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Firom: · 
To: 

.cc: 
·Subject: 
. Date: 

BudRi~ .. ·. .. . 
. $tfJriSenner · · .. ·. .· · .·... .. .. · · · · .. . .. . · 
. Peter Armato; JeffTroutman; KATMKodiak Office 
EVQSDraftUpdate on Injured Resources: 
Fri9ay, August 23, 1.996 4:i6Pl\ll 

Original Subject: ·.·· . · · . . . . . . . .·. •. . . . · ..•. .. 
EVOS Qratt Upd~te on Injured Resources: Cormorants. · 

· irt reviewing the statements bonc19ming the, injucy and reeo'l{~fY of 
cormorants followingEVQS,! decidedtorevievy Sluvey est!r:na~es of 
cormorant populations before and after EVOS on the Knea1 Peninsulc:.t · 
Nishimoto and. Riee ( 1987) surveyed the ,entire out~r coast of the Kenai 

· . ·Peninsula .from Go~e Pointto Cape Resurrection, and Bailey and Rice 
·· · surveyed raildomly selected segments two times during the summer of 

1989 ... In comparing sur'l{ey results. for ~ormorants between 7186 and 
7/89 we detected population (:lecreases·for all eorr:norant grpups: . . 
pelagiq conl)oran~ •. red-faaced cormorants, dotible~crested cormorants 
and uniaentified cormorants. ·.Number and .percent changes fQr these 
groups were a~ follows: · · · · · · · ·. 

Species 1.986 

·. Pel~glc cormorant 593 

Red.;faced corm. }87 

boubl~crested c. t95 

Uri identified cor. 65. 

1989 

330 .-44% 

46 .. -75%. 

176 -10.%' 

58 -H% 
. . •, . •, . 

. .., : . . ' 

1 don't have handy atmy fingertip~ th~e st~bseqtlent survey data · 
obtained withFWS during spring c:md summer of 1990. At anyrate; I .. · 
wonderifanyone can state whether ~rmorants.have recov.ered in t.he. 
Gulf .form effects ofEVOS. I hope .this infol'n;lation stimulates $Orhe ··• 
debate, ~.nd thoughf~bouliinpacts anpJestoration t() these species·tnat 

. 111ay have been overlooked 'JVith rude,ct to EVOS. . .. 
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. . ~t~ . c~~~!s0r~~~~\~~f~~t:::i~~i~~n~Uia ·. oa.~ S~gg~sted that the ~~re~t 0~~·~~~~~1:dfj1;~~ .. 
· inadditio·n, there ,were stati.sticall .,significant deClines in the e.stimated ~umbers of cormorants 
·(all three spede.s.cornbined) i11 Prince Wifliam Sound ba?~~ on pre- ~Mdj:>astspHLJuly boat 
·surveys .(1912-73 .. v·1,.989-91J .. ;rhere were .fe'wer cormorants inoiledthan in unoiled par~s of . 

. t~e Sound. More recent surveys (1'99:3'-94) did not show an increasing population trend since 
t11e oil spill .. With support frbm the Trusiee Council, these boat suiveys ·wm be repeated in 
.1996.. . . ' . . · .. ' . . . . .. . 

··dl· I· . . 
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Chapter 5 
Injury Status and Recovery Objectives 

The first part of this chapter discusses recovery objectives in general. The second part describes 
the nature and extent of injury and recovery and specific recovery objectives for each injured 
resource and service discussed in Table 2 in Chapter 4. Detailed information on injury and 
recovery objectives can be found on the following pages: 

Resource Page 
Archaeological Resources . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . 3 
Bald Eagles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Black Oystercatchers . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 4 
Clams ............. . ...... . .... . ........................ 5 
Common Loons . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Common Murres . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Cormorants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Cutthroat Trout . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 7 
Designated Wilderness Areas . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 7 
Dolly Varden . ..•..........................•.. . ........ . .. . 7 
Harbor Seals . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Harlequin Ducks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Intertidal Organisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Killer Whales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 
Kittlitz' s Murre lets . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . • . . . . 1 0 
Marbled Murrelets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Mussels ......•... ; ... . . : ... . .. . . ... ..... . · . . . . . . . . . . . . . . . 1 2 
Pacific Herring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 
Pigeon Guillemot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 
Pink Salmon ... · ......•. :. ~ ............. • .. • .... . ....... . . 14 
River Otters .... · ................................ ·. . . . . . . . . 1 5 
Rockfish • . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 
Sea Otters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Sediments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Sockeye Salmon . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 
Subtidal Organisms ............... . . . .. .. . . . . ..... .... ..... 18 

Service 
Commercial Fishing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Passive Use . . .................. . .... .. .......... .. ·. . . . . . 20 
Recreation and Tourism ... . ........ . . .... . ............. . .... 21 
Subsistence . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 
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· Objectives 
' ' ' -. - .. ' ' 

The recovery objectiv13sdescribe~ in the foil~wing section are the ~easurable conditions th~t 
signal the recovery of individual resoun:::es.or servic~s. In general, resources and services will 
have recovered when. they· return to conditions that would . .haye ~xisted had the spill not 
occurred. In nature, however,populations,often u,ndergo large natural changes, and it is difficult 
to predict conditi.ons that would have existed ir:t the absence of the spill. Recovery; therefore, 
is ·most realistically indicated by a return· to pre spill co~ditions,. which may be assessed by 
comparisons of pre- and post-spill populations, by comparisons of populations or communities 
in oiled and unoiled areas, or, id~ally, by both methods ... For .resources that were in decline 
before;'the spill, like ha[bor seals, recovery may be defined as the stabilization of a population, . 
even if it is stabilized at a lower level than· existed before the spill. In all cases, increased 

·numbers of individuals, reproductive.success sustained within normal bounds, improved growth 
and survival rates, and normal age ~nd se~ composition of the injured population, among others, 

·are all indicators thatrecoveryis underway. .. · . . · 
. . ' ' . . . \ 

Fyll ecological recovery will have. been achieved when the populations of flora and fauna are 
. again present at former or prespill abundances, .are healthy andproductive, and there is a full· 
complement of age classes at the level that would haye been present had the spill not occurred. 
A recovered eco~ystem provides the sarne functions and services a15 yvould have been provided 
had the spill not occurred. 

~njury Status and Recovery Obje~cdye 

This section describes the nature and extent of injury. and. recovery .and ;the .recovery objective 
for each injured resource and service. Specific str.ategies to achieve re$,Ource recovery 
obje~tives are described and updated in .annual invitations (e.g.,lnvitation to ·submit Restoration 

· Proposals for Federal Fiscal Year 199 7) and work plans. The information in this. section is 
expected to change as the restorati.on program adapts to new informatio..[l. For example, 
population declines or sublethal effects may be documented for new resources; other resources 

>may recover or show signs that recovery is underway. Thus, the following descriptions of the 
injury ~nd recovery status and recovery objectives for injured resources and lost or reduced 
·services will change In response to new information, conditions, and scienti,fic insights. · 

New scientific data Will be incorporated into restoration decisions without the need to change 
the Restoration Plan. However, changes will be reported in the. Trustee. Council's annual status 
. report; and, periodically, Chapter 5 of the Restoration Plan itself wm be updated. 
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Resoull'ces 

ARcHAEowctcAL Ri:so!JRCEs· 
!.1 

Injury ancf Recovery ... . · • , .• .. . ·•· . . . . .. · · .· 
The oil-spill area is believed to contain more 'than 3,000 sites of archaeologicararid historical 
significance. Twenty-four archaeological sites on public lands are known to have been adven;ely 
affected by cleanup activities, or looting and vandalism linked to the oil spill. Additional sites on 
both public· and private lands were pro~ably injured, but damage assessment studies were 
limited to public land and not designed to identifY ail such sites. . 

Documented injuries include theft of surface artifacts, masking of subtle .clues used'to identify 
and classify sites, violation .of ancient bu"r.ial sites, and destruction 'of evidence/ in layered 
sediments. Jn addition, vegetation has be'en disturbed, ,which has exposed sites to accelerated 
erosion. Th~ .effect of oil on soil chemis,try and organi~ _remains .maY reduce or eliminate the 
utility of radiQcarbon.dating in son1e sit.e,s:: • · · · · 

... Assessments of 14site,s in 1993 sugge~t that most of the archaeological Vandalism that cal") 
be linked to the spill oc¢urred early in ·H~89, before adequate constraints were put ·into place 

. over the. activities of oil.spill clear)-:.up personnel~ Mas~ vandalism took the form of "prospecting" 
for high yield sites. Once these problems were recognized, protedive measures :were 
implemented that successfully limited additional injury. Jn 1993, only two of the 14 siteis'visiied 

·showed signs of continued vandalism, b~titis difficult to prove that this recent vandalism was 
. related .to the spill. Oil was visible. in the intertidal zones of two of the 14 ~ite's monitored in· 

1 99.3, and hydrocarbon. analysis has shown that the oil at one of th~ 'sites was rTicisf probably 
fr\qm 'the.Jt:-IC'.x-pn Valdez spilL Hydrocarbon level sat the secbhcl sites were not sufficient to 
p~tfnit·'i~~.r:~~ification.of' the source orsourcesofthe oil. · · ·. · · 

. . . "1 ·\;\:t:;.;,. \;, ·, .,J ( : . i . . •... · ' .. · .•. . .·· . . . . ' . 

·--·-Monito'ring'·ofsar<;;!:weological. sites iri 1994 and 'J 995 found no evidence of new damage from 
va~d'~'lism. The.prese~ce ·of oil. is.J:>.f:!ing .determined ill' sedirr1~nt samples taken .from four sites 
iri·1995. 

None of the archaeological artifacts c,oiiJcted during tJ1e spiHresponse, damage assessment, or 
. · restoration programs is stored withlrtthc;spill ar;ea .. ·These arNacts are stored in the University 

of Alaska Museum in Fairbanks and in·the Federai.BuHdihg in Junea·u. Native conimlmities in. 
the spill area have expressed a strong interest in having them r'etutned to 'the spill ~rea' for 
storage and display. 

j : : ~- ; : ' 

The Aluiiiq Archaeolbgical Reposhciry ·i~; Kodia~, yv~ose cons'truction costs were partly funded 
· • by the Trustee Co1.,1ncil, is the only physically appr'opriate artifact storage facility i.n the spilt area. 

· / In·~ 995 the Trustee Co'-'ncil. approved funds for develbpmeht ·of a .comprehensive community 
· plan for restoring ~r~haeological resoqrces in PFince \William Sound arid lower Cook .. Inlet, 
including strategies for storing arid disp'layin~ .artifacts at appropriate fatilities within the spili 
area. 
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Recovery Objective 
Archaeological resources are nonrenewable: they cannot recover in the same sense as biological 
resources. Archaeological resources will be considered to have recovered when spill-related 
injury ends, looting and vandalism are at or below prespilllevels, and the artifacts and scientific 
data which remain 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. Prince William 
Sound provided year-round and seasonal habitat for about 5,000 bald eagles. A total of 151 
eagle carcasses was recovered following the oil spill, and, within Prince William Sound, it is 
estimated that about 250 bald eagles died as a result of the oil 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 adults in 
1995 indicated that the population has returned to or exceeded its prespilllevel in Prince William 
Sound. 

Recovery Objective 
Because the Prince William Sound population and productivity are at or above pres pill levels, the · 

bald eagle has recovered from the effects of the Exxon yaldez oil spi~~ ~{ 

#1t?· 
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 nine carcasses of adult oystercatchers were recovered following the 
spill, but it has been estimated that actual mortalities may have been as high as, but probably 
did not exceed, 20 percent in the spill ar.ea. 

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 1993, and the 
recovery status of this species is not known. 
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Recovery Objective 
Black oystercatchers will have recovered when the population returns to prespill levels 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 account 
geographic differences, will indicate that recovery is underway. 

CLAMS 

Injury and Recovery 
The magnitude of impacts on clam populations varies with the species of clam, degree of oi ling, 
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, Prince William Sound, and Alaska Peninsula, concern about the effects of the oil spill 
on clams and subsistence uses of clams remains high. 

Recovery Objective 
Clams will have recovered when populations and productivity have returned to levels that would 
have prevailed in the absence of the oil spill, based on prespill data or comparisons of oiled and 

unoiled sites. ~1 . 
COMMON LOONS #t til~ v 

our species were recovered following the spill, including 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, including only hundreds in Prince William Sound. Common loons 
injured by the spill probably included a mixture of resident and migrant birds, and their recovery status 
is not known. 

Recovery Objectiye 
No realistic recovery objective can be identified without more information on injury to and the 
recovery status of common loons. 

COMMON MURRES 

Injury 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 common murres). Many more murres died 
than were actually recovered, and it is estimated that the spill-area population declined by about 
40 percent, including at index colonies at Resurrection Bay, the Chiswell, Barren, and Triplet 
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islands, and Puale Bay. In addition to direct losses of murres, there was evidence 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 the oil spill. 

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 1 99~and, at that time, the local population / 
had not returned to prespill levels. 

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

~0 \~ CORMORANTS 

~nd RecoverS 
Cormorants are large, fish-eating birds, that spend much of their time on the water or perched 
on rocks near the water. Three, and sometimes four, species 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 latest information from the U.S. Fish and Wildlife Service Alaska Seabird Colony 
Catalog gives counts of 7161 pelagic cormorants, 8967 red-faced cormorants; and only 15·5? 
double:crested cormorants in the oil-spill area. These are dire.ct counts, _not ~verall 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. 

In addition, there were statistically-significant declines in the estimated numbers of cormorants · 
(all three species) in Prince William Sound comparing boat pre- and post-spill surveys in July, 
including comparisons of oiled versus unoiled areas. Those surveys have not shown any 
increasing population trend since the oil spill. 

Recovery Objectlv"e,....._-- =-BDl J 
Pelagic, red-faced, and double-crested cormorants when their populations return to prespilllevels 
in the oil-spill area. An increasing population trend in Prince William Sound will indicate that 
recovery is underway. 

6 



CUTTHROAT TROUT 
I 

Injury and Recovery 
Prince William Sound is at the northwestern limit 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 vulnerable to exploitation, habitat alteration, or pollution. Following 
the oil spill, cutthroat 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. 

Recovery Objective 
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 

Injury and Recovery 
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 
residual oil. 

Recovery Objective 
Designated wilderness areas will have recovered when oil is no longer encountered in these 
areas and the public perceives them to be recovered from the spill./ ~ 

::;;?t 
Injury and Recovery 
Like the cutthroat trout, there was evidence that Dolly Varden grew more slowly in oiled 
streams than in unoiled streams , and there is concern that reduced growth rates may have led 
to reduced survival. However, no data have been gathered since 1991, and the recovery status 
of this species is not known. 
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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 . 

. L HARBOR SEALS 

~ Injury and Recovery 
"!\ . Harbor seal numbers were declining in the Gulf of Alaska, including in Prince William Sound, 
} ~before the oil spill. Exxon Valdez oil impacted harbor seal habitats, including key haul-out areas 
~ l'·and adjacent waters, in Prince William Sound and as far away as Tugidak Island, near Kodiak. 
~ ~stimated mortality as a direct result of the oil spill was about 300 seals in oiled parts of Prince 
~~.]'william Sound. Based on comparisons of surveys in 1988 and then in 1989 after the oil spill, 

~ seals in oiled areas had declined by 43 percent, compared to 11 percent in unoiled areas. 

~ ,. 
When a population declines it means that deaths exceed birt and harbor seals in both oiled 
and unoiled parts of Prince William Soun ave contmued to decl!l.!in:u:-.su:u;;..e_..u:~!>f:*t+r-...J:::..[lLJ~:__ 

4 he avera e estimated annual rate of decline, djusted for time of day and 
er fact , is about 6 percent. Changes in t e amount or quality of food may ave an 

initial cause of this long-term decline. Although 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 population, these are among the on-going sources of 
mortality. 

Harbor seals have long been and cont inue to be a key subsistence resource in the oil-spill area. 
Subsistence hunting is affected by the declining seal PC?PUiation, and lack of opportunities to 

~ hunt seals has changed the diets of subsistence users who traditionally had relied heavily on 

C ~ . these marine mammals. 

~ : $1· · Recovery Objective · . . . · is . 
) ~ ·Recovery will have occurred when harbor seal population wndo ... stable or increasing. 

tv< 4.;r~.,_ d.~~. 
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 actually 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 spill area. The geographic extent of these impacts is not known. 

Bile samples from harlequin ducks and Barrow's and common goldeneye collected in eastern and 
western Prince William Sound and in the western Kodiak Archipelago in 1989-90 had higher 
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concentrations of hydrocarbon metabolites than a 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 differences in habitat quality. However, the summer 
'population in Prince William Sound is small, only a few thousand birds, and 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. 

Recovery 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 ,~teninsulas, and in the Kodiak Archipelago. Both the oil and intensive clean-up 
activities had~ignificant 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 va~y 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 through 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 barnacle, oligochaete 

. worms, and filamentous brown a.lgae, 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 ·rockw~ or popweed), was also reduced following the V'f-/ 

spill. 

On the sheltere_d, 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 the coverdProvided by this seaweed. Fucus has not yet fully r~covered 
in the upper intertidal zone oh.., ~heres subjected 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. 
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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 species, such as Fucus at sheltered rock sites, the 
convergence in community composition on oiled and unoiled shorelines, and the provision of 
adequate, uncontaminated food supplies for top predators in intertidal and nearshore habitats. ~ 

KILLER WHALES ~ 
Injury and Recovery ~ 
More than 1 00 killer whales in 6 "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 t he loss of five more 
whales. The link between the losses and the oil spill is only circumstantial, but the probable 
mortality of killer whales in Prince William Sound following the spill far exceeds rates for pods 
in British Columbia and Puget Sound over the last 20 years. 

The AB pod may never regain its former size, but overall numbers within the major resident killer 
whales pods in Prince William Sound are at or exceed prespilllevels. 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. J 
Recovery Objective .......------. ~ "';] ~ 
Killer whales will have .recovered when the number of individuals in th~s stable or 
increasing relative to the status of other major resident pods in Prince William Sound. 

KtTTLITZ'S MURRELET 

Injury and Rec~very 
The Kittlitz's murrelet is only found 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 
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murrelets 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 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. 

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 also listed as Threatened in British Columbia. 

The marbled murrelet population in Prince William Sound had declined before the oil spilt. 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 1,1 00 Brachyramphus murre lets 
were found after the spill, and about 90 percent of the murrelets that could be identified were 
marbled murrelets. Many more murrelets were actually 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. Postspitl 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. 

Recovery Obje~tive --tlv- i5 
Marbled murrelets will have recovered when~opulation t~ends aFe stable or increasing. Stable 
or increasing productivity will be an indication that recoverr s underway. 

~~)-~ ~ ;t;:JL­

~T~~ 
~ ~ 
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MUSSElS. 

Injury and Recovery 
,MIJ.ssels are. an important prey species in the nearshore ecosystem throughout the oil-spill area, 

' ' and beds of mussels pro~ide physical stability and ·habitat for other orga,nisms 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 mussel$ and 
underlying byssa! ma~s 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. 

At least 70 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 . 
before .. Mussel beds along the outer Kenai Peninsula coast, the Alask:a Peninsula, and J(odiak 
Archipelago were surveyed for the pres·ence ofoil in 1992, 1993, and 1995. Hydrocarbon 

. concentrations in mussels and sediments at these Gulf of Alaska sites is generally lower than 
for ~ites in .the Sou.nd, but at some sitessubstantial concentrations persist. 

~ubsistenc~ users conti'nue to be' concerned. about contaminati.on from oiled mussel b~ds. The 
Nearshore Vertebrate Predator project is focusing on mussels. as a key prey species and 
component of the nearshore ecosystem. 

Recovelf'Y Objective . 
Mussels will have recovered when concentrations .of oi.l 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 

I nj!Jry snd Recovery 
Pacific herring spawned in intertidal and subtidal habitats in Prince William Sound shortly after 

·· the oil spill. A significant fraction of these spawning habitats as well as herring staging areas 
in the spunq were contamjnatea b.Y oil. Field studies conducted in 1989 and 1990 documented 
increa·se·cfrates of.•egg·mortalityian~d larval deformities in oiled versus unoiled areas. Subsequent 
laboratory studi.es confirm tha~ these effects can be caused by exposure to Exxon Valdez oil, 
but th~ signifftanc'e of;ttie~e injud!=ls:at a population level is riotknown. 

The 1S88 pre spill year-class 'olP~cific herring was very strong in Prin~e William Sound, and, as 
a result, the estimated peak biomass of spawning adults in 1992 was at a record level. In 
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1993, however, there was an unprecedented crash of adult herring. 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 have 
remained depressed through the 1995 season. Preliminary results from the Sound Ecosystem 
Assessment (SEA) Project indicate the possible significance of pollock as both competitors with 
and predators of herring, which may indicate that there in a connection between the lack of 
recNtment of strong year classes of herring and the presence of large numbers of pollock in V 
Prince William Sound. 

Pacific herring are extremely important ecologically as well as commercially. 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 normal bounds 
in Prince William Sound. 

PIGEON GUILLEMOT 

Injury and Recovery 
Although the pigeon guillemot is widely distributed, nowhere does it occur in large numbers or 
concentrations. Because guillemots feed in shallow, nearshore waters, both they and the fish 
they prey on are vulnerable to oil pollution. 

Like the marbled murrelet, there was evidence that the pigeon guillemot population in P~ince 
William Sound had declined before the spill. The causes of the prespill decline are unknown. It 
is estimated that 1 0-1 5 perce'nt of the Gulf of Alaska population may have died in the. spill, and 
decfines along oiled shorelines in Prince William Sound were greater than along unoiled 
shorelines. 

Numbers of gui~lemots recorded on boat surveys are highly variable, and there is not yet any 
statistically significant evidence of a postspill population increase. The factors responsible for 
the guillemot's prespill decline may negate or mask recovery from the effects of the oil spill. 

Recovery Objective 
Pigeon guillemots will have recovered when the population in Prince William Sound is stable or 
increasing. Sustained productivity within normal bounds will be an indication that recovery is 
underway. 
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PINK SALMON 

Injury and Recovery 
About 75 percent of wild pink salmon in Prince William Sound spawn in the intertidal 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 particles and oiled prey as they foraged in the ~nd and emigrated to 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 William Sound were reduced. Second, there was increased 
egg 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 in Prince William Sound varied 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 from a high of about 14.4 million fish in 1990 to a low of 
about 2.2 million in 1992. There is particular concern about the Sound's southwest 
management district, 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 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 oiled and unoiled streams. These data indicate that recovery from oil-spill 
effects is underway. 

The Sound Ecosystem Assessment (SEA) Project is exploring oceanographi~ and ecological 
factors that influence·production of pink salmon and Pacific herring. These natural factors are 
l.ikely to have the greatest influence over year-to-year returns in both wild and hatchery stocks 
of pink salmon. 

Recovery Objective 
Pink salmon will have recovered when population indicators, such as growth 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 William 
Sound. 
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· Rive!!' Otters · 
... ..._": .. 

· Injury and Recovery 
River otters have a low qensity and ~n unknown population· ~ize in Prince William Sound, and, 

··therefore; it is hard to asSE:J!:)soil-spill effects. Twel~~oti:er' C<:!rc~sses'were found following the 
·spill, but the actual mortality is nof known; S~udies.conducted during .1.989-1991 identified. 
several differences between otters in oifed and uno ired a'reas in Prince \Nilliam Sound, including 
biochemical evidence of exposure to hydrocarbons or other sources of stress, reduced diversity 
'in prey speCies~ reduced body size (l~ngth-weight), and increased territory site. Since there 
were no prespill-data and sample sizes .vvere small, it is nqt clear'that these differe~ces are the 

·. ·res.ultof the~oiLspill. . · · . · 

··The Nearshore Vertebrate Predator projf!ct, no \AI' underway; will shed new light on the· status of 
the river otters. In 1995 the Alaska Bdard of Game used its emergency a~thority 't.o restrict· 
trapping of river otters .in Western Prince William Sound to en!:)ure that the results. of this study 

· are not compromised by the remova.l of a_nimals from study areas on Jackpot and Knight islands. 

': \ 

Recovery Objective . · . , . . . 
. The river otter will have re.covered when biochemical indic.es of hydrocarbon exposure or other 

stresses and indices of ba,bitat use are similar between oiled arid Linoiled areas of Prince William 
. Sound; after taking into ac.count any geographic differences~ 

ROCKFISH .... 

injury am:!! Recovery .. · . . . 
· · ·Very little is.known about rockfish populations in tht3 northern Gulf of Alaska. A small number 
· ·,·of dead adult rockfish was recovered followi'r:rg the oil spill:. and autopsies of five specimens 

indicatedthat oil ingestion w~sthe caus~ot.deatb. ·Anatvsi~ of .other rockfish showed exposure 
to hydrocarbons and sublethal effects .. · In addition,· clost1~es tb s~lmon fisheries apparenHy 
increased fishing pressures on rockfish;-which may have aclv~rsely affected the rockfish 
population. However, the original extent of injury and.the curr:~ntrecbvery!S~€ltus ofthis species 
are unkr:)own. - . · . / .· ' ·· -. . ' '· < 

· Recovery .Qbjectlve 
. No recovery objective can pe qefine<;l. 
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Injury and Recovery 
By the late 1800s, sea otters had been eliminated from most of their historical range due to 
excessive fur harvesting by Russian and American fleets. 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 spill, although additional otters 
probably died but were not recovered. In 1990 and 1991, higher-than-expected proportions of 
prime-age adult otters were found dead in 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 
significant evidence of an overall population increase following the oil spill (1990-1994). This 
lack of a significant positive trend, however, may result from a lack of statistical power in the 
survey, which will be repeated in 1996. 

Based on the insights of local observers, 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 William Sound, such as around northern Knight Island. The 
Nearshore Vertebrate Predator project, which was started in 1995, should help clarify the 
recovery status of the sea otter in the western sound. 

Recovery Objec~ive 

_... 
/" 

Sea ot~ers 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. 

Injury and Recove 
Exxon Valdez oil penetrated deeply into cobble and boulder beaches that are common on 
shorelines throughout the spill area, especially in sheltered habitats. Cleaning 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 was in 1993, and it 
included 45 areas of shoreline known from the clean-up to have had the most significant oiling. 
That survey indicated that heavy subsurface oil had decreased by 65 percent since 1991, and 
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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 slowly. 

In 1995, a shoreline survey team visited 30 sites in the Kodiak Archipelago that had measurable 
or reported oiling in 1 990 and 1 991 . 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 Prince William 
Sound due to the higher energy settings on the islands, 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, although elevated levels of 
hydrocarbon-degrading 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--were among the few sites 
at which subtidal oiling is still known to occur. 

Recovery Objective 
Sediments will have recovered when there are no longer residues of Exxon Valdez oil on 
shorelines in the oil-spill area. Declining oil residues and diminishing toxicity are indications that 
recovery is underway. 

SOCKEYE SALMON 

Injury and Recovery . 
Commer-cial salmon fishing was closed in Prince ~illiam Sound and in portions o~ Cook Inlet and 
near Kodiak in 1989 to avoid any possibility of contaminated salmon being sent to market. As 
a result, there were higher-than-usual numbers (i.e. ~ overescapement) of spawning sockeye V""' 

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 consumed huge quantities of 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 declines in the returns of adults per 
spawning sockeye. 

The effects of the 1 989 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 will continue to affect post-spill year-classes and 
that sockeye returns are yet not sufficient to fulfill the commercial, recreational, and subsistence 
demands on sockeye salmon in the Kenai River system. 
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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 with 
fry production may or may not be linked to the overescapement, and possible additional factors 
include low egg-to-fry survival, competition from other freshwater fishes, and the interception 
of adults in the mixed-stock fishery harvest offshore. 

Recovery Objective 
Sockeye salmon in the Kenai River system and Red and Akalura lakes will have recovered when 
adult returns-per-spawner are within normal bounds. 

,.,---:-1 ~:-::;;tq-.fr.. -- SUBTIDAl COMMUNITIES 

Injury and Recovery (j1.-- tJ 
Oil that was transported 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 oiled 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 diversity 
and abundance of eelgrass shoots and flowers, worms, clams, snails, oil-sensitive amphipods 
(sand fleas), and helmet crabs. Organisms living in sediment at depths of 3-20 meters were 
especially affected. Some opportunistic (i.e., stress-tolerant) invertebrates within the substrate, 
mussels and worms on the eelgrass, and juvenile cod, increased in numbers at oiled sites. 

By 19 9 3, oil concentrations in sediments had dropped considerably, so that. there was little 
. difference between oiled and unoiled sites. The eelgrass habitat, the only habitat examined .in 

1993, revealed fewer.differences in abundances of plant and animals. However, there were . 
still some animals that were more abundant at oiled sites, like those observed in 1990. These 
included the opportunistic worms and snails, mussels and worms on the eelgrass, and juvenile 
cod. Reconnaissance surveys indicated that there were more small green sea urchins at oiled 
sites. 

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. 
However, the abundance of small green sea urchins 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 sediment oil concentrations and orga:1isms that live within the substrate are not yet 
complete. 
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Recovery Objective 
Subtidal communities will have recovered when community composition in oiled areas, 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. 

Services 

Injury and Recovery 
Commercial fishing is a service that was injured 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 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 Prine~ William Sound and in-season genetic stock identification tor 
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 
Commercial fis~ing will have recovered when the commercially important fish species have 
recovered and opportunities to catch these species are not lost or reduced becaus.e of the 
effects of the oil spill. 

Restoration Strategy 
The primary method for restoring commercial fishing is to restore the species that are fished 
commercially, such as pink salmon, Pacific herring, and sockeye salmon. These species are 
discussed elsewhere in this chapter. Three additional parts of the strategy for restoring 
commercial fishing are the following: 

Promote recovery of commercial fishing as soon as possible. Many communities that rely on 
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commercial fishing will be significantly harmed while waiting for commercial fish resources to 
recover through natural recovery alone. Therefore, an objective of restoration is to accelerate 
recovery of commercial fishing. This objective may be accomplished through increasing 
availability, reliability, or quality of commercial fish resources, depending on the nature of the 
injury. For resources that have sharply declined since the spill, such as pink salmon, and Pacific 
herring in Prince William Sound, this objective may take the form of increasing availability in the 
long run through improved fisheries management. Another example is providing replacement 
fish for harvest. 

Protect commercif!/ flsh resources from furtherdegradation. Further stress on commercial fish resources 
could impede recoveiy._ ·Appropriate protection can take the form of habitat protection and 
acquisition if a resource faces loss of habitat. The Trustee Council can also contribute to the 
protection of commercial fish species by providing information needed to improve their 
management. 

Monitor recovery. Monitoring the recovery of commercial fishing will track the progress of 
recovery, detect major reversals, and identify problems with the resources and resource 
management that may affect the rate or degree of recovery. Inadequate information may require 
managers to unduly restrict use of the injured resources, compounding the injury to commercial 
fishing. 

PASSIVE USE 

Injury and 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 lost passive use values resulting from the oil spill. 

Recovery 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. 

Restoration Strategy 
Any restoration strategy that aids recovery of injured resources, or prevents further injuries, will 
assist recovery of passive use values. No strategies have been identified that benefit only 
passive uses, without also addressing injured resources. Since recovery of passive uses requires 
that people know when recovery has occurred, the availability to the public of the. latest 
information on the health and recovery status of injured resources, based on monitoring and 
research projects, will play an important role in the restoration of passive uses. 
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Injury and Recovery 
The spill disrupted use of the spill area for recreation and tourism. Resources important for 
wildlife viewing and which are still injured by the spill include killer whale, sea otter, harbor seal, 
and various sea.birds. Residual oil 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. 

Closures of sport hunting and fishing also affected use of the spill area for recreation and 
tourism. Sport fishing resources include salmon, rockfish, 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 protect cutthroat trout 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 unoiled areas increased management problems and 
facility use in unoiled areas. Some facilities, such as the Green 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. There are still locations within the oil-spill area, however, avoided by recreational users 
because of the presence of residual 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 ca~ accpmmodate changes in human use. 

Restoration Strategy 
Preserve or improve the recreational and tourism values of the spill area. Habitat protection and 
acquisition are important means of preserving and enhancing the opportunities offered by the 
spill area. Facilities damaged during cleanup may be repaired if they are still needed. New 
facilities may restore or enhance opportunities for recreational use of natural resources. 
Improved or intensified public recreation management may be warranted in some circumstances. 
Projects that restore or enhance recreation and tourism would be considered only if they are 
consistent with the character and public uses of the area. However, all projects to preserve and 
improve recreation and tourism values must be related to an injured natural resource. See Policy 
9 in Chapter 2. 
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Remove or reduce residual oil if treatment is cost effective and less harmful than leaving the oil in place. 
Removal of residual oil from beaches with high value for recreation and tourism may restore 
these services for some users. However, this benefit would have to be balanced against cost 
and the potential for further disruption to intertidal communities. 

Monitorrecovery. Monitor the recovery of resources used for recreation and tourism. Also monitor 
changes in recreation and tourism in the spill area. 

:;h''S~i:':E /~~ 
/ ~. 

Injury and Recovery 
Fifteen predominantly Alesk:sn 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, 
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 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 1989-1994. 
No or very low concentrations of petroleum hydrocarbons were found in most resources. 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. Residual oil exists on some beaches near subsistence communities. In 
general, subsiste':lce 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 pr~-spill 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 
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 more salmon than has been customary. Herring have b~en very scarce throughout Prince 
William Sound since 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 
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. . . ·. . . : ·., ·. ' .... ' 

to harvest the same .amount as they did before the spill, especially In Prince WIIII~m Sound. 
. . 

.Subsiste~ce JJsers also point out that the value ~f subsi!3tencecannot be measured in pounds 
. . • ' '•· : . • '. ·. ' ' .' .. ; ' . • c:· ~~ ' . .. . . ' 

alone. This. conventional . measure dqes not include the cultural value of· traditional. and 
customary use of natural resources. Subsistence users say that maintaining their subsistence 
culture depends on u'ninterrupted use of fish ·~nd wildlife r~sources. 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 of life of entire 
communities. There is particular concern that the oii spill disrupted opportunities for young 
peop~e to learn subsistence culture, and thatthis knowledge may be lost to them in the future. 

!RecoveRY Olb]ective 
Subsistence will have recovered when injured. resources usedfor subsistence are healthy and 
productive and exist at prespill levels. In addition, there is recognition that people must be 
confident that the resources are safe to eat and that the cultura~ values provided by gathering, 
preparing, and sharing food need to be .reintegrated into ccimmunitylife. 

I 

. IAestcrra~icn~ Strrate@y 
The primary way of restoring subsistence is to restore injured resources used for subsistence, 
such as clams, harbor seals, Pacific herring, pink salmon, sea otters, and sockeye salmon. These 
are discussed elsewhere in this chapter. Four additional parts of the strategy to restore 
subsistence are the following: 

Promote recovery of subsistence as soon as possible. Many subsistence communities will be 
significantly harmed while waiting for resources used for subsistenc.e to recover through natural 
recovery alone. Therefore, an objective of restoration is to accelerate recovery of subsistence 
use. This objective may be accomplished through increasing availability, reliability, or quality of 
resources used forsubsistence, or increasing the confidence of subsistence·users. Specifically, 
if subsistence harvest has riot returned to prespill levels because users doubt the safety of 

'particular resources, this objective may take .the form of increasing the reliability of the resource 
through food safety testing. Other examples are the acquisition of alter:native food sources and 
improved use of existing resources. However, all projects to promote subsistence must be 
related to an injured natural resource. See Policy 9 in Chapter 2. 

Remove or reduce residual oil if treatment i~ cost effective and less harmful than leaving the. oil in place. · 
Removing residual oil from beaches with high vaiue for subsistence may improve the safety ,of 
foods found on these beaches. This benefit would have to be balanced against cost and the 
potential for further disruption to intertidal communities. 

,: ; .' . ' .. .. ' 

. Protect subsistence resources from further degradation. Further stress on subsistence resources could 
impede recovery. Appropriate protectio[l can take the form of habitat protection arid acquisition 
if important subsistence areas are threatened. Protective action could also include protective 
management practices if a resource or service faces further injury from human. use or marine 
pollution. 

23 



Monitor recovery. Monitor . the recovery of resources used for subsistence. Also monitor 
subsistence harvest. 

Increase involvement of subsistence users in the restoration process. Increasing participation of 
community residents wilt increase their confidence that injured resources will be and are being 
restored. Increased participation also wil.l improve the results of restoration work, including 
research and monitoring projects, through the incorporation of traditional and local knowledge. 

24 



·Exxon Valdez OB~ Sp~U.1rrLUJsie® C(Q)~U1lc~~· 
. . . .~estormion Offici! . . . . . 

645 G Str~~t, Suit~ 401, Ancholrage, Alaska 99501o345~ ·· 
. . Phone: (901)218a8012 Fme {901) 216s1'118 ·· · 

MEMORANDUM 

#~ 
Restoration WorkForce 

lFirom: · Molly Mc.~~.u,u: 
Executive r;>ir · 

SUllbjed: Update on Injury and Recov;ery Status 

Date: . September 27, 1996 

We have completed the final draft of the Update on Injury and Recovery Status (Le., Chapter 5 
revisions). This version incorporates the changes discussed at the TiusteeCOtincp meetillg on 
August29. · . · · ·· 

. . ' ··.: ·,· ·. ·. ·. . . '. . 

My plan is to have theseprint<::dwith a September 1996•date and,to distribute them to the gen.era1 
mailing list ·sometime this fall ot winter, prb bably in coinbinati(m :With the final FY ··1,997 work 
plan or some other. docwnent that needs wide distribution; · 

I will put this topic onthe agendafor the Work Force hieeting.on()ctober2nd; Ifyouhaye any 
comments or suggestions; please bring them up at thattime. · . · 

enclosure (1} 

.• · Trustee Agencies .. 
Stat.e of Alaska: Departments oi Fish & Game, Law, and Environmental Conservation 

United States: National Oceanic and Atmosphenc Administration, Departments of Agriculture qnd Interior 



Alaska Region P.O. Box 21628 United States 
Department of 
Agriculture 

Forest 
Service Juneau, AK 99802-1628 

August 21, 1996 

EXXON VALDEZ RESTORATION PLAN EIS SUPPLEMENTATION E 

OBJECTIVES 

This evaluation reviews the April 1996, Exxon Valdez Oil Spi 
Plan, Draft Update on Injured Resources and Services. A det• 
made on the significance of proposed changes to Chapters 4 
(Goals, Objectives and Strategies) of the Exxon Valdez Oil Spill Restoration 
Plan (EVOS Restoration Plan) . Relative to the Restoration Plan Environmental 
Impact Statement of September 1994, the Record of Decision of October 31, 
1994, and the EVOS Restoration Plan of November 1994, the Forest Service, as 
lead Federal Trustee agency, will determine whether a supplement to the Final 
Environmental Impact Statement is warranted. 

The National Environmental Policy Act (NEPA) implementing regulations (40 CFR 
1502.9 [c]) and Forest Service Handbook direction (1909.15-92 - 1, section 18.2) 
provide that agencies: 

(1) Shall prepare supplements to either draft or final environmental 
impact statements if: 

(i) The agency makes substantial changes in the proposed action that 
are relevant to environmental concerns; or 

(ii) There are sufficient new circumstances or information relevant to 
environmental concerns and bearing on the proposed action or its 
impacts. 

(2) May also prepare supplements when the agency determines that the 
purposes of the Act will be furthered by doing so. 

The Final Environmental Impact Statement (FEIS) contains evaluations and 
findings regarding impacts of restoration actions on injured resources and 
services. The Record of Decision (ROD) provides Trustee agencies and the 
public restoration decisions to include direct restoration actions, habitat 
acquisition and protection, research and monitoring. These include long-term 
actions utilizing a restoration reserve, administration of restoration 
activities, pubiic involvement and science management. These actions are 
pursuant to the use of the $900 million settlement between Exxon Corporation 
and its subsidiary companies, and the United States and the State of Alaska. 
The EVOS Restoration Plan provides long-term guidance to the Trustee Council 
for using these funds in restoring the resources and services injured by the 
oil spill. 

This paper presents and analyzes circumstances presented in the April 1996 
Exxon Valdez Oil Spill Restoration Plan Draft update on Injured Resource and 
Services (hereafter referred to as the Draft Update) . The Draft Update 

Caring for the Land and Serving People 
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Alaska. Region ' P .:o. Box 2~6·~8 Uni.'ted stat.~s 
Departinent,of 

, .Agriculture 

Forest 
service JUn:eau, A.K 99802 ~628 

August 21.1 <~996 

' ' ' . ' . ' 

EXXON VALDEZ .RESTORATION. PLAN· EIS SUPELEfu:NTATION EVALUA'I'ION 

·pBJ'ECTIVES 

. Thi~ ·evaluation reviews the April· 1996·; Exxon Valdez Oil, Spill 'Restqration .. 
. . Plan;i .DrCift Update ·op +njti~~d: R~sou~ces <meL ServicEils. A det;ermil?.ation will be . 
·.made o:n the significance of proposed chan!3'es to Ch~pters ·4 (Injury) and.· 5 · · 
. (Ge>als, .obj~ctives.a.rid strategies} of .tl:J.e Exxon Valdez Oil spill Restoration 

... · Plan {E:vos· Restoration Plan).. Relative to .the' Restoratio:n Plan Envi~onmental · 
. · ... Impadt statem~Ilt of Septeiilber .;t994;.1::he Record of De,cisi,on .·of • October 31, 

. ~994, and the EvOS Restqration: Plein qf Noyember 1994i the Forest Servicei .as 
leac:l Fed~ral. Trustee agency, ·rfli.J,l d~ter'ffiine whether a .. siippleme:nt. to the .Final 
Environmerital.ImpaCt Statelllent,is warraf1t(;!d. . . 

The National Environmental Policy Act (NEPA) implementing regulatioJis . \40 CFR. 
'~502.9 {cl) ahdForest Ser'y:;ice Handbpok directiOn: (HQ9.1s:..92-~~ section.i8~2J 
prov·ide that agencies: 

·· (i) Shall prepare supplements t'o, either draft :c)'r final environmental 
iropact statements if: 

. ·- "' 
' .. 

<(i). The agency makes substanJ;:.ial changes in the proposed action that. 
are relevarit. to eri'Vironmental conce:ms; or . ·, . ~ .. 

(i±) There are,sufficiE!I).t :new circu1llstan6es or iriformatioh r~levant.to 
environmental cicmcerns. c;u10. bearing c:m. the proposed aptiori or its 
impacfs;· 

(2} May als9 prepare -s'\ipplerhents j>whem the agehcy determin~s th<it the 
Pt:J.rPoses of the Act. will be; furtlJ.e'red by dolr1g so. · 

The Final E~vironm~ntal Impact Statement' (FEIS) ·. COI?-tains. evaluations and 
findings 'i:egarding impacts of restor~tion act:~ons'<o~ irtjured resource~ : cmd . 
servi~es. The Record· of rie·cision (ROD) provides. ''l'ru~tee agencies ?J.hd the 
public. restora.tion d,ecisfO!lS ·tO inc::+ude direct restorat~on a·ctio:n.s ,.· habi,tat 
acquisitibn and ·p:rotect;:ion,. :researclJ.''and mqnitoring; . Tiles~ iP,clude lcmg-term .· 
actiOil.S Utilizing a restoratioil reserve, . adrniriistratiori of r~storatiOI1 .· 
activj_ties,· pUbij;c .. invcilyement and. sc.ience management~.· These .. aCtions are 
.p~~~an£ .to .the use. of "the $900 mill:i,on settleme!+t b~tw~~n Exxort Corpo:tatio~ 
and its subsidiary c::ompanies,and.the United States ·~nd.·the .. s~a~e .. of ,A.laska: 
The EVOS :}testol:ation Plan. provides lqng~term ~id~ce to J::he Trustee. c~uncil. 
for usirig tJ;iese fUnds. in restoring ih,e reso\].rces and s~rvices injuredby',the 
oil spill. . .. ... · · . · · · · 

. ; ' . . . 
' . . 

This i;iaper presents .and c:in~lyzes' Circ'umstances presented in the April ,1996 
Exxon valdez •on sp:i11 Restor.:ltion Pian· Draft.Update···on ·Injureq.··.Reso:u.rce and 
.serviCes. {hereafterc referr~d to as the Draft Update).. The Draft Update 
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. provides .currerl.t informatio;n for two.parts of the Restoration Plan: 1) Table 
2. Resourc~s and Services Injur~d by;th.e Spill; p.32, ±ri Ch~pter 41 and 2) the 
summaries of Injury and Recov~ry and the RecoveryObjectives in ChapfE;!r 5. 

' . . . ·' . ' - . ' 

BACKGROUND 

Th~ Federal ~nd Stat~ governments, aqt'ing as Trustees for.natural .resoutc.es 
. are responsible fo:r: .taking actions n~cessary to res.t'ore resources, and' the. 
services they provide, t_hat .. were injured'by the Exxon Valdez oil spill. 
(EVOS)" The Federal water Pollution control Act (c:lean:water Act) (33 u.s.c.® 
1321 [f]) and' Comprehensive J!:n~ir~:mmerl.tai Respons~, Compensation_and Liability 
Act (CERCLA) (42 u.s;c.® %07 [f]) pro:v-ided the legai basis for these · · 
responsibilities. ' ' ' 

The ROD for the EVOS R~st~ration 'Pl.an Environmental impact Stat~~ent was 
signed by the Federal TrusteE;!S and designates on .October 31,, 1.~94. , _The final 

·· EVOS Restoration Plan was ··completed in l'!'ovemb~r 1994 .. · It was. modified to 
reflect the Trustees I decisions on .restoration policies I ~trategies and 
actions. 

The Evos Restoration Plai1is a programmatic document which the Trust~e 
· agencies and .the public c:::an use .as long7 term gu:i.da,nce foJ;" restoring the 

resources. and servi.ces injt1red }:)y the: oil 'spill. I.t contains policies ·for 
·.making restoration decisions ana describes how' restoration activiiies will be 
.implemented. 

·' .. : . 

The ~OS Res~oraticm. Plan provides ·for. information. updates to be inco:i:porated 
.into the plan as .acqui:r;~d, reviewedapd approved by .the Trustee. CounciL .. More 
specifically, .Chapter 4 of .the· Restorati()n P.+ari indiCa'tes that the .l~s~ of 
inj:ured tesourdes and services (p.32, · Tal::>le· 2) ,would be reviewe¢1 as new 
informati~n is obtaiJ1ed. The FEI.S addressed in]ured resources and seiyic~s 
provided by these ·resources by det,erm;i,.rling how resto:ration activities 
~contribute to resto:r:ing injured .resources. and se~ices, and how restoration. ,, 
a~tioris d;irected. at the injured resourc:::es 'ai:l.d ser.Vic~s affect other r~sources' 
and senrices. ,. It'also proV:ides' for a' restoration program which includes 'fiv.e. 
categories of rest;oratiori activities.:·. These ai'e.; · · 

General Restoration;. 
Habitat Protection and'A.cquis~tibn; 
Monitoring and Research; . 
·Restoration Re~erve; and. 

-. 

Public Infqrmation, 'science M'a;nagemen:t, and Adnlinis'tration . 
. '·'· ... : •" ;: -' :c·.,·· ... ' 

The decision rea~hed' in the ROJ:l by th~ :Trustee~ incorporates ail ecosys~em · .. 
approach to restoration and provides :f"or both scientific review and.l?Ublic 
participation in th~ process of. definii1g · restoraticm actions~ • Restoration is 
to be.· :focused on the injuries. td natu~al resources. and the servic~s . pro~ided. 
by those natural resource.s ~ 



.. "· 

. The. EVOS Restoration ~l~ui ·c::ails · for ~Chief Scientist's '.recommendations ~efo'rE! · .. 
adding·.injrired species to the list,. qhangih~ 'tlie st~t~s qf a spe~ies on the 
lis.t::, ·and f~xc· remcrl.!'ing species from the iist·.,•These peE!r rE!vie~ed 
reqommendations a.l':'e then .acted:upon pyth~Trustf;!eCounc±L 

Diredtion .fd:r changing the· Restoration Plan .(p ~ 1·0, . ch .1) is .as :E6no..;is : 
• ' '• • ' ' ' r.' ,' 

"T~e Trust~e 'Council may. cp~ge the: p;'al} :i,f the Council 
dete;['mine§ ··the pian is. nq lo!).ger re~ponf3iye to · 
re.storatfon needs'. • .Changes may be made due. ·to .'new 
sc;ientific data, or to changing . soqial.·.·~and ~cori:omic · 
conditions. However; new> S.cie:i:itific·.~ta: wlii be 

·. incorpor~ted into res:toratipf{ 'decisions wi.thout .the p.eed 
to change the,plan.n . 

The.Rqp·provides for ariecosys:temapp:i::oachto.restiqrettio:J;:t. TpeTrusteesmay 
. cpnsider restoration ac:tivities fpr the ·injuri'es addressed J>y tllese spec~fic · 
·exc~rpts .from the :ROD.· They.may'consider restoration: 

for any lnj~red rE!sou:i::ce or service; .. .· ·· ... ··. 
for. resource~ arid· services n,ot. prE:rviously id~nt.ifieP. as injured .. , . H 

·reasonable sd.en:t.ifi:c or lockl Jmowledge :o.btained since the .~pill 
indicates a spin.:.:reiated in]ury; . .·· •.. '. . ·. 
·for resources . and, se~rv:ices that 'have not . rec6vered;o and 
for ~es6u;rces for whi~h therk .was ~0. do.cun{ent~d injury if • these 

. activities will benefit an.Thjured resource or ~?ei'viqe. 

PURPOSE; AND NEED 

...•. The purpose ot t:he.EVOS Restoration, Pl~n and FJl:IS j_~ to ·•trestpre, insofar as 
possible~ the injured natural :r:esources andthere:by t1:le seriices.they·p:r:oV'ide 

. {that were · a;H~cted by th~ Exxon vaid.e:i . ()il~. spii 1,. ~·. . Planni:qg .arid decision 
guidance· provid~s .Ute Trustees ~ith a l:>road platfort'fl from· which· to d::i,.rect · 
restoration• ac'tions • . T!lrough past • an(l CUrrent re~toration. actions 1 research 
tii.n:d. m~:tiitoring of :injured. reso~rces; ·;~he 'TrusteE:l~ .~ave .determined which . 
:r:esources not previously.,. rior specif:i,(::ally, identified in.pl~ing. documents 
~hould })e c;onside~ed f6r resj:;oratioxi, ~ or their. recovery sta:tus m:Odif-ied tO 
update pl<:J,nnin:g d9cuments. · This arial:ysis will ·determille .if tliere are 
E!~traordinary circtimst~cesin'thesemodificatioril3whi~:hwill.cause the ·Forest . 
. Service. to initi;:ite a supplement to· the FEIS; . 

The .. Draf.t Update provides. :for pUblic 'review of. the. p:r:oJ?OSE!d .change13 and .. 
addit-ions to the EVOS Res.tor(lt.ion P,lap. ThE! infort'll~.tion 'presented ii1 the· Draft 
~aate is scferitif:i.c in na.t;;ure ana appears riot to stibstcilntially change .the ' 
foc'\ls .of the planned restoration a.ct:i2oi1s. ~tho:u,gh reco~ery objectives a,re' 
p:i::esenteil in more dE;!tail than those ±ri t:he' EVOS.· ~est6ration Plan, the· revised 
objectives are synonymous •with'curre:rit approii'ed restoration .objectives and·. . 
actions. 

' ! ' ~ 
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DISCUSSION .. 

The proposed revisions presented in.the braft Update ·include changing r~cpve:ty 
statuE; of seine resourCes (for example/ moving thE{bald eagle [Haliaeetus 

. leUCQCephalUS] from the "reCOVering~! C(itegory tO. If recovered") 1 •. arid. adding 'to 
the list itself. InAug).lst. i!395, the, Trustee. council add~dKittlitz's llltirrelet 

. (Brachyramplius brevirostri.s) and common loons (Gavia immer) ·.to. the: injured· 
.. species. list. In addition, the coup.cii.now proposes to add three species of 

cormorants '(red~:faced [Phalacrocorax urilel I pelagic lR.·. p~lagicusl I I and . 
. ·dotible_;crested l~ .. _auritus]). Requesfs. to add scot~rs (bidemia nigra. arid' 
Melanitta. sp . .) and black-:J.egged kittiwakes (Rissa -tridactyla) to tl:ie list. were .. 
not recommended. by the Counc~l' s Chief SCientist. · · -

• ~ ~·I I • ;'' 

.As restoration aCtbdties OCC).lr I . • res'toratio~. managers . anp. sci,entists have 
determined that the -planned ecosy$te!m . .approach to th~i:r 'work is very useful in 
.understandfng the injury arid recovery: status of resources'and f3,ervic~s .· Animal 
peer-reviewed work plans are beirlgin?orporated into larger g:[-oupings _(for 
example: Pink Salmon, Sound Ecosystem' Assessment [sE.Ah Marin~ Mammals, 
Near..:shote Ecosystem, Seabird/~orc:~.ge Fif!h and Related Projects; stl.l)sisten~e and 

• others) to. incr~ase efficiency of effort and exp~riciitur~s, .and to. accommodate 
collaborative understand;ing of researc1:1. and monitoring results.· .· T4ese .efforts 
have focused restoration needs. _Incorporating the above 'mentioned resources 
into the restorat.:lon_prpgramdoes·'notc:materially ~harige.the recovery objective, 
the level .of effort, or focus of. the restoration activities being eyal\lated. and 
appro~ed by the Trus'te'es . from. thc;se antic:i.p(ited in. th~ EVOS R_estoration Plan.·' 

. and FEIS. It . does i . ho~ever, accommod~te understanding of species I .. 

predator/~rey relationships, and hence is ecosyst~m based, arid it' corroborates 
th~ roies Of restoration <mariag~rS ·' culd SC~eritiStS in defining injury 1 providing .. 
for effective .• restoration 'actions, .• and·· promoting. recovery;_ . 

. The ·Draft Update was sent to ~he PUblic Advisory G:r::oup I .. ageric:j.es ,and other 
pub:J.:i.cs in April 1996 .... Comments on the draft were solicited. When the June 
15,' 1996 due date :for, these comments ·ard.ved only :H{re responses had been 
received .. 'These .. are ·summarized ·as follo:Ws: 

ari interest. in having lake fertilization. dori~ in Es;hamy:r .. ake; . 
an interest in "having spot shrimp receive more att~ntion .to .. detertriine 
why the specdes. remains. in such low numbers in P:rince William Sound; 
an .interest,in mo:te restoration effort for pink.salmon; 

. .im interest in splitting ~nd ·sttidying components.of the intert:i,dai 
com"ll\unities ;. and · · · · 

· an :interest in -continuing mo~itoring programs. 

These questions and concerns h~ve been . previously cons'id~~ed by the chief 
Scientist for the Trustee CounciL Additio~allY~ the Executi:Ve Director. Of the 

, Trustee. ·council haS asked her s.cience, cOordinator tO re~ppnd to these . 
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concerns·. T-hese re~ponse::; · summarize the Tru~tees' position on these issues, A 

summa,i:y of :t]+e sciem6e coo.rdina,tor' s.~:c:omments .incl'llde·. respect;ively.: 

1) · There has been -n~ · injury linked. to/ the EvOS that direct::ly ·affected .the 
Eshamy system,· therefore no .restoration acti,~ns have b~en approved fo_r· that 

· .. system. 

·. 2}' The spot, shrimp p~pl,llation ili .:West.ern Prin~e William· Sound was kno~ to 
:have declined prior to. the ,1989 'o:i..l spill. Dl.lrfng damag~ ass'essment no injury,.·. 
from Erion Valdez oil could'be determined~ :.No restoration actio1ls:hav~ ·beeh 
· app:pov~d for spo:t: .sl:!.r:i.mp~ 

3) Sa,lmori. • stocks,. par,tictil?-rly pink 1:1almon ·stoqks ·within the spi~l, area are · 
being. stuQ.ieQ. in· detail. coP:tinuing studies, monitoring ~m<l data evaluation 
will produce· a.more complete picture'of the pink salmon as a.component of'the 

.. oiled ecosystem. ·, . . . ' 
-· - ;-> - '• ' 

,·· . . . ('. . . . 

4) The interreia.tionships of iriterddal conununity components are cur:;-ently 
peiD.g evaluated irf a variety of studies.. . Splitt.irig out a,nq naming each 

· cott~ponent .for imii vid11a;t. stud}' has 119t · }:)een ,dee;med cost ~ffective. nor a good 
way to. understand the intricate :spec:l:es· int;er,relatioriships within, the. ' 
intertidal coinmUl1ity~ · · · · · · · 

5) Monitoring of. recdv~cy:will continUe. 

' . . 
.. CONCLU'SIO!'l" ' 

.. The_ T:r:uste.e 'Cotihcil~s d~sire td modi~y the·.listin~ .. of '{njureO.·resOl,lrc_es. and·. 
services and to provicie additional focus ori .. recovery <;>bje;ctives for these .. · 
injuries, are. within--the current' paramete:is of. the _EVOS Restoration ·.Plan and 
FEIS. . .The pUblic has, had ·a,n oppdrt:Unity to commerit :on the .proposed: changes . 
. People have hot expressed opposition to t;he proposed,updat:es. The}' have not ··• 
suggested ()tl~er · s~1;3tanti ve ch~g~s. .•.•. Public invol.;,.ement copti~ties . on a :r~gular 

·basis ·to q.eterm:Lrie timely shifts iti ~ublic;:: desires.. This is ·-done through -~ ·· 
··public notice of ·anriual wor,-k pl~ris, ·Public .Advisory; Group meetings, public. 

·. comment periods (it 'I;rus,t~e CpUncil meetings, sc~enCE! :wor)cshops{ and, the.· .. 
Restoration Update ne:wsletter. -The propoSed changes·have_:been suggested aS a 
resu~t · of· these·· recurring ·process'es, · the need for. s'cientf:Uc · infortnatiqri, ··and 
restorati011 results. . . . . . . . 

As pre;vious;J.y.stated, the:infoimationpresen:t:.ed±A tlJ.e Draft Update is 
scientific iil :nature- anc:i a,ppearS' not;: t;:o . substantially Challge the . fOCUS Of 
piann,eO.: restoration actions .. · 'I'h.e. pr6p()s.ed ,chatiges to the 1nj lUj Hat and 
~ecovery objectives provide for non-i.nibstantiyE;; modificatioJ:is to planning ..... 
d6cuments·that are.witl:!.ir~e\Trustees'·decisipn autb6rftyandwithin the.NEPA 
~~lysis·completed. for·the.EVOSRestoration ]?Ian. Final Environmenta.l Impa,ct 

· ·· statement . · · · · 
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DETERMINATI:ON 

The Forest Service has .reviewed National EnvironmE;!ntal Policy Act and othe.r 
requirements regarding ~uppleq~entation ot the Exxon vaidez Oil. Spill FEIS. I 
have considered the proposed changes to the EVOS Restoration Plan in the Draft 
Update. 

I have determined that supplementation of the EVOS FEIS .not wan::anted in 
relation to the changes proposed forChapters 4 and 5 of the EVOS Restoration . •. . . . . . . \ . 
Plan in the Draft Update. The.changes areprimarily scientific in nature and 
do not substantially modify .or restrict the Tru~;~tees' authority or scope of 
actions to effect restoration of injured resources and services. The purpose 
and need fOJ; restoration actions have not chan9'ed to a.degree that warrants a 
supplement to the EVOS.FEIS. The environmental consequences of .the a~tions 
authorized by the RQD,.and· displayed in the EVOS FEIS have not changed .. 

No further NEPA actions, including a supplement to the FEIS, are required to 
implement the changes proposed in the April 1996 1 . E:Xxon Valdez Oil Spiil 
Restoration Plan Draft Update on Inju~ed Resources & Services. 

Trustee Council Member 
USDA Forest Service 
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$42, 141. Seiners harvested .$31. 8 million worth of fish. setting the ~verage 
earnings for the 266 permit fi'eet at $119.670: The set gill net har-Vest is 
valued at $1.1 mlllion, making the average earnings for each of the 29 active 
permit holders approximately $38 ,249. · · 

Oil S.pill Impacts on Management 

Recognizing that the 1989 Exxon Valdez oil spill continued to have the potehtiai 
to affec~ seafood quality with:i.,:n the Prince Willi~ Sound Management Area, the 
Department o~ Fish and Game and the Department of Environmental Cons.ervation 
(D.E.C.)' renewed the MemorandUm of Understanding regarding seafood quality for· 
the 1990 season (Appendix A.lO,.). The Department of Fish a:nd. Game conducted 
extensive beach surveys and collected fish. that were provided to D. E. C. for 
inspection, prior to commercial openings 'in the affected areas of the Sound. 

·(···S·o.me···minor. bea.char·e·a·s· .co.n.tin. u~q. to ·.·pose.· an appre.ciabi· .. e li·.kelihoo .. dfor fouling 
of gear and adulterating of catch and. were closed for the 1990 season. Two small 
-beaches in the Eshai!ly Distric ~, 3. 5 miles of sho.reline on northern La touche 
Is land, and the shoreline of El~anor, Ingot; and Knight Island north of 60 o 25.0 
N. lat. were closed. · These closures did not result in any reduction in the 
haryes t of fish. Besides this,.· the lingering effects of the o:U spill had little 
impact on .the conduct of the 1990 salmon season. , 

' ··SEASON· SUMMARY BY DISTRICT 

. . 

Copper River District 

. Pre-Season Outlook and Harv.est Strategy 

.. The 1990 harvest forecast· for.· the Copper River District was 37,100 chinook, 
658 ,}00 'sockey~, and 295 .• 300 coho sa,lmon. · The harvest for the 1990 season was 
844 '778 sockeye •. 200,000 or 28 pe;rcent above the anticipated. The . ehinook 
.harvest was '21,702, dmost: 15,000 or 41 percent be.low the anticipated. Chum and 
pink salmon are aisd present with steelhead but comprise less than 1 per-:::ent of 

<the catch. The Gulkana Hatcher~ was expected to contribute 13~~·226 in 1990. The 
actt;t.al hatchery contribution could not be verified as no smolt were tagged in· 
1987 and 88. · 

. . . . . .. 

The early season management strategy in the Copper River District is based on .the 
actual catch arid effor~ compared to the anticipated catch and effort. This 
provides the tnost· reliable metl}od ·Of evaluating early run strength. Two. eveniy 
spaced periods each week ate opt:imuni; however the fishing scheduie is adjusted 
in~.season as the Situationdictates. Effort, tides and environmental conditions 
also e.nter into interpretation of the data. ln late May, th.e upriver escapement 
data from· Miles Lake· sonar. project becomes ·the primary factor governing the 
management of the fishery. By .. mid..: June aerial estimates of sockeye escapement 
in the Co.pper River delta are a:vailable .and are also cons:ldered whel;l scheduling 

2, 
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· . IfEXJtO!tiJ Valdez OU SpUI TrUJJs~ee Co~~cU 
. . . . Restoratoon Offmce · . ... . · ... · 

645 G Street, Suite40:i, ·. . . Alaska .. 99501c:i451 
Phone:. 27&=8012:· 276 .. 71'18 ·· 

DOT f: 1.1996 
To:. 

From:· 

Subjeclt: · · ·. UpdateonlnjuryandRecoyery,Sta~s 

September 27, 1996 

We have completed the finaldraft of the ppdate on Injury an.d R~covery Status (i.e., Chap~er5· · 
revisions). This vetsion incorporates the 'changes discussed at the Trustee Council I::m~eting on 

· August29. 

. · My pian is to l!aY\' thes.e printed Wlth a Septeml>er 1996 date and tO distribute themto the seneral . 
. . mailing list ·sometiqie this fall or winter; probably in combination· with the final FY 1997 work· 

plan or some o~er docutrient that needs wide distribution. · 
', . . 

. . ' . 

I will put this topic on the agenda for .the WorkForce meetingon October 2nd. If you have any . 
comments or suggestiol1S, pl~ase bring them up atthat tinl~.. · · · 

enclosure (1) 

') .. 

·.. . . . . Agencies . . , . . 
State of Alas~a: Departments of Fish.& Game; Law, and Environmental Conservation · . .. . 

United States: National Oceanic a·nd Atmospheric Administration, Departments of Jl.gricultur~ and Interior . 

I 



Exxon Valdez Oil Spill Trustee Council 
Restoration Office 

645 G Street, Suite 401, Anchorage, Alaska 99501-3451 
Phone: (907) 278-8012 Fax: (907) 276-7178 

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 and Services 
Chapter 4 of the Restoration Plan indicates that the list of injured resources and services (p. 
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 double-crested). 

Chapter 5: Goals, 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 Council 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 following the Exxon Valdez oil spill. 

Sincerely, 

Molly McCammon 
Executive Director 

enclosure 

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

United States: National Oceanic and Atmospheric Administration, Departments of Agriculture and Interior 
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[Note to Readers: This document updates information on Injury 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.] 
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· RESOU~CES 

ARCI-{AEOLQGiCAL'.RESOURCES 

· ~l!'n]Ury and Recovery.. . ·· .. · ... . .. ·. . . . · · . .. . . . .. · .· ·. . · .. 

. · The oil•spill ~·rea is believed tp co!;ltain mor~ than 3;000. sjtes Qf archaeologiqal and historical 
· significance. Twenty~ four archaeological sites on pl!blic lands ,are known to have been adversely · 
· affected by cleanup activities·.or looting .andvaf}dali~;m :linked ~o the oil spill. Additional sites on 

both public and private lands were probably. injUred, but damageassessmenrstudies were limited 
to public. lalld· and not designed to identify all such sites. .. ' 

Documented il"!juries. nncludetbeft ot'surfa9e artifacts; masking of subti~ clues used to identify 
and' classify sites, violation of ancient 'burial sites,' and destruction of evidence in layered 
sediments. in addition, vegetatioQ'has been disturbed, which has exposed· sites to accel.erated ·. 
erosion. The effect. of oil on soir'ch~mistrv. ahd organic remains may reduce ~r .eliminate the 
utility of radiocarbon datin,g in som.e sites. · · 

Assess;,e~ts of.:14-sites in 19'93' sugg~st thatmostof the .archaeologi~al vandalism that can 
be linked .. to the §pm·occurred early in 1989,. before adequate constrairits were put 'into 'place 

.. over the activities ~foil spill clean~up persopnel. Most vandalism too!< the form qf "prospecting" 
tor 'high yield sites. '.Qoce these.)prqblems were .recognized, protective measures were 
implemented that successfully limited adpition;:d injury •.. !,n 1993, only two ofthe 14 sites visited 
showed' signs of continued vandalism, but it is difficult to prove that this recent vandalism was' 

·related to .the spill ... · Oil \1\faS .visible in tp,e inter:tidal zones ·of two of the 14 sites ri10nitored in 
199:3, and hydrocarbon analysis has shown that the oil. at one of the sites yvas from the Exxon 
Valdez spill. ·Hydrocarbon levels at the seconqsite'were' not sufficient to permit identification 
of the source or sources of the oil. . .. . . . . . 

Monitoring of archaeological sites in 1~,94 and 1,!395 found no evidence. of new damage ·from 
. vandalism. The presence o(oil is being.·determined in sedimentsamples taken from four sit~s 
in 1995. · · · · · · .· · · 

None of the arch,aeologicaJ.artifacts coii~Cted during the spill-response, damage assessmeht, or 
restoration programs is stored within the,.spill area. These artifacts are stored in the University 
of Alaska Museum i.n Fairbanks and in~he Federal Building k1 Juneau .. Native·communities in the 
spill area haye.expressed a ·strong intere'st in having them returned to the spill area for sto-rage · 

· · and display. · · · · · · · 

The Alutiiq Archaeological Repository irr Kodiak, whose cohstruction costs were partly funded 
py the Trustee. Coun.cil, is the ,only physitally appropri(lte artifadt storage fac{Jity in the spill area. 
in 19~5'tbe Trustee Council app'roved f,.lJnqsfor development of a comprehensive communitY 

. plan for restoring archaeological resources in Prince William Sound. and 'tower Cook· hi let, 
including strategies for ·storing and displaying artifacts ~t appropriate f,aeilities. within the spill 

. ' ' . . ,l. . .. . . 

area.~ . ·. - . . . . . . . . 

Recov~ry Objective . · . . . ·.·· . •. · ·. · . . . . . · . · ··. . . · ·· · . · .. ·· · 

Archaeological resources·· are nonr,enewable: they cannot rec.over in. the sam~ sense (lS _biological 

. Update on lnjur:ed Resources.& Services, September 1996 .. : ,, ' ' .·, . 
·. 3 



·.resources: Archaeolpgicafre~ources wii1 be considered to.have.recovered when ·spill-r~lated · 
injury ends, looting and! v:andalism·<ne at or .belovv prespm levels~ and the artifacts .and scientific 
data remaining in vandalized sites. are pr~seuved (~.g ;, through excavation, site stabilization,• or 
other forms ofdocum'en1:ation). · · · · · · · 

' ,- . .- ' - .''- -·. 

BALD EAGLES 

.. ~njury and! Recovery . . . . . .. 
The. bald eagle is an aj:}undant resident of coast .lines ttiroughout the .oil•spill area. . Following the 
spill atotal of 151 eagle carcasses. was reqovered from toe oil-spill area. · Prince William Sound. 
'proyides yeaNotmd and se.asonai hapitat for about 5,000 bald eagles, and within· the .. Sound. it 
is estimated tnat about 250 bald eagl~s diE:ld as a result of the spilt ·. There were no estimates 
of mortality outsidetne Souod,.but ther~ were deaths throughout the oii-,spiil area. 

' - .,- . . . '• . .'' ·.· . . . . -. 

· . in'additionto direct mortalities, productivity was reducedJn oiled areas of Prince William Sournd ·· 
in 1989. ProductivitY was back to normal in 1990 and 1.991, and an aerial survey of adults:in 
.1995indicated that the populatibll has re~urned to or exceeded· its pre spill .level in .Prince \Nilliam 
Souru;t · · ' · · ·. · · · · · ·. ·· · · · · · · ·· · · 

· ·. Recov.~ty Objective · · . · · · · . ... · •. ·· · .· . .. .•... •· ·... ·• ··· • · .. ··. ·.· · .· · · · . · . .··.·. · 

Bald eag{es will have recovered. when their population and productivity ha.Ve returned to pre~pill .. 
levels. Based on the results of stuoies.in Prince Wmiam Sound, this objective has bee.n {net. · 

·· BLACI<OYSTERCATCHERS 
. ' . . . . -:- :~ . . ' ·- . . . . . >- ,• . ' ' .' . . . 

Bn]ury ~~d Recovery · . · · · · ·. . . .· ·. ·· . .· . ..... .. . · · .··. ·· 

Black. oystercatcfu~rs spel')d .their eritir~ lives hi or near intertidal habitats. and . are highly · 
vulnerable to .oil pollution. Cu~rently, it is estimated that 1,500-2,000 oystercatchers breed in 
south~central Alaska. Only nine carcasses of adult: oystercatch,ers JNere recovered following the · . 
spill, but the actual number· of mortallt.ie~ may .llave beell considerably higher. . . 

. . · . . . •' '·. ·,. . ' . " .. ·_ :!'. ' . ' ,., . '·. . ' . ; '-·. . . 
e~ddition to direct mortalities, breeding activities were disrupted by. the oil. anq clean-up 

activities ... In comparisonwith black. oystercatchers on t~e Jargely unoiled Mpntague Island,· . 
oystercatche~s at heavily oiled·· Green Island. had redl!ced· hatchipg suqcess iri 1989 and their . 

. chicks gained weight more s.lowly during "1991 ~93 .. interpretation of the9.e data on repr9ductive 
performanc'e, however,. are confounded "by lack of pr,espill de~ta; · .. Productivity and survival of 

· black· oystercatchEm:; in. Prince ,William·Sound have not been monitored since 1993; and the· 
recov:~ry status otthis species is not ~nown.. · · . · 

RecoverY ()bjectnve . . .. . .. ·.. . . . . . .. .. . . . .. ·. . . 
~lack oystercatctiers will have: recover~d when. the. population returns to prespill levels and · 
reproduction is within normal bpurids. Art increasing population tr~hd and comparable hatching 

. success and growth r~tes of chicks in oiled and unoiled' areas, after taking into account 
geographic differenc:es, wm indicate that recovery is 'under:\11/a'/. . ' . ' ' . 

. . ' ' 
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CLAMS 

Injury and Recovery 
The magnitude of impacts on clam populations varies with the species of clam, 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 Prince William Sound concern about the effects of the 
oil spill on clams and subsistence uses of clams remains hig ( St~ 5"' ~,..-,. k -c. ... ) 

Recovery Objective 
Clams will have recovered when populations and productivity have returned to levels that would 
have prevailed in the absence of the oil 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 spill, including 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, including only hundreds in Prince William Sound. 
Common loons injured by the spill probably included a mixture of resident and migrant birds, and 
their recovery status is not known. 

Recovery Objective 
No realistic recovery objective can be identified without more information on injury to and the 
recovery status of common loons. 

COMMON MURRES 

Injury 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 common murres) . Many more murres 
probably died than actually were recovered. Based on surveys of index colonies 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. 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 prespill data and by indications that populations at some colonies were in decline 
before the oil spill. 
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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 p•)pulation 
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, 
such as Pacific herring, sand lance, and capelin. 

Recovery Objective 
Common murres w ill have recovered when populations at index colonies have returned to prespill 
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 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 t he 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-face<:J...cor~orant , and 1,558 double-crested 
cormorants in the oil-spill area. These are direct counff, n'bt oVe~ll p-.opulation 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 oil resulted in fewer birds in this area in 1989 compared to 1986. 1 10 , e e were 
statistically-significant eclines in t he estimated numbers of cormorants (all three species 
combined) in Prince William Sound t 'lsed on pre- and postspill July boat surveys ( 197 2-73 v 
1989-91 ), and 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 prespill levels in the oil-spill area. An increasing population trend in Prince William 
Sound will indicate ~hat recovery is underway. 
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CUTIHROAT TROUT 

Injury and Recovery 
Prince William Sound is at the northwestern limit 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 vulnerable to exploitation, habitat alteration, or pollution. 

Following the oil spill, cutthroat 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. 

Recovery Objective 
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 

Injury and Recovery 
The oil spill delivered oil in varying quantities to the waters adjoinin 
spill e esignated as wilderness rea nd wilderness study area y Congress. Oil also was 
deposited above the mean high-tide line in these reas. During the intense clean-up seasons of 
1989 and 1990, thousands of workers and hundre s of pieces of equipment were at work in the 
spil area This activity was an unprecedented imposition of people, noise, and activity on the 
area s ndeveloped and normally sparsely occupied landscape. Although activity levels on these 
w1 derness shores have probably returned to normal, at some locations there is still residual oil. 

Recovery Objective 
Designated wilderness area will have recovered when oil is no longer encountered in these 

d the public perceives them to be recovered from the spill. ....._ ____ 

DOLLY VARDEN 

Injury and Recovery 
Like the cutthroat trout, there is evidence that Dolly Varden grew more slowly in oiled streams 
than in unoiled streams, and there is concern that reduced growth rates may have led to 
reduced survival . However, no data have been gathered since 1991 . The recovery status of 
this species is not known. 
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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 in the Gulf of Alaska, 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 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. 

In a declining 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 1989-1994, 
the average estimated annual rate of decline~ 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 whales, 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 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 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. 

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. Prespill data on 
harlequin populations and productivity are poor and complicated by possible geographic 
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differences in habitat quality. Ho.wever:,,the summer.populati6n inPrinceWnJ~iam Sound is small, 
, , only a few thousand birds. There .continues to be concern about poor reproduction and a 

possible decline iri numbers'of molting birds in_ western versus•eastem parts .of the Sou rid. , 

',, Recov~eyO!bjective ,_,_, _ ,, .· '·, ,,'_ , ,.·, ,, _,·_,_., _, ·, __ , ',· .•· '., . ,· . 
, ', H~riequin ducks will ·have recovered whe11 breeding and postbreeding season densities and 

production of young return to prespiil l~vels. A nomial pppuladori age: and s.ex-structure and 
reproductive success, taking into account geographiC: differences, wm indicate that, recovery is 
underway. ' '. . ' . . . 

INTERTIDAl COMMUNiTiES 

OnjuiY andl Recovery . , . . . .. . , . . , .. 
'Portions of·t;500 miles of C0!3St~ine were.oiled by the spill in Prince:Wi!liarn Sound, on the Kenai·· 
and Alaska: peninsula~, and, in· the Kodiak Archipelago. . Both the. oii(3Jnd. intensive Clean:::up 
activities had .. significant impacts <10 the flora. and fauna, of the Intertidal zone, the area of, beach· 

• between low and high tides .. intertidal resources a're important to supsistence users, sea and 
>river otters, and ~o a variety of.birds; including bl'ack oystercatchers, ·harlequin ducks,. surf, 
.. seaters; and pigeon guillemots. 

~~pacts to intertidaJ grganisms occurred at ~~~ tidal.levels.Jn. all types Of habitats throughout the. 
oil-spill area.. Many species of algae and invertebfates were less ablirndant at oiled sites 
compared to unoiled reference sites. Otller opportunistic species, including a smalrspecies of 
barnacle, oligochaete worms, anci .filamentous browr) algae, colonized shores where dominant • 

· species were removed by the oil spill and~blean-up activities~ · Th.e abundance and reproductive 
potentia{ of the common seawee.d, Fucqs.: gardru!1ri (known as rockweed or popweed), was also . 
redl:jced followingthe spill •. · . . . . . . . 

. On the sheltered, bedrock shores that are comtnort'in Prince WilliamSoLmd, fun, recovery of 
· Fucus is crucial for the recovery.of intertidal communities atthese sites, sil"lce in any invertebrate 

organisms depend on the cover p~ovided by this s~aweed. _.· Fuctls has not Yet fully recovered in .· 
, , . I -,. - , , - - .. -.- .. - ... " . . - , . , . :· ·--···.. , 

· tpe upper il)tertidal zone on shores.subjectedto:direct sunHght, but in many locations, recovery. 
· of intertidal commUnities .has .made substantial progress. In other habitat types, st~ch as 
estuaries and cobble beaches, many species did not show signs of. recovery when they were last 
surveyed in 1991. · · · · · · · · · · · · · 

Recovell1f Objective .· . .. · · . .- · · ·· · · · . · • · · · . . . . · · . · . . . · 

Intertidal communities. will have redoveredwhen community composition Om oiled shorelines is 
slmilarto that which wowld have prevailed in the absen·ce of the spill,· Indications of recovery · · 

· are the reestablishment of important s'pedes; such ~s. Fucps at sheltered rocky sites, the · 
convergence. in community composition on. oiled .• and unoiled shorelines, and the provision' of 

. :adequate;·uncontamJnated food_sup~lies.for top preda~prsio intertidal and-.nearshdr~ habitats. 
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KILLER WHALES 

Injury and Recovery 
More than 80 killer whales 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 AB 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 prespilllevels. 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 AB 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. 

KITTLITZ'S MURRELE 

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 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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Recovery Objective 
No recovery objective can be identified for Kittlitz's murrelet at this time. 

MARBLED MURRELE 

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 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 declining at the time of the oil spill, but the 
spill caused additional losses of murre lets. Carcasses of nearly 1 , 1 00 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 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. 

Recovery Objective 
Marbled murrelets will have recovered when its population is stable or increasing. Stable or 
increasing productivity will be an indication that recovery is underway. 

MUSSELS 

Injury and Recovery 
Mussels are an important prey species in 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 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 1 2 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 
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 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 
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 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 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 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 199 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 normal bounds 
in Prince William Sound. 
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PIGEON GUILLEMOT~ 

Injury and Recovery 
Although the pigeon guillemot is widely distributed in the north Pacific region, nowhere does it 
occur in large numbers or concentrations. Because guillemots feed in shallow, nearshore waters, 
the guillemots and the fish on which they prey are vulnerable to oil pollution. · 

Like the marbled murrelet, there is evidence that the pigeon guillemot population in Prince 
William Sound had declined before the spill. The causes of the prespill decline are unknown. It 
is estimated that 1 0-15 percent of the spill-area population may have died following the spill. 
Guillemot nesting on the Naked Islands was well-studied in 1978-81. Postspill surveys using 
the same methods indicated a decline of about 40 percent in guillemots 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 significant evidence of a postspill population increase. The factors responsible for 
the guillemot's prespill decline may negate or mask recovery from the effects of the oil spill. 

The Alaska Predator Ecosystem Experiment (APEX) project is investigating the possible link 
between pigeon guillemot declines to the availability and abundance of forage fish, such as 
Pacific herring, sand lance, and capelin. The Nearshore Vertebrate Predator (NVP) project also 
addresses the possibility that exposure to oil continues to limit the guillemot's recovery. Both 
projects are supported by the Trustee Council. 

Recovery Objective 
Pigeon guillemots will have recovered when their population is stable or increasing. Sustained 
productivity within normal bounds will be an indication that recovery is underway. 

PINK SALMON 

Injury and Recovery 
About 75 percent of wild pink salmon in Prince William Sound spawn in the intertidal 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 particles 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 William Sound were reduced. Second, there was increased 
egg 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 in Prince William Sound varied 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 from a high of about 14.4 million fish in 1990 to a low of about 
2.2 million in 1992. There is a particular concern about the Sound's southwest management 
district, 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 

· Update on Injured Resources & Services, September 1996 13 



attribute poor ;eturns .in a glven year to injuries cau:~.ed. by· Exxon Valdez oiL fqr ·pink salmon,· 
mdrtalities of eggs and juveniles remain the best indicators 9f injury and recovery. 

Evidence of reduced juvenile growth rates was limited to ~he 1989 s~ascin, but increased egg 
mortality persisted in, oiled compared to ljT)Oil~d streams. through~ 1993 .. The 1994 8r1d 1995. 

. seasons were the first sin'ce 1989 in which there were no statistically significant differences in 
.·egg mort~lities · in· oiled and· t.moiled streams. The~e data· indicate that recovery f.rom oi!:-spiU · .. 

· effects is un.derway. . · · · · · · · · · · 

The Sound Ecosystem As~essment (SEA) Project is exploring oceanographie and ecological. 
·factors that influence production of pink. salmon anp Pacific herring. These natural fac.tbrs are 
likely to have the greatest influer:tce over year-to-year returns iii path wild and hatchery stocks .. 
of pink saimorii ·. · . · . · · · · 

Recovery Objecthre .•.... . . · . ·. . .· . . · .. · . ·... . .· · .· · · .. ·· . . 
.Pink salmon. will have recovered vvhenpopulation·indicators, su9h as growth and survival, are .. 
within normal bounds and ·the·re ~r~ no s~atistically,significa11t difftm~nces in egg rnortalities in · 
oiled .and unoiled stre.ams for two years ea.ch of odd~ and even'-year runs ih Prince Willi a~ Sound~. 

. . . . -

• RIVER 0TIERS 

. !ll'lljucy amd Recovery · · . . . ·.. . . · . . . · .. ·• ·· . ... . · •.. · · .. · . , 

River .otters have. a .low population density and an unknown populatiot') .. size in. Prince William 
· Sound, and, therefore;)t is hard ~o assess oil-spill effects.. Twelve river otter carcasses were . 

found followirlg the. spill, but the actual mortality is not known~· Studies conducted during 19'89 .. · 
91 identified ·several·· differences between river otters in oiled and unoiled areas in i'rince William 

. Souhd; including biochemical evidence.of exposure to hydrocarbons or othe.r sou~ces of str~ss, 
·reduced diversity in prey species, re(iuced body size. (length-weigl)t), arid increased territory size. 
·Since there were ·no pre spill. data and sample sizes. were small; it is not clear· that these 
differences are the result of the oil spill. . .. . . - ' 

.. The Nearshore. V~rtebr~tePredator.project; now underway, will shed hew light on· th~ status of 
the rhler otter. In 1995 the Alas~a Board of ·Game used its emergency authority to restrict 

· trapping of river .otters il} .westem Prince, William Sound to ensure that the results of this study 
. are not compromised by th~ r.etnoval 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. 

ln)uiY and ~ocol(ory . . .. · •· . . . . . i ·... ·. · ...... ·.. · · .. · . . .• .. 

Ver\j little is known about rockfish populations in the northern Gulfof Alaska .. A small humb~r .. 
of dead adult rockfish was reco~ered follo\iving the oil spill, an~ autopsies offive specimens 

• indicated that oil ingestion was the cause of de~th. AQalysis ofptherrockflsh.showed exposure·. 
· .to hydrocarb()ns and probable S.4blethal :effects. kt addition, closures to .salmon fisheries 

apparently increased fishing · pressqres on· roc~fish, which may have adversely affected th~. 
rockfish population; However, the. original extent of injury arid the current recoverr:y status of 
this species ~re ,1.:mknown. . · · · · · 

Recovery Obj~ctive . . .·· · · · · 
Ncirecovery objective can be identified.: 

SEA OTTERS 

ll!'ljury a!l1ldl Recovery .· . . ..·· .. .· . . . . . . ··... . .. . .. . · .. .·. . .. · 
By the late 1800s, sea otters had been eliminated from most of their historical range in Alaska 
due. to .excessive fur harvesting by Russi~n oand American fleet~ •. Surveys of sea· otters in the. 
1970s and · 1980s, however, indicated a healthy and 'expanding population, including· ih 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 tne· .. spill, .althoug~ ... addi~iona!. animals 
· probably died but were not recovered~ in·1990 and 1991~ ~igher~than~expected proportkms of 

prime'-age adult sea otters were found dead in western Prince''Wi!Hcim. Sound, and there was 
evidence of higher mortality of 'recently weaned juvenilesin 'oiled ~reasi By 1992~93, · ·. 
overwintering mortalitytates. for juveniles had decreas~d, but were stiUhigher in oiled than in· 

.. unoiled parts of the Sound. . . . . . 

Based on. boa( surveys cond,ucted in Priri6e. William Sound; there is not y~t stat.istic.ally 
significant evidence of an overall population increase following the·.oitspill (1990-94).. This lack . 

·of. a significant positivetre~d, however, may result from tow statistical. power. in the survey, . 
which will berepe~ted' in 1 ~~6: · ·· · · ·· · · 

•.. ·.Based on observations by local resi'dentsi it is evid:e~t that the sea otter. is: abundant in rn~ch of . 
· · · Pripce William Sound; . There is no evidence thatrecovery has qccurred, however, in heavily oiled 

parts of westernPrince.V)Iilliam Sound, such as around northern Knight Island. The Nearsho.re 
•· Vertebreite Predator prqject, which vvas started it:l 1995, should help clarify the recovery statljs 
· of the see:1 otter .in the western 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 

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 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 slowly. Oil also persists under armored rock settings 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 oiling 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 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 conducted at a small 
number of index sites in Prince William Sound. At these sites, oil in subtidal sediments re d 
its reatest r:m:a:tio-l=ls-at-wa.t.er.-d.ep1hs of 20 meters below mean low tide, although elevated 
levels of hydrocarbon-degradin bacteria associated with elevated h drocarbons) were detected 
at dept s o and 100 · · illiam 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. 

Recovery Objective 
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 oil residues and diminishing 
toxicity are indications that recovery is underway. 
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SOCKEYE SALMON 

Injury and Recovery 
Commercial salmon fishing was closed in Prince William Sound and in portions of Cook Inlet and 
near Kodiak in 1989 to avoid any possibility of contaminated salmon being sent to market. As 
a result, there were higher-than-desirable numbers (i.e., 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 declines 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 will 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 be linked to the overescapement, and possible additional factors include low egg-to­
fry survival, competition from other freshwater fishes, and the interception of adults in the 
mixed-stock fishery harvest offshore. 

Recovery Objective 
Sockeye salmon in the Kenai River system and Red and Akalura lakes will have recovered when 
adult returns-per-spawner are within normal bounds. 

SUBTIDAL COMMUNITIES . 

Injury and Recovery 
Oil that was transported 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 adjace t shore waters (de ths less than 20 meters), 
were com ared at oiled and unoiled sit s The concentration of oil in sediments in 1990 was 
more than twice as great at oiled sites. he greatest differences were detected at 01 ed sites 
with sandy sea bottoms tn t e 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. Organisms 
living in sediment at depths of 3-20 meters were especially affected. Some opportunistic (i.e., 
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 oiled and unoiled 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 still were more abundant at oiled sites. These included the 
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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 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 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 that live within the substrate are not yet 
complete. 

Recovery Objective 
Subtidal communities will have recovered when community composition in oiled areas, 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. 

SERVICES 

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. n 19~~ . closures affected fisheries in 
Prince William Sound, lower Cook Inlet, upper Cook Inlet, Ko rak, an Chignik. These fisheries 
opened again in 1990. Since then, there have been no sprll-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 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 
Commercial fishing will have recovered when the commercially important fish species have 
recovered and opportunities to catch these species are not lost or reduced because of the effects 
of the oil spill. 
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PASSIVE USE 

Injury and 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 from the oil spill. 

Recovery 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 TOURISM 

Injury and Recovery 
The spill 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 otte , harbor sea f 

" 1\ .., 
and various seabirds. Residual oil exists on some beaches with high value for recreation, and it s 
presence may decrease the quality of recreational experiences and discourage recreational use 
of these beaches. 

Closures of sport hunting and fishing also affected use of the spill area for recreation and 
tourism. Sport fishing resources include salmon, rockfish, Dolly Varden, and cutthroat trout. 
Since 1992, the Alaska Board of Fisheries has imposed special restrictions on sport fishing in 
~Jrts of Prince William Sound to protect cutthroat trout 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 1 991, 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 unoiled areas increased management problems and 
facility use in unoiled areas. Some facilities, such as the Green 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 eneral, marked increase in visitation to the spill 
area. However, there are still locations within the oil-spill area which are avo1 ed by recreational 
us s because of the resence of residual 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 accommodate changes in human use. 
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SUBSISTENCE 

Injury and Recovery 
Fifteen predominantly A+askafl·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, 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 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 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. 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 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 
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 
more salmon than has been customary. Herring have been very scarce throughout Prince 
William Sound since 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 as they did before the spill, especially in Prince William Sound. 

Subsistence users also point out that the value of 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 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 practices. 
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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Recove!)' Objective . . . . . 
Subsistence \/\(ill have recovered when injured resources used for subsistence are healthy and 
productive and exist at prespill leye!s. ··In addition, there is recognition that people must be 

· confident that the resources are safe to eat and that the c~ltural values provided by .gathering, ·.·. 
preparing, and sharing food need to be reintegrated into community life. · · 
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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 

Recovered 
Bald eagle 

Recovering 
Archaeological resources* 
Common murres 
Intertidal communities** 
Mussels 
Pink salmon 
Sediments 
Sockeye salmon 
Subtidal communities 

• Archaeological resources are not 
renewable in the same way that 
biological resources are, but there has 
been significant progress toward the 
recovery objective. 

communities 
based largely on monitoring in 
sheltered rocky habitats in Prince 
William Sound; status of other 
intertidal habitats is less certain or 
unknown, though some recovery can 

ted. 

Not Recovered 
Cormorants 

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

pod) 
Marbled murrelet 
Pacific herring 
Pigeon guillemot 
Sea otter (in oiled 

west. PWS) 

Recovery Unknown 
Black oystercatcher 
Clams 
Common loon 
Cutthroat trout 
Designated 

Wilderness areas 
Dolly Varden 
Kittlitz's murrelet 
River otter 
Rockfish 

Commercial fishing 
Passive uses 
Recreation and Tourism 

including sport fishing, 
sport hunting, and other 
recreation uses 

Subsistence 

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 review process is preferable. If data 
have not been peer reviewed, they should be presented in a format that permits and facilitates peer review. Information to change the 
list will be reviewed through the Trustee Council's scientific review process . 
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MEMORANDUM FOR: 

FROM: 

SUBJECT: 

UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
National Marine Fisheries Service 
Office of Oil Spill Damage 
Assessment and Restoration 
P.O. Box 210029 
Auke Bay, Alaska 99821 

April 23, 1996 
.... :. 

Molly McCammon 
Executive Director 

~-· ~,~ Bruer 1g E--(J • -, 
Program Manager 

Chapter 5 

EXXON VALDEZ OIL SPilt 
TRUSTEE COUNCIL 

Chapter 5 of the Restoration Plan, Injury and Recovery and 
Recovery Objectives, has seen dramatic improvements by 
incorporating new scientific information, changes in 
organization, format and clearer presentation of the information. 
In the April 1996 version I found only one typo (although this 
was a quick review); in the killer whale section, page 10, 
paragraph 1, last line, misspelling of ~perhaps'. 

Thanks for considering my earlier comments. Keep up the good 
work. 

cc: stan Senner 
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Exxon Valdez Oil Spill Trustee Council 
Restoration Office 

· 645 G Street, Suite 401, Anchorage, Alaska 99501-3451 
Phone: (907) 278-8012 Fax: (907) 276-7178 

April1996 

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 provide information to 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. The Council invites 
public comment on the changes to the List of Injured Resources and Services and to 
the updated Recovery Objectives. To be most helpful, please submit written 
comments on these drafts to: Exxon Valdez Oil Spill Trustee Council, 645 G 
Street, Suite 401, Anchorage, Alaska 99501 by June 15, 1996. 

List of Injured Resources and Services 
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 proposed 
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 now proposes to add three species of 
cormorants (red-faced, pelagic, and double-crested). Requests to add scoters (three 
species) and black-legged kittiwakes to the list were recommended against by the 
Council's Chief Scientist. If you would like a copy of the Chief Scientist's 
recommendations, please call the Trustee Council office (see telephone numbers on 
second page). 

Chapter 5: Goals, 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 Council now provides updated information on 
the status of injured resources and services. Based on these updated status reports, 
the Council also proposes and invites comments on revisions to the Recovery 

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

United States: National Oceanic and Atmospheric Administration, Departments of Agriculture and Interior 



Page2 
April1996 

Objectives for injured resources and services. Readers are referred to annual work 
plans and invitations to submit proposals (e.g., Invitation to Submit Restoration 
Proposals for Federal Fiscal Year 1997) for the most current information on the 
restoration strategies chosen by the Council to achieve its recovery objectives. 

Your comments on the proposed changes to the List of Injured Resources and Services 
and the Recovery Objectives are invited. If you have questions about the proposed 
changes, or wish to request any of the documents mentioned above, please call 1-800-
478-7745 (inside Alaska) or 1-800-283-7745 (outside Alaska). Thank you. 

Sincerely, 

~::::(~ 
Executive Director 

enclosure 



[Note to Readers: This draft updates information on Injury 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.] 
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RESOURCES 

ARCHAEOLOGICAL RESOURCES 

Injury and Recovery 
The oil-spill area is believed to contain more than 3,000 sites of archaeological and historical 
significance. Twenty-four archaeological sites on public lands are known to 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 damage assessment studies were limited 
to public land and not designed to identify all such sites. 

Documented injuries 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 chemistry and organic remains may reduce or eliminate the 
utility of radiocarbon dating in some sites. 

Assessments of 14 sites in 1993 suggest that most of the archaeological vandalism that can 
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 
implemented 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 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 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 from four sites 
in 1995. 

None of the archaeological artifacts collected during 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. 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 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 archaeological resources in Prince William Sound and lower Cook Inlet, 
including strategies for storing and displaying artifacts at appropriate facilities within the spill 
area. 

Recovery 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 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 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 retur·ned to prespill 
levels. Based on the results of studies in Prince William Sound, this objective has been met. 

BLACK 0YSTERCATCHERS 

Injury and Recovery 
Black oystercatchers spend their entire lives in or near intertidal habitats and are highly 
vulnerable to oil pollutioJ1. Currently, it is estimated that 1,500-2,000 oystercatchers breed in 
south-central Alaska. Only nine carcasses of adult oystercatchers were recovered following the 
spill, but the actual number of mortalities may have been considerably higher. 

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 1993, and the 
recovery status of this species is not known. 

Recovery Objective 
Black oystercatchers will have recovered when the population returns to prespill levels 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 account 
geographic differences, will indicate that recovery is underway. 
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CLAMS 

Injury and Recovery 
The magnitude of impacts on clam populations varies with the species of clam, 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 Prince William Sound concern about the effects of the 
oil spill on clams and subsistence uses of clams remains high. 

Recovery Objective 
Clams will have recovered when populations and productivity have returned to levels that would 
have prevailed in the absence of the oil 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 spill, including 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, including only hundreds in Prince William Sound. 
Common loons injured by the spill probably included a mixture of resident and migrant birds, and 
their recovery status is not known. 

Recovery Objective 
No realistic recovery objective can be identified without more information on injury to and the 
recovery status of common loons. 

COMMON MURRES 

Injury 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 common murres). Many more murres 
probably died than actually were recovered. Based on surveys of index colonies 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. In addition to direct 
losses of murres, there is evidence that the timing of reproduction was disrupted and 
productivity redu-ced. 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 the oil spill. 
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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, 
such as Pacific herring, sand lance, and capelin. 

Recovery Objective 
Common murres will have recovered when populations at index colonies have returned to prespill 
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 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, 8,967 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. 

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 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 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 Sound is at the northwestern limit 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 vulnerable to exploitation, habitat alteration, or pollution. 

Following the oil spill, cutthroat 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. 

Recovery Objective 
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 

Injury and Recovery 
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 residual oil. 

Recovery Objective 
Designated wilderness areas will have recovered when oil is no longer encountered in these 
areas and the public perceives them to be recovered from the spill. 

DOLLY VARDEN 

Injury and Recovery 
Like the cutthroat trout, there is evidence that Dolly Varden grew more slowly in oiled streams 
than in unoiled streams, and there is concern that reduced growth rates may have led to 
reduced survival. However, no data have been gathered since 1991. The recovery status of 
this species is not known. 
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Recovery Objective 
Dolly Varden will have recovered when growth rates within oiled streams are comparable to 
those in unoiJed streams, after taking into account geographic differences. 

HARBOR SEALS 

Injury and Recovery 
Harbor seal numbers were declining in the Gulf of Alaska, 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 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. 

In a declining 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 1 989-1994, 
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 killer whales, 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 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 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. 

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. Prespill data on 
harlequin populations and productivity are poor and complicated by possible geographic 

8 



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. 

Recovery 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 Archipelago. Both the oil and intensive 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 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 guillemots. 

Impacts to intertidal organisms occurred at all tidal levels in all types of habitats 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 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 asrockweed or popweed), was also 
reduced 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 the cover provided by this seaweed. Fucus has not yet fully recovered in 
the upper intertidal zone on shores subjected 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 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 supplies for top predators in intertidal and nearshore habitats. 
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KILLER WHALES 

Injury and Recovery 
More than 80 kilier whales 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 AB 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, 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 prespilllevels. 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 AB 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. 

KITTLITZ'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 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 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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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 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 declining at the time of the oil spill, but the 
spill caused additional losses of murrelets. Carcasses of nearly 1 , 1 00 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 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. 

Recovery Objective 
Marbled murrelets will have recovered when its population is stable or increasing. Stable or 
increasing productivity will be an indication that recovery is underway. 

MUSSELS 

Injury and Recovery 
Mussels are an important prey species in 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 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 
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 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 
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 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 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 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 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 normal bounds 
in Prince William Sound. 
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PIGEON GUILLEMOT 

Injury and Recovery 
Although the pigeon guillemot is widely distributed in the north Pacific region, nowhere does it 
occur in large numbers or concentrations. Because guillemots feed in shallow, nearshore waters, 
the guillemots and the fish on which they prey are vulnerable to oil pollution. 

Like the marbled murrelet, there is evidence that the pigeon guillemot population in Prince 
William Sound had declined before the spill. The causes of the prespill decline are unknown. It 
is estimated that 1 0-1 5 percent of the spill-area population may have died following the spill. 
Guillemot nesting on the Naked Islands was well-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 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 riot yet any 
statistically significant evidence of a postspill population increase. The factors responsible for 
the guillemot's prespill decline may negate or mask recovery from the effects of the oil spill. 

The Alaska Predator Ecosystem Experiment (the APEX project), 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 capelin. 

Recovery Objective 
Pigeon guillemots will have recovered when their population is stable or increasing. Sustained 
productivity within normal bounds will be an indication that recovery is underway. 

PINK SALMON 

Injury and Recovery 
About 75 percent of wild pink salmon in Prince William Sound spawn in the intertidal 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 particles 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 William Sound were reduced. Second, there was increased 
egg 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 in Prince William Sound varied 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 from a high of about 14.4 million fish in 1990 to a low of about 
2.2 million in 1992. There is a particular concern about the Sound's southwest management 
district, 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 oil. 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 increased egg 
mortality persisted in oiled compared to unoiled streams through 1993. The 1994 and 1 995 
seasons were the first since 1989 in which there were no statistically significant differences in 
egg mortalities 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 stocks 
of pink salmon. 

Recovery Objective 
Pink salmon will have recovered when population indicators, such as growth 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 William Sound. 

RIVER0TIERS 

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 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 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 lig_ht on the status of 
the river 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. 

14 



ROCKFISH 

Injury and Recovery 
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 spill, and autopsies of five specimens 
indicated that oil 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 original extent of injury and the current recovery status of 
this species are unknown. 

Recovery Objective 
No recovery objective can be identified . 

. SEA0TTERS 

Injury and 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 fleets. 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 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 found dead in 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 
significant evidence of an overall population increase following the oil spill ( 1990-94). This lack 
of a significant positive trend, however, may result from 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 William Sound, such as around northern Knight Island. The Nearshore 
Vertebrate Predator project, which was started in 1995, should help clarify the recovery status 
of the sea otter in the western 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 

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 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 slowly. Oil also persists under armored rock settings 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 oiling in 1990 and 1991. The survey team found no oii or only trace amounts at 
these sites. The oiling in the 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 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 hydrocarbon-degri;iding 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. 

Recovery Objective 
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 oil residues and diminishing 
toxicity are indications that recovery is underway. 

16 



SOCKEYE SALMON 

Injury and Recovery 
Commercial salmon fishing was closed in Prince William Sound and in portions of Cook Inlet and 
near Kodiak in 1989 to avoid any possibility of contaminated salmon being sent to market. As 
a result, there were higher-than-desirable numbers (i.e., 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 declines in the returns of adults per spawning sockeye. 

The effects of the 1_989 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 will 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 be linked to the overescapement, and possible additional factors include low egg-to­
fry survival, competition from other freshwater fishes, and the interception of adults in the 
mixed-stock fishery harvest offshore. 

Recovery Objective 
Sockeye salmon in the Kenai River system and Red and Akalura lakes will have recovered when 
adult returns-per-spawner are within normal bounds. 

SUBTIDAL COMMUNITIES 

Injury and Recovery 
Oil that was transported 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 oiled 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. Organisms 
living in sediment at depths of 3-20 meters were especially affected. Some opportunistic (i.e., 
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 oiled and unoiled 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 still were more abundant at oiled sites. These included the 
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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 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 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 that live within the substrate are not yet 
complete. 

Recovery Objective 
Subtidal communities will have recovered when community composition in oiled areas, 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. 

SERVICES 

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 1 993 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 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 
Commercial fishing will have recovered when the commercially important fish species have 
recovered and opportunities to catch these species are not lost or reduced because of the effects 
of the oil spill. 

18 



PASSIVE USE 

Injury and 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 from the oil spill. 

Recovery 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 TOURISM 

Injury and Recovery 
The spill disrupted use of the spill area for recreation and tourism. Resources important for 
wildlife viewing and which stili are injured by the spill include killer whale, sea otter, harbor seal, 
and various seabirds. Residual oil 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. 

Closures of sport hunting and fishing also affected use, of the spill area for recreation and 
tourism. Sport fishing resources include salmon, rockfish, 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 protect cutthroat trout 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 unoiled areas increased management problems and 
facility use in unoiled areas. Some facilities, such as the Green 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 the oil-spill area which are avoided by recreational 
users because of the presence of residual 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 accommodate changes in human use. 

Draft Update on Injured Resources & Services 19 



SUBSISTENCE 

Injury and Recovery 
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, 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 a~ea. 

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 1 989-94. 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. 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 person now appears to have 
returned to pre-spill 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 
Jagged 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 
more salmon than has been customary. Herring have been very scarce throughout Prince 
William Sound since 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 as they did before the spill, especially in Prince William Sound. 

Subsistence users also point out that the value of 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 subsistence 
culture depends on uninterrupted use of fish and wildlife resources. The more time users spend 
away from subsistence activities, the Jess likely that they will return to these practices. 
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 Jearn 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 prespill levels. In addition, there is recognition that people must be 
confident that the resources are safe to eat and that the cultural values provided by gathering, 
preparing, and sharing food need to be reintegrated into community life. 
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[Note: This draft table is modified from p. 32 of the Restoration Plan.] 

Table 2. Resources and Services Injured by the Spill 

Recovered 
Bald eagle 

Recovering 
Archaeological resources* 
Common murres 
Intertidal communities 
Mussels 
Pink salmon 
Sediments 
Sockeye salmon 
Subtidal communities 

*Archaeological resources are not 
renewable in the same way that 
biological resources are, but there has 
been significant progress toward the 
recovery objective. 

Not Recovered 
Cormorants 

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

pod) 
Marbled murrelet 
Pacific herring 
Pigeon guillemot 
Sea otter (in oiled 

west. PWS) 

Recovery Unknown 
Black oystercatcher 
Clams 
Common loon 
Cutthroat trout 
Designated 

Wilderness areas 
Dolly Varden 
Kittlitz's murrelet 
River otter 
Rockfish 

Commercial fishing 
Passive uses 
Recreation and Tourism 

including sport fishing, 
sport hunting, and other 
recreation· uses 

Subsistence 

DRAFT 

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 review process is preferable. If data 
have not been peer reviewed, they should be presented in a format that permits and facilitates peer review. Information to change the 
list will be reviewed through the Trustee Council's scientific review process. 
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Recovered 
Bald eagle 

Recovering 
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Sockeye salmon 
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*Although archaeological resources are 
non-renewable, there has been 
significant progress toward t he 
recovery objective. 

Not Recovered 
Cormorants (3 

species) 
Harbor seal 
Harlequin duck 
Killer whale (AB 

pod) 
Marbled murrelet 
Pacific herring 
Pigeon guillemot 
Sea otter 

(oiled west. PWS) 

Recovery Unknown 
Black oystercatcher 
Clams 
Common loon 
Cutthroat trout 
Dolly Varden 
Kittl 
Rive 
Rocl· 
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• Although archaeological resources are 
non-renewable, there has been 
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Not Recovered 
Cormorants (3 

species) 
Harbor seal 
Harlequin duck 
Killer whale (AB 

pod) 
Marbled murrelet 
Pacific herring 
Pigeon guillemot 
Sea otter 

(oiled west. PWS) 

Recovery Unknown 
Black oystercatcher 
Clams 
Common loon 
Cutthroat trout 
Dolly Varden 
Kittlitz' s murrelet 
River otter 
Rockfish 

Commercial fishing 
Passive uses 
Recreation and Tourism 

including sport fishing, 
sport hunting, and other 
recreation uses 

Subsistence 

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 resources to the 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 review process is preferable. If data have not 
been peer reviewed, they should be presented in a format that permits and facilitates peer review. Information to change the list will be 
reviewed through the Trustee Council's scientific review process. 
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Chapter 5 
Injury Status and Recovery Objectives 

The first part of this chapter discusses recovery objectives in general. The second part describes 
the nature and extent of injury and recovery and specific recovery objectives for each injured 
resource and service discussed in Table 2 in Chapter 4. Detailed information on injury and 
recovery objectives can be found on the following pages: 

Resource Page 
Archaeological Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Bald Eagles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Black Oystercatchers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Clams .................... . ............................. 5 
Common Loons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Common Murres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Cormorants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Cutthroat Trout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Designated Wilderness Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Dolly Varden .............................................. 7 
Harbor Seals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Harlequin Ducks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Intertidal Organisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Killer Whales . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . . . . . . . . . . . . 1 0 
Kittlitz's Murrelets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Marbled Murrelets ........ .- ....... ; ............... ·· . . . . . . . . 11 
Mussels .................................. . .. . .... . ..... 12 
Pacific Herring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 
Pigeon Guillem 1;5. • .....•................. · ....... · . . . . . . . . . 13 
Pink Salmon ............................................. · 14 
River Otters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ·. . . . . . . . 1 5 
Rockfish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 
Sea Otters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
Sediments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
Sockeye Salmon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Subtidal Organisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Service 
Commercial Fishing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 
Passive Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Recreation and Tourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Subsistence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
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Objectives 

. . 

The recovery objectives described in the following section are the measurable conditions that 
signal the recovery of individual resources or services. In general, resources and services will 
have recovered when they return to conditions that would have existed had the spill not 
occurred . In nature, however, populations often undergo large natural changes, and it is difficult 
to predict conditions that would have existed in the absence of the spill. Recovery, therefore, 
is most realistically indicated by a return to prespill conditions, which may be assessed by 
comparisons of pre- and post-spill populations, by comparisons of populations or communities 
in oiled and unoiled areas, or, ideally, by both methods. For resources that were in decline 
before the spill, like harbor seals, recovery may be defined as the stabilization of a population, 
even if it is stabilized at a lower level than existed before the spill. In all cases, increased 
numbers of individuals, reproductive success sustained within normal bounds, improved growth 
and survival rates, and normal age and sex composition of the injured population, among others, 
are all indicators that recovery is underway. 

Full ecological recovery will have been achieved when the populations of flora and fauna are 
again present at former or prespill abundances, are healthy and productive, and there is a full 
complement of age classes at the level that would have been present had the spill not occurred. 
A recovered ecosystem provides the same functions and services as would have been provided 
had the spill not occurred. 

Injury Status and Recovery Objective 

This section describes the nature and extent of injury and recovery and the recovery objective 
. for each injured resource ar:td service. Specific strategies to achieve resource recovery · 

objectives are described and updated in annual invitations (e.g., Invitation to Submit Restoration 
Proposals for Federal Fiscal Year 1997) and work plans. The information in this section is 
expected to change as the restoration program adapts to new information. For example, 
population declir;es or sublethal effects may be documented for new resources; other resources 
may recover or show signs that recovery is underway. Thus, the following descriptions of the 
injury and recovery status and recovery objectives for injured resources and lost or reduced 
services will change in response to new information, conditions, and scientific insights. 

New scientific data will be incorporated into restoration decisions without the need to change 
the Restoration Plan. However, changes will be reported in the Trustee Council's annual status 
eport, and, periodically, Chapter 5 of the Restoration Plan itself will be updated. 



Resoull'ces 
- ' 

. ,. ARcl-iA:Eol.oclcAL Jrt~:souRcEs · 

-· Injury and Recovei)i - • ·. - -- · -· ·. · . ·.. -.- · 
· The oil-spill area is believed to contain more than 3,000 sites ;of }irchaeological and historical 
significance. Twenty-four arche3eological sites on-public lands are known tp have been adversely· 
affected by cleanup ac~ivities, orlooting and vandalism linked to the oil spill. Additional sites on · 
both pubiic and private lands were probably injured, but damage assessment studies were 
limited to public lcmd · apd not designed to· identify all such sites. 

' ' . 

bocurnented injuries iritlude theft of surface attifacts, masking of. s.ubtle cluesused to· identify . 
. and classify- sites, 'Violation. of, anG.ierit burial sites,>and destruction of· evidence·- in layered 
sediments. In addition; vegetatidn.•h,~s been disturbedt which has·exposed sites to. accelerated 
erosion. The effect of ~il On soil chemistry and 'organic H~mains may reduce or eliminate the . 
utility of radiocarDon dati~g in some sites. . - -

. . Assessments 6f l~ sites in 1993 suggest that ITlostof the archaeological. vandalism that can 
belinked'to the spilfoccurredearly inf989, before adequate constraints were putinto 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 
implemented 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 recent vandalism was 
related to the spill.·. Oil was visible rn tH~;·intertidal zones of .two of the 14 sites monitored in 
1 993, and hydroca,rbon 'analy'sis has shown that the oil at one of the sites was most probably . 
from the E_xxon Valdez spill.. Hydrocarbon levels at the. seco'nd sites were not sufficient to 

·permit identification of the source or sour,~es of the oil. 

Monitoring of archaeological sjtes in 1994 and· 1995 found no evidence of riew damage from 
vandalism. The presence of oil is being determined in sedimentsamples taken from four sites · 
ih.1s95. ·. · ., ·.. .. · . · · . .. . . 

None' of the archi:u~dlogical ~rtifacts 'collected duringthe spili r~sponse~ ·damage assessment, or 
restoration programs is stored within th~ spilf area .. These artifacts are stor:e:d ihthe University · 
of Alaska Museum in Fairbanks and in the Federal Building in Juneau, Native communities ih 

· the spill area have expressed a strong iriterest in having them returned to the spill area for 
stora~'e and display. r . . . . • ·. . 

· The _AIJfiiq Archaeologicai Repository in Kodiak, whose construction costs were partly funded 
by thE:tTrustee C6uncil,is the only physicaHy appropriate artifact storage faqility in the spill area. 
In 1995 the Trustee Council approved fuhds for developmentof·a comprehensive cqrnmunity 
plan for restoring archaeblogical resources in Prince William Sound and lower Cook Inlet,· · 
including strategies for storing and displaying artifacts afappropriate facilities within the spill 
area. 
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BALD .EAGLES 

Injury and Recovery · . · · . . . • . · · 
The bald eagle is an abund~nt residE;lntof coa~t lines throughout the oil~spill area. Prince William . 
.Sound provid€ld yeaNoung ctnd seasonal habitat .for about ?,900 bald e<;JgJe? .. A .total of 151. 
ea~ie carcasses was recoVereci · followi~g the .. oil spiU~ ~ithi~ Prince William Soun~, it; is· 
estimated that abaut 250 bald eagles d1ed as a re~ultof the 01l.sp1IL ·.There were no estimates 

·of mortality outside the sound, but there were death~ throughout the oil~splflar_ep ... 
. . . . . . . ·. . . ·. ~- . . .· 

.In additionto·direct•mortalities, productivity wasreduced in. oiled areas of f'rince Wi!lia.m Sound 
· in 1989. Productivity was back tonorm.{:)l in 1990 and ,1991,.andan ~erial survey of adults in. 

· ·1995 indiCatedttJatthe populption has.retum~d to,or exceeded its prespiilleyel in Prince Vvilliam 
Sound~ · 

Recoveu)v Objective . ··.· . . · .· ·. ·•. · ·. . .·. . . · ·. . · .. . . · .. 
Because. th.e Prince. Williarn.Sound popl,Jlgtion and productivity Cjre. at or above prespilllevels, .the 
bald eagle has recovered from the effects ofthe Exxon Vald~·z oilspiiL. . 

!BLACK 0YSlERCATCHERS 

. injury and Recovecy . . . 
Black oystercatchers ' spend' their entire lives in. OJ near intertidal habitats arid are. highly 
vulnerable to oil pollution. Currently, it is estimated that 1 ,500-2,000oystercatchersbreed in 
south..;.central Alaska.· Only nine carcasses of adult oystercatchers were recovered following the 
.spill; but it has peen estimated that actual mortal,i,ties may Flave been as high as, but, probably 
did not exceed;. 20 percent in th.e -spill area. · 

· In addition to direct mortalities, breeding aCtivities were disrupted by the . oil· and cleah~up 
activities. in comparison with black oystercatchers on the largely unoiled Montague island, 
oystercatchers at heavily oiled Green l?(an~ h,ad reduced~hatchil)g sLiccesS)n 19B9 an~ their 
chicks gained weight mon3slowly durir:~gJ99,1-:93~ Interpretation of these data on reproductive 

. performance, however; are confounde.d by lack of prespill data. ~roductivity and survival of 
. black oystercatchers ih Prince Wi .. IHam Sound have not been. monitc;>red since .1993,and tne 

recovery :status of this .species is nof knowA. ·. 
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· Recovery Objective · 
. 'slack' oystercatch'ers will have recovered when' 'the p'opulatioii;:returns 'to 'prespill levels and 
reprOduction is within ilormal bounds. An increasing population trend and ·comparable hatching 
success and. growth rates of·t:hicks··in oiled and unoiled are'as, after taking Into account 
geographic diff~rences, will indicate that recovery is underway. 

: ' 

CLAMS 

.injury and Recovery 
The magnitude of impacts on clam populations varies with the species of clam, degree o'f oiling, 
·and location. How~ver ,data from the lower intertidal zo"ne ori sheltered·beaches suggest that 
'fitt!e-nEickdams and, to a lesser 'extent, butter clams we're killed·~mdsUffered slower growth 
rates as a result of'the oil spill and clean-up. activities. In communities on the Kenai Peninsula, 
Kodiak, Prince William Sound, and Alaska Peninsula, concen1'about the effects of the oil spill 
on cla'ms and subsistence. uses of clams remains high. 

·Recovery Objective . . ,. 
Clams will have recovered when populations and productivity have returned to ieVelsJhatwo-uld 
have prevailed in the absemce ofthe oil spill; based on prespiildata or comparisons of oiled and 
unoiled sites. • . · · 

·'COMMON lOONS ._ -

Injury and Recovery 
Carcasses of 395 loons of four species were recovered following the spill, including at least 216 
common-loons .. Cum~nt population sizes are·not known -for any of these•species~ but,·-in general1 1oons 

·. are long.:.lived, slow-reproducing, and havesrriali'popula:tiOns.· Comm·on loons. in the·oif-spill area may 
· number of}ly afew thousand, 'including only hundreds in Prince William Sound. Common loons 

injured by the spill probahly hiduded a rnixfure of residenfand migrant birds,.andtheir recovery status · 
is not known. ' :, . . .· . ., . 

Recovery Objective 
No realistic recovery objective can be identified without more inforrifation· on injury to and the 
recovery status Of common loons: · ' · ·· .. 

''. ' 

COMMON MURRES 

. . . 

Injury and R~ccverf 
About 30))()0 carcasses'of oiled birds we're picked up following th·e· oil spm, and 74percent of 
th.em were common and thick-billed murres (mostly common murres). Many more murres died 
than were actually recovered, and it is estimated that the spill-area population declined by about 
40 percent, including at index colonies at Resurrection Bay, the Chiswell, Bar:_ren, _and Triplet 
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islands, _and Puale Bay. In addition to direct losses of murres, there was evidence that the 
timing of '1 f Oduction was disrupted and productivity reduced. Interpretation of the effects of 
the spill, hvwever, is complicated by incomplete prespill data and by indications that populations 
:t some colonies were in decline before the oil spill. ~ 

~ APGX (A~.,. ~~~~1-o~ Gc.z>sy,+e\N\. E-1fo1i~\ ~toj~ct. t 13 
re 

ill.~f6{..'.j"-\-i~ tt._ eoc:sibft. l; ... k <>f ' VV\Uj({.. Je&/t.u;s 
m 
hi 

R• o.b~Cl. ., £ ~.,.~ ~~·&l ( ~tr~i~l s~ t~cJ~..J ..J ~'·"'). 
prespillleve•s anu vv••~::•• ..-•vuu ..... v .. , · ,~ ................... vvru1111 normal bounds. Increasing populatiOn 
trends at index colonies will be 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, and sometimes four, species 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 latest information fr.om the U.S. Fish and Wildlife Service Alaska Seabird Colony 
Catalog gives counts of 7161 pelagic corm-orants, 8967 red-faced cormorants, and only 1558 
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. 

In addition, there were statistically-significant declines in the estimated numbers of cormorants 
(all three species) in Prince William Sound comparing boat pre- and post-spill surveys in July, 
including comparisons of oiled versus unoiled areas. Those surveys have not shown any 
increasing population trend since the oil spill. 

Recovery Objective 
Pelagic, red-faced, and double-crested cormorants when their populations return to pre spill 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 IRe.covrery e • • • •• 

Prince William Sound is at the northwestern limit of the range of cutthroat trout, an'd few stock~ 
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 vulnerable to exploitation, habitat alteration, or pollution. Following 
the oil spill, cutthroat trout in a small number of oiled index streams grew more slowly than in 
unoiled streams, po?s!bly as. a :re,sult of reduqed .food. ?Upplies or exposure to oil, and there fs 
concern that red1,.1ced growth .r~tes may ~av~ led to i,eduped · suryivaL The .9iff~rence iM growth 
rates persisted .through:J 991 .. No studies hC!ve been c.onducted si11ce then,· and the recovery 
status of this species is not kno~.n. . · ·. . ·. · ·· · · , · · · .· · · 

.. 

Reco:very.QbjecUve , . . . . .. .. . . . 
Cutthroat trout wm have recovered Whfm growth rates within oih3dareas are similar to those for 
unoiled areas, after taking into account geographic: differences. 

. ' .. •.• "'"' '. . . 

. ~ . 

.. ··~. ' . DesiGNATED wn:.oeRNess ·AReAs .':,• ., ... . ,, ' ' 

lnjUJfy and! !Recovery, . . . . . . . .. .. . . 
·/The ·oil spill de.livered oil in varying quantities to: the .waters 13djoini ng the. s~ven areas within the 

spill area designated as wiider~ess areas and wilderness study areas-by Cong'ress. oil also was 
deposited above the mean high-tide line in these areas. During the intense clean-up seasons of · 
1989and 1·990,.thousanqs of wor,k:e,rsand hundreds ofpieces of equipmentwere at work in 
the spill area. This a.c~ivity was ao.ul)precedented Imposition of people, noise, and. activity' on 
the area's undevetoped ·and nor.maUy sparsely occupied landsc.ape. . Although activity hwels on 
these wilderness shores have probably returned to normal, at some loc~tions ·there'is still 

· residual oil. '·' 

Recovery .Objective . . .· . . . . . . 
Designated wilderness areas wili have recovered when oil is no longer encountered. in these 
areas and the public perceives them to be recovered from the spill. 

DOLlY VARDEN 

- ,.'•' 

iiT'IljUJry and Recovery .. . . . . . .. . 
Like the cutthroat trout;, there was evidence that Dolly Varden . grew more slowly in oiled 

· streams than inunoiled stream.s ,-a~ci th~re is concern that reduced groWth rates may have led 
to·.reducedsurv.iv.al. Howe\fer, t:'IO data:have be.en .. gathere(f,since 1991, arid the recovery status .. . .. ' . '•'. . . ' ., . 

of this species is not known. 
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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 in the Gulf of Alaska, including in Prince William Sound, 
before the oil spill. Exxon Valdez oil impacted 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 comparisons of surveys in 1988 and then in 1989 after the oil spill, 
seals in oiled areas had declined by 43 percent, compared to 11 percent in unoiled areas. 

When a population declines it means that 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 1989-1994, the average estimated annual rate of decline, adjusted for time of day and 
other factors, is about 6 percent. Chan es in the amount or quality of food may have been an 
initial cause of this long-term decline. though there is no evi en 
predation by killer whales, subsistence hunting, and interactions with commerical fishe · 
caused the decline in the harbor seal population, these are among the on-going sources of 
m0rt~litv . 

R 
R....,vv•- • 1 - -------- ~~ -·-· · · · -·--· - --- ,- - , 

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 actually 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 spill area. The geographic extent of these impacts is not known. 

Bile samples from harlequin ducks and Barrow's and common goldeneye collected in eastern and 
western Prince William Sound and in the western Kodiak Archipelago in 1989-90 had higher 
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concentrations of hydrocarbon metabolites than a 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 differences in habitat quality. However, the summer 
population in Prince William Sound is small, only a few thousand birds, and there continues to 

n -~be concern about poor reproductio~nd a possible decline in numbers of molting birds in 
'jJ:// western versus eastern parts of thee;und. · 

Recovery Objective 
Harlequin ducks will have recovered when breeding and postbreeding season densities and 
production of young return to prespilllevels. 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 Archipelago. Both the oil and intensive 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 resources are important to subsistence users, sea and 
river otters, and to a vareity 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 throughf\.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 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 poter:'tial of the common 
seaweed, Fucus gardneri (known as rockwood or popweed), was also reduced following the 
spill. 

On the sheltered, bedrock shores at are common in Prince William Sound, full recovery of 
Fucus is crucial for the recovery intertidal communities at these sites, since many invertebrate 
organisms depend on the cov provided by this seaweed. Fucus has not yet fully recovered 
in the upper intertidal zone on shores subjected 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 1 991 . 
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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 species, such as Fucus at sheltered rock sites, the 
convergence in community composition on oiled and unoiled shorelines, and the provision of 
adequate, uncontaminated food supplies for top predators in intertidal and nearshore habitats. 

f.<c>"'"" 
~~J-_e)_ KILLER WHALES t0") 

/ ()J , (o. +t.s-r .~ (e.rrt C t'f 
Injury and cove Gfc~..~.,.~~ {1. 
More than 100 ler whales~~1 "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 
whaleslte,The J!nk between the losses and the oil spill is only circumstantial, but the .p~Je 

mortality ot{iller whales in Prince William Sound following the spill far exceeds rates for pods 
in British Columbia and Puget Sound over the last 20 years. "[,:~~ 

The AB pod may never regain its former size, but overa ~ aumbers within the major resident killer 
whales pods in Prince William Sound are at or exceeclp'H!$pilllevels. There is concern, however, 
that a decline in resightings of individuals within the AT group of transient killer whales has 

R e very bu·i! !CD.ve-

iller whal i.l-1-ha'ile- re-ce-v . ed when the number of ndividuals in the AB is stable , or"' -~ 
ere · relative to the status o other major resident pods 1n · fw) 1 1am Sound~ 

0 
s~ ~\ .. 1 

~,D- 0.~/u~ ~~~v-. .. Vl~~~ ~~r-J \ ? ~ KITTUTZ' S MURRELET 10'--li-'-k V)o;t & 

Injury and Recovery ~~ 
The Kittlitz' s murrelet is only found 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 
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Comprehensive KiJ.!er 'W'hale Investigations 1995 

· in many other years. Resident whales were not observed m October. 
August was the month with the most killer whale encounters (22). 
prtmart!y resident pods. Alll encounters of three or more resident pods 
"superpods" occurred m iate July or August. I · 

Resident Pods 
The total number of whales in well-documented resident pods other than 
AB pod has mcreased from 78 to 83 whales from 1992 to 1996, while AB 
pod has decl!ined from 26 whales to 22 ·whales in that same time period 
(Figure 2 ) 
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murrelets 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 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. 

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 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 declining at the time of the oil spill, but the 
spill caused additional losses of murrelets. Carcasses of nearly 1 , 1 00 Brachyramphus murre lets 
were found after the spill, and about 90 percent of the murrelets that could be identified were 
marbled murrelets. Many more murrelets were actually J<illed 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 murre.lets 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. 

Recovery Objective 
Marbled murrelets will have recovered when population trends are stable or increasing. Stable 
or increasing productivity will be an indication that recovery is underway. 



MUSSELS 

Injury and Recovery 
Mussels are an important prey species in 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 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. 

Appr.,'l,·~~~~~e.mussel beds in Prince William Sound are known still to have oil residue, and 12 of 

_ ""' 0 them were cleaned on an experimental basis in 1994. By August 1995, these beds showed a 
l ~-.o ~u 98 percent reduction in oil in the replacement sediments, compared to what had been there 
~j.t~ before. Mussel beds along the outer Kenai Peninsula coast, the Alaska Peninsula, and Kodiak 

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 users continue to be concerned about contamination 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 contamin?~te 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 fraction 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 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 
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1993, however, there was an unprecedented crash of adult herring. 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 have 
remained depressed through the 1995 season. Preliminary results from the Sound Ecosystem 
Assessment (SEA) Project indicate the possible significance of pollock as both competitors with 
and predators of herring, which may indicate that there in a connection between the lack of 
recuritment of strong year classes of herring and the presence of large numbers of pollock in 
Prince William Sound. 

_Pacific herring are extremely important ecologically as well as commercially. 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 normal bounds 
in Prince William Sound. 

PIGEON GUILLEMOT 

Injury and Recovery 
Although the pigeon guillemot is widely distributed, nowhere does it occur in large numbers or 
concentrations. Because guillemots feed in shallow, nearshore waters, both they and the fish 
they prey on are vulnerable to oil pollution. 

Like the marbled murrelet, there was evidence that the pigeon guillemot population in Prince 
William Sound had declined before the spill. The causes of the prespill decline are unknown. It 
is estim~ted that 1 0-1 5 perC?ent of the Gulf of Alaska population may have died in the spill, and 
declines along oiled shorelines in Prince William Sound were greater than along unoiled 
shorelines. 

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

Recovery Objective 
Pigeon guillemots will have recovered when the population in Prince William Sound is stable or 
increasing. Sustained productivity within normal bounds will be an indication that recovery is 

underway. 



PINK SALMON 

Injury and Recovery 
About 75 percent of wild pink salmon in Prince William Sound spawn in the intertidal 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 particles and oiled prey as they foraged in the sound and emigrated to 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 William Sound were reduced. Second, there was increased 
egg 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 in Prince William Sound varied 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 from a high of about 14.4 million fish i 1990 to a low of > > about 2.2 million in 1992. There is~particular concern about the nd's southwest 
management district, 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 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 1 989 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 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 stocks 
of pink salmon. · 

Recovery Objective 
Pink salmon will have recovered when population indicators, such as growth 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 William 
Sound. 
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t ~ River Otters , ~ 
(~ 

Injury and Recovery if 
River otters have a low densi y and an unknown popu ation size in Prince William Sound, and, 
therefore, it is hard to assess oil-spill effects. Twelve tter carcasses were found following the 
spill, but the actual mortalit is not known. Studies conducted during 1989-1991 identified 
several differences between tters 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 river otters. 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. 

RocKFISH 

·Injury and Recovery . 
Very little is known about rockfish populations in the northern Gulf of Alaska. A small number 
of dead a·dult rockfish was recovered following the oil spilt, and autopsies of five specimens 
indica~ed that oil ingestion was the cause of death. Analysis of other rockfish sh~wed exposure 
to hydrocarbons and sublethal effects. In addition, closures to salmon fisheries apparently 
increased fishil'!g pressures on rockfish, which may have adversely affected the rockfish 
population. However, the original extent of injury and the current recovery status of this. species 
are unknown. 

Recovery Objective 
No recovery objective can be defined. 
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SEA 0TIERS 

Injury and Recovery 
By the late 1800s, sea otters had been eliminated from most of their historical range due to 
excessive fur harvesting by Russian and American fleets. 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 spill, although additional ~t\ie~ 
probably died but were not recovered. In 1990 and 1991, higher-than-expected proportions of 
prime-age adul /'eghers were found dead in 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 
significant evidence of an overall population increase following the oil spill ( 1990-1994). This 
lack of a significant positive trend, however, may result from a lack of statistical power in the 
survey, which will be repeated in 1996. 

Based on the insights of local observers, 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 William Sound, such as around northern Knight Island. The 
Nearshore Vertebrate Predator project, which was started in 1995, should help clarify the 
recovery status of the sea otter in the western sound. 

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 repr.oduction and age 
structure in western Prince William Sound will indicate that recovery is underway. L~) 

-c.~P 

SEDIMENTS y JY 
,J~~· 

Injury and Recovery t: bt 
Exxon Valdez oil penetrated deeply into cobble and boulder beaches that are common on 
shorelines throughout the spill area, especially in sheltered habitats. Cleaning 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 was in 1993, and it 
included 45 areas of shoreline known from the clean-up to have had the most significant oiling. 
That survey indicated that heavy subsurface oil had decreased by 65 percent since 1991, and 
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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 slowly. 

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 in the Kodiak area is not persisting as it is at sites in Prince William 
Sound due to the higher energy settings on the islands, the s~ of the oil when it came ashore, 

7 and the smaller concentrations of initial oiling relative to thl§Pund. b I l<f\<-> t~J.e 
t ou..> .-,_~ 

Following the oil spill, chemical analyses of oil in subtidal sediments ere conducted at a small 
number of index sites in Prince William Sound . At these sites, oil i subtidal sediments reached 
its greatest concentrations at water depths of 20 meter , although elevated levels of 
hydrocarbon-degrading 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--were among the few sites 

at which subtidal oiling is still known to oc~uX (?) 
Recovery Objective MA {q ~ ) • 
Sediments will have recovered when there are no longer residues of Exxon Valdez oil on 
shorelines in the oil-spill area. Declining oil residues and diminishing toxicity are indications that 
recovery is underway. 

Injury and Recovery 

SOCKEYE SALMON 

er;(~ 

Commercial salmon fishing was clos din Prince William Sound and in portions f Cook Inlet and 
near Kodiak in 1989 to avoid any ossibiljty of .contaminated salmon being ent to market. As 
a result, there were higher-than numbers (i.e., overescapement) of spawning sockeye 
salmon entering the Kenai River, Red and Akalura lakes on Kodiak lslan , and other lakes on 
Afognak Island and the Alaska Peninsula. Initially these high escapemen may have produced 
an overabundance of juvenile sockeye that ,c.o.n 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 declines 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 will continue to affect post-spill year-classes,aflG­
tbat sockeye returns are yet not sufficient to f1llfill the-GGffif"fl'ercial, recreat ional, anti-subsistence.. 

demands on s~ st 
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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. Th~roblem with 
fry production may or may not be linked to the overescapement, and possible additional factors 
include low egg-to-fry survival, competition from other freshwater fishes, and the interception 
of adults in the mixed-stock fishery harvest offshore. 

Recovery Objective 
Sockeye salmon in the Kenai River system and Red and Akalura lakes will have recovered when 
adult returns-per-spawner are within normal bounds. 

SUBTIDAL COMMUNITIES 

Injury and Recovery 
Oil that was transported 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 oiled 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 diversity 
and abundance of eelgrass shoots and flowers, worms, clams, snails, oil-sensitive amphipods 
(sand fleas), and helmet crabs. Organisms living in sediment at depths of 3-20 meters were 
especially affected. Some opportunistic (i.e., stress-tolerant) invertebrates within the substrate, 
mussels and worms on the eelgrass, and juvenile cod, increased in numbers at oiled sites. 

By 1993, oil concentrations in sediments had dropped considerably, so that there was little 
difference between oiled and unoiled sites. The eelgrass habitat, the only .habitat examined in 
1993, revealed fewer differences in abundances of plant and animals. However, there were 
still some animals that were more abundant at oiled sites, like those observed in 1990. These 
included the opportunistic worms and snails, mussels and worms on the eelgrass, ~nd juvenile 
cod. Reconnaissance surveys indicated that there were more small green sea urchins at oiled 
sites. 

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. 
However, the abundance of small green sea urchins 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 sediment oil concentrations and organisms that live - within the substrate are not yet 
complete. 
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Recovery Objective 
Subtidal communities will have recovered when community composition in oiled areas, 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. 

Services 

COMMERCIAL fiSHING 

Injury and Recovery 
Commercial fishing is a service that was injured 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 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 i~ 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 
Commercial fist]ing will have recovered when the commercially important fish species have 
recovered and opportunities to catch these species are not lost or reduced because of the 
effects of the oil spill. 

Restoration Strategy 
The primary method for restoring commercial fishing is to restore the species that are fished 
commercially, such as pink salmon, Pacific herring, and sockeye salmon. These species are 
discussed elsewhere in this chapter . .Ibree- additional parts of the strategy for restoring 
commercial fishing are the following: Fou.._r ___ __ 

Promote recovery of commercial fishing any communities that rely on 
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commercial fishing will be significantly harmed while waiting for commercial fish resources to 
recover through natural recovery alone. Therefore, an objective of restoration is to accelerate 
recovery of commercial fishing. This objective may be accomplished through increasing 
availability, reliability, or quality of commercial fish resources, depending on the nature of the 
injury. For resources that have sharply declined since the spill, such as pink salmon, and Pacific 
herrin in Prince William Sound, this objective may take the form of increasing availability in the 

rough improved fisheries management. Another example is providing replacement 

Protect commercial fish resources from further degradation. Further stress on commercial fish resources 
could impede recovery. Appropriate protection can take the form of habitat rot ction and 

·sition if a resource faces loss of habitat. The Trustee o also contribute to 
commerc1a iding information needed to improve their 

management. 

Monitor recovery. Monitoring the recovery of commercial fishing will track the progress of 
recovery, detect major reversals, and identify problems with the resources and resource 

Fl at rna affect the rate or de ree of cover nadequate information may require 
managers to unduly restrict use of the injured resources, compounding the injury to commercial 

fishing~. ----------~--~~--~~--~~--~----------~--~-----:;---;-~~~ 
"'f(",J ~- ' .,.. h, -'".).,·..._ ~"'~ .,s/a.A._ 

~~~~P~sE 
Injury and Recovery 
Passive use of resources includes the appreciation of the aesthetic and intrinsic values of 
undist~bed areas, the value derived from simply knowing that a resource exists, and other 

fi.O'II. (_qv....J~flffrfuse -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 substantia~passive use values resulting from the oil ~pill. 

~~ t~t . 
Recovery 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. 

Restoration Strategy 
Any restoration strategy that aids recovery of injured resources, or prevents further injuries, will 
assist recovery of passive use values. No strategies have been identified that benefit only 
passive uses, without also addressing injured resources. Since recovery of passive uses requires 
that people know when recovery has occurred, the availability to the public of the latest 
information on the health and recovery status of injured resources, based on monitoring and 
research projects, will play an important role in the restoration of passive uses. 

20 



• • ._, 

RECREATION AND TOURISM 

Injury and Recovery 
The spill disrupted use of the spill area for recreation and tourism. Resources important for 
wildlife viewing and which are still injured by the spill include killer whale, sea otter, harbor seal, 
and various seabirds. Residual oil 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. 

Closures of sport hunting and fishing also affected use of the spill area for recreation and 
tourism. Sport fishing resources include salmon, rockfish, 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 protect cutthroat trout 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 unoiled areas increased management problems and 
facility use in unoiled areas. Some facilities, such as the Green 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. There are still locations within the oil-spill area, however, avoided by recreational users 
because of the presence of residual oil. 

Recovery Objective 
Recreation and tourism will have recovered, in large part, when the fish and ~ildlife resources 
on which they depend have recovered, recreation use of oiled beaches is no longer impaired, and 
facilities and management capabilities can accommodate changes in human use. 

Restoration Strategy 
Preserve or improve the recreational and tourism values of the spill area. Habitat protection and 
acquisition are _important means of preserving and enhancing the opportunities offered by the 
spill area. Facilities damaged during cleanup may be repaired if they are still needed. New 
facilities may restore or enhance opportunities for recreational use of natural resources. 
Improved or intensified public recreation management may be warranted in some circumstances. 
Projects that restore or enhance recreation and tourism would be considered only if they are 
consistent with the character and public uses of the area. However, all projects to preserve and 
improve recreation and tourism values must be related to an injured natural resource. See Policy 
9 in Chapter 2. 
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Remove or reduce residual oil if treatment is cost effective and less harmful than leaving the oil in place. 
Removal of residual oil from beaches with high value for recreation and tourism may restore 
these services for some users. However, this benefit would have to be balanced against cost 
and the potential for further disruption to intertidal communities. 

Monitor recovery. Monitor the recovery of resources used for recreation and tourism. Also monitor 
changes in recreation and tourism in the spill area. 

SUBSISTENCE 

Injury and Recovery 
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, 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 reasons for the declines include reduced availability of fish and 

• • '·' 

wildlife to harvest, concern about possible health effects of eating contaminated or injure? fish jJ 
1
_ 

and wildlife, and disruption of lifestyles due to clean-up and other activities. ~ ~ 

Subsistence foods were tested for evidence of hydrocarbon contamination fr C,= 994. 
No or very low concentrations of petroleum hydrocarbons were found in most~ 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, howev.er, 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 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 person now appears to have 
returned to pre-spill 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 
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 more salmon than has been customary. Herring have been very scarce throughout Prince 
William Sound since 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 
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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 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 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 practices. 
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 . 

Recovery Objective 
Subsistence will have recovered when injured resources used for subsistence are healthy and 
productive and exist at prespill levels. In addition, there is recognition that people must be 
confident that the resources are safe to eat and that the cultural values provided by gathering, 
preparing, and sharing food need to be reintegrated into community life. 

Restoration Strategy 
The primary way of restoring subsistence is to restore injured resources used for subsistence, 
such as clams, harbor seals, Pacific herring, pink salmon, sea otters, and sockeye salmon. These 
are discussed elsewhere in this chapter. Four additional parts of the strategy to restore 
subsistence are the following: 

Promote recovery of subsistence as soon as possible. Many subsistence communities will be 
significantly harmed while waiting for resources used for subsistence to recover through natural 
recovery alone. Therefore, an objective of restoration is to accelerate recovery of subsistence 
use. This objectiv~ may be accomplished through increasing availability, reliability, or quality of 
resources used for subsistence, or increasing the confidence of subsistence users. Specifically, 
if subsistence harvest has not returned to prespill levels because users doubt the safety· qf 
particular resources, this objective may take the .form of increa.sing the reliability of the resource 
through food safety testing. Other examples are the acquisition of alternative food sources and 
improved use of existing resources. However, all projects to promote subsistence must be 
related to an injured natural resource. See Policy 9 in Chapter 2. 

Remove or reduce residual oil if treatment is cost effective and less harmful than leaving the oil in place. 
Removing residual oil from beaches with high value for subsistence may im~rove the safety of 
foods found on these beaches. This benefit would have to be balanced against cost and the 
potential for further disruption to intertidal communities. 

Protect subsistence resources from further degradation. Further stress on subsistence resources could 
impede recovery. Appropriate protection can take the form of habitat protection and acquisition 
if important subsistence areas are threatened. Protective action could also include protective 
management practices if a resource or service faces further injury from human use or marine 
pollution. 
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Monitor recovery. Monitor the recovery of resources used for subsistence. Also monitor 
subsistence harvest. 

Increase involvement of subsistence users in the restoration process. Increasing participation of 
community residents will increase their confidence that injured resources will be and are being 
restored. Increased participation also will improve the results of restoration work, including 
research and monitoring projects, through the incorporation of traditional and local knowledge. 

1t. ~~dS ~ pr~>l)t~J. ~ e,cl~~~'-e... ves.es.~~ (;)f~c~;~ 
~~,~~ ~ ~ f'~~;;:; {4 J( lJ s ~t ~ ~ 4 
Q. Ul~ ~l.l sfd{ (M._ ~ s~,NZ..J.) ~r{:~ ~;~ ~ 

tf-. prc>-sft'~ ..e.uc(Js ~. g~-t. f"e.-~~ ~ -e.~ &t~.> 

(.J){ l ( ~ ~ ~ ~ ~~ l~~~"-'~~ ~ 
~ ~f.. ~~ c~l'«-..J - , - .. 

24 



·Exxon Valdez.on SpUlTrlnstee CoVJncn 
. . · Res1i:orratficlll Ofifice .. · . 
645 G Street9 Sunt® 401, Anchorage, A~aslka 99$01~3451 . · 
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Date: 

Hestoration Work Force, Liaisons, and egal Counsel 

Molly McCammon, Exec · iV6\l.ll1f.:et)tor 
S~an Senner, Science Coordin ·or 
Dr. Robert Spies, Chief Scientist 

February 9, 1996 
'. .. . . 

·- .· .. 
Revised Chapter 5 and list of Injured Resources 

. . . 

Attached. are revised versions of Chapter 5 and the injured resources list Our plan is 
to send final drafts ofthese documents outfor public review by about February 26 .. 

· With a few exceptions, which are outljned ·below, these are not substantively differemt . 
· from the versions you saw before the Restoration Workshop. However; we welcome 
any suggestions you or your Trustee 'may have for improving the .documents. Also, let 
me or Stan Senner know if there is any concern in.sending them out for public review .. 

. . 
. . . ' . . . . ' ,' -

· .. The revised Chapter 5 is much ·nke what it was before the workshop. We have · · 
continued to refine the discussions of injury ar)d recovery status and the recovery 

·objectives, but there are no major changes for the various. resources. With'respectto 
services, there are two. changes: . . 

. -•-. 

. . . 

· (1) For Passive Uses, a sentence was added noting that the State of Alaska's 
· contingent valuation studies following' the oil spill document losses of passive uses. 

·· Previously, this section defined passive use but said nothing aboutinjury following the 
Exxon. Valdez oil spill. in the recovery strategy, we clarified. that monitoring~ and ···· · 
·research projects ~re one way that we can provide information to the. public on the . 
· health and recovery status bf injured resources and such information is a way to 
restore passive uses. · · · 

(2) For'Subsiste11ce, we added a ~trategy, "increase involvement of subsist~nce users .· 
ir:l the restoration process." We beli~ve thatthis language will better reflect i:l growing · 

· emphasis on· community involvement and traditional knowledge. 

·- . . ' .. . . . . . . 

.State of Alaska: Departments of Fish & Game, Law, and Environmental Conservation . 
United States: National Oqeanic and Atmospheric Administration, Departments of Agriculture and Interior 



Page 2· 
Revised ChapterS Memo 
February :9, 1996 

With r'espect to the other . services,. we reviewed the restoration strategies· carefully and 
believe thatthey are sufficiently broad to cover the strategies being irTiplemented . 
·through tfle annual work plan. · · 

·.Finally, in regard to injured resources, we have enclosed a draft memorandum from 
the Chief Scientist with his recommendations in regard to seaters, cormorants, and · 
kittiwakes. He recomrn~nds adding three speCies ofcormorants to the list, but not 

. ·seaters or kittiwakes. Accordingly, cormorants have been add~d to the revised draft 
Table 2.. · · · 

~n r~gard to Table 2, the other change. you should be aware of is thatwe recommend 
removing the term "biological resources," and then integrating .archaeological 
resources, designated wilde~ness areas, and sediments into the list of other injured 
resources. We propose that archaeoiQgical resources (with a footnote) and sediments 

. be classified as "recovering,'' while designated wilderness areas. be classified as 
"recovery unkno.wn." These changes respof1d to suggestions by several reviewers.· 
Please let us know if you have problems or questions With these changes. 

· · Please try to return any comments to the Anchorage Restoration Office by close of 
business on Friday, February 16: · Stan Senner is away from the office. the 13th 

. through the 16th, but.he will work on a fjnal version immediately after President's Day, 

Thank you~ 



. . . 

[/Vote: This table is rriodifiedfrbrri p. 32 of the Restoration Plan.} 

Table 2. Resources and Services injured by the Spill 

Reco~ering . . 
Archaeological resources* .. ··· 
Common· mum~s · 
i~tertidal co,mm.unities 
Mussels· 
Pink salmon 
Sediments. 
$bckeye salmon .... 
Subtidal communities . · 

Not .Recovered 
Cormprants (3 

species) 
Harbor seal .. · . 
Harl!:1quin cjuck 
Killer whale (AB 
·· podl 

. · Matbled murre~(:lt 
Paqific herring 
Pigeon guillemot 
Sea otter 

*Although archaeological resources are . 
non,renewable, there has been 
significant progress toward the 

(oiled west. PWS) 

recovery objective. 

· Recovery Unknown 
Black oysterb.atcher 

·crams · · 
. . 

Common loon 
Cutthroat trout 
Dolly Varden 
Kittlitt's murreh::lt 

.Commercial fishing 
Passive uses 
··Recre;:1ti6n and Tourism 

· incll,lding spQrtfishing, 
· .. sport hunting, and other 
. .recreation us.es· 

Subsistence 

Amendjng the Ust of injured Resources and Sen/ices. The list ofinjured resources (;)nd services wilt be reviewed as new informationis . 
obtained through research,. monitoring, and other studie.s>spons.ored bytheTrusteeCounciL In addition, information may be submitted 
to. add resources to. the Jist. This information can incl~de res.earch.resu!ts,assessmen,totpopulation trends, ethnographi~ and historicaL 

. data, and supportive ration ;:tie. Information that has been through anappropriate scientiffc review process Is pr,eferable. If data have not 
been peer reviewed, they should be presented in a fOrmat that permits and facilitates !Jeer.review, lnfmmation to change the list will qe 
reviewed through'the Trustee Council's scientific,review\process. ·· 



Chapter 5, 
Injury Status and Recovery Objectives · 

·The first part ohhis chapter discusses r.et;::overy. obje,ctives in g~neral. The. second part de,scribes · 
the nature and extent of injury·and recovery and specifiq recovery pbjectives for each injured 
resource and service discussed in Table2 in Chapter 4. De.tailed information o~ injury and 
reCo\fery objectives can be found on the .following·pagesi ·. . . . . . - .· . 

. Resource: , Page 
Archaeological Resoutces .. _, ..... , . i : •• , •• , ••••• •. _, .•• ~ .• .• • : .,. • • • 3 

' ' ' . . ' . ' "' .. ' .... ) 

· Bald .Eagles·· ... , ..• ·· . : .... > •• ·. ·,.· •• · •.•.•. ·., •• : •• · ••••••. ·:·· , •• , ••.. ·., •• : • , ..... , . , •• 4 
.Black •Oyster.catchers ... · . . . ,;:• ..•.. • .•. , , "' . . . . ................• 4 
Clams . ; .....................•...........•.......•..•... · •... 5 
Common Loons ....................... ~ .... -~- ........ · .. ·. . . •. . 5 

: Common MurreS: · .- .. ~- .: .. , ... ~ .. .,, .... ,, · .. · •..... ; ........... ~ .......... · .. ·. . . 5 
Cormorants .. ,, · ........ : .. , ·. ,., ... , , .. , ... : ............ ; , ... 7 •••••• ~ ••.••. , • •• ,· 6 

·Cutthroat. Trout: . , : .•... ~·-· , •.............. , ..... , ... , : , , .. • .. , .. · .. , . '7 
DesignatedWilderness Areas . ; .. ,, .... ; ... i • __ ;, .... , •. _, •.... , ..•. , 7 

Dolly Varden .............. , ........... ·. • · '? .· •. ·: .. ,· ·.: :···.· · • · ·.J 
Harbor .seals .. , . ,· .- ......................................... ~ . · 8 
Hart:equiri Ducks ...........•....... .- ........ ·, ..... · . . . . . • . . . . . . 8 
Intertidal Organisms ........... · .......... , . :, . , .............. , ...... 9 

· Killer :whales .................. · ........................ ; , .· . . . . 1 0 
.Kittlitz' s Murre lets:., ............. , . . . . . . .. . . . . . . . . . . . . . . . . . .. . 1 0 
Marbled Murrelets>, ... , ... :: ..................•.. : ........ ·; ..... , 11 
Mussels ..• , : ~ .... : ..•• :, ... , :_ ...... · ... , ..... , .. , . ;_ .. ,_· ... · ...•... .',. l2 

· Pacific· Herring · ............... ., . . . . ..... · ...•. ~- ........ : .. :. . 1 2 
· PigeortGuillemot' ......... :. -:• ;, ........ , ... , .•.. ~ ... , .. ; .•... · .... _13 

Pink Sa.lmon .: ....•..•. , ... · .. •• .· .. · ··~ .... _. · ... ·:· .. ,..: ..... : .. · ...•.. : . J4 
·R·iverOtt_ers . ..... _ ... ··G·. ·--· ~--:•' ... : .. -,··., ............. --- ....... • ........ ~--·• ....... -.... ··--· • . 1.5 
· Rockfish ;• . . .: . · .. -~ . ·; . ; ... .- . >. · -;.· ......... ; ...... : •••.•• " •• .' · ••.•.• · •• · • .- •• • • • • • 1. 5 

Sea Ott~rs ...... ; : ..•.... · .. , ..• , .... ; ............ , .. · ... : ... · 16 
Sediments ......•. ; ............... ~ .................... .' 1 6 
Sockeye Salmon. · . ; ... , ; .. , • • . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . 17 
Subtidal. Organisms ..... : • . . . . , .......................•...... _; . . . 18 

·service 
Commercial Fishing .. , ...........•....... , ............... , . . 19 
Passive Use -~ ...... .- ....... · .. · .·~. , ......... ·, ......... ·. .. . . . . . . 20 
Recreation ancl Tourism. ......... , ... , ............... ; •....... 21 
Subsistence . · .............• ·; ..•...................... · .. : .·; 22 
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Objectives .· 
. . . . ' 

The recovery objectives described in the foll~wing section are the measurable conditions that 
. signal the recovery of individual resources or services. In gen~ral, resources and services will 
have recovered When they return to cOnditions that would have existed. had the spill not 
occurred. In nature, however, populations often undergo large natur(.llchanges, ahd it is difficult 
to predict conditions thatwould have existed in the absence of thespill. Recovery, therefore, 

.. is most realistically indicated by a return to prespill conditions, which may be assessed by 
·comparisons of pre- and post-spill pop!Jiations, by comparisons of populations or communities 
in oiled and unoiled areas, or, ideally, by both methods .. For resources that were in decline 
before the spill; .li.ke harbor seals, recovery niay be defined as the stabilization of a population, 
even if itis stabilized at a lower level than existed before the ~pill. In all cases, increased 
numbersof individuals, reproductive success sustained Within normal bounds, improved growth 

·and survival rates, and normal age and .sex cpmposition of theinjured population, among others, 
are all indicators that recovery is. underway. · 
' . . . 

. Full ecological recovery will have been achieved when thepopulations• offlora and fauna are 
again present at former o·r prespill abundances, are healthy and productive, and there .. is a full 
compl,ement of age classes at the level that would have been present had the spill not occurred. 
A recovered ecosystem provides the same functions and ser.vices as wou.ld have been provided 
had the spill not occurred.· 

. - . ' . . 

This section describes the nature and extent of injury and recovery and the recovery objective 
for .each injured resource and service. Sp~cific strat~gies to achieve res6urce recovery 
objectives are described and updated in annual. invitations (e.g.,· Invitation to Submit Restoration 
Proposals for Federal Fiscal Year 1997) and work plans. The illtoqnation in-this section is· 
expected to change as· the restoration· program adapts to neW info'rrriation. . For example,·· 
'papulation declines or sublethal effects may be documented for new resources; other resources 
may recover orshpw signs that recovery is underway. Thus, the following descriptions of the 
injury and recovery status and recovery objectives for injured resources and lOst or reduced 
services will change in response to new information, conditions, and scientific insights • 

. New scientific .data will be incorporated into restoration decisions without the. need to change 
the' Restoration Plan. However, changes will be reported in the Trustee Cotmcil's annual status · 
report, .and, ~eriodicalfy, Chapter 5 of th~ Restoration Plan .itself Will be updated. 
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Injury and! Recovery . .. . . . 
The oil-spill area is believed to contai~ more than 3;oob sites of archaeological and historical 

·significance; Twenty~four archaeological sites on public lands are known to hav.e 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 damage assessment studies were 
limited to public land and riot designed to identify all such sites. 

Documented, injuries 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, vegetationhas been disturbed, which has expos~d sites to accelerated 
erosion. The effect of.oil ori soil 'chemistry and org~mic remains may reduce cir eliminate the 
utility of radiocarbon d~ting in some sites. · · 

Assessments of 14 sites in 1993 suggest that most of the archaeological vandalism that can 
be 'link.ed to the spill occurred eari'{ in 1989, before adequate constraints were put into place . 
over the acti~ities of gil spill clean-LIJJ personnel. Most vandalism took the form of "prospecting" . 
for high yield sites. Once these,. problems were recognized, protective measures were 
implemented 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 recent vandalism was 
related to the spill. Oil was visible in the intertidal zones of two of the 14 sites monitored in 
1993, and hydrocarbo'n an~lysis has show~ thatthe oil at one o.f the sites 'Was most: probably 
from the Exxon Valdez spill. . Hydrocarb~n levels at the second sites were not sufficient to 
permit identification of the source orsources of the. oil. 

. Monitoring of archaeological sites in 1994 and ·1995 found no evidence of new damage from 
vandalism. The presence of oi! is being determined in sedimEmtsamplestaken from four sites. 
in 1995, .. 

None ofthearchaeological artifacts coll~cted during the spill response, damage assessment, or . 
. rest.oration progr·ams is stored within the spill area. These artifacts are stored in the University 
of Alaska Museum in Fairbanks arid in the Federal Building in 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 A~chaeologic,ar Repol)itor:y in Kodiak, whose construction cOsts· were partly funded 
by theTr~steeCquncil1 i.s the _only physically appropriate artifact storage· facility in the spill area. 
In 1995 the Tru~tee Council-approved fu~ds for development of a comprehensive community 
plan for. restoring archaeological 'resources in P~ince Wi.lliam Sound and lower Cook Inlet, 
including strategies for storing and displayingartifacts af appropriate facilities within the spill 

area. 
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Recovery Objective . . . . 
Archaeological resources are nonrenewable:they canno~ recover in the same sense as biological 
resources. Archaeological resources will be considered to have recovered when spill-related 
injury e.n.ds, looting andvandali~m are at or below prespilllevels, and the artifacts and scientific 
data whicli ·remain in vandalized sites are preserved (e.g., through excavation, site stabilization, 

·or other forms of documentation). 

· BALD EAGLES 

~njury and Recovery. . . 
The bald eagle is an abundant r.esident of coast lines throughoutthe oil-spill area. Prince William 
Sound provided yeaNound and seasonal habitat for about 5;ooo bald eagles. 'A total df 151 
eagle carcas.ses was recovered following the oil spill,, and, .within Prince .William Sound, it is · 
estimated that about 250hald eagles died as a result of the oil spill. There were no.estimates 
of mortality outside the sound, but there were deaths throughout the oil-spill area. 

In addition to direct mortalit(es, produ~tivity was reduced .in oiled areas of Prince William Sound 
in 1989. Productivity was bac~ to normal in 1·990 and J 991, and an aerial survey of adults in 
1995 indicated that the population has returned to or exceeded its pre spill levet in Prince William 

. Sound. 

IRec~very Objective . . . 
Because tfle Prince WiHiamSoundpopulation and productivitY are at or above prespill levels, the; 
bald eagle ha.s recovered from; the effects of the Exxon Valdez oil spill. 

BLACK 0YSTIERCATCHERS 

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-.ceritral Ala_ska. Only nin~.carcasses of adult oystercatctl~rs were recovered following the 
spill, but it has been estimated that actual mortalities may have. been as high as, butprobably 
did not exceed1 20 percent in the spill area. , 

In addition to direct mortalities, breeding activities were disrupted by the oir 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. lnterpr·etation of these data on reproductive 

. performance, however~ are confounded by lack of prespilr data. Productivity and survival of 
black oystercatchers in Ptioce William Sound have not been monitored since 1993, and the 
recovery status of this species is not known. 
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Recovery: Objective . . . . . 
. Black oystercatchers will have recovered wf)en the popljlation returns to .pres pill level~ and 
reproduction is within normal Qounds. Anincree~sing population trend and comparable hatching 
success. and growth rate.s. of chi.cks in. oiled and, unoiled areas, after taki9g into accoun~ 
geographic.differences, will indice~te that recovery is underway. 

CLAMS 

· in]ulyand Recovery .. ·, .. · . . ·.. · . . . · . · . · 
The magnitude of impacts on clam populations varies with the species otclarh~ degree of. oiling, 
and location. However, data from th.e·lower intertidal ?OI)e on sheltered beaches suggest' that 
little~neck clams and, to a .Jesser 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, Prince William Sound, and AlaskaPeninsula, concern about the effects of the oil spill 
on Clams and subsistence uses of dams remains high. 

· R'ecovery Objective· · ·. .. . ·.·· · ·. . · . .. · . •·· . ·.·. . ,., . . ··. .· ··.. . . . · ... · · 
.. ·Clams will have recovered vvhen populations and productiVity have returnedtoJevels that vvould 
.. have prevailed in the absence ofthe oilspill, b·ased on p~espill. data or comparisons ~f oiled arid 
uno'iledsites. 

' COI\/)1\/iON lOONS 

Injury: and Recovery .. . . . . . .. . 
Carcasses of 395 loons of four spec:;:ies were recovered fol.lowing fhe spill, including at least216 
common loons .. Currentpopulation sizes ar~ not kri.own for any qf thes~ specie~, but, in. geni;r~l, loqos 
are long~l_ived, slow-reproducing, arid have sm.all populations~ .Common loons in the qil-spill area may · 
humber orily .a few thousand, lneluding onlyhundreds jn Prince William Sound.· Common .loons 
injured by the spill probably includ~da mixtu~e of resident and migrant birds, and their recovery status 
is not known. · · · · · · · . · · · 

Recovery Objective 
No re.alistic recovery objective can be icientified without more information on i('ljuryto andthe 
recovery status of common loons .. · . . . . . . ' . ' 

,· C0111!M()N MU~RES .. 

Injury and Recovery 
About 30,000 carcasses of oiled birds wete picked up following t:he oil spill, imd.74 percent of 

·.them were common and thick-billed murres (mostly common murres). ·Many more murres died .. 
than were. actually recovered, and itis estimated that the spill-area population declined by about . 
.40 percent, including at index colonies at Resurrection Bay; the Chi swell, Barren, and Triplet. 
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islands, and Puale Bay. In addition to direct losses of murres, there was evidence 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 indicationsthat popculations 
at some colonies were in decline before the· oil spill. 

i Postspill monitoring of productivity at the colonies in the Barren Islands indicates that 
reprQductive timing and success were again within normal bounds by 1993. Numt)ers of adult 
murres were last surveyed at those same colonies in 1994 and, at that time, the local population 
had not returned to prespill levels. 

Recovery Objective 
Common murres will have recovered when populations at index co.lonies have returned to 
prespilllevels and when productivity is ·su.stained within normal bounds. ·Increasing population 
trends at index colonies will be 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 br·perched 

on rocks Ileal' the water: Three, and sometimes four, species are .found within the oil-spill area. 

Carcasses of838 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 fqund in the. oil­
spill area. The latest information from the u.s; Fish and Wildlife Service Alask-a Seabird Colony. . . . 

Catalog gives counts of 7161 pelagic cormorants, 8967red-'faced. cormorants, and only 1558 
double-crested cormorants in the· oil-spill ar:ea. ·These a~e direct counts, not overall population· 
estirnates, but they suggest that population sizes· ate smalL In this .context, it appears· that 

. injury to all three cormorant species may have been significant~ . . 

In addition, th~re were statistically-significant declines in the est_imated numbers ofcormorants 
(all three species) in Prince William Sound comparing boat pre:. and post-spiiLsurvev.s in July, 
including· comparisons of oiled versus ur10iled areas. Those surveys have not shown any . . . . . 
increasing population trend since the oil spill. 

Recovery Objective · . . . . · . . 
Pelagic, red-faced, and double-crested cormorants when their populations return to prespilllevels 
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 

~njucy am:l Recovecy 
Prince William Sound is at the northwestern limit of the range of cutthroat trout, and few stocks 
are known to exist within the

5

sound. · Localcutthroattrout populations rarely number more than 
1 ,000 each, and the fish have $mall home ranges and are geographically isolated. Cutthroat 

. trout, therefore, are highly vulnerable to exploitation; habitat alteration, or pollution. Following 
the oil spill, cutthroat trout in a small number of oiled index' str:eams grew more slowly than .in 
unoiled streams, possibly as a result of reduced food supplies or exposure to oil, and there .is 
c.oncemthat reduced growth rates may have led to reduced survival. . The difference in growth 
rates persistedthrough ]99 L Nd studies have been conducted since· then, and the recovery 
status of this speciesis ndtknown. 

Recovecy Objective . . 
Cutthroat trout Willhave'recovered when growth rates within oiied areas ar~ sirnilar to those fqr 
unoiled areas, aftertaking into accountgeographic differences. 

DESIGi",,ATED WilDERNESS AREAS 

lnji.ny and Recovery 
. 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 meim high-tide line iri'these areas. During the intense clean~l,JP seasons of 
1989 and 1990, thousands of workers arid hundreds of pieces of equipment were at work in 

·. 'the spill area. This activity was an unprecedented imposition of people, noise, c;~nd activity on 
the area's undeveloped and normally sparsely occupied landscape. · Altho!Jgh activity levels on 

· these wilderness shores have probably r.eturned to normal, at. some locations there is still 
residual oil. 

•/ 

· Recovery Objective 
Desig.nated wilderness areas will have rec:overed when oil is no longer encountered in these·· 

· areas and the p_ublic perceives them to be recovered from the spill. 

IIJOll Y VARDEN 

Injury" and: Recovery ·· ... 
Like the cutthroat trout, there Was evidence· that Dolly· Varden grew more slowly. in oiled 
str~ams than in unoiled streams 1 and there is concern that r~du.ced groWth rates may have led 

· to reduced survivaL However, no data ha\/e been gathered since 1 991 , and therecov~ry status 
. OfJhis species is not known. 
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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 in the Gul.f of Alaska,. including in Prince. William SoiJnq, 

· before the oil spill. Exxon Valdez oil .impacted harbor seal habitats, including key haul-out areas ·• 
and adjad:mt waters, in Prince William Souhd and as far away as Tugidak Island,· near. Kodiak; 
Estimated mortality as a direct result ofthe oil spill was abou~- 300 seals in oiled parts of Prince 
William Sound. Based on comparisons of surveys in 1988. and then in 1989afterthe oil spill, 
seals in oiled areas had deplined by 43 percent, compared to 11 percent in unoiled areas. 

VVhen a population 'declines it means that deaths exceed births, and harbor s~als in both oiled 
arid unoiled parts of Prince· William Sound have continued .. to decline since the spilL For the 
period 1989-1994; the average estimated annual rate of decline, adju!?ted for time of day and· 

· other factors, is about 6 percent. Changes in the amount or quality of food may have been an . 
initial· cause of this long-term deCline. Although ther~ is no evidence that suc.h factors as 
predation by killer whales, subsistence hUnting, and interactions with commerical fisheries 
caused the decline .in the harbor seal population, tnese are among tt:le on-going sources_ of 
mortality. 

Harbor seals·have lorig been and continue to be a key subsistence resource in theoil~spill area. 
Subsistence hunting is' ·affected by the declining ~eal population, and lack of .opportunities to 
hunt seals has changed the diets of subsistence usE)rs who traditionally had relied heayilyon 
these marine mammals. · · ··· . 

Recovery Objective . . . . . 
Recovery wil.l have occyrred when had:~or seal population trends are 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 200harlequin ducks were found dead in 1989, mostly in Prince 
William Sound; many more actually. died throughout the spill area. Since the oil spill occurred 
in early spring, before wint~ring harlequins had left.the oil-spill area, the impacts of the oi.l spill 
may have extended beyond the spill area. The geographic extent of these impacts is.not knqwn. 

Bile samples from harlequin ducks and Barrow's and common goldeneye collected. in eastern and 
·western Prince William Sound and in the westerr Kodiak Archipelago in 1989-90 had higher 
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concentrations of hydrocarbon metabolites than a small number of samples from harlequins:c.md . 
golde'neye collected at Juneau: Pre spill data on harlequin populations and productivity are poor' 

. and complicat'ed by possible geographic differenpes in habitat q-uality. However, the summer 
population irT Prince WilfiamSound is small,·only a few thousand birds, and there .continues to 
be cohcern about poOr reproduction and. a possible decline in numbers of moltinQ birds in 
western versus eastern parts· of~he Sound. . • , 

Recovery Objective . 
Harlequin ducks will have recovered When breeding·. and .Postbreeding season densities and 
production of young return to prespilllevels. A normal population age- and sex-structure and. 
reproductive success, taking Into account geographic diffenmces, will indicate that recovery is 

' . - ' '• . 
underway~ , ..... 

INTERTIDAl COMMIUNHIES ' 

Injury and Recovery . .. . .. . . ..·. . . . . . . . 
Portions of 1 ;560 miles 'of coastline were oiled by the•Spill inPrince V\liHiam Sound, on the Kenai 
and Alaska peninsula~, and ih the Kodiak Archipelago:-· Both the oil·and intensive elean7up 
activities hadsignificant impacts on the floraand •fauna of the intertidal zone,. the area ofbe.ach · 
between low and high tides. lnterticjSll r:e~ources ar!il .irnportant to subsistence users, sea and 
river Otters, and to a vareity of birds/ inciUdirlg black o:ystercatchers, ;harleql,lin duci\S, l)Urf 
seaters, ,and pigeon guilfemofS;· . . 

impacts to intertidal orga'nisms occurre.d at all tidal levels in all types of habitats through 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 parnaple, pligochpete 
. worms, and filamentous; brown· algae, 'colonized shores.where dominant species were removed 
by the oil spfll and clean-up activiti~s. The;abun'dance and reproductiVe potentiafohhe,corl}mon 
seaweed, Fucus gardneri (known as rockwood or popweed), was also reduced following the 

. spill. . . · · 

.··.On the sheltered, bedrock shores that a(e common in Prince William Sound, .full recovery of . 
Fuct.is is cruciaiJor the recovery of intertidal communities at these sites, since,r:nany·invertebrate 
org~nisrris depend on the covery provided by this seaweed. Fucus has not yet fully recovered 
·in the uppe'(·'rntertidat zone oh shores subjected to· ·.direct 'sunlight, but in many locations, 

.. 'recOvery of intertidattdmmunities has made substantialprogress. In other habit~ttypes, such . 
. as estuaries and co.bble beache·s·, mahy species'did not show signs of recovery when they were 
. 'last surveyed in .1991 • ' . ; . 
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Recovery Objective . · · ·. · . . .. · . · , . . . 
l'niertidalc:ommunities will have recovered when comr:nunity compositi~n on oiled shorelines is 
similar to that which would have prevailed in the absence of the spill. J~dications of recovery 
are the reestablishm~nt of important species, such as Fucus ·at. shelte(ed rock sites,· the 
convergence in community composition on oi.led and unoiled Shorelines, and the provision qf 
'adequate, uncontaminated food supplies for top predatprs in imertidal and nearshore habitat!;. 

:. ··' ·. KILLER WHALES 

Injury and Recovery 
More than 1 OOkiller whales in 6 "resident" pods regularly use Prince William Sound wjthin 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 whale.s disappeared from this pod in l989and 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 fiverpo~e 
whales. ·The :link betwe·en the losses 1=1nd the oil spill is only .circumstantial, b1,.1t the probapl~ 
mortality of killer whales ih .Prince William Sound following thefspill far exceeds rates ·for pods 
in British Columbi::r and Puget Sound over the la.st 20 years. · 

. . . . . .. .. . 

TheA~pod may never regain its former size, but overpll numbers within the major resident killer · . . . 

whales pods in Prince William Sound are at or exceed prespiH levels. There is concern,. however, 
that a decline in resightings of individuals within the AT ·group of transient killer whales. h~s 

. accelerated. following the oil spill. 

· Recovery Objective . . . . 
!<:iller whales VIIi II have recovered when the number of ir;tdividuals .in. tbe Al3 pod is stab I.e or 
increasing relative to the .status of other major resident pops in Prince William So~nd. 

. . ', . . - ' • . . . - . . . ' - : 1. ,, 

KITTLITZ'S MURRELET 

lnjur)' and Reco~ery 
·rhe Kittlitz' s murre let is only fOund in Alaska and portions of the Russian F,ar East, and g large 
·fraction of·the world population, which may number only a few tens of thousal;lds, breeds in 
Prince William Sound. · The Kenai. Peninsula' coast and Kpchemak 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 simil~rsiteson !.he 
ground. 

Seventy-,two Kittlitz's murrelets were positively identified among the bird carcasses recovered 
after the oil spill. Nearly 450 more Brachyramphusmurrelets were not identified to the species 
level, and it is reasonable to assume that some of these were Kittlitz' s. In addition, many more 
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murre lets were killed. b'y the oil thanwe~e actually recovered;. One published estimate places 
.·direct mortality ofKittlitz's murre lets Hom the c:lil spill at 1 ,ooo..:2,000 individuals, which would · 
represent a substantial. fraction of the. world population. · 

·Because oft he highly patchy distributio.ficof Kihliti1 s mun'elet, the difficulty of!dentifying .them 
. in the field, and the!fact that so little is kn·own about 'thisspecies, the recoverV ·status o.f the · 
. Kittliti's murrelet is· nofkriovim; The Tfustee· CounCil hastunded an exploratory study on the 

ecology and· distribution .of. this murre let starting· in 1996. 

· Recovery' C)bjective ·· .•. . · . · · · · · · . · · · . · · .. 
No recovery objectiVe can be'id'~ntifiedfor kitflitz's murreletatth.is time. · 

' ;\ MARBLED MURREi..ET 

Injury end Recbverv .... · . ·. · ·. . · . 
· The northern Gulf ofAiask~, including PrinCe William Sound, 'is.a key area of concentration in 
the distribution of marbled murre lets. J.he marbled murrelet'is federally listecl as .a Threatened 
species .in Washington, Oregon, and C()lifor'rlia'; it is also listed as.threatened in British Columbia .. 

. ' ''-· ' ' 

The marbled murre let population. in Prince William ·so!Jnd·had declined before the oil spill. The 
causes of the prespill qecline are .unknown·; bl.lt may be related to changing foocj supplies. It is 
n.ot 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 l; 1 00 Brachyiamphils murre lets 
were found c:~fter the spill, and about 90 percent of the:mui"relets that could be identified were 
marbled murrelets. · Many more murre lets were actually killed by the oil than .were found; and 
it is estimated that as much as 7 percent of the r:narbled murrelet population in the oil-spill area 
was killed by the spilL 

·Population estimates for mur.relets are highly variable~ Postspill boat surveys do not v.et indicate 
any statistically· significant fncrease .in numbers of marbled murre lets in Prince Y'filliam Sound. 
Nor is there evidence of ~my further decline. 

Recovery Obje~ive 
Marbled murre lets will have re~overed when population trends are stable or increasing. Stable 
or increasing productivity will be anindi.c::ation that recovery is underway.·· 
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MUSSELS. 

Injury ami Recovery . 
Mussels ar,~ an important pr-ey species in th~.nearshore ecosystem throughout the oil-spill area, 
andbeds. of musse·ls provide physical ~tability and habi\at for. other ~rga~isms in the. intertid~l · 
zone. For these reasbf1s, mus.sel beds were purpos~lyleft alone ,during Exxon Valdez dean~up 
operations.· 

In 1991, high concentrations of relatively unweathered oil \Nere found in the. mussels and 
·underlying byssal mats and sediments incertain dense· mussel beds. The biologicalsignificance 
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 apd show.some signs of continuing injury. 

·At least 70 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 199 5, these beds showed a 
98 per<;:ent reduction irt oil in the replacement sediments, compared to whath.adbeen there 
before. Muss.el beds along theol.JterKenai Penins1Jia coast,Jhe Alaska Penin·sula, and Kodiak 
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 loVyer than 
for sites in the Sound_, but atsome sitessubstantial concentrations persist. . 

··subsistence users continue to be. concerned about contamination from oiled mussel beds.. The 
Nearshore Vertebrate Pred.ator_ project is focusing on mussels. as a key preY species and 
component of the nearshqre ecosystem. · 

Recovery Objective . . 
Mussels will have recovered when concentrations of oil in the mussels and in the sediments 

. · below mussel beds reach background levels, d.o 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 spjll. A significant fraction of these spawning habitats as well as herring staging areas 
in the SO!Jnd Wt:)re contaminated by oiL Field. studies c.anducted in 1989 and 1990 documented 
increased rates of egg mortality and larval deformitiesin oiled versus unoiledareas. Subsequent 
laborat.ary studies confirm that these effects can be caused by exposure to Exxqn Valdez oil, 
but the significance ofthese 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 rec~:>rd level. In 
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1993, however, there was an unprecedented crash of adult herring, Aviral disease arid fungus 
were the probable agents of mortality, and .the connection between the oil spill and. the disease 
outbreak is under in'vestigation. Numbers of spav\tning herring in Prince William Sound ha-ve 

·remained depressed through the 1995 season. Preliminary results from the Sound Ecosystem 
Assessm,ent (SEA) Project indicate the possible significance of pollock as both 'competitors with 
and ,predators of herring, which may indicate that there in a cdnneetion between. th'e' lack of 
recuritrnent of strong year classes qt'herri.ng and the preseri'ce of large numbers of pollock in 

. . - . ·-· . . ,, ·, ·. 

Prince William Sound •. · 

Pacific herring are e,xtremely important ecologically as. well as commercially. Reduced herring 
populationl:; could have significant implications for both_ their predators and their prey, arid the · 
closure of the herring fishery from ·1993 through 1995 ha~ had serious economic impact on 
people and communities in Prince William Sound. 

Recovery ,Objective · ·· .. ·. , .. · . ' ..• -. ·_. . · .. •·· ·_· • ·_ · .· · · · .-· . ·• · 

Pacific herring will have. recover~d when the lle,<t highly successful year class is recruited irito 
the fisheryand when othe; i':ldicators of population health are. sustained within normal pounds 
in Prince William So.und ... 

.·.·. PiGEON GUILLEMOT· 

injury and IAecpvecy . . . .- ... ·. .•. . . _ . · 
Althoughthe pigeon-guilleill.ot, is widely di~tributed; nowhere does' it occur in large numbers or 
coricentr~tions. B~cause guillemots 'teedin shallow, n~arshore \1\taters, both they and the fish 
they prey on are vulnerable to oil p~ll8tioh. · · · .. - '· 

' . . . 

Like the marbled murrelet, there was evidence that the· pigeon guillemot population in Prince 
. William Sound had declined befor~ the spill. The causes of the pres pill decline are unknown. It 

is estimat~d that l0-1 q percent of the Gulf of Alaskapopulation may have died in the spill, and. 
declines 'along. oiled shoreline~ in Prince Wjllialll Sou rid. were greater' tha'n along unoiled 
shorelines. 

Numbers of guil-lemots recorded on boat surveys are highly variable, and there is not yet any 
statisticallysigni~icant evidence. of a postspill population increase. The factors responsible for 
the guillemot~s prespill decline rnay n~~at~ or mask reco.very from the effects 'of.the oil spill. 
-. ' . 

Recovery Objective 
Pigeon guillemots will have reC()VEired when the population in Princ,e William Sound is stable or 
increasing. Sustained productivity within normal bounds will b.e an indication that recovery is 
underway. 
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I? INK SALMON 

Injury and Recovery . . 
About 75 percent of ~HdpiQ~ salmon ir Prince William Sound spawn in the ihtertid~l portions· 
of stream.s and were highly vulnerable to the effects.of the oil spilt Hatchery'salmon and wild 
salmon from both intertidal and upstream spawning habitats swam through diled waters· and . 
ingested oil particles and oiled prey as they foraged in the souncl and emigrated to sea; As a· ·• 
result, three types of early life-stage injuries were identified: First, growth rates in juvenile pink 
salmc;m from oiled parts of PrinGe William Sound were reduced. Second, there was increased · 
egg mort;:~Hty in oiled ve~sus unoiled streams. A possible third effect, genetic damage, is under 
investigation. 

. .. 

In the years preceding the spill, returps of wild pink salmoh in Prince William Sound varied from 
a maximum of 21.0 million fish in HH34 to a minimu'll of 1.8 million in 1988·. Since th.e 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 million in 1992 ... There is particular concern about the Sound's southwes~·. 
management district, where returns of both hatchery and wild stocks have been generally weak 
since the oil spill. Because. of the tremendous natural variation in adultreturns, however, it is 
difficult to attribute poor returns in a given year to Injuries caused by Exxon Valdet oil. For pink 
salmon, mortalities of eggs and juveniles remain the best indicators.of injury and recovery. 

Evidence of reducedjuvenile growth rates was limited to the 1989 season, bufincreased,egg · 
· mprtality persisted in oileq corhpared tq .llnoiled streams thr01..igh · 1993~ The.l994 and 1995 
seasons were the li~st since 1989. in which there were no statistically significant differences in . 
egg mortalities in oiled and unoiled streams. These data indicate that recoverY from oil-spill 
·effects is und~rway .. 

The Sound Ecosystem Assessment (SEA). Project is eXploring· oceanographic and ecolog!cal· 
factors that influence productioq ofpink salmon and Pacifi~ herring.· These' natural factors are 
likely to have the greatest .influ~nce overyeaHo-year returns in both wild and hatchery stocks 

. of pink salmon. 

Rec()very Objective . . .· . . . . . 
Pink salmon will have recovered when population indicators, such as growth and· survival, are 
within normal bounds and th~re are no statistically significant differences in egg mortalities in 
oiled and unoiled streams for two years each of odd- am:~ even-year runs in Prince William 
Sound. 
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IR~ver ouers 

lll'iljiU!ry and Recovery 
River otters have alow density aod an uhknown population size in Prince William Sound, and, 
therefore, it is hard to assess oil-spill effects. Twelve otter carcasses werefouhd following the 

, spill, but the actual· mortality .isnot known. Studies conducted :during H:l89-199l identified 
several difference~ between ottersin oil.ed and unoiled areas in Prince William .Sound, including 

. biochemical evidence of exposure to hydrocarbons or otner sources of stress; reduced diversity 
in prey species, reduced body size (length-weight), and increased territory size. Since there 
were no pre spill data ~nd sample sizes were·smal!, it.is not clear that these differences are• the 
result of the oil spill. · 

. TheNearshor.e Verteb~ate Predator project now tmderway, wm shed new light 6nthe status· of . 

. th'a river otters. .In 1995 the Alaska Board of Game used its emergency a~thority to restrict 
trapping of river otters in western Prince William Sound to ensure that the results ofthis study 
13re not compromised by the, r.emoval ofanimals from study areas on Jackpot and Knight islands. 

'- . . >· ' . : ' . 

Recovery Objective . ..· · · · · ··· · ·... · · · · · · · · · ·• · · · 
The river otter will have rec(;>Vered when biochemicalindices;ofhydrocarbbn exposure or other 
stresses and indices of habitat use are similar betwee'ri olied and uhoiled areas of Prince William 
s6unci, after taki~g into account any geographic differences. · . . . 

t I •· · ' - '•' 

·ROCKFISH 

ijnjmy all'ild Recovery . . . . ·. · .· 
.Very little is known about rockfish populations.in the nor:thernGulf of Alaska~. Asmall number 
pf dead adult rockfish Was recovered following ·the oil spill, ariq autopsies o'f five specimens. 
indicated that oil ingestio'n was the cause .of dea~h: Analysis of other rockfish showed exposure 
to hydrocarbons and sublethal effects. In addition, closures to salmon fisheries apparently · 
increased fishing pressures ori rockfish, which may have adversely affected the rockfish 

· population. Howev~r; the original extent of injury and the current recovery statys ofthis species 
are unknown. . 

Re,covelf'Y Objective. . . , .. 
No ~ecoveryobjective can be.defineg. 
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SIEA OITIERS 

Injury and Recovery 
By the late 1800s, se.a otters ~<1d been eliminateq from mo.st o.f. their historical rapge· due to 
excessive fur.harvesting by Russianapd American fleets .. Surveysof sea otters in the 1970s 
and 1980s, however., i,11dicated a healthy and expanding populatio\1, including in Prince William 
Sound, prior to the oil spill .. Sea otters are today an important sub~istence resource for their 
furs. 

· . About 1,QOO sea otter carcass~s were recovered following the spill, althol!gh additional otters 
probably died but were not recovered. In 1990 and .1991,higher-than-expectedproportio~s ef 

;prime-age adult .otters were found dead i.n western Prince William Sound, and there was 
evidence of ·higher morrality of recently weaned juveniles. in, oiled areas. By 1992-93, 
pverwintering mort91i~y ratesfor juveniles had decreased; b·ut were .still higher in oiled than in 
,unoiled parts of the .sound. 

. . 

Based on .boat. surveys conducted. in Prince Wil.liam Sound, . there . i~. ~ot yet statistically 
significant evidem~e.of an overall pqpulation increase following the oil spill (1990~1994). This 
lack of a significant positive trend, however, may result from a lack of statistical power in the 
survey, which will.be repeatedin 1996. . .. · .·. 

·Based on the insights of local obsE;lrvers, it is evident that the sea .otter is abuhdantin .. much of 
Prince William Sound. There is no evidence that re~overy has. occurred, however, in· h~avily 
oiled parts of Western Prince William Sound, such as around northern Knight Island. The 
Nearshore Vertebrate Predator project, whi.ch was started in 1995, should help clarify the 
recovery status of the sea otter in the western sot;md. 

RecoveryOpjective. 
Sea otters. will. have, recovered vvhen the population in oiled areas returns to its pre spill 

.·abundance and distributior:t. An increasing population trend and normal repr~duetion imd age 

. structure in. vvestern Prince William Sound will indica-te· that recovery .is underway~· 

SEDIMENTS 

Injury and Recovery . . 
Exxon Valdez oil penetrated deeply into cobble and bould~r beaches that are common on 
shorelines throughout thespiii area, espeCially in sheltered habitats. Cleaning 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 Pdnce William Sound was in 1993, and it 
·included 45 areas of shoreline known from the clean-up to have had the most significant oiling. 
That survey indicated that heavy subsurfac~ oil had decreased by 65 percent since 1991, and · 
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that surface oilhad decreased by 50 percent over the same time period. Surv~ys also have 
· indic'ated that remaining shoreline oil in the sound is relatively stable and, by this time, is likely 
to decrease only slowly.·. 

···.! 

In 1995, a shoreline survey team visited 3Q,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 in the Kodiak area is not persisting as it is at sites in Prince William 
Sound due·to the higher.energy settings on the isl(!nds, the state ofthe oil when it came ashore, 
and the smaller concentrations of initial oiling relative to the Sound. 

Fo!i0wing the oil spill~ chemical analyses of oil in subtidal sediments were conducted at a small 
number of index sites in Prince Willi.am Sound. At these sites, oil in subtidal sediments reached 
its greatest concentrations at water depths of 20 meters, although elevated levels of 
hydrocarbon~degrading bacteria (associated with elevated hydrocarbons) were detected at 
depths of40 and 100 meters in 1990 in Prince William Sound. By 1993, however, there was 
little evidence ol Exxon Valdez oil and related .miGrobial activity at ITl'ost index sites in 'Prince 
William Sound, except at those associated with she.ltered beaches that were heavily oiled in 
19'89. These index sites-.:at Herring; Northwest, and Sleepy bays-~were .among the few site~ 
at which subtidal oiling is still known to oc'cw. · · 

Re©overy Olblje©tove ·· · 
Sediments' will have recoveree! when there are no ionger residues of Exxon Valdez, oil on 
shoreiines in the oil-spill area; Declining oil residues and diminishing toxicity are indication~ that 
recovery is underway.. · 

1,'· 

. SOCKEYE SALMON -

~njl!.lcy and Re©overy . . . . . . . 
Commercial saimon fishing vvas closed in Pr,ince William Sound and in portions of Cook Inlet and 
near Kodiak in 1989·to avoid any possibility oJ contaminated salmon being ~ent to market .. As . 
a resu'lt, there were higher-than~usual numbers (i.e., overescapement) of sp'awnirig sockeye 
salmon entering the Kenai River, Red and :Akalura lakes on Kodiak Island, and other lakes on 
Afognak Island a'nd the Alaska Peninsula. Initially these high escapements may .have produced 
·an overabundance of juvenile sockeye that consumed huge quantities of zo.oplankton, thus 
altering planktonic food webs in the nursery lak~s. Although the exact mechanism is unclear, 
·the result was iost sockeye production as .shown by declines in the returns. of adults per 
'spawning sockeyie. · . 

. The effects cifthe 1989 overesca!)em~nt of sockeye saimonhave. persisted in the Kenai River 
. system through 1995. Although the overall escapement goal for thatsystem was metin 1995, 
there is concern that the initial overescapement will continue to affect post-spill year-classes and 
that sockeye returns .are yet not sufficient to fu!fiil the commerdal, recreational, and subsistence 
demands on sockeye salmon in the Kenai River system. 
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Production of zooplankton in both Red and Akalura lakes on Kodiak Island has rebounded from 
the effects of the overescapement at the time of th~ oil spill. There continues to be some 
proble111 in the rate of proQuction of sockeye fry" in Red and .Aka lura lakes. , This problem witb . · · 
fryproduction may or maynot be linked to the overescapement, and possible additional factors 
include low egg-to-fry survival, competition from other freshwater fishes, and the interception 
or adUlts in the tnixed-stoqk fisheryharvest offshore·. 

. . 

Recove..Y Objective 
Sockeye salmon in the Kenai River system and Red andAkalura lal<.eswill.hav.e recovered when 

. adult returns-per-spawner are Within nbrmai bounds. · · · 

·suBTiDAL COMMUNITHES 

!njury·and Recovery · .. . .. ·. · · . · · .. ·· . , ·.·· ·. · ·• · ·· ... ·. 

· Qilthatwas transported down to subtidal habitats apparently caused changes in the. abundance 
and species composition of plant and animal populations below lower tides.. Differenthabitats, 
including eelgrass beds, kelp beds, and adja~ent nearsl:lore waters (depths less than 20meters), 
were compared at oiled 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 diversity 
and abundance of eelgrass shoots (lnd flowers, worms,clams, snails, oil-sensitive amphipods 
(sand fleas), and helmet crabs. Organisms living in. sediment at depths of 3-20 meters were 
especially affected. Some opportUnistic o:e.,stress-tolerant)invertebrates within the sup?trat.e,· 
mussels and worms on the eelgrass, and juvenile cod, increased in numbers at oile)d sites .. 

. . 

By 1993, oil. coocentrations ·in sediments had dropped considerably, so that there was little 
difference between oil.ed and unoiled sites. The eelgrass habitat, the only habitat examined in 
1993, revealed fewer differences in abundances of plant and animals. However, there were 
still some animals that were more abundant at oiled sites, like those observed in 1990. These 
included the opportunistic worms and s.naiJs,. mussels and worms ·on the eelgrass, and juvenile 
cod. Reconnaissance surveys indicated that there were more small green· sea ur.chins at oiled 

·sites; 
. . . 

Preliminary resultsfrotn eelgrass habitats visited in 1995 revealed that natural recovery had 
. occumid~ No difference was detected iii abundance of eelgrass shoots and flowers, mussels 
on ~elgr~ss, amphipods, helmet crabs, and dominant s~a stars between piled and unoiled sites. 
However, the abl!11dance of small green sea urchins: was more thao 1 0 times greater at oiled 
sites. Tpe possibility that urchins increased due to a reduction in numbers of sea otters, which 
pre)y on urchins, is being examined in the Nearshore Vertebrate Predator Project. Analyses of 
the sedi~ent oil concentrations and organisms that live within the. substrate are ~not yet 
complete. 
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!Recovery Objective· 

Subtidal communities will have. recovered when community composition in oiled areas, especially 
in association with eelgrass peds, 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. 

Sell'vfices 

COMMIERC~Al IFiSH~NG 

~D"'I]IU!If'Y a1111dl IRecovelf'Y 

Commercial fishing is a service that was injured 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 (:hignik. 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, wbich 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 fish 1 

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. 

Recovelf'Y Objectiye 
Commercial fishing will have recovered when the commercially important fish species have 
recovered and opportunities to catch these species are not lost or reduced because of the 
effects of the oil spilL 

Restoll'ation Strategy 
The primary method for restoring commercial fishing is to restore the species that are fished 
commercially, such as pink salmon, Pa~ific herring, and sockeye salmon. These species are 
discussed elsewhere in this chapter. Three additional parts of the strategy for restoring 
commercial fishing are the following: 

· Promote recovery of commercial fishing as soon as possible. Many communities that rely on 
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commercial fishing· will be significantly harmed while waiting for commercial fish resources to 
recover through natur!=ll recovery aldne. Therefore, an objective of restoration is to accelerate 
recovery of commercial fishing. ThiS obfective may be . accomplished. through increasing 
availability, reliability~ or quality of.commercial fish resources,· depending on the nature of the 
injury. For resources that have sharply declilled'since the spill, such as pink salm~n, and Pacific 
herring in Prince William Sound/. this ob,jective may take the forni of increasing availability in th.e 
long run through. improved fisheries management. Another example is providing replacement 
fish for harvest. · 

. . . 

Protect commercia/fish resources from furtherdegradation. Further stress on commercial fish resources 
could impede recovery. Appropriate protection can take the form of habitat protection and 
acquisition if a resource.fc;ices loss of habitat. The Trustee Council can also contribute to the 
Protection of commercial. fish species by providing . information needed to improve their 
manag~ment. 

Monitor 'recovery. Monitoring the recovery of commercial· fishing will track the progress of 
recovery, detect . major· reversals, and identify problems with the resources .. and resource 
q,ariage.mentthat'may affect the rate brdegreeqfreeovety. Inadequate information may require 
managers to unduly restrict lise of the injured' resources~ compounding the.injury to comrner:cial 
fishing~ ,, 

' '· 

. PASSIVE USE 

lrojury am:t Recovery · 
Passive use of resources includes the appreciation ·Of the. aesthetiG and. intrinsic values of 
undisturbed areas, the value derived fro.m simply knowing that a. resource exists,. anctother . 
nom.l~e values. Injuries to passive uses are tied to pUblic perceptions ot injure~ resour-ces. 
Contingent valuation stu die~ c0nducted by the State of Alaska ,for. the Exxon .Valdez oiJ spill 
litigation measured substantial lost passive use. values resulting from the oil spill. 

Recovery Objective · · · 
Passive uses will have recovered when p~op!e perceive that aesthetic and intrinsic values 
associated with the spill area axe no longer diminished by the oil spill. 

" . . . 
. Restoration Strategy . 
Any restoration strategy that aids recovery of injured resources, or prevents further injuries, will 
assi.st recovery of passive use values. No strategies have been identified that benefit only 
passive uses, without also addressing injured resources. Since recovery of passive uses requires 
that .people know when recovery has occurred, the availability to the public of the latest 

·information on the health and recovery status of• injured resources, based on monitoring,and 
research projeCts, will play an important role in the restoration of passive ,uses. 
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IRECREAJION AND TOURISM: 

injury a/I"Dd''Recovery . . · . 
The spill disrupted use of the spill area for recreation and tourism. Resources important fcir 
wildlife viewing and which are still injured by the spill include killer whale, sea otter, harbor seal, 
and variol:i'S seabirds. Residual oil exists Oh some beaches with high value for recreation, and. 
its presence may decrease the quality ofrecreational experiences and discourag·e"recreational 
use of these beaches. 

Closures of sport hunting and fishing also affected. use of the spill area for recre·ation and 
tourism. Sport fishing resources include salmon, rockfish, Dolly Varden, and cutthroat trout. 
Since 1992, the Alaska Board of Ftsheries has .imposed specialrestrictions on sport fishing in . 
p;ai:ts of Prince William Souhdto protect cutthrpat troutp.opulations. Harlequin ducks arE! hunted 

. in the spill area. The Alaska Board of Gamelestricted sport harvest of harlequinducksinPrihce 
William Sound .in 1991, and those restrictipns 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 unoiled. areas 'increased management problems and 
faCility use in unoiled areas. Some facilities; such as the Green Island cabin and the Fler:niqg Spit 
Camp. area, were injured by c:lean'-UP· workers~ 

. . 

in the years since the oil spill, there has been a general, markedincrea.se invisitation to the spill 
area. There are s~ill locations within the oil-spill area,· however; avoided by recreational users 
becau~e of the presence qfresidual om 

Recovery Objective . .· . 
·Recreation and tourism will haveHecovered, in large. part, when the :fish and wildlife res_ources 
on which the:y depend have r:ecovered, recreation useofoiled beaches is nolongerimpaired,.Cind 
facilities: and maMagement c~pabilitiei can accommodate changes in human use. 

Restoration Strategy 
PreseNe or improve the· recreational and tourism values of the spill area. Habitat protection and 
acquisition are· important ·means of; preserving and enhanc:ing the opportunities offered by: the 
spill area.· Facili~ies damaged during cleanup may be repaired if they are stillneeded. New 
facilities·· ma\r restore· or enhanc:e opportunities· for recreational ·use· of natural resources . 

. Improved or intensified public recreation management may be warranted in some circumstances .. · 
Projects that resto.re or enhance recreation and tourism would be considered only if they are 
consistent with the character·and public uses of the area; However;. all projects to preserve and 

. improve recreation andtourisrn values must be telated to an injured .natural resource, See Poficy 
· 9 in Chapter 2. . ·~ . 

'\ :/ 
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Remove or reduce residual oil if treatment is cost effective .and less harmful than leaving the oil in place. 
Removal of residual oil from beaches with higt) value for recreation and tourism may restore 
these services for some. users. However, this benefit would have to be balanced against cost 
and the potential for further disruption to intertidal communities. 

. . . . . . . . ' 

• • :, -r• _• ",. • ' • : • ' • • • • • • 0 

MonitorreGovery. Monitor the recovery of resources used forrecreation·cmd tourism. Also monitor 
changes in recreation and tourism in the spill area. 

I. SUBSIST~NCE' 

h'ljury· and Recovery . · . . · . . · . . ·.·.·. . . .· · , 
Fifteen .predominaptlyAiaskan Native communitie.s (numbering about 2,200 people) ,in the oil­
spill area rely hec:~vily on harvests of subsistence resourc.es, suc.h as fist), shellfish,· seals, deer, · 

· ducks, and geese. ·.Many families ,in other communities, both in and beyond the oil-spill area, 
also rely on. the subsis,tence 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 inc]udE:). r. educed availability of fish an. d . . ' . . . . 

wildlife to harvest, concern about possible health effects of e.ating contaminated or injured fish 
and wildlife, and disruption of lifestyles due to clean~up and other activities. 

Subsistence foods were tested Jar evidence. of t)ydrocarpon contar:ninatia.·n .from . 1989-1994 . 
. Noor very low concentrations of petroleum hydrocarbons were found in most resources. The 
U.S. Food and Drug Administration determined that eating foods with .. such .low levels of·. 
hydrocarbons posed no significant additional risk to ~urnan hea.lth. Because .shellfish can 
continue to accumulate 'hydrocarbons, hoWever; the. Oil Spill Healtl;l Task .Force advised 

. subsistence users·'nbt to eat shellfish from beaches where oi!. can be seen or smelled on tbe 
surface or subsurface: Residual·oil exists on some beaches near subsistence communities. In 
·general, subsistence users re.main concerned and uncertain about the saf~ty of fish and other 
·wildlife resources. 

The. estimated size of the subsistence harvest in pounds per person now appears to have 
returned to pr_e-spill levels in 'som.e communities, accord.ing t() subsistence users through 
household interviews conducted by the Alaska Department pf Fish and Game~ These intervie.ws 
also indi.cated that the tota'lsubsistence harvest began to rebound first in the communities of 
the Alaska Peninsula, Kodiak Island, and the IOWE:lr Kenai Peninsula, but that the harvest has 

. lagged.behind a year or more in the Prince William Sound villages.·. The interviews also ·showed 
thatthe relative contributions of certain important subsistE:lnce 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 beeh customary. Herring have been very scarce throughout Prince 
William Sound since 1993. Different types of resources have varied cultural. and nutritional 

. importance, and the changes in diet composition remain a serious concern to subsistence users . 
. . Subsisten9e users als .. o report that they have to· travel farther and expend more time and effort 
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to harvest the same amount as :they did before' the spill, ·especially .in Prince William Sound. 
. . . ... . . ' : . . . ' . ~ . - . ' ' : ·. 

Subsistence usE!rs also point out that the value of subsistence cannot be measured in pounds · 
alone ... This conventional measure. does riot include the cultural value ·of .traditional. and . 
customarv use of nat-ural resources. subsistence u~ers sav·tnat maintaining their subsist~nce .. 
culture· depends on uninterrupted use of fisli and wildlife resources. The more time users spend 
awayfr~lll subsistence aCtivities; the 'less likely that they will return to thes~ practices~ 
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 kr:mwledge may be lost to them in the future. 

Recovery Objective 
Subsistence will have recovered when injured resources used for subsistence are healthy and 

·productive and exist at prespill levels. ~n 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 fopd need to be reintegrated into community life~ 

Restoration Strategy 
The primary way of restoring subsistence is to restore injured resources used for subsistence, 
such as clams, harbor seals, Pacific herring; pink salmon, sea otters, and sockeye salmon. These 
are discussed elsewhere in this chapter. Four additional parts of the strategy to restore 
subsistence are the following: 

Promote recovery of subsistence as soon as possible .. Many subsistence communities wi.ll be 
· significantly harmed while waitingfor rf!sources used for subsistence to recover through natural 

recovery alone. Therefore, an objective of restoration is to accelerate recovery of subsistence 
use. This objective may be accomplished through increasing availability, reliability, or quality of 
resources used for subsistence, or increasing the confidence of subsistence users. Specifically, 

. if subsistence harvest has not returned to prespilllevels because users doubt the safety -of 
particular resources, this objective may take the form of increasing the .reliability ofthe resource . 
through food safety testing. Other exampfes are the acquisition ofalternative food sources and 
improved use of existing resources. However, all projects to promote subsistence must. be 
related to an injured natural resource. See Policy 9 in Chapter 2: 

Remove or .reduce residual oil if tr(3atment is cost effective and less harmful than leaving the oil in place. 
Removing residual oil from bea.ches with high value for subsistence may improve the safety of 
foods found on these beaches. This benefit would have to be balanced against cost and the 
potential for further disruption to. intertidal" communities. 

Protect subsistence resources from further degradation. Further stress on subsistence resources could 
impede rec~very. Appropriate protection can take the form of habitat protection and acquisition 
if important subsistence areas are threatened~ Protective action could also include protective 
management practices if a resource or service faces further injury from human use or marine 
pollution. 
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Monitor recovery. Monitor the recovery of resources used for subsistence. Also monitor 
subsistence harvest. 

Increase involvement of subsistence users in the restoration. process. · Increasing participation of 
community residents will increas.e their confidence that injured resources willbe and are tieing 
restored. Increased participation also will improve the results of restoration work, including 
research and monitoring projects, through the incorporation of traditional and local knowledge. 
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To: 

F:rom: 

· Molly McCammon, Executive Director 

Robert B. Spies, Chief Scientist .¢ · . 

. February 7, 1996 

Re: Further. analysis of recent nominations to the'injured species list 

Re(cmmendatnon 
-- . . 

The Tll'l!ilis!tee Co'llll'heil's Resf:[J)ratiort Plan allows fu!i: amending the list of 
injured §pedes published U1· the plan by mu:»minaticD and review of the. 
peml!'u!nt information through !the c«.'!ru.rt~ll's ~cil!intific.Jeviiew process. Thli!i! 
memo reviiews the avaU.mbie brufcrl!nllltion on three spedes o:r groups of birds 
ft:h.a!t h.a!we been nomirtiited: blackalegged kitthMiike§, cmmormts md scoter!. I 
have II?!Xmmined, with the help of M~. St~on. §e~nner~ avmil.'ble da~a on the 
extent And severity oi injury, iincludilt\\g ffie teS"Cnlts of Exxonafwnded boat .. 
surveys. As zJresult, I recommend addlitrng t((ll the Us!!: d4)ub!eacremted, :retdJ ... faced, . 
and pelagic cormor~mts. I findl. that tllila avaHabBe Worm.afd~n en blackcRigged 
kiitltiwilikes Wlild sootem (whleh include~ whlte~wing!i!dl, em and black) dote~ net 
indicate that fh.~fiie ~edes we1re signH~cmtiy ~:ffed:ed by the siillJ. 

· Background 

· Duriri.g the August 11, 1995 mf!eting of the Exxon Valdez Trustee 
Coundi staff was .directed to consider in more detail the nomil;l.ations of . 
seaters and cormorants to the injured species J.iSt. In addition, a 
recommendation from the Chief .Scientist on black_:.legged kittiwakes had 
been deferred until more data. could be gathered and mor.e analyses 
undertaken. Af your request, ·1 pr.esent in this memo a further analysis of 
data on injury of black.,legged kittiwakes, as well as scorers (which includes 

. white-·winged, surf and })lack) and corino~ants (whkh includes doubl~ . 
crested.1 red-faced, and pelagic coim.Orants}. · · 

' . . ' 

We all realize that there are tn.any more species injqredby the Exxon . 
Valdez oil spm than ara listed in Table B-1 of the Restoration.Plan. This list 
reflectl!r thQse specie:; for which there is evidence that the spill~,area . , . 

· · populatiohs were particularly hat'd l;tit by the spHL Placing additional.spedes. 
on this list should not imply any cqn:y::rrltme!\t on the part of the 'l;'rustee 
Council to allocate addiil:ional resources for res~arch on, or restoration of, 
these species. 

The recommendations herein.: are based on the best available 
information about tlhe relative severity of the; injuries. 'Ih~s include~ results 
of boat surveys funded by both the Trustee CoWl!cil (Klosiew~ki and Laing 
1994i Agler et al1994, 1995). other Trustee Council or agency-funded studies, 
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· and ea.rcasses in the morgue, taking into ac:rouri.t probable population si,zes. Of 
course, our reoomtnendati.ons would be reconsidered if significant new. 

· information or alternative analyses were to come to light. · 

There are several criteria that were considered in making · . 
recommendations for addition ofspe~ies to this list: 1) the severity of. injury · 
to the population, 2) whether recovery from injury is apparent, and 3) the· · 
strength of the evidence. Witb. regard to this last criterion, we generally 
considered the .estimated mortality, based!. on th~ number of carcasses · 
re(:overed; relative to the total population slizer in the region as a threshold 
criterion. If the severity of injury. appeared to be significant in teriii.5 of the · 
population, then the goverrnmenta or Ex~on-funded popul.atioo surveys were 
used as corroborating evidence when avaJ.lalble. 

. . . 

· Black-legged kittiwakes have been nominated. to the injured species list 
by Dr. David ltrons of the USFWS (letter of June 24, 1994) based on the · 
recovery of carcasses after the spill and on the results of s.tudies of kittiwake . 

. reproductive success. We have received data and oPinions from Dr .. Irons in 
support of the nomination. Dr. ScottHateh, ofthe N~tional Biological 
Service, has provided an alternative view. The fullQwing analysis is based on 
an estimate of kittiwake .mortality immediately after the spiU relative to the · 
.total population in .the spill area an~ an evalllJation of the cliick productivity 
data supplied by Dr. Irons. · · · · 

. . There were 1225 black-legged kittiwakes received at: the spill~area · 
morgues in 1989. An analysis of conclj,tions for sea birda in.l989 led Piatt et al. 
(1990) to partition this mortality by W,hieilier it occuned before or after August 
1,1989 .. Prlor to Ulatdate most mortalities were due to the spill. SUbsequent to 
that date most m,ortaliti,es .were· probably due to natural. cabi5es.- Two hundred. 
and furty-one of the blackQlegge& kittiwake carcasses ~ere received before 
Augustl,.1989jilie balance, 984, were received.a.fter that. date and were mainly 
.from the Gulf of Alaska. Based on an expansion factor ofS to 10 actual · 
mortalities for every carcass recovered, we esmnate that 1,205 to 2,410 blackQ 
legged kittiwakes were ]rllled. by the spilt To p.ut this mortallity m_perspectiye, 
there have been 100,579 nesting blackmlegged kittiwakes counted in colonies 

· within the path of the spill and 268,512 nesting kittiwakes in the wjder ·oil 
·spill area (US Fish I,Uld Wildlif~ Service, Alaska. Seabird Colqny Catalog). 
These counts of kittiwakes at colonies are not popu!ation estimates .. w1Uch . 
would .be &till higher .. Howev~r, based on this range of kittiwake$ at risk: and 
the range of estimated mortalities, it flppears that the mortalities are on the · · 
order o£ 1 to2°/n of thepopulation.'One cpull.d argue tha.Hhe date used to 
separate oil~spill attributabAe deaths from naturalmortalityJ Augu.st 1, 1989 is 

· arbitraryJ but Dr. Piatt and colleagues made a strong case for-·auch a ~paration 
m this period since dead sea birds ·received .a~ the mo:cgues after this &ate had. 
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very little oil on them and many showed .indications of starvation, most 
likely due· to natural causes. · 

· As noted· in the background seetion ·above, we. have generally 
· considered the estlmate4 mortality in relation to the total population size as a 
threshold criterion. In this easel the kittiwake mort~lity is not consequential · 
at the population leveL · · 

Dr. Irons has also presented dat:!Ji indicating that kittiwake colonie13 in 
.the path of the oil spill in 1989 had poor prodl.tcthrity compatedl to colonies in 

. the unoiled areas (lrons, 1996). While there dearly was poorer productivity at 
· colonies .in the path of the. spill, I do not find these productivity data per se are 

sufficient evidence of injury~ particularly given the pre~spill differences seen 
in these same colonies and the tremendous variability of kittiwake 
productivity, both geographically and teilnporally. Since the evidence ro'f the . 

. " oil.contap'lination of birds and their eggs after llie spill has not been finalized 
· and accepted through the review process, perhaps the issue of the effects on 
· chkl< productivity can be cOn.sidered. further when that report is available .. 

Finally, the overall kittiwa~ ·population in. Ppnce William Sound in· 
1989..,1991 was significantly less. than in 19/2='73. However, the number of 
kittiwakes in oiled and U:noUed areas were p.ot different after the spill 
(I<losi2wski and Lang, 1994). The Exxon-funded boat survey& also did not find 
evidence of impacts o:n kittiwakes. · · 

. . . . . Based mainly on the L'lBignificant mortality of black-legged ldttiwakes 
and1 to a lesser extent, th!!t the evidence ~from productivity studies and 
populations survey is. not yet compellmg , I cannot recommend adding black-

. legged kittiwakes to injured species list at this time. . . · · 

T 
. . . Carcasses of 838 cormor11nts were recovered, !.nch.iding 418 pelagic, ·161 ·. 
redofaeed, 38 double.;crested, and .221 pnidentified connor~ts. If the . 
unidentified cormorants are allocatf;ld: proportionately· to the three species, 
and multiplied by a·factor of 5 as a eo:nservative estimate of actual mortality, 
then. the estimated, mortalities are: 2840 pelagic,·1095 red-faced, and 255 . 
doublea.crested · oormoranbs. · 

These estimated mortalities need to be considered in. the context of the 
regional populations of these species. · No regional population estimates are. 
available, .nor are the existing data such that any rigorous estimate can be · · 
made. There are some data, howe'ir'er, which shed light ()fi the numbers of · 
cormorants in t1ne oil.,spiU area: . 
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(1) The Alaska Seabird Colony catalog maintained by the U.S. Fish and 
Wildlife SeiVice nn~ludes the foHowirig direct counts of cormorants at nesting 
colonies (presented! as a. range: num,b~r .in oiled areas-number in general· oil"' 
spill area): pelagic, 5529°'7161; redlcfaced,8696-8967; double-crested, '823-1558; 
unidentified;, 3030c366i). TI1ese numbers should not be interpreted to 
represent a.U cormorants i:ri. the region, nor even all breeding cormorants. 

(2) U.S. Fish arrtd WHdlife 5ervice boat surveys eanductedJn Prince William 
·Sound sin!:!e the oil spill (Agler et al. 1995) have resulted in the followmg 
ranges of population estimates for both oiled and un.oiled areas in the sound 
(values pr~senited are Dow and high estilnates for March Stuli'Veys, 1990-1994): 
pelagic, 5,431-10,959; red~fa~ed, 6~8; double=crested, 12~1041; .and unidentified, 
278:..3A77. Since these are March estimates, these indude some c()mbination 
of wintering and migrant birds from unknown breeding areas. 

(3) ForSell and Could (1981) estimated that 18,500 cormorants of all three 
species were wintering in the bays and coasts ofKodiak, SitkaHdak1 and 
southern Afognak islands. They also estimated that pelagie cormoran~s 
dum umbered red~faced on a 10:1 basis and that there were very few double~ 
crested cormorants in the Kodiak area. 

. . It is umportant not to make too'' much of any of these data, which have 
their own limitations and which were gathered by different methods, seasons, 

. etc. n appear!!!:; however, that pelagic cormo:nmtshave regional populations at· 
least in the low lOs of thousands (e.g., 20,000-30,000). Tne red~ faced cormorant 
is less abundant, perhaps 10,000-20,000. Double<>Crested cormorants perhaps · 
number only 1;0~2,000. These are Qnly crude estimates of population, sizes; 
but, Oil. these bases, the estimated mqrtalities due to the .oil spill appear to be 
significant at the populietion level. · · 

There are some add.itii.o:nal data which can b9 brought to .bear: There 
were stati.stkally-significanl declines in the estimated numbers o£ cormorants 
(aU specie§) in Princ:e.WilliamSound comparing boat surveys i.njuly 19.72.,73 
and 1989-9t incll.l:ding comparisons of oiled versus unoiledJ·areas {Klosiewslki 

, and JLa.ing 1994). In addition, Exxdn's.boat surveys indicated 11strong'' 
· evidlence of initial negativ2 :Impacts on pelagic cormorants in Prince William 
. Sound and for doub]e=erested cormorants on the Kenai coast (Day et al. 1995) . 
. Given the evidence (and uncertainties) outlined above, E recommend listing· 
aU three .cormorants--pelagic, red-fac~d~ and doubUe-crested-.,-as injured 
:resow:ces as a result of the Exxon Valdez oil spill. · 

FT 
Carcasses of 81lscote:rs were recovered following the. oil spilt 

including 342 whiteswinged; 175 surf, 1:32 black andl162-unidentified scoters. H 
the unidentified scoters are assigned to the three species in proportion to their 
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numbers in the morgue and the species totals are increased by a factor of five 
as·a con:;ervative estimate of adtialmor.talities, thefollowing died as a result 
of the oil spill: 2140 white-winged, 1095 surf, and 120 black scoters. 

The direct mortalities of scqters should be compared with their· 
population sizes~· but there are 1"1.0 ·regional population estimates 'for any of· the 
scoter sp~es in the oil-spill area. There are some data, however,~ that shed 
some light on the population sizes. ·· · · 

Based on boat surveys by the U.S. Fish and Wildllife Service (Agler et 
. al.~ ·1995),.the Prince William. Sound scoter population (all three species) 
varied from about 12:s800 to 201500 .in March 1990-1994. Nwnbers of white-

.· winged and su.rf scoters were roughly equivalen~ (estimates of up to 8,200 and 
.· 9,300, respectively), and black scot~rs were less numerous, about 1,400 to 2,800. 
, These l:>irds presumably indu.de. wintering and. some migrant birds in the 

· , Sound, and. their breeding grounds are unknown. · · 
- . . . . . . 

. . . 

· ][n the Kodiak areal including S.Hks.lidak and southern Afognak Islands, 
Forsell and Gould (1981) estimated! populationS of 35,000 white-win.ged , 5,000 
surf and 30,000 black sc:oters in bays and nearshore coastal waters. These 
estimates· are low for the Kodiak Archipel~go, because significant areas of 
ocoter habitat, such as the. waters north of Afognak Island, were not surveyed. 

. Recent winter surveys of Uganik and Uyak bays, within the Kodiak National . 
Wildlife Refuge, resulted. in. counts of 9,000 "coters ·of ill, species 
(Zweifelhofer, pers. comm.) Zwlel~lhQfer and Forsell (1995) .suggest that .. 
numbers of swf and black seaters have been relatively stable over the last 15 
years, while white'"wmged scoters have de~lined slightly. They also beUeve 
that there has been a decline iri sco:ters following the Exxon Valdlez oil spill, 
but I have :not been able to evaluate the data ~tmight support.this 
condusion. 

Boat surveys by the U.S, Fish and WikUiie Service in. Cook Inlet (from 
a line 25 mHes north of the B~re:n Jslandls. to K.algilllsland) · in summer of 
1993. and the winter of 1994 resultte\i in population estimates of .about 49,000 
and 2St500 scoters (all species), reSpectively (Agler, pers. com.). Sud sco~ers · 
predominated in the summer suryeys, white-wingiedscoters inJhe wint2r. 

. The NatiD+talPatk Service .:ortducted biweeldy aerial surveys of scorers 
within a part of this same. area- theil.ake Clark coast fn C:ook Inlet, including · 
Redoubt and Chinita Bays- from early Apii'il fb,rough September ln 1994 and 
1995. The nuxnber o:f scoters of (aU three spedes) average~ about 11,400 (high 
of 18.400) in 1994. and 7~600 (high of 12,650) in 1995. The specit!S composition 
typically is about75°/o surf seaters, 220fo black seaters, and 3°/o white-winged 
scoters (Bennett, pers. com.) · · 

5 
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The data cited above present, at best a piecemeal picture of scotei 
populations in the oil-spill area. Taken together, how~ver,these data suggest 
a total oil-spill area· scoter population of more· than 1001000 birds, and;. 
possibly.~ considerably more. Whlte"'winged seaters appear to be the most 

. a\lundant spedes overall~ although the. proportions df the three species vary 
geographically and seasonally. Therefore I estim.ate a total mortality of about 
4,000 seaters out of lOOJOO individuals at risk. 

. Comparisons of pre-:ttnd post-spill boat surveys in Prince William 
Sound in March, July and August (1972p73 vs. 1989-91) showed significantly 
fewer sc:oters postaspill but these trends· did not hold when populations in 
oiled areas were compared to those in unoiled areas.(Kloseiwski and. Lang,· 
lm). · 

Finally, Exxon's boat surveys, 1989-91, revealed no evidence of negative· 
impacts for surf and white-winged seaters either in Prince W.Uliam Sound or 
on the I<enai coast. The.r.e was nweak" evidence of initiaU:oopacts onbla~k 
scoters in file Sollll.d (Murphy et al., 1995) · 

· therefore, it appears that the injury to acoters is not sufficiently severe 
· to warrant the special recognition of being placed on the injured species list .. 

. . 
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. ·TO: Molly McCan11non 

. FROM: ;;~;~;~ 
.CC: 

RE: 

Stan Sentter 
Science Coordinator 

Change_s • to. the Injured Species List 

· Aprill, 199.6 

· The puqu~se of this ~P.mO is I'C) provid~ A rPr.OmmendAtion reeArdine alterations to the 
if\jured species list. "These alterations are b.as~dupon recent·datafrom the Restoration Program, 
and the proposed chang~s would affect the re~very status for certain species as listed in T:~ble 2 
of the Restorarion Plan. · · · · ·· · · 

This .memo i~ organized. by th~ tYPe of ihange being propp&ed (e~g., changing from 
"recovering" tp "recovered'), and then the ~peci~s .of conce111 are· considered as appropriate~ 

Chcmging from:Recovermg to Recovered 

. Bald Eagles.. Following the. spi.ll a total of 1 $1 eagi~ carcasseswas recovered from. the oil-spill 
area, and within the SoJmd itis estima~d that about 250 bald eagles .died as a result of the spill. 
In addition to· dire.ct mortalities, productivity was reduced in oiled areas of Prince. William Sound 
inl989. · · · .·. ·· · · 

. . Studies conducted u~der the auspi~es ofthe"Trustee Council indicate that; productiviry 
was back to norm:al.'in J990and 1991. and an aerial survey ofadults in1995 indicated tbatthe. ·· 
population ha"! temmed. ~o or e_xceeded its prespilllevel in Prince William Sound. · 

' ·. . . ., . '• 

Recommendation: l recomrJ1~nd that bald eagles ·now be considered Recovered; 

Changing from Not Recovering to Recovering . 

··Common Mnrres.Abo~t 30,000 carcasses of piledbi~dswerepickedupfollowing the oil spill; 
and 74 pen:en(of themwere commcm and th.ick-b,illed mu.rres .Cmostly·coinmon murres). Based 
on s-qrveys ()findeX: colonieS, at suchJo~ations as Resurrection Bay, the Chiswell, Barren, and 
Triplet islands, and Puale Bay; the spill-an~a POP\llation declined by about 40 perc~nt. · 

Interpretation ofthe effects of the sppl; ho'Wever, i~Coi!lplicated by incomplete pres pill data and .· · 
by indications tharpopulations at some cplonies were indecline b~fore the oil spilL 

.. • Posts pill wonitorip.g·ofproductivity at the colorii~sin the Barren Islands. indicates that. 
reproductive timing andsuccess were withi.Q. normal boundS in 1993. Numbers of adult murres · 
were last surveyed at those same colonies in .1994. Ar that time, the local populatit:m: had not 
retumed to prespillJevels .. · · · · · · · · · · 
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Recom,mel!lldation: Given th~tproductivity is now m:mnal, I r~Offilll~nd ·that common 
murres be recla$sified from Not Recovering to Recovering, . .. ·•· · , .. · . · · . 

. · SubtidaD Ccnull1!unities~ Oil that was transported downto·subtid~ habitats apparently caused . .· 
changes in the abundanc~ and species composition of plant and anima.Iipopuladons. The great,est .. 
differences were.·detectectat oiled sit~s with sandy sea bo~toiPS in the vicinity of eelgrass beds, at 
which there. was reduced diversity andforabundanc~.of eelgrass shoots 2.fld flowers. worms ..... 
clams, snails, oil-se11sitive amphipods (sand fleas), and helmet:crabs. Orgarusms.living in surface 
sedJm.ents at depths of 3-20 r.neters were especially affecte(i. $rime opportunistic (i.e.,· stress~ . · 
tolerant) invet::tebra~s within the suostrate, mu.ssels and won:ns on the eelgrass. and juvenile cod, 
were more nJLU:ri~ous at oiled sites. · 

By1993, the eelgras~ habitat (the onl}' habitat,exami~edin .1993), revealed fewer. 
differences in al:?llndances qfplants andanimcils. ij'owever, as was truein 1990, ~ome 
opportunistic- species· still were more abundant at ()ile4 sites; Preliminary result.s from eelgrass · 
habitats visited .in' 1995 reve<J.led that natural recovery. had occurred. No.di.fference was delected 
in abu!ldancc of eelgrass shoots a,nd flowers,· mussels on eelgras,s, amphipods, helmetcrabs~ and. 
dominant sea stars between oiled and unoiled sites. -. ·, 

' . : ·-- . ', _- . . . 

The ~und~nce of small green sea urchins, however~ was niore th,an lOtimes greater at 
oiled sites. 'I'h~ possibllity that urchins inqeaseddue .to a.reduction in numbers ofsea otters, 
which pr~y ori urcw,ns, is being examined in,the Nearshore Vertebr~tePredator Project. Analyses 
of the re,cenr oil concentrations in sediments anq organisms that Uve witltin the substrate are not 
~~~ . . · ... 

. ' . . 

R.ecomm~ndation: Based upon these results, I teconrinend that ~he status subtidar 
communities be changed from Not Recovering to Recovering; · · 

' ' • ~ ' • : . i ·- • • • • • •• •• - ( ' 

Pink Salmon. !hreetypesof.early life-stage injllfies wer~ identified in p~ salmon, Ffrst, 
grow.th r$tes iirr juvenile pink salmon from oiled. pmts ofPrin~ \YiUiam Sound wer:e reduced .. · 
. Second, mere 'Was increased- egg mortality in oiledyersus unoiled streams. Evidence for a thjr~ 
effect, genetic damage, bas also been gathered, and investigations are underway to determine. if 
this injury has occurred.. . .·•.·. . ... · .. . 

·, : •• ' c •• • ' • • 

. Since rhe spm,·rE;turns of wild pinks have var~ed'from a hlgh ~fabout .14.4 million fish in ·. 
1990 to .a low ofabout:2,2 million in.1992 .. The trcmendot:~s natural variation in a;dult returns 
makes it difficult to attribute poOr rettuns in a given year to injuries-caused by th.e Exxon Valdez_ 
oil spill. Eviden'ce ofregucedjJ.Ivenile growth rates wasJimited rqthe 1989 season, bur increased 
egg mortality persisted in oiled compared to unoHed streams through 1993. The 19Q4 an,d 1995 
seasopswere thefirstsince1989 in whlehthere were not statistically significant differences irt 
egg mortalities in oiled and unoiled streams. These data indicate that recovery from oil-spill 
effects i~ underway. · · · 

• - 0 • ' • • 

)Reco~menda~iion: Based upon these results, I recommend that the status of pink salmon 
be changed froJn Not Recovering to Recovering. 

' . -
. . . 

Changing from 1$ecovering to NorRecovered 
. . . . .. . ·' ' " 

Kill!er Whale (AB Pod). More than 80. killer whales. in six ''re~iden( pods ·regularly use Prince 
·William Sound within their ranges. Other whales in"tr~sient" groups are observed in the Sound 
less .frequently~· There has been parti~qlar concern in· !Jinc~ William Sound about th~ resident .. 
ABpod, whicp numbered 36 aniinals·prior to the spilL Fowt~I1 whales disappeared from this •. 
pod in 1989 and 1990,.during ':Vhi~h time no young were recruited into ~he population. · · 

. . . . . 

Althoughr~stoiation studies dcxuplen~dt~?l four calves were added to th~ AB pod 
during 1992-94, surveys in 1994 and 1995 indicate the loss of five more adult whales~ The link · 
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between theloss~s .and the oil spillis oruy ch"cumstantial. but the prob~ble mortali~ of'killez: ·. 
whales in the AB po~:lin Pfince \VJlli~rn Sound following the spillf~U· exceeds ra.tes observ:edfor · 

··.other podS in British C:olurnbia and Puget S.o.und over the 1a:st·20 years. In addition to the ·effects· 
·of ~e og spill! there. h~s .been cop.cem. abounhe. possible shooting ofkiller whales, perhaps due 

· to.conflicts Wll.tb long-hpe fishenes. · · · · 

.. . . The AB pod' mayn~verregainits for~er size, but overall nl1mbers \'vithin the major 
resident Iq.ller w bales pods htPrlnce. William Sound are at or ,exceed prespilllevels. · 
'. . ·-. . ' . - -.. ·. 

Recommend~tion: Jtecouwen~ thac the killer w Jialebechairged from RecoVering tQ 
Not Recovered. but .thaJ.itpe specified that only the AB Pod is not recovere~r . ·. · 

Changingfrom.J?ecov~ring to Recovery Un'A:nawn 
. . 

·Black oystercatche~r. $)niy ~ine;c~casses of adult oystercatchers wer(! recovered following the 
spill. but ithM }leen estimated rh!it act;ual mortalities may have been much higher. In addition to 
direct mortalities, breeding activiti.es ,were disrupted by the oil ,and clean~up activities. In.·· . · 
comparison with pla_c~ oystercatchers on the largely unoiled Montague Island, oystercatchers at 
heavily oiled G,:een Ishmd had redl:lced hatching success in 1989 and their chicks gainl!d weight 
more slqw 1 y dwing 1991-.23. Incerpretation of these data on reprodttctive performance. however, · 
are confound~ by iack of prespilL93.ta. . 

. . . . . 

Early restoration .studies{1993) indicated that. productivity of black oystercatchers in 
Prince William Sound was· ~overing,but. these measurements .have·not been .made since that · 
time. Moreo'ller. the measurements in 1993 were limited in number and geogn1phlc scope .. · 

.· . . · R~col!lO)meniclla~ion: lredoiilillend that the. recovery status qfblack oystetcatchers be 
changedJrom 'Recov~~ing.to Recoyery. Unkriown. · · · · 

' . . - .· 

Chan.giFJg J~om Other to Recovering 

ArchaeologicalResouttees~Twenty:ofour arch~eological sites on public·lands are known to have 
been adversely affected.byclean~p,activities, or looting and vandalism linked to the oil spill.: . · 
Additional sites. on both public arid private lands were, probably injure<!. but damage assessment 
s~udies wer~ limited to pubiic·}anq and not d~signed to identify all suchsit~s, ~onitgring of· · 
archaeological sites in 1994 and.l995fourtd noevidencc .. ofnew damag~ from vandalism. 

. ,. . . . _. 

. Archaeol6giCal re$ources are rlOJ:lrenewable; the cannot ~¢bveriri !he same sense as 
biological; resources. Hqw~ver. there has been significai}tprogress toward. achieving the recovery 
objective ide.ntifi~d,·in th~J~.estoration Plan.· · · 

Recommendation:iToreflect progress in achieving the recoyery objective~ T recommend 
. tbafarchaeologic~l ~sources be reclassified fro Ill Othet to Reco:vered! · · 
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To: 

From: 

E S 

Molly McCammon, Exie ~ e · L o IL SPILL 
iRUSTE~~~NCIL 

Robert B. Spies, Chief Scientist /f'V · 

February 7, 1996 

Re: Further analysis of recent nominations to the injured species list 

Recommendation 

The Trustee Council's Restoration Plan allows for amending the list of 
injured species published in the plan by nomination and review of the 
pertinent information through the council's scientific review process. This 
memo reviews the available information on three species or groups of birds 
that have been nominated: black-legged kittiwakes, cormorants and scoters. I 
have examined, with the help of Mr. Stan Senner, Science Coordinator for 
the Trustee Council, available data on the extent and severity of injury, 
including the results of Exxon-funded boat surveys. As a result, I recommend 
adding to the list double-crested, red-faced, and pelagic cormorants. I find that 
the available information on black-legged kittiwakes and scoters (which 
includes white-winged, surf and black) does not indicate that these species 
were significantly affected by the spill. 

Background 

During the August 11, 1995 meeting of the Exxon Valdez Trustee 
Council staff was directed to consider in more detail the nominations of 
scoters and cormorants to the injured species list. In addition, a 
recommendation from the Chief Scientist on black-legged kittiwakes had 
been deferred until more data could be gathered and more analyses 
undertaken. At your request, I present in this memo a further analysis of 
data on injury of black-legged kittiwakes, as well as scoters (which includes 
white-winged, surf and black) and cormorants (which includes double­
crested, red-faced, and pelagic cormorants). 

We all realize that there are many more species injured by the Exxon 
Valdez oil spill than are listed in Table B-1 of the Restoration Plan. This list 
reflects those species for which there is evidence that the spill-area 
populations were particularly hard hit by the spill. Placing additional species 
on this list should not imply any commitment on the part of the Trustee 
Council to allocate additional resources for research on, or restoration of, 
these species. 

The recommendations herein are based on the best available 
information about the relative severity of the injuries. This includes results 
of boat surveys funded by both the Trustee Council (Klosiewski and Laing 
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1994, Agler et al. 1994, 1995), other Trustee Council or agency-funded studies, 
and carcasses in the morgue, taking into account probable population·sizes. Of 
course; my recommendations would be reconsidered if significant new · 
information or alternative analyses were to come .to light. 

There are three criteriathatwere considered in making· 
recommendations for addition of species to this list: 1) the severity of injury 
to the population, 2) whether recovery .from injury is apparent, and 3) the 
strength of the evidence.· With regard to this last criterion, I generally · 
considered the estimated mortality, based on the number of carcasses 
recovered, relative to the total population size :in the region as a threshold. 
criterion .. If the severity of injury appeared to be significant in terms of the 
population, then the govemm~nt- or Exxon-funded population surveys were 
used· as corroborating evidence when available. 

JBliack-liegged kittiw;akes 

Black-legged kittiwakes have been nomiliated to the :injured species list 
by Dr. David Irons of the USFWS (letter of june 24;1994) based on the 
recovery of. carcasses after the spill and on the results of studies of kittiwake 
reproductive success. We have received data and opinions from Dr. Irons in 
support of the nomination.·Dr. Scott Hatch, of the National Biological 
Service, has provided an alternative view. The following analysis is based on 
an estimate of kittiwake· mortality .. immediately after the spill relative. to the 
total population in the spill area and an evaluation of the chick productivity 
data supplied by Dr. Irons. 

There were 1225 black-legged kittiwakes received at the spill-area. 
morgues iii 1989. An analysis of conditions for s~a birds in 1989 led Piatt et al. 
(1990) to partition this mortality by whether it occurred before or after August 
1, 1989. Prior to that date most .mortalities we~e due to the spill. Subsequent to 
that date most mortalities were probably due to natural causes. Two hundred 
and forty-one of ·the black-legged kittiwake carcasses were received before 

. August-1~ 1989; the balance, 984, were received afterthat date andwere mqinly 
from the Gulf of Alaska. Based on an expansio11 factor of 5 to 10·actmtl 
mortalities fo:r every carcass recovered, we estimate that 1,205 to 2,410 black­
legged kittiwakes were killed by the spill. To put this mortality in perspective, 
there have been 1001579.nesting black-legged kittiwakes counted in colonies 
within the path of the spill and 268,512 nesting black-legged kittiwakes in the 
wider oil spill area (US Fish and Wildlife Service, Alaska Seabird Colony 
Catalog). These counts of kittiwakes at colonies are not population estimates, 
which would be still higher.·However, based on this range of.kittiwakes at 
risk and the range of estimated mertalities, it appears that the mortalities are 
on the order of 1 to 2% of the population. One could argue that the date used 
to separate oil-spill attributable deaths from naturalmortalHy, August 1, 1989 
is arbitrary, but Dr. Piatt and colleagues made a strong case for such a 
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separation :in thi~ period since dead sea birds received at the· morgues. after 
this da,te had very little qilon them and many showed indications of 
starvation, most likely due to naturalcaus¢s: 

As noted in the background section above, we have generally 
considered the estimated mortality in relation tothe total population size as a 
threshold criterion. Inthis case, the kittiwake mortality is not consequential ·· 
at the population leveL 

Dt. Jirons has also presented data :indicating that kittiwake colonies in 
the path of the oil spill in 1989 had poor productivity compared to colonies in 
the unoiled areas (Irons, 1996); While there dearly was poorer productivity at 
colonies in the path of the spill, Ido not find these productivity data per se are 
sufficient evidence of injury, particularly given the pre-spill differences seen 
in these same colonies and the tremendous variability of kittiwake 
productivity, both geographically- and temporally. Since the evidence for the 
oil contamination of birds and their eggs after the spill has not been. finalized 
and accepted through the peer review process, perhaps the issue of the effects 
on chick productivity can be considered further when that report is available. 

Finally, the overall black-legged kittiwake population in Prince 
William Sound in 1989~91 was significantly less than in 1972~73. However, 
the number of kittiwakes in oiled and unoiled areas was not different after 
the spill (Klosiew'ski and lang, 1994). The Exxon-funded boat surveys also did 
not find evidence of impacts on kittiwakes. 

Based mainly on the insignificant mortality of black-legged kittiwakes 
a.ncl~ to a lesser extent, that the evidence from productivity studies and 
populations survey is not compelling, I cannot recommend adding black­
legged kittiwakes to injured species list at this time. 

Cormorants 

Carcasses· o£"838 cormorants :were recovered folloWing ·the Bpill, 
including 418' pelagic, 161 red-faeed, 38 double-crested, and 221 unidentified 
cormorants. If the unidentified cormorants are allocated proportionately to 
the threespecies, and multiplied by a factor of5 as a conservative estimate of· 
actual mortality, then the estim9ted mortalities are: 2840 pelagic, 1095 red- · 
faced, and 255 double-crested cormorants. · 

These estimated mortalities need to be considered in the context of the 
regional populations of these speci~s .. No regional population estimates are 
available, nor are the existing data such that any rigorous estimate c;;tn be · 
made. There are some data, however, which shed light on the numbers of 

·cormorants in the oil-spill area: 
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(1) The Alas}<a,Seabird Colony catalog maintained by the U.S. fish and 
Wildlife ServiCe includes the following direct counts of cormorants at nesting 
colonies (presented as a range: number in ,oiled areas-number in general oil­
spi.ll area): pelagic,5529-7161; red-faced~ 8696·B967;double-crested,823-1558; · 
unidentified, 3030-3667). These nu,mbers were gathered over a period of years 
should not be interpreted to represent all cormorants in the region, nor even 
all breeding cormorants. · 

(2) U.S. fish and Wildlife Service boat surveys conducted in Prince William 
Sound since the oil spill {Agler et al. 1995) have resulted in the following 
ranges of population estimates for both oiled and unoiled areas in the soUild 
(values presented are low and high estimates for March surveys, 1990-1994): 
pelagic, 5,431-10,959; red,..faced, 6-8; double-crested, 124-1041; and unidentified, 
278-3,477; Since these a.re<M:arch estimates, these include some combination 
of wintering and migrant birds from unknown breeding areas. 

(3) Forsell and Gould (198i) estfrmited that 18,500 cormorants of all three 
species were wintering in the bays ,artd coasts of Kodiak, Sitkalidak, ·and 
southern Afognak islands. They also estimated that pelagic cormorants . 
outnumbered red-faced on a 10:1 basis and that there were very few double­
crested cormorants in the Kodiak area. 

It is importantnot to make too much of any of these data, which have 
their own limitations and which. w,ere .ga:th~red by different methods! in 
different seasons, etc. It appears, however, that pelagic cormorants have 
regional populations at least in the low lOs of thousands (e.g., 20,000-30,000). 
The red-faced cormorant is less abundant, perhaps 10,000~201000. Double­
crested cormorants perhaps number only 1,000--2,000. These are only etude 
estimates of population sizes, but, on these bases, the estimated mortalities 
due to the oil spill appear to be sigrtifi<:ant at the population leveL 

There are some additional data which can be brought to bear: There 
wer.e statisticaHy...;significa:ht declines in the estimated numbers of cormorants 
(ail species)dn Prince William.Souridcomparing,boat.surveys.inJuly 1972-73 
and 1989-91, including comparisons of oiled versus rihoiled areas (Klosiewski · 
and Laing 1994). In addition, E)Q(on's boat surveys indicated "strong" . 
evidence of initial negative impact~ on pelagic cormorants in Prince William 
Sound and for double-crested cormorants on the Kenai c6ast (Day et ~1. 1995). 
Given the evidence (and uncertainties) outlined above, I recommend listing 
all three cormorants--pelagic, red-faced, and doubl~-crested--as injured 
resources as a result of the Exxon Valdez oil spill. 

Scoters 

Carcasses of 811·scoters were recovered following the oil spill, 
including 342 white-winged,l75 surf, 132 black and 162 unidentified scoters, If 
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the unidentified scoters are assigned to the three species in proportion to their 
numbers in the morgue and the species. totals are increased by a f~ctor of five 
as a conservative estimate of actual mortalities, the following died as a result 
·of the oil spill: 2140 white-winged,. 1095 surf, and 120 black scoters. 

The direct. mortalities of scoters should be compared with their 
population sizes, but there are no.regionalpopulation estimates for any of the 
scoter species in the oil-spill area. There are some data, however, that shed 
some light on the population sizes. 

Based on boat surveys by the U.S. Fish and .Wildlife Service (Agler et. 
al., 1995), the Prince William Sound scoter population (all three species). 
varied from abqut 12,800 to 20,50'o,in March 1990-1994. Numbers of white­
winged and surf scoters were roughly eqp.ivalent (estimates of up to8,200 and 
9,300, respectively),and black scoters were less numerous, about 1z400 to 2,800. 
These birds presumably include wintering and some migrant birds in the 
Sound, and their breeding gtmmds are unknown. 

· In the Kodiak area, including Sitkalidak and southern Afognak Islands, 
Forsell and Gould '(1981) estimated populations of 35,000 white-winged, .5,000. 
surf and 30,000.black scoters in bays and nearshore coastal waters. These 
estimates are low for the Kodiak Archipelago, because significant areas of 
scoterhabitat, such as the waters :n;orth of Afognak Island, were not surveyed. 
Recent winter surveys of Uganik and. Uyak bays,within the Kodiak National 
Wildlife Refuge, resulted in counts of 9,000 scoters of all species 
{Zweifelhofer, pers. coinm.) Zwiefelhofer and Forsell.(l995) suggest that 
numbers of surf and blackscoters have been relatively stable over the last 15 
years, while white...;winged scoters have declined slightly. They also believe .· 
that there has been a decline in scoters following the Exxon Valdez oil spill, 
but I have not been able to evaluate the data that. might support this 
conclusion. 

Boat surveys by the U.S. Fish and Wildlife. Service in Cook Inlet (from 
a line 251Tiiles north of the Barren Islands to Kalgin Island) in the summer of 
1993 and the .winter of 1994 resulte<f in population estimates of about 49,000 
and 25,500 scoters (all species), respectively (Agler,pers. com.). Surf scoters · 

·predominated in the summer .surveys, white-winged scoters in the winter. 

The National Park Service conducted biweekly aerial surveys of scoters 
within a part of this same area- the Lake Clark coast in Cook Inlet, including 
Redoubt and Chinita Bays~ from early April through September ln 1994 anq 
1995. The number of scoters of (ail three species) averaged about llAOO (high 
of 18,400) in 1994 and 7,600 (high of 12,650} in 1995. The species composition 
typically is about 75% .surf scoters, 22% black scoters, and 3% white-winged 
scoters (Bennett, pers. com.) ·. · 
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The data cited above present, at best, a piecemeal picture of scoter 
populations in the oil-spill area.'J'aken together, however, these data suggest 
a total oil-spill area scoter population of more than 100,000 birds, and, 
possibly, considerably more. White-winged scoters appear to be the most 
abundant species overall, although the proportions of the three species vary 
geographically and seasonally. Therefore I estimate a totall!lortality of about 
4,000 scotets out of 100,00 individuals atrisk. . 

Comparisons of pre~and post-'spill boat surveys in Prince William 
· Sound in March, July and August Cl972-73 .vs. 1989~91) showed significantly 
. fewer scoters post-spill but these trends did not hold when populations in 
oiled areas were compared to those in unoiled areas (Kloseiwski and Lang, 
1994). . . . 

- . : . . 

Finally, Exxon's boat surveys, 1989-91, revealed no evidence ofnegative . 
·impacts for surf and white-winged scoters either in Prince William Sound or 
on the Kenai coast. There was "weak" evide!lce of initial impacts on black 
scoters in the Sound (Day et al., 1995). · . · ' · 

Therefore, it appears that the injury to scoters is not sufficiently severe 
to warrant the speCial recognition of being placed on the injured species list. 

Literature References 

Agler,JB.A., P.E. Seiser, S.J. Kendall andD.B. rrons. 1994. Winter marine bitd 
and sea otter abundances .of Prince William Sound, Alaska: Trends following 
the T/V Exxon Valdez Oil Spill from J989"'-l993 .. Exxon Valdez.Oil Spill Project 

. Final Report (Restoration Project 93045). U.S. Bish and Wildlife Service,· 
Anchorage, Alaska. 

Agler, B. A .. P.E .. Seiser, S.J. Kendall and D.B. Irons. 1995. Winter marine bird 
and. sea otter abundance of. Prince :William Sound Alaska: Trends following 
the TV Exxon Va.ldez spill from 1990-94;.Exxon Valdez Oil Spill Project Final 
Report (Restoration Project 91:159). U.S .. Fish and Wildlife Service, Anchorage, 
Alaska. 

Day, R.H., S.M. Murphy, J.A. Weinsi G.D. Hayward, E.J. Hamer and L.N. 
Smith. 1995. Use of oil affected habitats by birds after the Exxon Valdez oil 
spill, pp. 726~761.In: P.G. Wells, J.N~ Butler, and J.S. Hughes (Eds.) Exxon 
Valdez oil spill: Fates and effects in Alaskan waters.: ASTM STP 1219, 
American Society for Testing and Materials, Phildelphia. 

Forsell, D.J. and P.J. Gould. 1981. Distribution and abundance of marine birds 
and mammals wintering in the Kodiak area. of Alaska. U.S. Fish and Wildlife ... 
Service, Office of Biological Services, Washington, D. C. FWS/OBS-81/13. 

6 



Irons, D.B. 1996. Size and produdtivity of black.-Iegged kittiwake colonies in 
Prince William Sound, Alaska before and after the Exxon. Valdez oil spill. In: 
Rice, S.D., R.B. Spies, D.A~ Wolfe, and B.A. Wright (Eds.) Exxon Valdez Oil 
Spill Proceedings, Anchorage, Alaska, 2-5 February 1993. American Fisheries 
Society Symposium No. 18 (In press). · 

.l<losiewski, S.P. and K.K. Laing. 1994. Marine bird populations of Prince· 
William Sound, Alaska, before and after the Exxon Valdez oil spill. Exxon 
Valdez Oil Spill Project Final Report ( Bird'Study No.2). U.S .. Fish and 
Wildlife Service, Anchorage~ Alaska. 

Piatt. J. F., C.J. Lensink, W. Butler, M. Kertdziorek and D.R. Nysewand~r, 1990 
Immediate impact of the Exxon Valdez oil spili on marine birds. The Auk 
107: 387-397. . . 

Zweifelhofer, D. and D.J. Forsell. 1995. Population trends of seaducks 
wintering in. Kodiak Alaska~a. sixte~n year study. Abstract of a paper presented 
at a joint conference of the Colonial Waterbird Society and the Pacific Seabird 

. Group, November 8-12, 1995, Victoria, British Columbia. 

7 


