Bay to harvest fewer seals and
more salmon than 'has been customary. Herring have been ,very scarce throughout Prince
William Sound since 1993. Different types of resources have varied cultu'ral and nutritional
importance, and the changes in diet composition remain a serious concern to subsistence users.
Subsistence users also report that they have to travel farther and expend more time and effo'1
to harvest the same amount as they did before the spill, especially in Prince William Sound.

, ,

Subsistence users also point out that the value of subsistence cannot be m,easur~d'in pounds
alone. This conventional measure does not include the cultural value of traditional and
cllstomary use of natural resources. ,Subsistence users say that maintaining their subsistence
culture depends on uninterrupted use offish and wildlife resourc~s. The more'time users spend
away from 'subsistence activities, the less likely' that they will return to these practices. '
Continuing injury' to natural resources used for subsistence may affect ways o(life of entire
communities. There is particular concern that the oil spill disrupted opportUnities f9r young
people to learn subsistence culture, and that this knowledge may be lost to them in the fllture.
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Recovery Objective
Subsistence will have recovered when injured resources used for subsistence are healthy and
productive and exist at prespill ieveis. In addition, there is recognition that people must be
confident that the resources are safe to eat and that the cultural values provided by gathering,
preparing, and sharing food need to be reintegrated into community life.

Update 0111 ~l1jl.ll'ed Resomces & Senfnces, September 1996 21
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[Note: This table is modified from p. 32 of the Restoration Plan.]

Table 2. Resources and Services Injured by_ the Spill

INJURED RESOURCES lOST or REDUCED
SERVICES

-
Recovered Recovering Not Recovered Recovery Unknown Commercial fishing
Bald eagle Archaeological resources * Cormorants BlacK oystercatcher Passive uses-

Common murres (3 species) Clams Recreation 'and Tourisl1l
Intertidal communities * * Harbor seal Common loon including ,sport fishing,
Mussels _ Harlequin duck Cutthroat trout sport hunting, and otHer
Pink salmon Killer whale (AB Designated - recreation uses

-

Sediments pod) Wilderness areas Subsistenc~

Sockeye salmon -Marbled murrelet Ddlly Varden -

Subtidal communities Pacific herring Kittlitz's murrelet -
Pigeon guillemot River otter-
Sea otter (in oiled Rockfish

west. PWS)
----------------------
• Archaeological resources are not -
renewable In the same way that
biological resources are, but there has
been significant progress toward the _
recovery obJective.
• ·Status of intertidal communities
based largely on mOnitoring In

sheltered rocky habitats In Prince
Wilham Sound; status of other
intertidal habitats IS less certain or
unknown, though some recovery can
be antlc'lJated. -

Amending the List of Injured Resources and Services. The list of injured resources and services will be reviewed as new-information is
obtained through research, monitoring, and other studies sponsored by the Trustee Council. In addition, information may be submitted
to add to or otherwise change this list. This information can include research results, assessment of population trends, ethnographic and
historical data, and supportive rationale. Information that has been through an appropriate scientific revteVlf process is preferable. If data
'have not been peer reviewed, they should be presented in a format that permits and facilitates peer review. In'formation to change the
list will be reviewed through the Trustee Council's scientific review process.
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Dear Reader:

~~©~D,"'t§
MAY 1 t~ 1996

EXXor~ ~;\ ..u~" OiL SPill
TRUSTEE COUNCil

ADMINISl'RATIVr: RECORD

The Trustee Council adopted the Exxon Valdez Oil Spill Restoration Plan in November
1994 with the intent that the p~an would be updated as needed to incorporate new
scientific information.

The endosed documents provide ~nformatiollll to update two parts of the Restoration
Plan: the Ust of ~njured Resources and Services in Chapter 4 and the summanes of
Injury and Recovery and the Recovery Objectives in Chapter 5. The Coullllci~ invites
public comment on the changes to the Ust of Injured Resources and ServIces and to
the updated Recovery Objectives. To be most he~pful, lPiealse submit written
comments em these drafts to: Exxon Valdez Qii 5pm Trustee Cmllnci~, 645 G
Street, Suite 401, Anchorage, A~aska 99501 by June 15, 199ft

List of ~fl1Ijll.!Hred Resttn.lJll"ces 21111d Services
Chapter 4 of the Restoration Plan indicates that the ~ist of injured resources and
services (p. 32, Table 2) wm be reviewed as new information is obtained. The proposed
revisions indude changes to the recovery status of some resources (for example,
moving Ba~d Eag~es from the "recovering" category to "recovered") and additioll1s to the
list itse~f. In August 1995, the Cound~ added Kitt~itz's murre~ets and common ~oons to
the injured species hst. ~n addition, the Counc~~ 1I10W proposes to add three species of
cormorants (red-faced, pelagic, and doub~e-crested). Requests to add scoters (three
species) and b~ack-iegged kittiwakes to the list were recommended against by the
Council's Chief Scientist. ~f you wou~d like a copy of the Chief Scientist's
recommendations, piease caB the Trustee Council office (see telephone numbers 0111

second page).

Chapter 5~ Goals, Objectives & StrategQes
Chapter 5 of the Restoration Plan (pp. 33-56) discusses genera~ goa~s and strategies
for restoring injured resources and services and a~so provides specific information on
the status, recovery object~ves, and restoration strategies for individua~ resources and
services. in the attached document, the Counci~ now provides updated information on
the status of injured resources and services. Based on these updated status reports,
the Councii also proposes and invites comments on revisions to the Recovery

Trustee Agencies
State of Alaska: Departments of Fish & Game, law, and Environmentai COl1servation

United States: National Oceamc and AtmospheriC Administration, Departments of Agrlcu!ture and Interior
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Objectives for injured resources and selVices. Readers are referred to annua~ work
p~ans and invitations to submit proposals (e.g., Invitation to Submit Restoration
Proposals for Federal Fiscal Year 199,7) for the most current irnformation on the
restorat~ofl str~tegies chosen by the Courncii to achieve its recovery objectives.

Your comments-on the proposed changes to the list of ~njured Resources and SelVices
and the Recovery Objectives are invited. ~f you have questions about the proposed
changes, or wish to request any of the documents mentioned above, please ca~1 1-800
478-7745 (inside Alaska) or 1-800-283-7745 (outside Alaska). Thank you.

Sincerely,

~~{~
Executive Director

enclosure

i •



[Norte to Readers: This draft updates hllformation on ~njlUnl'Y and Recovery
status idlnd Recovery Objectuves in Chapter 5 (pp. 33-56) and the list of
~njlUlll'ed Resources and Sel!'v~ces (p. 32) ill1l the Restoration Plan.]
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RESOURCES

ARCHAEOLOGICAL RESOURCES

!ll1IjUIiY and RecoveliY
The oil-spill area is beHeved to contain more than 3,OOO~sites of archaeological and histOl"ical
significance. Twenty-four archaeologlca! sites on public lands are known to have been adversely
affected by cleanup activities or looting and vandalism linked to the 011 spill. Additional sites on
both public and private lands were pmbably mjured, but damage assessment studies were limited
to public land and not des!gned to identify all such sites.

Documented mjuries include theft of surface artifacts, masking of subtle clues used to identify'
and classify sites, violation of ancient burial sites, and destruction of evidence in layered,
sediments. in addition, vegetation has been disturbed, which has exposed sites, to accelerated
erosion. The effect of oil on soil chem!stry and organic remains may reduce or eliminate the
utility of radiocarbon dating in some sites.

Assessments of 14 s!tes in 1993 suggest that most of the arqhaeological vandalism that can
be Imked to the spill occul"I"l:ld early in 1989, before adequate constraints were put into place
over the activities of oil spill clean-up personnel. Most vandalism took the form of "pmspecting"
for high yield sites. Once these problems were recognized, protective measures were
impl~mentedthat successfully Iim!ted additional injury. in 1993, only two of the 14 sites visited
showed signs of continued vandalism, but it IS difficult to prove that this recent vandalism was
related to the spill. Oil was visible in the intertidal zones of two of the 14 sites monitored in
1993, and hydrocarbon analysis has shown that the oil at one of the sites was from the Exxon
Valdez spill. Hydrocarbon levels at the second site were not suff!cient to permit identif!catlon

~ , of the source or sources of the oil.

Monitoring of archaeological sites in 1994 and 1995 found no evidence of new damage hem
vandalism. The presence of oil is being determined in sediment samples taken from four sites
in 1995.

None of the archaeological artifacts collected dunng the spill response, damage assessment, or
restoration programs is stored within the spill area. These artifacts are stored in the University
of Alaska Museum in Fairbanks and in the Federal Building in Juneau. ~ Nat!ve communities in the
'spill area have expressed a stmng interest in having them returned to the spill area fOl" storage
and display.

The Alutuq Archaeological Repository in Kodiak, whose construction costs were partly funded
by the Trustee Council, is the only physically appropriate artifact storage facility in the spill area.
In 1995 the Trustee CounCil approved funds for development of a comprehensive community
plan for restoring archaeolog~cal resources in Prince -William Sound and lower Cook Inlet,
includmg strategies for storing and displaying artifacts at appropriate facilities withln'the spill
area.

Recovery qlb]ective
Archaeological resources are nonrenewable: they cannot recover in the same sense as biological
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resources. Archaeologica~ resources wm be considered to have recovered when spill-related'
injury ends, looting and vandalism are at or below prespH! levels, and the artifacts and scientific
data remaining in vandalized sites are preserved (e.g., through excavation, site stabilization, or
other forms of documentationl.

BALlO EAGLES

~ll1JjllJlny and !Recovery
The bald eagle is an abundant resident of coast lines thl"Oughout the oil-spin area. Fo~lowing the
spm a total of 151 eagle carcasses was recovered from the oil-spm area. Prince Wiiliam Sound
provides year-mund and seasona~ habitat for about 5,000 ba~d eagles, and within the Sound it
us 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 thl"Oughout the oi~-spm area.

In addition to direct mortalities, productivity was reduced in oiled ,areas of Prince William Sound
in 1989. Productivity was back to normal in 1990 and 1991, and an aerial survey of adults in
1995 indicated that the population has,returned to or exceeded its prespililevel in Prince Wmiam
Sound.

!ReciOlvery Objective
Bald eagles will have recovered when their population and productivity have returned to prespili
levels. Based on the results of studies in Prince William Sound, this objective has been met.

BLACK QVS1ERCAlCIHIERS

ilI1ljllJllrY alI1ldllRecovery
Black oystercatchers spend their entire lives in or near intertidal habitats and are highly
vulnerable to oil pollution. Currently, it is estimated that 1,500-2,000 oystercatchers breed in
south-central Alaska. On~y nine carcasses of adult oystercatchers were recovered following the
spill, but the actual number of mortalities may have been considerab~y higher. '

in addition to direct mortalities, breeding activities were dtsrupted by the oil and cleCiIll-up
,activities. ~n comparison with black oystercatchers on the largely unoiled Montague Island,
oystercat~hers at heavily oiled ,Green ~sland had reduced hatching success in 1989 and their
chicks gained weight more slowly during 1991-93. Interpretation of these data on reproductive
performance, however, are confounded by lack of prespil! data. Productivity and survival of
black oystercatchers in Prince William Sound have not been monitored since 1993, and the
recovery status of this species is not known.

RecoverY' Objective
Black oystercatchers wW have 'recovered when the population returns to prespili levels and
reproduction is within norma! bounds. An iRcreasing popu~ation trend and comparab~e hatching
success and growth rates of cnicks in oi~ed and unoiled areas, after taking into account
geographic differences, wi!! indicate that recovery is underway.
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CLAMS

!ll1IjlUlllY and fRecoveliY
The magnitude of impacts on dam populations varies with the species of ciam, degree of oiling,
and location. However, data from the lower intertidal zone on sheltered beaches suggest that
little-neck clams and, to a lesser extent, butter clams were killed and suffered slower growth
rates as a result of the oil spill and clean-up activities. In communities on the Kenai Peninsula,
Kodiak, and the Alaska Peninsula and in Prmce William Sound concern about the effects of the
oil spill on dams and subsistence uses of dams remains high.

Recovery Objective
Clams will have recovered when populations and productivity have returned to levels that would
have prevailed iii the absence of the oil spill, based on 'presplll data or compansons 'of oiled and
unoiied sites. '

COMMON lOONS '

Ill1IjullY all1ld RecoveliY
Carcasses of 395 loons of four sp~cies were recovered following the spill, includmg at least 216
common loons. Current population sizes are not known for any of these species, but, in general,
loons are 'long-lived, slow-reproducing, and'have small populations. Common loons in the oil-spill
area, may number ,only a few thousand, inciuding only 'hundreds in Prince William Sound.
Common ioons injured by the spill probably included a mixture of resident and migrant birds, and
their recovery status is not known.

RecovellY Objective
No realistic reco\lery objective can be identified without more information' on injury to and the
recovery status of common loons.

h11jllJll)' and Recovery
About 30,000 carcasses of oiled birds were picked up following the oil spill, and 74 percent of
them were common and, thick-billed murres (mostly'commpn murres). Many more murres
probably died than actually' were recovered. ' Based on surveys of index colonies at such
locations as Resurrection Bay, ,the Chisweii, Barren, and Triplet islands, and Puale Bay, the spiil
area population may have declined by about.40 percent following the spill. In addition to direct
losses of murres, there is evidence that the timing of reproduction was disrupted and
productivity reduced. Interpretation of the effects of the spill, however, is complicated by
incomplete prespil! data and by indications that populations at some colonies were in decline
before the oil spill.

Draft Update on injlUlred ResolUlrces & Services 5



Postspill monitoring of productivity at the colonies in the Barren islands indicates that
reproductive timing and success were again w~thln normal bounds by 1993. Numbers of adult I.

murres were last surveyed at those same colonies in 1994. At that time, the local population
had not returned to prespm levels.

The Alaska Predator EcosystemCExperiment (APEX proJect), funded by the Trustee Council, is
investigating the linkages among murre populations and changes in the abundance of forage fIsh,
such as Pacific herring, sand lance, and capeiin.

Recovery Objective
Common murres will have recovered when populations at index colonies have returned to prespil!
levels and when productivity is sustained within normal bounds. Increasing population trends
at index colonies will be a further indication that recovery is underway..

CORMORANTS

~lI1ljUJIry 21l1d1 RecovellY
Cormorants are large fish-eating birds that spend much of their time on the water or perched on
rocks near the water. Three species typically are found within the oil-spill area. '

Carcasses of 838 cormorants were recovered foliowing the 011 spill, including 418 pelagic, 161
red-faced, 38 double-crested, and 221 unidentified cormorants. Many more, cormorants probably
died as a result of the spill, but their carcasses were not found.. .

No regional population estimates are available for any of the cormorant species found in the 011
spill area. The U.S. Fish and Wildlife Service Alaska Seabird Colony Catalog, however, currently
lists counts of 7,161 pelagic cormorants, 8,967 red-faced cormorants, and 1,558 double-crested
cormorants in the oil-spill area. These are direct counts, not overall population estimates, but
they suggest that population sizes are small. In this context, it appears that injury to ail thre,e
cormorant species may have been significant.

In addition, there were statistica~ly-significantdeclines in the estimated numbers of cormorants
(ali three species combined) in Prince William Sound based on pre- and postspili July boat
surveys (1972-73 v 1989-91). There were fewer cormorants in oiled than in unoiled parts of
the Sound. More recent surveys (1993-94) did not show an increasing population trend since
the oil spill. With support from the Trustee Council, these boat ~surveys will be repeated in
1996. ~

Recovery Objective
Pelagic, red-faced, and double-crested cormorants will have recovered when their populations
return to prespm leveis in the oil-spill area. An increasmg population trend in Prince William
Sound will indicate that recovery is underway.
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CUTTHROAT TROUT

,
ill1ljury allTlidi Recovery
Prinqe William Sound is at the northwestern Hmit of the range of cutthroat trout, and few stocks
are known to exist within the Sound. local cutthroat trout populations rarely number more than
1,000 each, and the fish have small home ranges and are geographically isolated. Cutthroat
trout, therefore, are highly v,ulnerable to exploitatIon, habitat alteration, or pollution.

Foilowfng the oil spill, cuttDroat trout in a small number of oiled index streams grew more slowly
than in unoiled streams, possibly as a result of reduced food supplies or exposure to oil, and
there is concern that reduced growth rates may have led to reduced survival. The difference in
growth rates persisted through 1991. No studies have been conducted since then, and the
recovery status of this species is not known.

RecovellY Objecth,e
Cutthroat trout will have recovered when growth rates within Oiled areas are similar to those for
unoiled areas, after taking into account geographic differences.

DESIGNATED WilDERNESS AREAS

ill1ljury all1ldlRecovery
The oil spill delivered oil in varying quantities to the waters- adjoining the seven areas within the
spill area designated as wilderness areas and wilderness study areas by Congress. Oil also was
deposited above the mean high-tide line in these areas. During the intense clean-up seasons of
1989 and 1990, thousands of workers and hundreds of pieces of equipment were at work in the
spill area. This activity was an unprecedented imposition of people, noise, and activity on the
area's undeveloped and normally sparsely occupied landscape. Although activity levels on these
wilderness shores have probably returned to normal, at some locations there is still residua! oil.

Recovery Objective
Designated wilderness areas will have recovered when oil is no longer encountered in these
areas and the public perceives them to b!3 recov~red from the spill.

DOLLY VARDEN

IlI1ljlLlJry and ReCiOlvellY _
Like the cutthroat trout, there IS evidence that Doliy Varden grew more slowly In oiled streams

, than in unolled streams, and there is concern that reduced growth rates may have led to
reduced survival. Hoyvever, no data have been gathered since 1991. The recovery status ,of
this specIes IS not known.
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Recovery Objective
Dolly Varden wm have recovered when gl"Owth rates within oiled streams are comparable to
those in unoiled streams, after taking into account geograph~c differences. ,

HARBOR SEALS

~lI'llj~ry taltrnd ReCiOlveliY
HarbOl" seal numbers were declming in the Gulf of Alaska, including ,in Prince William Sound,
before the oil spm. Exxon Valdez oil affected harbor seal habitats, including key haui-out areas
and adjacent waters, in Prince William Sound and as far away as Tugidak !sland, near Kodiak.
Estimated mortality as a direct result of the oil spill was about 300 seals in oi~ed parts of Prince
William Sound. Based on surveys conducted before (1988) and after (1989) the' oil spill, seals
In oiled areas had deciined by 43 percent, compared to 11 percent in unoiled areas.

In a declining population deaths exceed births, and harbor seals in both oiled and unoiled parts
of Pnnce William Sound have continued to decline since the spill. For the period 1989:"'1994,
the average estimated annual rate of decline is about 6 percent. Changes in the amount or
quality of food may have been an initial cause of this long-term decline. Although there is no
evidence that such factors as predation by kiiier whales, subsistence hunting, and interactions '
with commerical fisheries caused the deciin~ in the harbor seal population, these are among the
on-going sources of mortaiity.

Harbor seals have long, been a key subsistence resource in the oil-spili area. Subs~stence hunting
IS affected by the deciimng sea! population, and lack of opportunities to -hunt seals has changed
the diets of subsistence users who tradItionally had relied heavily on these marine mammals.

lRecovellY Objective
Harbor seals will have recovered fl"Om the effects of the oil spill when their population is stable
or increasing.

IHlAlRlEQU~N DUCKS

~lf1Jjl!JHI'Y .md Recovery
Harlequin ducks -feed in intertidal and shallow subtidal habitats where most of the spilled oil was
initially stranded. More than 200 harlequin ducks were found dead in 1989, mostly in Prince
William Sound. Many more than that number pl"Obably died throughout the spill area. Since the
oil spill occurred in early spring, before wintering harlequins had left the oil-spm area, the impacts
of the oil spin may have extended beyond the immediate spill area. The geographic extent of
these impacts is not known.

Bile samples from harlequin ducks (combined with samples from Barrow's and common
goldeneye) coilected in eastern and western Prince William Sound and in the western Kodiak
Archipelago in 1989-90 had higher concentrations of hydrocarbon metabolites than a small
number of samples from harlequins and goldeneye collected at Juneau. Prespill data on
harlequin populations and pl"Oductivity are poor and complicated by possible geographic
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differences in habitat quality. However, the summer'popu!ation in Pnnce William Sound is small,
only a few thousand birds. There continues to be concern about poor repmduction and a
possible decline III numbers of moiting bi~ds in western'versus eastem parts of the Sound.

)
~ <" , "

Recovery Objective
Hal"lequin ducks will have recovel"ed when breeding and postbreeding season densities and
production of young return to prespil! levels. A normal population age- and sex-stl"Uctul"e and
repmductive success, taking into account geographic differences, will indicate that recovery is
underway.

~NTERTiDAlCOMMuNmEs

ill1ljlllluy all1ld! Recovery
Portions of 1,500 miles of coastline were oiled by the spill in Prince Wiiliam Sound, on the Kenai,
and Alaska peninsulas, and in the Kodiak Archipelago. Both' the oil and intensive clean-up
activities had sigillficant impacts on the flora and fauna of the intertidal zone, the area of beach
between low and high tides. Intertidal resources are important to' subsistence users, sea and
river otters, and to a variety of birds, ,including black oystercatchers, harlequin ducks, surf
scoters, and pigeon guiiiemots.

Impacts to intertidal organisms occurred at aU tidal levels in ail types of habitats throughout the
oil-spii! area. Many species of algae and invertebrates were less abundant at oiled sites
compared to unoiled reference sites. Other opportunistic species, including a small species of
'barnacle, oligochaete,worms,- ar,nd ,filamentous brown -algae" colonized shores where dominant
species were removed by the oil spill and clean-up activities. The abundance and reproductive

, potential of the commo~ seaweed, Fucus gardneri (known as rockweed or popweed), was also
reduced foilowing the spill.

On the sheltered, bedrock shores that are common in Prince William Sound, full recovery of
Fucus is crucial for the recovery of intertida~ communities at these sites, since many invertebrate
organisms depend on the cover provided by this seaweed. Fucus has not yetfuliy recovered in
the upper intertidal zone on shores subjected to direct sunlight, but,in many locations, recovery'
of intertidal commulllties has made substantial pmgress. In other habitat types, such as
estuaries and cobble beaches, many SpeCieS did not show signs of recovery when they were last
surveyed ill 1991.

Recovery Objective
Intertidal communities wi!! have recoyered when community composition on oiled shorelines is
similar to that which would have prevailed In the absence of the spill. Indications of recovery
are the reestablishment of important species, such as Fucus at sheltered rocky sites, the

'convergence in community composition on Oiled and unoiled shorelines, and the provision of
adequate, uncontaminated food suppiies for top predators in intertidal and nearshore habitats.
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K!llER WHALES

~U'lljlll1llY Ci/l1ld RecoveRY
More than 80 kmer whales in six "resident" pods regularly use Prince Will(am Sound within,their
ranges. Other whales in "transient" groups are observed in the Sound less frequently. There
has been particular concern i[l Prmce William Sound about the resident AS pod, which numbered
36 animals Prior to the spill. Fourteen whales disappeared from this pod in 1989 and,1'990,
during which time no young were recruited, into the population. A!though four calves were
added to the AS pod during 1992-94, surveys in 1994 and 1995 indicate the loss of five more
adult whales. The link between these losses and the oil spill is only circumstantial, but the likely
mortality of killer whales in the AB pod in Prince Wiiliam Sound following the spill far, exceeds
rates observed for other pods in British Columbia and Puget Sound over the last 20 years. In
addition to the effects of the oil spill, there has been concern about the possible shooting of killer
whales, pehaps due to conflicts with long-line fisheries. '

The AB pod may never regain its former size, but overall numbers within the major resident killer
whale pods in Prince William Sound are at or exceed prespi!llevels. There is concern, however,
that a decline in resightings of individuals within the AT group of transient kmer whales has
accelerated following the oil spill.

RecovelfY Objective
Killer whales in the AS pod will have recovered when the numb,er of individuals in the pod is
stable or increasing relative to the'trends of other major resident pods in Prince William Sound.

,lI{!T1!"UTZ'S MURRElET '

~ll1ljlUlllY alm!1 RecovellY
The Kittiitz's murre!et is found only in Alaska and portions of the Russian Far East, and a large
fraction of the world population, which may number only a few tens of thousands, bree'ds in
Prince William Sound. The Kenai, Peninsula coast and Kachemak Bay are also important
concentration areas for this species. Very little is known about Kittlitz's murrelets. However,
'they associate closely with tidewater glaciers and nest on scree slopes and similar sites on the
ground.

Seventy-two Kittlitz's mUl"re!ets were positively identified among the bird carcasses recovered
after the'oil spill. Neady 450 more Brachyramphus murrelets were not identified to the species
leve!, 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. One published estimate
places direct mortality of Kittlitz's murrelets from the oi~ spill at 1,000-2,000 mdividuals, which
would represent a substantial fraction of the world population.

Because of the highly patchy distribution of Kittlitz's murrelet, the difficulty of identifying them
in the field, and the fact that so little is known about this species, the recovery status of the
Kittlitz's murrelet is not known. The Trustee Council has funded an exploratory study on the
ecology and distribution of this murrelet starting in 1996. '
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RecovellY ObjectDve .'
No recovery objective can be Identified for Kittiitz's murrelE~t at this time.

'. -

MARBLED MURREllET

ill'lljllll1!"Y alnd RecovellY .
The northern Gu!f of Alaska, including Prince William Sound, is a key area of concentration in
the distribution of marbled murrelets. The marbled murrelet is federally listed as a threatened
species in Washington, Oregon, and California; it is also listed as threatened In British Columbia.

The marbled murrelet population in Prince William Sound had declined before the oil spill. The
causes of the prespill decline are unknown, but may be related to changing food supplies. It is
not known whether the murrelet population was still deciining at the time of the oil spill, but the
spill caused additional losses of murrelets. 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. Many more murrelets probably were killed by- the oil than
were found, and it is estimated that as much as 7 percent of the marbled murrelet population
in the oil-spill area was killed by the spW.

Population estimates for murrelets are highly·variable. Postspill boat surveys do not yet indicate
any statistically significant increase in numbers of marbled murrelets in Prince William Sound,
nor is there evidence Of any'further decline.

Rllllcoveuy Objective
Marbled murrelets wi!! have recovered when its population is stable or Increasing. Stable or

. increasing productivity will be an indication that recovery is underway..

MUSSELS

irrujll.lli"Y aUl'IId Recovery
Mussels are an important prey species in the nearshore ecosystem throughout the oil-spm area,
and beds of mussels provide physical stability and habitat for other orgamsms in the intertidal
zone. For these reasons, mussel beds were purposely left alone dunng Exxon Valdez clean-up
operations.

in 1991, high concentrations 'of relatively unweathered oil were found in the mussels and
underlying byssal mats andsedlmen:ts in certain dense mussel beds: The biological significance
of oiled mussel beds is not known, but they are potential pathways of oil contamInation for iocal
populations of harlequin ducks, black oystercatchers, river otters, and juvenile sea otters, all of
which feed to some extent on mussels and show some signs of continuing injury. '.

About 30 mussel beds in Prince William Sound are known still to have· oil residue,. and 12 of
them were cleaned on an experimental basisin 1994. By August 1995, these beds showed a
98 percent reduction in oil in the replacement sediments, compared to what had been there
before. Mussel beds along the outer Kenai Peninsula coast, the Alaska Peninsula, and Kodiak
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Archipelago were surveyed for the presence of oil in 1992, 1993, and 1995. ~ Hydrocarbon
concentrations in mussels and sediments at these Gulf of Alaska sites is genera!ly lower than
for sites in the Sound, but at some sites substahtiai concentrations persist.

Subsistence users continue to be concerned about contamination from o~led mussel beds. The
Nearshore Vertebrate Predator project is focusing on mussels ~s a key prey sgecies and
component of the nearshore ecosystem. .

RecovellY Objecftive
Mussels will have recovered when concentrations of oil in the mussels and in the sediments
below mussel beds reach background levels, do not contaminate their predators, and do not
affect subsistence uses.

PAC~fiC,HERRING

DIl1l]1IJ1IY alB1ldl lRecovellY
Pacific herring spawned m intertidal and subtidal habitats in Prince William So~nd shortly after
the oil spill. A significant portion of these spawning habitats as weI! as herring staging areas in
the Sound were contaminated by oil. Field studies conducted in 1989 and 1990 documented
increased rates of egg mortality and larval deformities in oiled versus unoiled areas. Subsequent
laboratory studies confirm that these effects can be' caused by exposure to Exxon Valdez oil, but
the significance of these injuries at a population level is not known.

The 1988 prespill year-class of Pacific herring was very strong in Prince William Sound, and, as
a result, the estimated peak biomass of spawning adults in 1992 was at a record level. In 1993,. ,
however, there was an unprecedented crash of the adult herring population. A viral disease and
fungus were the probable agents of mortality, and the connection between the oil spill and the
disease outbreak ~s under investigation. Numbers of spawning herring in Prince William Sound
remained depressed through the 1~95 season. Preliminary results from the Sound Ecosystem
Assessment (SEA) Project indicate the possibie significance of waBeye pol~ock as both
competitors with and predators on herring, which may indicate that there IS a connection
between the ~ack of. recruitment of strong year classes of herring and the presence of ~arge

numbers of pollock in Prince William Sound. .

Pacific herring are extremely important ecologi~ally and commercially and for subsistence users.
Reduced herring populations could have significant implications for both their predators and their
prey, and the closure of the herring'fishery from 1993 through 1995 has had serious economic
impact on people and communities in Prince William Sound.

RecovellY OlbJjective
Pacific herring wili have recovered when the next hIghly successful year class is recruited into
the fishery and when other indicators of population health are sustained within norma! bounds
in Prince Wimam Sound.
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PIGEON GU~,,"lIEMOD

~n]tUIllY Glll1ld Reco'VeliY _
A~thol.lgh the pigeon guiliemot is wide~y distributed in the north Pacific region, nowhere does it
occur in large numbers or concentrations. Because guillemots feed in shallow, nearshore waters,
the gUIUemots and the fish on which they prey are vu~nerab~e to oil pollution.

like the marbled murreiet, there ~s evidence that the pigeon gUlf~emot population in Prince
William Sound had declined before the spill. The causes of the prespiil decline are unknown. It
is estimated that 10-15 percent of the spill-area population may have died following the spilL
GUillemot nesting on the Naked islands was well-studied in 1978-81. Postspi!lsurveys using
the same methods indicated a decline of about 40 percent in guiHemots in the Naked Islands.
Based on boat surveys, the overall guillemot population In the Sound declined as well.

Numbers of guillemots recorded on boat surveys are highly variable, and there is not yet any
statistically s~gnificant evidence of a postspm population mcrease. The factors responsible for
the gumemot's prespill decline may negate ,or mask recovery from the effects of the oil spill.

, The Alaska Predator Ecosystem Experiment (the APEX pmject), supported by the Trustee
Council, is investigating the possible link between pigeon guillemot declines to the availability
and abundance of forage fish, such as, Pacific herring, sand lance, and cape~in.

~ ,

Reco'VeliY Olbjectu'Ve
, Pigeon guiliemots win have recovered when th~ir population is stable or increasing. Sustained
productivity withi,!), U10n1!'Jc;li bQL!llds will be'an indlc?tion tl1at ~ecove[y.,is underVl{ay,.

PINK SALMON

IlllIjllJlllY ami! Reco'Vell'Y
About 75 perc,ent of wild plllk salmon in Prince William Sound spawn in the intertidal 'portions
of streams and were Dighly vulnerable to the effects of the oil spill. Hatchery salmon and wild
salmon from both intertidal and upstream Sp,liIwning habi:tats swam through Oiled waters and
ingested oil partides and oiled prey as they foraged in the Sound and emigrated to the sea. As
a result, three types of early life-stage injuries were identified: First, growth rates in juvenile pink
salmon from oiled parts of Prince Wmiam Sound were reduc~d. Second, there was increased
egg mortality in oiled versus unoiied streams. A possible third effect, genetic damage, is under
investigation.

In the years preceding the spill, returns of wild pink salmon 111 Prince William Sound varied from
a maximum of 21.0 miilion fish in 1984 to a mimmum of 1.8 million in 1988. Since the spill,
returns of Wild pinks have varied from a high of about 14.4 million fish in 1990 to a low of about
2.2 mmion in 1992. There is a particular concern about the Sound's southwest management
d~strict, where returns of both hatchery and wild stocks have been generally weak since the oil
spilL Because of the tremendous natural variation in adult returns, however, it is difficult to
attribute poor returns in a given year to injUries caused by Exxon Valdez oii. 'For pink salmon,
mortalities of eggs and juveniles remain the best indicators of injury and recovery.
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Evidence of reduced juvenile growth rates was limited to the 1989 season, but increaseq egg
mortality persisted in oiled compared to unoiled streams thrpugh 1993. The 1994 and 1995
seasons were the first since 1989 in which there were no statistically significant differences in
egg mortalities in oi~ed and unoiled streams. These data indicate that recovery from oil-spIll
effects is underway.

The Sound Ecosystem Assessment (SEA) Project is exploring oceanographic and ecological
factors that influence production, of pink salmon and Pacific herring. These natural factor,s are
likely to have the greatest influence over year-to-year returns in both wHet and hatchery stocks
of pink salmon. '

Recovery Olbjective
Pink salmon will have recovered when population indicators, such as growtn and survival, are
within normal bounds and there are no statistically significant differences in egg mortalities in
oiled and unoiled streams for two years each of odd- and even-year runs in Prince Wi~ham Sound.

RiVER OTTERS

hll]lIJIB)' and Recovery
River otters have a low population density and an unknown population size in Prince William
Sound, and, therefore,. it is hard to assess oi!-spill effects. Twelve river otter carcasses were
found following the spil!, but the actual mortahty is not known. Studies conducted during 1989
91 identified several differences between 'nver otters in'oiled and unoiled areas in Prince William
Sound, including biochemical evidence of exposure to hydrocarbons or other sources of stress,
reduced diversity in prey species, reduced body size (length-weight), and increased territorY,size.
Since there were no prespiU ,data and samp!e sizes were small, it is not dear that these

- -
differences are the result of the oil spill. <

The Nearshore Vertebrate Predator project, now underway, will shed new light on the status of
the river otter. In 1995 the Alaska Board of Game used its emergenqy authority to restrict
trapping of river otters in western Prince William Sound to ensure that the results of this study
are not compromised by the removal of -animals from study areas on Jackpot and Knight islands.

Recovery Objective
The river otter will have recovered when biochemical indices of hydrocarbon exposure 01" other
stresses and indices of habitat use are similar between oiled and unoiled areas of Prince William
Sound, after taking into account any geographic differences.
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ROCKFISH

in]l.lIry 3m!l Recorvery
Very little is known about rockfish populations In the northern Gulf of Alaska. A small number
of dead adult rockfish was recovered following the oil spm, and autopsies of five specimens
indicated that 011 ingestion was the cause of death. Analysis of other rockfish showed exposure
to hydrocarbons and probable sublethal effects. In addition, closures to salmon fisheries
apparently increased fishing pressures on rockfish, which may have adversely affected the
rockfish population. However, the anginal extent of injury and the current recovery status of
'this species areunknown.

Recovery Objective
No recovery objective can be identified.

" SEA OTTERS

Injury 311'1d Recovery
By the late 1800s, sea otters had been eliminated from most of their historical range in Alaska
due to excessive fur harvesting by Russian and American, fle~ts. ,Surveys of sea otters in the
1970s and 1980s, however, indicated a healthy and expanding ,population, including in Prince
William Sound, prior to the oil spilL Sea otters are today an important subsistence resource for
their furs.

About 1,000 sea otter ~carcasses.were ,recovered following the spm, although additionaL animals
probably died but were not recovered. In 1990 and 1991, higher-than-expected proportions of
prime-age adult sea otters were found dead cin western Prince William Sound, and there was
evidence of higher mortality of recently weaned juveniles in oiled areas. By 1992-93,
overwintering mortality rates for juveniles had decreased, but were still higher in oiled than in
unoiled parts of the Sound. '

Based on boat surveys conducted in Prince William Sound, there is not yet statistically
sigmficant evidence of an overall population increase following the oil spill (1990-94). This lack
of a Significant positive trend, however, may result fr~m low statistical power in the survey,
which will be repeated in 1996.

Based on observations by local residents, it is evident that the sea otter is abundant in much of
Prince William Sound. There IS no evidence that recovery has occurred, however, in heavily oiled
parts of western Prince Wiiliam Sound, such as around northern Knight Island. The Nearshore

,"Vertebrate Predator project, which was started in 1995, should he'lp clarify the recovery status
of the sea otter in the western Sound.
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ReclOvery Objective
Sea otters wm haVe recovered when the popu~ation in oiled areas returns to its prespill
abundance and distribution. An mcreasing population trend and normal reproduction and age
structure in western Prince Wimam Sound will indicate that recovery is underway;

SEDiMENTS

il!1ljlUlrry CllIl1I1d1 Reco'\ferry ,
Exxon Valdez oi~ penetrated deep~y into cobble and boulder beaches that are common on
shorelines throughout the spill area, especially in' sheltered habitats. Cleaning and natural
degradation removed much of the oil from the mtertidal zone, but visually identifiab~e surface
and subsurface oil persists at many locations.

The ~ast comprehensive survey of shorelines m Pnnce Wimam Sound, conducted in 1993,
included 45 areas of shoreline known to have had the most significant oiling. Based on that
survey, it was estimated that heavy subsurface oil had decreased by 65 percent since 1991 and
that surface oi~ had decreased by 50 percent over the same time penod. Surveys also have
mdicated that remaining shoreline oil in the Sound is re~ativeiy stable and, by this time, is likely
to decrease on~y slowly. Oil also persists under armored rock settmgs on the Kenai and Alaska
peninsulas,' and this oil has undergone little chemical change Since 1989.

In 1995, a shoreline survey team visited 30 sites in the Kodiak Archipelago that had measurable
or reported omng in 1990 and 1991. The survey team found no oil or only trace amounts, at
these sites. The oiling in the Kodiak area is not persisting as it is at sites in P~ince William Sound
-due- to the higher energy settings in the Kodiak area, the state of the oil when it came ashore,
and the smaller concentrations of initial omng re~ative to the Sound.

FoUowing the oi~ spill, chemica~ analyses of oil in subtida~-sediments were conducted at a smail
number of index sites in Prince William Sound. At these sites, oil in subtndal sediments reached
its greatest concentrations at water depths of 20 meters be~ow mean low tide, although elevated
levels of hydrocarbon-degradmg bacteria (associated with elevated hydrocarbons) were detected
at depths of 40 and 100 meters ir:! 1990 in Prince William Sound. By 1993, however, there
was little evidence of Exxon Valdez oil and related microbial activity at most index sites in Prince
William Sound, except at those associated with sheltered beaches that were heavily oiled in
1989. These index sites--at Herring, Northwest, and Sleepy bays--are among the few sites at
which stlbtidal oiling is still known to occur.

Recoverry Objecii'\fe
Sediments wi!! have recovered when there are no longer residues of Exxon Valdez oil on
shorelines (both tidal and subtidal) in the oil-spm area. Declinmg oil residues and diminishing
toxicity are indications that recovery is underway.
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SOCKEYE SALMON

~rnjl.uy allf1ldl ReCOlVlf!try
CommerCial salmon fishing was closed in"Prince W,llIiam Sound' and in portions of Cook Inlet arid
near Kodiak in 1989 to avoid any possibility of contaminated salmon being sent to market. As
a result, there were higher-than-desirable numbers (Le., overescapement) of spawning sockeye
salmon entering the Kenai River, Red and Akalura lakes on Kodiak Island, and other lakes on
Afognak Island and the Alaska Peninsula. Initially these high escapements may have produced
an overabundance of juvenile sockeye that overgrazed the zooplankton, thus altering planktonic
food webs in the nursery lakes. Although the exact mechanism IS unclear, the result was lost
sockeye production as shown by declmes in the returns of adults per spawning sockeye.

The effects of the 1989 overescapement of sockeye salmon have persisted in the Kenai River
system through 1995. Although the overall escapement goal for that system was met in 1995,
there is concern that the initial overescapement wi!! continue to affect post-spill year-classes.

Production of zooplankton in both Red and Akalura lakes on Kodiak Island has rebounded from
the effects of the overescapement at the time of the oil spill. There continues to be some
problem in the rate of production of sockeye fry in Red and Akalura lakes. This problem may
or may not b~ linked to the overescapement, and possible additional fac~ors include low egg-to
fry survival, competition from other freshwater fishes" and the interception of adults in the
mixed-stock fishery harvest offshore.

RecoveliY Objective ,
Sockeye salmon in the Kenai River system and ,Red and Akalura lakes.wi!! have ,l7ecovered when
adult returns-per-spawner are within normal bounds.

SUBTiDAL COMMUNiTiES

Ill1ljuliY alIildi RecoveliY
Oil that was transpqrted down to subtidal habitats apparently caused changes in the abundance
and species composition of plant and animal populations below lower tides. Different habitats,
including eelgrass beds, kelp beds, and adjacent nearshore waters (depths less than 20 meters),
were compared at oHed and unoiled sites. The concentration of oil in sediments in 1990 was
more than twice as great at oiled sites. The greatest differences were detected at oiled sites
with sandy sea bottoms in the vicinity of eelgrass, beds, at which there were reduced
abundances of eelgrass shoots and flowers and helmet,crabs. The abundance and diversity of
worms, clams, snails, and oil-sensitive amphipods (sand fleas) also were reduced. O'rganisms
living in sediment at depths of 3-20 meters were especially affected. Some opportunistic (Le.,

, stress-tolerant) invertebrates within the substrate, mussels and worms on the eelgrass, and
juvenile cod, were greater in numbers at oiled sites., "

By 1993, oil concentrations In sediments had dropped considerably, so that there was little
difference between oiied and lmoiled sites. The eelgrass habitat, the only habitat examined in
1993, revealed fewer differences in abundances of plants and animals. As was true in 1990,
however, some opportUniStiC species stili were more abundant at oiled sites. These included the
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opportunistic wOl"ms and snails, mussels and worms on the eelgrass, and juvenile cod.

Preliminary results from eelgrass habitats visited in 1995.revealed that natural recovery had
occurred. No difference was detected in abundance of eelgrass shoots and flowers, mussels on
eelgrass, amphipods, helmet crabs; and dominant sea stars between oiled and unoiled sites. The
abundance of smaU green sea, urchins, however, was more than 10, times greater at oiled sites.
The possibility that urchins increased due to a reduction in numbers of sea otters, which prey
on urchms, is being examined in the Nearshore Vertebrate Predator Project. Analyses o~ the
recent oil concentrations in sediments and OI"ganisms that live Within the substrate are not yet
compiete.

Recovery Objective
Subtidal communities will have recovered when community composition in oiled area~, especiaily
m association with eelgrass beds, is similar to that in unoiled areas. Indications of recovery are
the return of oil-sensitive species, such as amphipods, and the reduction of opportunistic species
at oiled sites.

S1ERV~CES

COi\lilIillilERCIAlIFHSIHI!i\IIG

InjijJJuy 2nd Recovery
Commercial fishing is a service that was reduced through injury to commercial fish species (see
Indivudua! resources) and also through fishing closures. In 1989, closures affected fisheries in
Prince Wilham Sound, lower Cook Inlet, upper Cook Inlet, Kodiak, and Chignik. These fisheries
opened again in 1990. Since then, there have been no spiil-related district-wide dosures, except
for the Prince William Sound herring fishery, which was dosed in 1993 and has remained dosed
since then due to the coilapse of the herring population and poor fishery recrwtment since 1989.
These closures, including the on-going dosure of the herring fishery in Prince William Sound,
harmed the livelihoods of persons who fish for a living and the communities in which they live.
To the extent that the oil spill continues to be a factor that reduces opportunities to catch fish,
there is on-going injury to commercial fishing as a service.

On this basis, the 'Trustee Council continues to make major investments in projects to
understand and restore commercially important fish species that were injured by the oil spill.
These projects include: supplem'entation work, such as fertilizing Coghill lake to enhance ItS
sockeye salmon run and construction of a barrier bypass at little Waterfail Creek;, development
of tools that have almost immediate benefit for fisheries management, such as otolith mass
marking of pink salmon in Prince Wmiam Sound and in-'season genetuc stock identification for
sockeye salmon m Cook. Inlet; and research such as the SEA Project and genetic' m'apping which

, will enhance the ability to predict and manage fisheries over the long-term.

Recovery Objective
Commercial fishing will have recovered when the commercially important fish species have
recovered and opportunities to catch these species are not lost or re,duced because of the effects
of the oil spm.
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IPASS~VE lUISE

Ill1lji.B1iY 31111101 Recovery
Passive use of -resources includes the appreciation of the aesthetic and intrinsic values of
undisturbed areas, the' value derived from simply knowing that a resource exists, and other
nonuse values. Injuries to passive uses are tied to public perceptions of injured resources.
Contingent valuation studies conducted by the State of Alaska for the Exxon Valdez oil spill
litigation measured substantial losses of passive use values resulting fmm the 'oil spill.

RecovellY Objective
Passive uses Will have recovered, when people perceive that aesthetic and intrinsic values
associated with the spill area are no longer diminished by the oil spill.

RECREATiON AND TOUR~SM

Injury and Recovery
The spili disrupted use of the spill area for recreation and tourism. Resources important for
wildlife viewing and which still are injured by the spill include killer whale, sea otter, harbor seal,
and various seabirds. Residual oii exists on some beaches with high value for recreation, and its
presence may decrease the quality of recreational experiences and discourage recreational use
of these beaches.

C;:losures of sport: hu,otiD9 ,and fishing also af,fected use of the spill ar~a f,or: recreCltion and
tourism. Sport fishing resources include salmon, mckfish, Dolly' Varden, and cutthroat trout.
Since 1992, the Alaska Board of Fisheries has imposed special restrictions on sport fishing in

parts,of Prince William Sound to pmtect cutthroat tmut populations. Harlequin ducks are hunted
in the spill area. The Alaska Board of Game restricted sport harvest of harlequin ducks in Prince
William Sound in 1991, and those restrictions remain in place.

Recreation was also affected by changes in human use in response to the spill. For example,
displacement of use from oiled areas to unOlled areas increased management problems and
facility use'in unoiled areas. Some facilities, such as the Gr,een island cabin and the Fleming Spit
camp area, were injured by clean-up workers.

In the years since the' oil spill, there has been a general, marked increase in visitation to the spill
area. However, there are still locations within theoH-spili area which are avoided by recreational
users because of the presence of ,residual oil.

RecoveliY Objectiv~

Recreation and tourism will have recovered, 111 large part, when the fish and wildlife resources
on whl.ch they depend have recovered, recreation use of oiled beaches is no longer impaired, and
facilities and management capabilities can ~ccommodate changes in human use. '

, , '
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SUIBS!STENCIE

injlUlllY and lRecove1JY ,
Fifteen predominantly Alaskan Native communities (numbering about 2,200 people) in the oil-spill
area rely heavily on harvests of subsistence resources, such as, fish, shellfish, sea~s, deer, ducks,
and geese. Many families in other communities, both in and beyond the oi!-spill area, also rely
on the subsistence resoUl"ces of the spill area.

Subsistence harvests of fish and wild!ifein most of these villages declined substantially following
the oi~ spill. The reasons for the declines include reduced availability of fish and wi~dlife to
harvest, concern about possible health effects of eating contaminated or mjured fish and w!ldlife,
and dismption oJ lifestyles due to dean-up and other activities.

,Subsistence foods were t~sted for evidence of hydrocarbon contamination fmm 1989-94. No
01" very low concentrations of petmleum hydmcarbons were found in most subsistence foods.

,The U.S. Food and Drug Administration determined that eating foods With such low levels of
hydrocarbons posed no significant additional risk to human hea~th. Because shellfish can
continue to accumulate hydrocarbons, however, the Oil Spill Health Task FOI"ce advised
subsistence' users not to eat sheHfish from beaches where oil can be seen or smelled on the
surface or subsurface. ReSidual oil exists on some beaches near SubSistence communities. in
general, subsistence users remain concerned and uncertain about the safety of fish and other
wildlife resources.

The estimated size of the subsistence harvest in pounds per perscm now appears to have
returned to pre-spill levels in some communities, according to subsistence users through
household intervi~ws conducted by the Alaska De~artment of Fish and Game. These, Interviews
also indicated that the total subsistence harvest began to rebound first in the communities of
the Alaska Peninsula, Kodiak Island, and the lower Kenai Peninsi,.l~a, but that the harvest has
lagged behind a year' or more in the Prince William Sound villages. The interViews also showed
that the relative contributions of certain important subsistence resources remains unusually low.
The scarcity of seals, for example, has caused people in Chenega Bay to harvest fewer seals and
mOl"e salmon than has been customary. Herring have been very scarce throughout Pnnce
Wmiam Sound since 1993. Different types of resources have varied cultural and nutritional
nmportanc~, and the changes iii diet composition remain a serious concern to subsistence users.
Subsistence users also report that they have to travel farther and expend more time and effort
to harvest the same amount as they did before the spill, especially in Prince Wmiam Sound.·

Subsistence users also point out that the value of subsistence cannot be measured in pounds
alone. This conventional measure does not inciude the cultural ,value of traditional and
customary use of natural resources. SubSistence users, say that maintaining their subsistence
culture depends on uninterrupted use of fish and wildlife resources. The more time users spend
away from subsistence activities, the less likely that they will return to these practmces.
Continuing injury to natural resources used for subsistence may affect ways of life of entire
communities. There is particular concern that the oil spill disrupted opportunities for young
people to learn subsistence culture, and that this knowledge may be lost to them in the future.
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Recovery Objective
Subsistence will have recovered when injured resources used for SubSistence are healthy and
pmductive and exist at presplH ~evels. In addition, there IS recognition that people must be
confident that the resources are safe to eat and that the cultural values pmvided by gathenng,
preparing, and shanng food need to be reintegrated Into community ~ife.
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, .
[Note: This draft table is modified from p. 32 of the Restoration Plan.]

lable 2. Resources al11ld Services Il11Ijured by the slPm

DRAFT

INJURED RESOURCES lOST Oli REDUCeD
SERVDCES

!Recovered Recoveril11lg) Noil: Recovered! Recovery Ul11IllmowlI1 Commercial flshmg
Bald eagle Archaeoiogica~ resources * Cormorants Black oystercatcher Passive uses

Common murres (3 species) C~ams Recreation and Tourism
~ntertida~ commUnities Harbor sea~ Common ioon including sport fishing,
Mussels Harlequin duck Cutthroat trout sport hunting, and other
Pink salmon KWer whale (AB Designated recreation uses
Sediments pod) Wilderness areas Subsistence
Sockeye salmon Marb~ed murrelet Doily Varden
Subtidal communities Pacific herring KiWitz's murrelet

Pigeon guiHemot River otter
Sea otter On oiied Rockfish

west. PWS)
----------------------
*Archaeological resources are not
renewable In the same way that
bIological resources are, but there has
been significant progress toward the
recovery objective

Amel11ldling the list oif ~l11IjllJlll'edllResollJlll'ces all1ldl Services. The list of injured resources and services wll~ be reviewed as new information is
obtained through research, monitoring, and other studies sponsored by the Trustee Council. In addition, infOl"mation may be submItted
to add to or otherwise change this list. This information can indude research results, assessment of popu~ation trends, ethnographic and
historical data, and supportive rationale. Information that has been through an appropriate scientific review process is preferable. ~f data
have not been peer reviewed, they should be presented in a format that permits and facHitates peer review. ~nformatlon to change the
lIst wW be reviewed through the Trustee CouncWs scientific review process.
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