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UPDATE ON INJURED RESOURCES AND SERVICES
INTRODUCTION

History and Purposes of the List

In November 1994, the Trustee Council adopted an official
list of Resources and Services Injured by the Spill as part of
the Restoration Plan. This list serves three main purposes:

1. It is representative of injuries caused by the oil spill and
cleanup efforts and helps the Trustees and the public track
the status of important fish, wildlife, and other resources
and services. The fish and wildlife on this list are thought
to have suffered population-level or sublethal injuries,
but it does not include every species or resource that suf-
fered some degree of injury. For example, carcasses of
about 90 different species of oiled birds were recovered
in 1989, but only 10 species of birds are on the list of in-
jured species.

2. It helps guide priorities for implementation of the Resto-

ration Plan. This was especially important in 1994 when.

the plan was first adopted, but the list still serves to high-
light resources that are in need of attention. For example,
what additional work can be undertaken to clarify the
status of recovery-unknown resources, or what can be
done, if anything, to help move resources from not re-
covering to recovering or from recovering to recovered?

3. Finally, taken as a whole, the list of injured resources helps
the Trustees and the public track recovery of the overall
ecosystem and the functions and human services that it
provides. For example, neither the ecosystem nor the ser-
vice of commercial fishing can be judged to have
recovered from the effects of the oil spill until keystone
resources, such as Pacific herring, are themselves fully
recovered.

Chapter 4 of the Restoration Plan indicates that the Injured
Resources and Services list will be reviewed periodically
and updated to reflect what is learned from scientific stud-
ies and other sources of information, such as from traditional
and local knowledge. Each time the list is reviewed, a
resource’s progress or lack of progress toward recovery is
evaluated with reference to a recovery objective that is as
concrete and measurable as possible. Sometimes the recov-
ery objectives themselves are changed to reflect new insights
about the nature of the injury and the best ways to evaluate
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recovery status. The table on page 3 includes brief descrip-
tions of what each recovery category means.

The Injured Resources and Services list was first updated
in September 1996. At that time, for example, the bald eagle
was upgraded from recovering to recovered. In 1999, 10
years after the oil spill, several more changes have been
made. The river otter is now considered to be recovered,
and five resources—black oystercatcher, clams, marbled
murrelet, Pacific herring, sea otter—are upgraded to recov-
ering. One resource, common loon, is moved from recovery
unknown to not recovering. Five resources remain as re-
covery unknown. Four human services are classified as
recovering,.

The Injured Resources and Services list can be updated
at any time that new information becomes available. It is
likely, however, that the next evaluation of changes in re-
covery status for all injured resources and lost or reduced
services will be in 2001, 10 years after the 1991 settlement
between the governments and Exxon and initiation of the
restoration program.

Ecosystem Perspective and Recovery

The Injured Resources and Services list consists mainly
of single species and resources, but, as noted above, it pro-
vides a basis for evaluating the recovery of the overall
ecosystem, its functions, and the services that it provides
to people. In fact, through the Restoration Plan, the Trustee
Council adopted an ecological approach to restoration, and
the studies and projects it sponsors have been increasingly
ecological in character.

Page 35 of the Restoration Plan defines ecosystem recov-
ery as follows:

Full ecological recovery will have been
achieved when the population of flora and
fauna are again present at former or prespill
abundances, 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 ecosys-
tem provides the same functions and services
as would have been provided had the spill
not occurred.
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Using this definition, the coastal and marine ecosystem
in the oil-spill region has not recovered from the effects of
the oil spill. Keystone species, such as Pacific herring and
harbor seals, have not fully recovered, nor has the composi-
tion of biological communities, such as in intertidal habitats.
Although full ecological recovery has not been achieved, the
spill-area ecosystem is still largely intact and functioning
and on the way to recovery 10 years after the Exxon
Valdez.

It also is important to understand that ecosystems are dy-
namic and would have changed even in the absence of the
oil spill. Baseline data describing fish and wildlife popula-
tions, to say nothing of complex intertidal and subtidal

communities, were generally poor. For this reason, it was
and is difficult to evaluate injury to individual resources
and the ecosystem in general, although an inability to docu-
ment injury because of poor baseline data does not mean
that injury does not exist. It also is important to note that as
the time since the oil spill grows longer, it is increasingly
difficult to separate what may be lingering effects of the spill
from changes that are natural or caused by factors unrelated
to the oil spill. In fact, what we see is often an interaction
between oil effects and natural changes, such as the effects
of the 1998 El Nifio on common murres in the Barren
Islands.
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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 ar-
chaeological 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 was disturbed, which exposed
sites to accelerated erosion. The effect of oil
on soil chemistry and organic remains may
reduce or eliminate the utility of radiocar-
bon dating in some sites.

Assessments of 14 sites in 1993 sug-
gested that most of the archaeological van-
dalism 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 and
successfully limited additional injury. In
1993, only two of the 14 sites visited showed

BAaLD EAGLES

Injury and Recovery

The bald eagle is an abundant resident
of marine and riverine shoreline throughout
the oil-spill area. Following the oil spill, a
total of 151 eagle carcasses was recovered
from the spill area. Prince William Sound
provides year-round and seasonal habitat for
about 6,000 bald eagles, and within the sound
itis estimated that about 250 bald eagles died
as a result of the spill. There were no esti-
mates of mortality outside the sound, but
there were deaths throughout the spill area.

T, b e

signs of continued vandalism. In 1996, there
was evidence of vandalism at five sites, but
only at one site in 1997, Natural erosion is
the major agent of degradation at the sites,
and the erosion draws the attention of loot-
ers to the exposed artifacts. Nine years af-
ter the oil spill it is difficult to attribute the
recent cases of vandalism to discovery of
these sites at the time of the oil 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 concentrations at
the second site were not sufficient to permit
identification of the source or sources of the
oil. The presence of oil in sediment samples
taken from four sites in 1995 did not appear
to have been the result of re-oiling by Exxon
Valdez oil.

In 1993, the Trustee Council provided
part of the construction costs for the Alutiiq
Archaeological Repository in Kodiak. This
facility now houses Kodiak-area artifacts that
were collected during the time of spill re-
sponse. Artifacts recovered from injured sites
inlower Cook Inlet and Prince William Sound
currently are stored at the University of Alaska
Fairbanks or elsewhere. In 1999, however,
the Trustee Council approved funding for an
archaeological repository and local display
facilities for artifacts from Prince William
Sound and lower Cook Inlet.

In addition to direct mortalities, produc-
tivity 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 had returned to or exceeded
its prespill level in the sound.

In September 1996, the Trustee
Council classified the bald eagle as fully
recovered from the effects of the oil spill.
No additional work has been carried out spe-
cifically to assess the status of the bald eagle.

Exxon Valdez Qil Spill Trustee Council
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Two sites in Prince William Sound were
so badly damaged by oiling and erosion that
they were partly documented, excavated, and
stabilized by professional archaeologists in
1994-1997. It appears that the two sites were
intermittently occupied for periods of 2,000
and 3,000 years. Most of the cultural de-
posits are prehistoric in nature,

Starting in 1996, the Trustee Council
funded a project to involve local residents
in monitoring and protecting vulnerable sites
in the Kenai, Homer, Seldovia, Kodiak, and
Chignik areas. This project was based on
the premise that successful long-term stew-
ardship depends on community support and
involvement. A report on this project is due
in 1999. Based on the apparently low rate
of spill-related vandalism and progressin
the preservation of artifacts and scientific
data on archaeological sites and artifacts,
archaeological resources are considered
to be recovering.

Recovery Obijective

Archaeological resources are nonre-
newable: they cannot recover in the same
sense as biological resources. Archaeologi-
cal resources will be considered to have re-
covered when spill-related injury ends, loot-
ing 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).

However, the bald eagle has benefited enor-
mously from the habitat protection program,
including the acquisition of more than 1,400
miles of marine shoreline and 300 anadro-
mous fish streams.

Recovery Objective

Bald eagles will have recovered when
their population and productivity have re-
turned to prespill levels.



BLack OYSTERCATCHERS

Injury and Recovery

Black oystercatchers spend their entire
lives in or near intertidal habitats and are highly
vulnerable to oil pollution. It is estimated that
1,500-2,000 oystercatchers breed in south-cen-
tral Alaska. Only nine carcasses of adult oys-
tercatchers 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 cleanup
activities. When comparing 1989 with 1991,
significantly fewer pairs occupied and main-
tained nests on oiled Green Island, while dur-
ing the same two years the number of pairs
and nests remained similar on unoiled
Montague Island. Nest success on Green Is-
land was significantly lower in 1989 than in
1991, but Green Island nest success in 1989
was not lower than on Montague Island. In
1989, chicks disappeared from nests at a sig-
nificantly greater rate on Green Island than
from nests on Montague Island. Disturbance
associated with cleanup operations also re-
duced productivity on Green Island in 1990.
In general, the overt effects of the spill and
cleanup had dissipated by 1991, and in that
year productivity on Green Island exceeded
that on Montague Island.

From 1991-1993, the Trustee Council
sponsored a study to determine if there were
any persistent effects of the spill on breeding
success and feeding ecology of black oyster-

CommonN 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
in the spill area are not known for any of these
species. Common loons in the 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 wintering and migrating birds. The
specific breeding areas used by the loons af-
fected by the spill are not known.

Boat-based surveys of marine birds in
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catchers on Knight Island. Adult oystercatch-
ers foraged in oiled mussel beds, but also ob-
tained invertebrate prey at unoiled sites. As
late as 1993, there was direct evidence of hy-
drocarbon exposure from fecal samples of
chicks raised on persistently oiled shorelines,
but areas of contamination were patchily dis-
tributed and relatively few adults and young
were exposed. In 1989, chicks raised on oiled
shorelines gained weight more slowly than
chicks reared on unoiled shores, but the slower
weight gain was not manifested in reduced
fledging success. Surveys from 1991-1993 in-
dicated that the population inhabitating Knight
Island was not increasing. Hydrocarbon ex-
posure has not been tested since 1993,

Productivity and survival of black oyster-
catchers in Prince William Sound were not
monitored from 1993 through 1997. Boat-
based surveys of marine birds in the sound did
not indicate recovery in numbers of oyster-
catchers in oiled areas through 1998, but these
surveys were not specifically designed to moni-
tor oystercatchers.

In 1998 the Trustee Council sponsored a
study to reassess the status of this species in
Prince William Sound. Only preliminary re-
sults are available, but these data indicate that
oystercatchers have fully reoccupied and are
nesting at oiled sites in the sound. The breed-
ing phenology of nesting birds was relatively
synchronous in oiled and unoiled areas, and
no oil-related differences in clutch size, egg

Prince William Sound give at least some in-
sight into the recovery status of the loons af-
fected by the oil spill. These surveys indi-
cated that the oil spill had a negative effect
on numbers of loons (all species combined)
in the oiled parts of the sound in 1991. Based
on the surveys carried out through 1998, there
is no indication of recovery. Further, a com-
parison of July 1984 versus July 1990-98 sur-
vey data suggests that loons (all species) show
a pattern of increasing densities in unoiled
parts of the sound and essentially stable den-
sities in oiled parts of the sound. This dispar-

volume, or chick growth rates were detected.
A high rate of nest failures on Green Island
probably can be attributed to predation, not lin-
gering effects of oil. Given general agree-
ment between these new results and those
of the earlier work, which indicated that the
effects of the spill had largely dissipated by
1991, recovery of black oystercatchers
clearly is underway.

Black oystercatchers nest on rocky
beaches and have benefited enormously from
the habitat protection program, including the
acquisition of more than 1,400 miles of ma-
rine shoreline. In addition, introduced foxes
were eliminated from two of the Shumagin
Islands (Simeonof and Chernabura) in the
southwestern part of the spill area. Black oys-
tercatchers were present in low densities on
both islands, and in higher densities on nearby
fox-free islands. Although the nesting birds
have not been surveyed since 1995, when the
last of the foxes was removed, the elimination
of the introduced predators should increase
populations of nesting oystercatchers.
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 ac-
count geographic differences, will indicate that
recovery is underway.

ity is consistent with possible lack of recovery
from an oil-spill effect. Thus, the common
loon is considered to not be recovering
from the effects of the spill. No additional
information on the status of common loons
is available.

Recovery Objective

Common loons will have recovered when
their population returns to prespill levels in the
oil- spill area. An increasing population trend
in Prince William Sound will indicate that re-
covery is underway.
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CLaMs mmn

Injury and Recovery

The magnitude of immediate impacts
on clam populations varied with the species
of clam, degree of oiling, and location. Data
from the lower intertidal zone on sheltered
beaches suggested that littleneck clams and,
to a lesser extent, butter clams were killed
and suffered slower growth rates as a result
of the oil spill and cleanup activities.

Since the original damage assessment
work on clams in 1989 and 1990, the Trustee
Council has not sponsored additional stud-
ies focused specifically on clam injury and
recovery. Some insights are available from
projects carried out by the NOAA Hazard-
ous Materials Division and others on inter-
tidal and subtidal communities in relation
to oil and shoreline treatments. In general,
these studies indicate that intertidal fauna
dwelling in soft sediments, including vari-
ous clam species, had rebounded within
one-three years after 1989 on oiled-but-un-

CommoN MuURRES

Injury and Recovery

About 30,000 carcasses of oiled birds
were picked up in the first four months fol-
lowing 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 re-
covered. Based on surveys of index breed-
ing colonies at such locations as the Barren
Islands, Chiswell Islands, Triplet Islands,
Puale Bay, and Ugiaushak Island, 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 compli-
cated by incomplete prespill data and by in-
dications that populations at some colonies
were in decline before the oil spill.

Postspill monitoring at the breeding colo-
nies in the Barren Islands indicated that repro-
ductive success was again within normal

N,
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treated shorelines. On these shorelines,
abundances or trends in abundance of inter-
tidal fauna were parallel or similar to those
at unoiled, untreated sites. One study docu-
mented that concentrations of hydrocarbons
in littleneck clam tissues at oiled and unoiled
sites were not significantly different by 1993,
These results indicate that recovery is un-
derway.

Clearly, however, full recovery has not
been achieved, especially on shorelines that
were oiled and treated by hot-water washes.
For example, one study found that densities
of littleneck and butter clams were depressed
through 1996 on oiled, treated mixed-sedi-
mentary shores where fine sediments had
been washed downslope during pressured
water treatments. Comparing oiled study
sites on Knight Island with unoiled sites on
Montague Island, researchers in the
Nearshore Vertebrate Predator project found
a full range of size classes of clams at the

bounds by 1993, and it has stayed within these
bounds each breeding season since then. Dur-
ing the period 1993-1997, the murres nested
progressively earlier by 2-5 days each year,
suggesting that the age and experience of nest-
ing birds was increasing, as might be expected
after a mass mortality event. By 1997, num-
bers of murres at the Barren Islands had in-
creased, probably because 3-and 4-year old
nonbreeding subadult birds that were hatched
there in 1993 and 1994 were returning to their
natal nesting colony. This information sug-
gests that recovery is well underway, al-
though the strong 1998 El Niiio event ap-
parently disrupted timing and synchrony
of nesting at the Barren and Chiswell islands
and may, to some extent, have affected re-
productive success. The Barren Islands colo-
nies will be surveyed again in 1999.
Although Prince William Sound does
not have a large summer population of
murres, boat-based surveys of marine birds
before and after the oil spill indicated a nega-
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oiled sites, as well as more large clams.
However, oiled sites also had fewer juvenile
clams and lower numbers of several species.
Based on all of the evidence summarized
above, clams are recovering, but are not
yet fully recovered from the effects of the
oil spill.

In communities on the Kenai Peninsula,
Kodiak Island, the Alaska Peninsula and in
Prince William Sound there are lingering
concerns about the effects of the oil spill on
clams. The Trustee Council sponsored a
project to help restore subsistence uses of
clams (see subsistence).

Recovery Objective

Clams will have recovered when popu-
lations and productivity have returned to lev-
els that would have prevailed in the absence
of the oil spill, based on comparisons of oiled
and unoiled sites.

tive effect on numbers in the sound. Sur-
veys carried out through 1998 have not
shown any increase in murres since the spill.

The Alaska Predator Ecosystem Experi-
ment (APEX project), funded by the Trustee
Council, is investigating the linkage between
murre populations and changes in the abun-
dance of forage fish, such as Pacific herring,
sand lance, and capelin. Historical trawl data
analyzed as part of this project supported a
decision by the North Pacific Fishery Man-
agement Council to limit bycatch of forage
fish in commercial fisheries and to preclude
the startup of fisheries targeting forage fish
(not including herring).
Recovery Objective

Common murres will have recovered
when populations at index colonies have
returned to prespill levels and when produc-
tivity is sustained within normal bounds.
Increasing population trends at index colo-
nies will be a further indication that recov-
ery 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 recov-
ered following the oil spill, including 418
pelagic, 161 red-faced, 38 double-crested, and
22] 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. In 1996, the U.S.
Fish and Wildlife Service Alaska Seabird

CutTHROAT TROUT

Injury and Recovery

Prince William Sound is at the northwest-
ern limit of the range of cutthroat trout. Local
cutthroat trout populations are believed to be
small, and the fish have small home ranges
and are geographically isolated. Cutthroat
trout, therefore, are highly vulnerable to ex-
ploitation, habitat alteration, or pollution.

Following the oil spill, cutthroat trout in
a small number of oiled index streams in
Prince William Sound grew more slowly than
in unoiled streams. The apparent difference
in growth rates persisted through 1991. It
was hypothesized that the slower rate of
growth in oiled streams was the result of re-
duced food supplies or exposure to oil, and
there was concern that reduced growth rates
would result in reduced survival,

Preliminary data from a Trustee Coun-
cil-sponsored study of resident and anadro-
mous forms of cutthroat trout in Prince Wil-
liam Sound suggest that there is significant
genetic variation among trout from differ-
ent locations across the sound. These data
are consistent with the idea that cutthroat
populations are small and isolated. This
work is being completed in FY 1999 and
should make possible insights into such is-
sues as growth rates with respect to geo-
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Colony Catalog, however, listed counts of
7,161 pelagic cormorants, 8,967 red-faced
cormorants, and 1,558 double-crested cor-
morants in the oil-spill area. These are
direct counts at colonies, not overall popu-
lation estimates, but they suggest that
population sizes are small. In this con-
text, it appears that injury to all three cor-
morant species was significant.

Counts on the outer Kenai Peninsula
coast suggested that the direct mortality of
cormorants due to oil resulted in fewer birds
in this area in 1989 compared to 1986. In
addition, there were statistically-significant
declines in the estimated numbers of cor-
morants (all three species combined) in the

Cutthroat Trout

graphic variation. Pending this additional
work, the recovery status of the cutthroat
trout remains unknown.

Cutthroat trout have benefited from sev-
eral other projects sponsored by the Trustee
Council. In 1991-93, inresponse to the early
evidence of injury to cutthroat trout, sport
harvests were temporarily restricted in Prince
William Sound. In 1994, out of concern about
the long-term conservation status of this spe-
cies, the Alaska Board of Fisheries perma-
nently closed sport harvests during the April
15-June 15 spawning season in the sound.

W

oiled portion of Prince William Sound
based on pre- and postspill boat surveys in
July 1972-73 compared to 1989-91. More
recent surveys (through 1998) have not
shown an increasing population trend
since the oil spill, and for that reason
these species are considered to be not
recovering.

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,

The  Trustee
Council sponsored in-
ventories of streams
in and around Prince
William Sound to
identify cutthroat
trout habitat and the
presence or absence
of this species. Infor-
mation from these in-
ventories has been
added to the Alaska
Department of Fish
and Game’s Anadro-
mous Waters Catalog,
and this step brings to
bear additional legal protection under state
law in regard to actions affecting these
streams. Additional habitat for cutthroat trout
has been protected from among the more than
300 anadromous fish streams that have been
acquired through the Trustee Council’s habi-
tat protection program.

Photo by Andy Hoffman

Recovery Objective

Cutthroat trout will have recovered
when growth rates within oiled areas are
similar to those for unoiled areas, after tak-
ing into account geographic differences.
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DesiGNATED WILDERNESS AREAS

Injury and Recovery

The oil spill delivered oil in varying
quantities to the waters and tidelands adjoin-
ing eight areas designated as wilderness ar-
eas and wildemness study areas by Congress
orthe Alaska State Legislature. Oil also was
deposited above the mean high-tide line at
these locations. During the intense clean-up
seasons of 1989 and 1990, thousands of
workers and hundreds of pieces of equip-
ment were at work in the spill zone. This
activity was an unprecedented imposition of
people, noise, and activity on the area’s un-
developed and normally sparsely occupied
landscape. Although activity levels on these
wilderness shores have probably returned to
normal, at some locations there is still re-
sidual oil.

Among the affected areas were desig-
nated wilderness in the Katmai National
Park, wildemess study areas in the Chugach
National Forest and Kenai Fjords National
Park, and Kachemak Bay Wildemess State

DoLLy VARDEN

Injury and Recovery

Dolly Varden are widely distributed in
the spill area. In spring, anadromous forms
of Dolly Varden migrate to the sea from the
lakes and rivers where they spend the win-
ter. Summers are spent feeding in nearshore
marine waters. Thus, some Dolly Varden in
Prince William Sound and perhaps at other
locations were exposed to Exxon Valdez oil
in 1989 and possibly beyond. In fact, con-
centrations of hydrocarbons in the bile of
Dolly Varden were some of the highest of
any fish sampled in 1989. By 1990, these
concentrations had dropped substantially.

Like the cutthroat trout, there is evi-
dence from 1989-90 that Dolly Varden in a
small number of oiled index streams in
Prince William Sound grew more slowly
than in unoiled streams. It was hypothesized
that the slower rate of growth in oiled
streams was the result of reduced food sup-
plies or exposure to oil, and there was con-
cern that reduced growth rates would result

Kenai Fjords National Park

Park. Six moderately to heavily oiled sites
on the Kenai and Katmai coasts were last
surveyed in 1994, at which time some oil
mousse persisted in a remarkably unweath-
ered state on boulder-armored beaches at five
sites. These sites will be visited again in
1999. Pending completion of these visits,
and additional visits to oiled shorelines in

in reduced survival. However, these growth
differences did not persist into the 1990-91
winter. No growth data have been gathered
since 1991.

In a 1991 restoration study sponsored
by the Trustee Council, some tagged Dolly
Varden moved considerable distances among
streams within Prince William Sound, sug-
gesting that mixing of overwintering stocks
takes place during the summers in saltwa-
ter. This hypothesis is supported by prelimi-
nary data from another Trustee Council-
sponsored study, which indicates that Dolly
Varden from different locations across the
sound are genetically similar. The final re-
port on this genetics study is due in 1999,
but if this preliminary conclusion is born out,
it would suggest that the Dolly Varden popu-
lation in the sound should have little diffi-
culty in recovering from any initial growth-
related effects. Pending completion of the
genetics work and absent additional
growth data, however, it is prudent to con-
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western Prince William Sound, the recov-
ery status of designated wilderness re-
mains unknown.
Recovery Objective

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

tinue classifying the Dolly Varden as re-
covery unknown.

The Trustee Council sponsored inven-
tories of streams in and around Prince Wil-
liam Sound to identify Dolly Varden habi-
tat and the presence or absence of this spe-
cies. Information from these inventories
has been added to the Alaska Department
of Fish and Game's Anadromous Waters
Catalog, and this step brings to bear addi-
tional legal protection under state law in
regard to actions affecting these streams,
Additional habitat for Dolly Varden has
been protected from among the more than
300 anadromous fish streams that have been
acquired through the Trustee Council’s
habitat protection program.

Recovery Objective

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



HarRLEQUIN 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. Because the spill
occurred in early spring before wintering
harlequins migrated from the sound to in-
land breeding sites, the initial effects of the
spill were likely extended beyond the im-
mediate spill zone. The geographic extent
of these extended impacts is not known.

The current overwintering population of
harlequin ducks in Prince William Sound is
on the order of 18,000 ducks, while the sum-
mer population is about half that number.
Fall boat surveys designed specifically to
monitor molting-wintering harlequin ducks
indicate a significant declining trend in the
western sound. Other boat surveys designed
to monitor an entire suite of marine birds in
the sound have shown mixed results: an in-
creasing trend in March but no increase in
July through 1996. All three surveys, how-
ever, are consistent in that they show differ-
ent or lower trends for harlequin ducks in
oiled parts of the sound compared to unoiled
parts.

Prespill data on harlequin populations
and reproductive success are limited and
difficult to interpret, but previously there was
concern about poor reproductive success in
the western versus eastern parts of Prince
William Sound. This concern was based on
observations of 7-15 broods in the eastern
sound and few-to-no reports of broods in the
western sound when comparable numbers
of streams were surveyed. Subsequent re-
search does not indicate any differences in
the age- and sex-structure of harlequin popu-
lations in the eastern and western parts of
the sound, but it is clear that the breeding
habitat in the western sound is very limited
compared to what is available in the eastern
sound. Some harlequins remain in the sound
to nest, mostly on the eastern side, but it is
now suspected that most harlequins of breed-
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ing age and condition probably leave the
sound altogether to nest in interior drainages.
Thus, conclusions of reproductive failure
based on lack of broods in the oiled area do
not now seem warranted.

Biopsies from samples of harlequin
ducks collected early in 1998 and from
Barrow’s goldeneye in the 1996-1997 win-
ter continue to show differences in an en-
zyme indicative of exposure to hydrocar-
bons between birds from oiled versus
unoiled parts of the sound. These differ-
ences are consistent with the possibility of
continued exposure to hydrocarbons in the
oiled western sound. The biological effect
of this possible exposure has not been es-
tablished, but three years of data (1995/96-
97/98 winters) on overwintering survival of
adult female harlequins indicate signifi-
cantly lower survival rates in oiled versus
unoiled parts of the sound. This result can-
not be attributed unequivocally to oil ex-
posure, but there is reason for concern about
possible oil exposure and reduced survival
for harlequin ducks in the western sound.
This information, coupled with indica-
tion of a possible ongoing decline in
numbers of molting harlequin ducks in
the western sound, suggest that the har-
lequin duck has not recovered from the
effects of the oil spill.

Recent Trustee Council-sponsored stud-
ies give insight into prospects for recovery
of harlequin ducks. Although some harle-
quin ducks make major seasonal move-
ments, they exhibit high site fidelity to sum-
mer breeding sites and to molting and win-
tering sites during nonbreeding
seasons. Strong site fidelity may
limit population recovery by im-
migration, but a genetic analy-
sis of harlequin ducks indicates
that the spill-area population is
homogeneous (i.e., very simi-
lar). Taken together, these data
are consistent with a low rate of
dispersal, perhaps at the sub-
adult stage, or a rapid expansion
of the population in recent geo-
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logical time. To the extent that there is sub-
adult dispersal from adjacent expanding
populations, such dispersal would enhance
recovery. [t is likely, however, that recov-
ery will largely depend on recruitment and
survival from within injured populations.
This recovery may be compromised if ex-
posure to lingering hydrocarbons reduces
fitness and survival of harlequin ducks
The Trustee Council has made a major
investment in harlequin ducks, studying the
possibility of ongoing oil-related effects,
gaining knowledge that will benefit long-
term management and conservation, and
protecting nesting and overwintering
habitats. Harlequin ducks nest along
anadromous fish streams, typically under
forest cover and at higher elevations. Some
of the more than 300 anadromous fish
streams protected with the support of the
Trustee Council provide nesting habitat for
harlequin ducks. Molting and overwinter-
ing habitats are protected along the more
than 1,400 miles of marine shorelines
acquired through the habitat protection pro-
gram. As a result, the terrestrial portion of
the habitat base for harlequin ducks in the
spill area is now significantly more secure.

Recovery Objective

Harlequin ducks will have recovered
when breeding- and nonbreeding-season
densities return to prespill levels. An in-
creasing population and decreasing indica-
tions of exposure to hydrocarbons in oiled
parts of Prince William Sound will indicate
that recovery is underway.
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HARBOR SeaLs

Injury and Recovery

Harbor seal numbers were declining in
the Gulf of Alaska, including in Prince Wil-
liam Sound, before the oil spill. Exxon
Valdez oil affected harbor seal habitats, in-
cluding key haul-out areas and adjacent
waters, in Prince William Sound and as far
away as Tugidak Island, near Kodiak. Esti-
mated mortality as a direct result of the oil
spill was about 300 seals in oiled parts of
Prince William Sound. Based on aerial sur-
veys conducted at trend-count haulout sites
in central Prince William Sound before
(1988) and after (1989) the oil spill, seals in
oiled areas 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 1989-1997, the average estimated
annual rate of decline was about 5 percent,
and for that reason harbor seals continue
to be considered “not recovering.” Envi-
ronmental changes in the late 1970s may have
reduced the amount or quality of prey re-
sources, including such forage fishes as Pa-
cific herring and capelin, available to harbor
seals in the northern Gulf of Alaska ecosys-

INTERTIDAL COMMUNITIES

Injury and Recovery

Portions of 1,300 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 sig-
nificant impacts on the flora and fauna of
the intertidal zone, the area of beach between
low and high tides. Intertidal communities
are intrinsically important and are resources
for subsistence users, sea and river otters,
and a variety of birds, including black oys-
tercatchers, harlequin ducks, and pigeon
guillemots.

Initial impacts to intertidal organisms
occurred at all tidal levels and in all types of
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tem. These changes
may have been re-
sponsible for or con-
tributed to the initial
prespill harbor seal
decline, and the eco-
system may now
support fewer seals
than it did prior to
the late 1970s. Recent studies, however, in-
dicate that the seals in the sound, especially
pups and yearlings, are in very good condi-
tion and do not show evidence of nutritional
stress. Ongoing sources of mortality include
killer whale predation, subsistence hunting,
and commercial fishery interactions (e.g.,
drowning in nets). Satellite tagging studies
sponsored by the Trustee Council indicate that
harbor seals in the sound are largely resident
throughout the year, suggesting that recov-
ery must come largely through recruitment
and survival within injured populations.
Harbor seals have been a major focus
of research sponsored by the Trustee Coun-
cil since the oil spill. This research includes
documentation of population trends in the
field, improved statistical techniques for the
analysis of aerial survey data, and explora-
tion of possible sources of mortality and lack

Harbor Seal

habitats throughout the oil-spill area. Many
species of algae and invertebrates were less
abundant at oiled sites than at unoiled refer-
ence sites. Some, more opportunistic spe-
cies, including a small species of barnacle,
oligochaete worms, and filamentous brown
algae, colonized shores affected by the oil
spill and clean-up activities. The abundance
and reproductive potential of the common
seaweed, Fucus gardneri (known as rock-
weed or popweed), also was reduced follow-
ing the spill.

In the lower and middle intertidal
zones on oiled rocky shores, algal cover-
age and invertebrate abundances had re-
turned by 1991 to coverages and abun-
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of recovery in the population, including
health and diet. One study quantified nor-
mal blood chemistry values for several hun-
dred seals; this database serves as a valu-
able tool for evaluating the health status of
other seals. Starting in 1998, several projects
exploring blood chemistry and other health
parameters in relation to diet are being car-
ried out at the Alaska SeaLife Center.

Harbor seals have long been a key sub-
sistence resource in the oil-spill area. Sub-
sistence hunting is affected by the declin-
ing seal population, and fewer opportuni-
ties to hunt seals have changed the diets of
subsistence users who traditionally relied
on these marine mammals. With partial
support from the Trustee Council, the
Alaska Native Harbor Seal Commission is
working to involve Native hunters in re-
search on and management of harbor seals.
Alaska Native subsistence hunters have
been helpful by providing seal researchers
with measurements and hard-to-obtain tis-
sue samples from harvested seals.

Recovery Objective

Harbor seals will have recovered from
the effects of the oil spill when their popu-
lation is stable or increasing.

dances similar to those observed in unoiled
areas. However, large fluctuations in the
algal coverage took place through 1997 in
the oiled areas. This pattern is consistent
with continued instability due to the origi-
nal spill impact and the subsequent
cleanup.

On the sheltered, bedrock shores that
are common in Prince William Sound, full
recovery of Fucus is crucial for the recov-
ery of intertidal communities at these sites,
since many invertebrate organisms depend
on the cover provided by this seaweed. Fu-
cus has not yet fully recovered in the up-
per intertidal zone on shores subjected to
direct sunlight, but in many locations, re-



covery of intertidal communities has been
substantial. 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. In studies of the
effects of cleanup activities on beaches, in-
vertebrate molluscs and annelid worms on
oiled and washed beaches were still much
less abundant than on comparable unoiled
beaches through 1997.

Beyond describing the effects of the oil
spill and cleanup operations, the Trustee
Council’s restoration program has benefited
intertidal communities in several respects.

KiTTLITZ’s MURRELETS v

Injury and Recovery

The Kittlitz’s murrelet is found only in
Alaska and portions of the Russian Far East.
A large fraction of the world population,
which may number only a few tens of thou-
sands, 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, but they are known to 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.

KiLLer WHALES m

Injury and Recovery

More than 100 killer whales in six “resi-
dent” pods regularly use Prince William
Sound as part of their ranges. Other whales
in “transient” groups are observed in the
sound less frequently. There has been par-
ticular concern in the sound about the resi-
dent AB pod, which numbered 36 animals
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Although most tidelands in the spill area are
already in state ownership, Trustee Council
funds enabled the protection of sedge and
mudflat habitats on the Homer Spit and en-
hanced protection of and access to rocky
intertidal habitats at Kachemak Bay and at
Lowell Point near Seward. Research and
monitoring sponsored by the Trustee Coun-
cil have greatly expanded knowledge of the
distribution and ecology of north Pacific in-
tertidal organisms, such as sea stars, and
have provided models for statistically pow-
erful sampling designs that can be incorpo-
rated into future injury assessments.
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One published estimate places direct mortal-
ity of Kittlitz's murrelets from the oil spill as
high as 1,000-2,000 individuals, which would
represent a substantial fraction of the world
population.

Because so little is known about this spe-
cies, the Trustee Council funded an explor-
atory study on the ecology and distribution
of the Kittlitz’s murrelet in Prince William
Sound starting in 1996. Final results from
this project are not yet available, but prelimi-
nary data confirm this species’ affinity for
tidewater glaciers in the four bays studied in
the northern and northwestern parts of the
sound. It also appears that reproductive out-
put in 1996 and 1997 was extremely low or
absent, and some Kittlitz's murrelets were
apparently paired with marbled murrelets.
There appear to be about 1,200-1,400
Kittlitz’s murrelets during summer in the four
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prior to the spill. Fourteen whales disap-
peared from this pod in 1989 and 1990, dur-
ing which time no young were recruited into
the population. During the period 1992-94,
four calves were added to the pod, but five
additional adults were lost and presumed
dead. During the most recent period, 1996-
98, five calves were recruited and only two

2

Recovery Objective

Intertidal communities will have recov-
ered 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 reestablish-
ment of important species, such as Fucus at
sheltered rocky sites, the convergence in
community composition and organism abun-
dance 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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bays studied in northern and northwestern
sound. Other, more extensive marine bird
boat surveys suggest a sound-wide summer
population of at least 3,400 murrelets. These
estimates are consistent with what is believed
to be a small Alaskan and world population.

The population data, indications of low
reproductive success, and affinity to tidewa-
ter glaciers (of which the lower elevation gla-
ciers are receding rapidly) are reasons for
concern about the long-term conservation of
Kittlitz's murrelets. Specifically with refer-
ence to the effects of the oil spill, however,
the original extent of the injury and its re-
covery status are still unknown and may
never be resolved.

Recovery Objective
No recovery objective can be identified
for Kittlitz's murrelet at this time.
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adults were lost—a net gain of three individu-
als since 1992. If the calves born since 1992
survive and if additional calves are added to
the pod over the next two or more years, the
requirements for recovery will have been sat-
isfied. Pending evidence of sustained recruit-
ment or at least stability, the killer whale is
still considered to be not recovering.
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The original link between the AB pod
losses and the oil spill was circumstantial.
The rate of disappearance and likely mortal-
ity of killer whales in this well-studied pod
in Prince William Sound following the spill
far exceeded 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 had been concern about the
possible shooting of killer whales due to con-
flicts with long-line fisheries prior to the oil
spill. There are no recent indications of such
conflicts.

Overall numbers within the major resi-
dent killer whale pods in Prince William
Sound are at or exceed prespill levels, even
though the AB pod may or may not regain its
former size. There is concern, however, that
a decline in resightings of individuals within
the AT1 group of transient killer whales has
accelerated following the oil spill. Since 1990
and 1991, 10 individuals have been missing
from the AT group and are now almost cer-
tainly dead. During that same period there
has been no recruitment of calves into this

group of transients. Transient killer whales
largely prey on marine mammals, and there
has been a 60 percent decline in the harbor
seal population in the sound over the last two
decades. Changes in the availability of such
an important prey species could influence
killer whale distribution and reproduction.
Trustee Council-sponsored research on
contaminants in killer whales in Prince Will-
iam Sound indicates that some whales are
carrying high concentrations of PCBs, DDT,
and DDT metabolites in their blubber. The
presence of such contaminants is not related
to the oil spill. Contaminants are significantly
higher in the mammal-eating transients than
in the fish-eating residents, consistent with
the fact that contaminants bioaccumulate—
that is they are more concentrated at higher
trophic levels. Concentrations are highest in
first-born calves, indicating that contaminants
are passed on by nursing females. The high
concentrations of contaminants found in the
transient whales, including those in the AT1
group, are comparable to those found to cause
reproductive problems in other marine mam-
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mals, but there is no unequivocal evidence of
a link between contaminants and poor repro-
duction in the AT1 group.

Other work sponsored by the Trustee
Council includes a detailed genetic analysis
that has shown definitively that resident and
transient killer whales in Prince William
Sound are genetically distinct. The Trustee
Council also has sponsored development of
acoustic techniques for identifying and moni-
toring killer whales. Data on sightings and
movements of killer whales indicate that the
area around Knight Island and passages to
Knight Island are among the most heavily
used parts of Prince William Sound by both
resident and transient killer whales. Use of
the outer Kenai coast, including Resurrection
Bay, appears to be increasing.

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.

Killer Whale

Photo by Craig Matkin



MARBLED MURRELETS

Injury and Recovery

The northern Gulf of Alaska, including
Prince William Sound, is a key area of con-
centration in the distribution of marbled
murrelets. The marbled murrelet is feder-
ally listed as a threatened species in Wash-
ington, Oregon, and California; it also is
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 de-
cline are not known for certain, but environ-
mental changes in the late 1970s probably
reduced the availability or quality of prey
resources. There is, nonetheless, clear evi-
dence that oil cavsed injury to marbled
murrelets in the sound. Carcasses of nearly
1,100 Brachyramphus murrelets were found
after the spill, and about 90 percent of the
murrelets that could be identified to the spe-
cies level were marbled murrelets. Many
more murrelets probably were killed by the
oil than were found, perhaps as much as 7
percent of the spill area population.

The recovery of the marbled murrelet
population in Prince William Sound is as-
sessed primarily through standard marine
bird boat surveys. Based on a recent analy-
sis of data from boat surveys carried out in
July for most years from 1989-1998, densi-

MusseLs

Injury and Recovery

Mussels are an important prey species
in the nearshore ecosystem throughout the
spill area and are locally important for
subsistence. Beds of mussels provide
physical stability and habitat for other organ-
isms in the intertidal zone and were purposely
left alone during Exxon Valdez cleanup
operations.

In 1991, high concentrations of relatively
unweathered oil were found in the mussels
and in underlying byssal mats and sediments
in certain dense mussel beds. The biological
significance of mussel beds that are still oiled
is not known precisely, but they are potential
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ties of marbled murrelets increased substan-
tially in oiled parts of the sound during 1990-
1993, but declined again in 1996 and 1998,
Densities of murrelets in unoiled parts of the
sound also declined in 1996 and 1998, so
the reason for the recent declines in both
oiled and unoiled areas is probably due to
some factor other than the oil spill.

The Trustee Council’s recovery objec-
tive requires a stable or increasing popula-
tion for marbled murrelets; stable or increas-
ing productivity would indicate that recov-
ery is underway. The marbled murrelet
population is not now stable nor increasing,
but the increase in oiled areas from 1990-
1993 is a positive sign. In addition, marbled
murrelet productivity, as measured by sur-
veys of adults and juveniles on the water in
Prince William Sound, appears to be within
normal bounds. On these bases, it appears
that the marbled murrelet is at least re-
covering from the effects of the oil spill.

Marbled murrelets have been a major
focus of the Trustee Council’s restoration
program, including both habitat protection
and research and monitoring activities.
Marbled murrelets are known to nest in
large, mossy trees within stands of old-
growth forest. Following the oil spill,
Trustee Council researchers identified spe-

pathways of oil contamination for local popu-
lations of harlequin ducks, black oystercatch-
ers, river otters, and sea otters, all of which
feed to some extent on mussels and other prey
in and around mussel beds and which were
injured by the oil spill. The Trustee Council’s
Nearshore Vertebrate Predator project has
evidence of possible hydrocarbon exposure
in sea otters, river otters, harlequin ducks, and
Barrow’s goldeneyes in oiled parts of Prince
William Sound through 1996 or 1997, but the
pathway of such exposure has not been
established.

About 30 mussel beds in Prince William
Sound still contained Exxon Valdez oil resi-
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cific habitat types and areas within the spill
zone that are especially valuable to nesting
murrelets. Much of the 600,000 acres of
habitat protected with Trustee Council funds
is forested, including significant habitat that
is suitable for and used by nesting murrelets
(for example, on Afognak Island).

In the area of research and monitoring,
the Trustee Council’s Alaska Predator Eco-
system Experiment (APEX) project is inves-
tigating the relationship between marbled
murrelet declines and the availability and
abundance of forage fish, such as Pacific
herring, sand lance, and capelin. It appears
that there is a direct correlation between the
availability of forage fish and production of
young murrelets, based on the presence of
juvenile murrelets on the water in Prince
William Sound. Historical trawl data ana-
lyzed as part of this project supported a de-
cision by the North Pacific Fishery Manage-
ment Council to limit bycatch of forage fish
in commercial fisheries and to preclude the
startup of fisheries targeting forage fish (not
including herring).

Recovery Objective

Marbled murrelets will have recovered
when their populations are stable or increas-
ing. Stable or increasing productivity will
be an indication that recovery is underway.

due when last sampled in 1995. Twelve of
these beds had been cleaned on an experi-
mental basis in 1993 and 1994. In 1995, oil
hydrocarbon concentrations in mussels at half
the treated beds were lower than would have
been expected if the beds had not been
cleaned. In 1996, however, limited sampling
indicated that several of the cleaned beds had
been recontaminated from surrounding or
underlying oil residue.

Mussel beds along the outer Kenai Pen-
insula coast, the Alaska Peninsula, and
Kodiak Archipelago were surveyed for the
presence of oil in 1992, 1993, and 1995. In
1995, hydrocarbon concentrations in mussels
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and sediments at these Gulf of Alaska sites
were generally lower than for sites in Prince
William Sound, but at some sites substantial
concentrations persist.

While several sites in Prince William
Sound still contained high concentrations of
oil in 1995, over half the sites surveyed dem-
onstrated significant natural declines that sug-
gest background concentrations should be
reached in the next few years. On this basis,

PaciFic HERRING -

Injury and Recovery

Pacific herring spawned in intertidal and
subtidal habitats in Prince William Sound
shortly after the oil spill. A significant por-
tion of these spawning habitats as well as
herring staging areas in the sound were con-
taminated 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
very high. Despite the large spawning bio-
mass in 1992, the population exhibited a
density-dependent reduction in size, and in
1993 there was an unprecedented crash of
the adult herring population. A viral dis-
ease and fungus were the probable immedi-
ate agents of mortality, but such other fac-
tors as competition for food may have re-
duced herring fitness and survival. Labora-
tory investigations since the population crash
have shown that exposure to very low con-
centrations of Exxon Valdez oil can compro-
mise the immune systems of adult herring
and lead to expression of the viral disease.
The extent to which the exposure to oil con-
tributed to the 1993 disease outbreak is
uncertain.

Numbers of spawning herring in Prince
William Sound remained depressed through

mussels are considered to be recovering.
0il contamination in mussels, however, will
likely persist for many years at certain sites
that are well protected from wave action or
where oil penetrated deeply into underlying
sediments.

In 1999, a series of oiled mussel beds
will be inspected and monitored to track the
recovery of this resource. Comparison of
mussel beds cleaned in 1994 to beds that were

the 1995 season. In 1997 and 1998 the
spawning biomass was about double that of
1994, the season following the crash, and
there were limited commercial harvests for
herring in the sound. The increased biom-
asses in 1997 and 1998 are signs that
recovery has begun. Unfortunately, the
population has yet to recruit a highly
successful year-class, which is fundamental
to recovery of this species. Thus, a full
recovery has not been achieved, and the
Pacific herring can only be considered to
be recovering.

Because the Pacific herring is extremely
important ecologically and commercially
and for subsistence users, the Trustee Coun-
cil has made a major investment in restora-
tion projects that benefit herring. In the area
of habitat protection, Trustee Council funds
have acquired more than 1,400 miles of up-
land shorelines, some of which will help
protect water quality in areas used by spawn-
ing herring. Research sponsored by the
Trustee Council also has identified bays that
are important as herring nursery and over-
wintering areas, and this information will be
useful to natural resource managers for de-
cisions about siting facilities or planning
responses to future oil spills.

The Trustee Council’s Sound Ecosys-
tem Assessment has resulted in new under-
standing of the importance of body condi-
tion in determining overwintering survival
of herring and in the influences of the Gulf
of Alaska in herring productivity within
Prince William Sound. Techniques for im-
proving stock and spawning biomass assess-
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not cleaned should provide valuable informa-
tion for planning responses to future oil spills.

Recovery Objective

Mussels will have recovered when con-
centrations of oil in the mussels and in the
sediments below mussel beds reach back-
ground levels, do not contaminate their preda-
tors, and do not affect subsistence uses.

ments through spawn deposition surveys and
hydroacoustic and aerial surveys also have
been supported by the Trustee Council. On-
going research on herring disease in rela-
tion to commercial fishing practices, such
as the enclosed “pound” fisheries, have di-
rect implications for management of the
herring fishery. Improvements in knowledge
about the biology and ecology of herring and
in assessment and management tools will
enhance conservation and management of
this species over the long term.

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.

Pacific Herring

Photo by Roy Corral



PiceoN GuiLLEMOTS =

Injury and Recovery

Although pigeon guillemots are widely
distributed in the north Pacific region, nowhere
do they occur in large 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 evi-
dence that the pigeon guillemot population in
Prince William Sound declined before the oil
spill. The causes of the prespill decline are not
known for certain, but environmental changes
in the late 1970s probably reduced the avail-
ability or quality of prey resources. There is,
nonetheless, clear evidence that oil caused in-
jury to the guillemot population in the sound.
An estimated 10-15 percent of the spill-area
population died immediately following the
spill. Boat-based surveys of marine birds be-
fore (1984-85) and after the oil spill indicated
that the guillemot population declined through-
out the oiled portion of the sound. These same
surveys indicate that numbers of guillem-
ots remain depressed along oiled shorelines

PiNK SALMON =0

Injury and Recovery

Certain features of the life history of pink
salmon made this species highly vulnerable to
damage from the oil spill. As much as 75 per-
cent of wild pink salmon in Prince William
Sound spawn in the intertidal portions of
streams, where embryos deposited in the gravel
could be chronically exposed to hydrocarbon
contamination in the water column or leach-
ing from oil deposits on adjacent beaches.
When juvenile pink salmon migrate to salt-
water they spend several weeks foraging for
food in nearshore habitats. Thus, juvenile
salmon entering seawater from both wild and
hatchery sources could have been exposed to
oil as they swam through oiled waters and fed
along oiled beaches. Trustee Council-spon-
sored studies have documented two primary
types of injury due to the exposure of these
early life stages: First, growth rates in both wild
and hatchery-reared juvenile pink salmon from
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in the sound through 1998, and for this
reason the pigeon guillemot is still consid-
ered to not be recovering from the effects
of the oil spill.

The Trustee Council’s Alaska Predator
Ecosystem Experiment (APEX) project is in-
vestigating the possible link between pigeon
guillemot declines and the availability of high-
quality forage fish, such as Pacific herring and
sand lance. This work has revealed a strong
connection between the availability of certain
prey fishes, especially sand lance, and
guillemot chick growth rates, fledging weights,
and nesting population size. Historical traw]
data analyzed as part of this project supported
a decision by the North Pacific Fishery Man-
agement Council to limit bycatch of forage fish
in commercial fisheries and to preclude the
startup of fisheries targeting forage fish (not
including herring).

The Nearshore Vertebrate Predator (NVP)
project, also sponsored by the Trustee Council,
addresses the possibility that exposure to oil is
limiting the guillemot’s recovery. Preliminary
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oiled parts of the sound were reduced. Sec-
ond, there was increased egg mortality in oiled
versus unoiled streams.

In the years preceding the spill, returns of
wild pink salmon in Prince William Sound var-
ied from a maximum of 23.5 million fishin 1984
to a minimum of 2.1 million in 1988. Since the
spill, returns of wild pinks have varied from a
high of about 12.7 million fishin 1990 to a low
of about 1.9 million in 1992. The decade pre-
ceding the ol spill was a time of very high pro-
ductivity for pink salmon in the sound, and,
given the tremendous natural variation in adult
returns, it is impractical to measure directly the
extent to which wild salmon returns since 1989
were influenced by the oil spill. Based on in-
tensive studies, including mathematical mod-
els, carried out following the spill, wild adult
pink salmon retums to the sound’s Southwest
District in 1991 and 1992 were most likely re-
duced by a total of 11 percent.

16

W

- el

biochemical data do not indicate that guillemot
chicks are being exposed to hydrocarbons.

Pigeon guillemots nest in rock crevices
and under tree roots at the tops of rocky cliffs
and steep slopes. They have benefited greatly
from the habitat protection program, includ-
ing the acquisition of more than |,400 miles
of marine shoreline. In addition, introduced
foxes were eliminated from two of the
Shumagin Islands (Simeonof and Cherna-
bura) in the southwestern part of the spill area.
Pigeon guillemots were present in low
densities on both islands, but in higher
densities on nearby fox-free islands.
Although the nesting birds have not been sur-
veyed since the foxes were removed in 1995,
the elimination of this introduced predator
should result in a large increase in the popu-
lation of nesting guillemots.
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.

Reduced juvenile growth rates in Prince
William Sound occurred only in the 1989 sea-
son, but higher egg mortality persisted in oiled
compared to unoiled streams through 1993.
No statistically significant differences in egg
mortalities in oiled and unoiled streams were
detected in 1994 through 1996, but in 1997
there was again a difference. It is not clear
whether the 1997 difference was due to the
effects of lingering weathered oil, perhaps
newly exposed by storm-related disturbance
of adjacent beaches, or due to other factors.
Patches of weathered oil still persist in or near
intertidal spawning habitats in a few of the
streams used by pink salmon in southwestern
Prince William Sound. It is possible that
patches of oil may be exposed as winter storms
shift stream beds back and forth and result in
local episodes of increased pink salmon egg
mortality. The duration, scale, and number of
any such events now would be limited in com-
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parison to the situation that existed in the south-
western sound in 1989-1993. Therefore, the
biological impact of exposure to any such lin-
gering oil is unlikely to limit pink salmon
populations, assuming there are no drastic
negative changes in the quality of freshwater
habitats and ocean rearing conditions.

Since the Trustee Council’s recovery
objective specifically requires a sequence of
two years each of odd- and even-year runs
without differences in egg mortality, this re-
covery objective clearly has not been met.
Thas, the Trustee Council continues to find
that pink salmon are recovering from the
effects of the oil spill, but that full recovery
has not been achieved.

The Trustee Council has made a major
investment in studying the effects of the oil
spill on pink salmon and in improving conser-
vation and management of wild stocks in
Prince William Sound. Studies on the effects
of oil on pink salmon have led to new insights
about how oil can affect salmon, especially in
regard to the toxicity of even very small con-
centrations of weathered oil on early life stages.
This information will be useful in evaluating
water quality standards for oil in water and in
contingency planning for future oil spills.

The Trustee Council has sponsored sev-
eral projects directed at improved management

RivER OTTERS wv

Injury and Recovery

River otters have a low population den-
sity in Prince William Sound. Twelve river
otter carcasses were found following the spill,
but the actual total 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 alterations,
reduced diversity in prey species, reduced
body size (length-weight), and increased
home-range size. Because there were few
prespill data, it is not certain that these differ-
ences are the result of the oil spill. Although
some of the differences (e.g., in blood val-
ues) persisted through 1996, there were few
differences documented in 1997 and 1998.
Thus, there are no indications of possible

of pink salmon. One of the most beneficial
projects sponsored by the Trustee Council was
development and implementation of a thermal
mass marking project in Prince William Sound.
This project, which is now being sustained by
the Alaska Department of Fish and Game and
the Prince William Sound Aquaculture Asso-
ciation, puts a unique mark on the otoliths (ear
bone) of hatchery-reared fry released in the
sound. Technicians can readily identify these
fish when they are caught as returning adults.
This information is used for in-season adjust-
ments of harvests (times and areas) to better
protect wild stocks and to more fully utilize
hatchery stocks when doing so does not jeop-
ardize wild stocks of pink salmon. Another
project sponsored by the Trustee Council char-
acterized the genetic stock structure of pink
salmon in the sound. The results of this project
will improve confidence that management ac-
tions are adequately protecting the genetic di-
versity of small wild stocks.

Throughout Alaska there is increasing
recognition of the importance of changes in
marine ecosystems on the growth and survival
of salmon. The Trustee Council has funded
the Sound Ecosystem Assessment (SEA)
project to explore oceanographic and ecologi-
cal factors that influence production of pink
salmon and Pacific herring in Prince William

lingering injury from the oil spill, and the
Trustee Council’s recovery objective has
been met.

The Trustee Council’s habitat protection
program and research and monitoring
projects have benefited spill-area river otters.
More than 1,400 miles of marine shoreline
and more than 300 streams used by anadro-
mous fish have been protected; much of this
area provides high-value habitat for river
otters.

Through the Nearshore Vertebrate
Predator project and other studies, much in-
formation has been gathered that will im-
prove long-term conservation and manage-
ment of river otters. These breakthroughs
include development of a new method for
live-trapping otters, which will improve the

Exxon Valdez Oil Spill Trustee Council
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Sound. These factors include such things as
the timing of spring plankton blooms and
changes in circulation patterns that link the
sound to the Gulf of Alaska. These natural
factors are likely to have the greatest influence
on year-to-year returns in both wild and hatch-
ery stocks of pink salmon. A final report from
the SEA Project is due at the end of FY 1999.

Pink salmon have been major beneficia-
ries of the Trustee Council’s habitat protec-
tion program. The more than 600,000 acres
of land protected through the Trustee Council
program include over 300 streams with spawn-
ing and rearing habitat for salmon. Wild popu-
lations of pink salmon have been enhanced by
creating or providing access to additional
spawning habitat, such as the Port Dick spawn-
ing channel on the outer Kenai coast. This
project is expected to result in production of
additional pink salmon available for commer-
cial harvest each year.

Recovery Objective

Pink salmon will have recovered when
population indicators, such as growth and sur-
vival, 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-yearruns in Prince
William Sound.
ability of wildlife managers to estimate
population sizes for this elusive species, and
new insights in the recycling of aquatic nu-
trients into forest ecosystems at otter latrine
sites, which has important implications from
a conservation standpoint. In addition, work
in progress at the Alaska SeaL.ife Center on
the blood chemistry of river otters in rela-
tion to small doses of oil will aid interpreta-
tion of biochemical tests for exposure from
oil and other contaminants.
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.



RoOCKFISH "

Injury and Recovery

Very little is known about rockfish
populations (of several species) in the north-
ern 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 sub-
lethal effects. In addition, closures to salmon

SEA OTTERs'

Injury and Recovery

By the late 1800s, sea otters had been
eliminated from most of their historical
range in Alaska due to excessive harvest-
ing by Russian and American fur traders.
Surveys of sea otters in the 1970s and
1980s, however, indicated a healthy and ex-
panding population in most of Alaska, in-
cluding Prince William Sound. Today the
only harvests of sea otters are for subsis-
tence purposes.

About 1,000 sea otter carcasses were
recovered following the spill, and addi-
tional 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 juve-
niles in oiled areas. By 1992-93, overwin-
tering mortality rates for juveniles had de-
creased, but were still higher in oiled than
in unoiled parts of the sound.

Based on both aerial and boat surveys
conducted in western Prince William Sound,
there is statistically significant evidence of
a population increase following the oil spill
(1993-98). Observations by local residents
bear out this general increase. However,
within the most heavily oiled bays in the
western sound, such as those on northern
Knight Island, the aerial surveys indicate that
recovery may not be complete.

UppATE ON INJURED RESOURCES AND SERVICES =
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fisheries apparently had the effect of increas-
ing fishing pressures on rockfish, which, in
turn, may have adversely affected local rock-
fish populations. However, the original ex-
tent of injury and the current recovery
status of this species are unknown.
Because little is known about rockfish
abundance and species composition in the
spill area and because rockfish are harvested
commercially, even basic information about
these species could provide a basis for im-

Photo by Robert Angell
Sea Otter

The Trustee Council’s Nearshore Ver-
tebrate Predator project, which was started
in 1995, is addressing the lack of recovery
in sea otters in the heavily oiled bays of
western Prince William Sound. The lack
of recovery may reflect the extended time
required for population growth for a long-
lived mammal with a low reproductive rate,
but it also could reflect the effects of con-
tinuing exposure to hydrocarbons or a com-
bination of both factors. Through 1997,
researchers have continued to find bio-
chemical evidence of oil exposure in sea
otters on northern Knight Island. Bio-
chemical samples from 1998 are now be-
ing analyzed. An additional hypothesis is
that food supplies are limiting recovery, but
preliminary evidence does not fully support
this idea.

It is clear that sea otter recovery is
underway for much of the spill-area, with
the exception of populations at the most
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proved management or, at least, the identifi-
cation of priorities for more targeted research.
Accordingly, starting in FY 1998, the Trustee
Council sponsored a multi-year study of ge-
netic stock structure in black, dusky, and
yelloweye rockfish throughout the spill area
and the adjacent Gulf of Alaska. No results
from this work are currently available.

Recovery Objective
No recovery objective can be identified.

heavily oiled bays in western Prince Wil-
liam Sound. Researchers sponsored by the
Trustee Council continue to explore hypoth-
eses for lack of recovery at these sites.

Sea otters have benefited from many
aspects of the Trustee Council’s program.
Sea otters are found along many miles of
the more than 1,400 miles of marine shore-
line that has been protected through the
habitat protection program. Results of re-
search and monitoring projects have also
been valuable. For example, an aerial sur-
vey protocol is now being used more widely
to monitor sea otter populations, and an im-
proved and validated technique for aging
sea otters using their teeth will aid biolo-
gists and veterinarians wherever sea otters
are found. Another example is new infor-
mation on age-specific reproductive rates,
which is crucial for understanding the ef-
fects of subsistence harvests on sea otters.
These new techniques and insights will aid
sea olter conservation and management
over the long term.

Recovery Objective

Sea otters will have recovered when the
population in oiled areas returns to its
prespill abundance and distribution. An in-
creasing population trend and normal re-
production and age structure in western
Prince William Sound will indicate that
recovery is underway.
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SEDIMENTS

Injury and Recovery

Exxon Valdez oil penetrated deeply into
cobble and boulder beaches that are com-
mon 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 per-
sists at many locations.

The last comprehensive survey of
shorelines in Prince William Sound, con-
ducted in 1993, included 45 areas of shore-
line known to have had the most significant
oiling. The average location with surface
oil residue, asphalt, or mousse was 160 m?
in size. Based on that survey, it was esti-
mated that heavy subsurface oil had de-
creased by 65 percent since 1991 and that
surface oil had decreased by 50 percent over
the same time period.

The shorelines of the outer Kenai and
Alaska Peninsula coasts get more wave ac-
tion than most shorelines within Prince Will-
iam Sound. These Gulf of Alaska sites tended
to be contaminated with oil in the form of
mousse, which can persist for long periods in
a largely unweathered state. Five of six index
beaches on the gulf coast have a heavy boul-
der “armor,” and were last visited in 1993 and
1994. At this time, surface and subsurface oil
mousse persisted in a remarkably unweath-
ered state in the armored beaches.

In 1995, a shoreline survey team vis-

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 be-
ing sent to market. As a result, there were
higher-than-desirable numbers (i.e.,
“overescapement™) of spawning sockeye
salmon entering the Kenai River and also
Red and Akalura lakes on Kodiak Island.
Research carried out following the spill
demonstrated that initially these high es-
capements produced an overabundance of

ited 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 unarmored beaches 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 analy-
ses 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 was mostly confined to the upper-
most 20 meters water depths (below mean low
tide), 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 el-
evated microbial activity at most index sites
in Prince William Sound, except at those as-
sociated 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 substantial
subtidal oiling is still known to occur.

Based on the information above, sedi-
ments are considered to be recovering.
However, the presence of surface and sub-
surface oil continues to compromise wilder-

juvenile sockeye that then overgrazed the
zooplankton, thus altering planktonic food
webs in the nursery lakes. The result was lost
sockeye production as shown by reduced
growth rates during the freshwater part of
the sockeye life history and declines in the
returns of adults per spawning sockeye.
Although sockeye freshwater growth tended
to return to normal within two or three years
following the overescapement, there are in-
dications that these systems are less stable
for several years after an initial overescape-
ment event.

Exxon Valdez Oil Spill Trustee Council
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ness and recreational values, expose and po-
tentially harm living organisms, and offend
visitors and residents, especially those who
engage in subsistence activities along still-
oiled shorelines. Concern on the part of
Chenega Bay residents has been particularly
strong. In 1997, with support from the
Trustee Council, a project was carried out
to use a chemical surfactant and other means
to remove additional crude oil from 10,000
m?of beach on LaTouche and Evans islands
in southwestern Prince William Sound. This
effort was partly successful, but a final evalu-
ation of the results is not yet available.

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 re-
covery is underway.

Oily sediment in 1997

The negative effects of the 1989
overescapement on sockeye productivity, as
measured by return per spawner, in the Kenai
River watershed were readily apparent for re-
tumns from the brood years 1989-1992. Re-
turns from the 1993-1995 brood years are not
complete because some of these fish are still
at sea, but returns to date show promise that
management efforts have been successful in
restoring the returns per spawner to normal
levels. The sockeye salmon of the Kenai
River watershed are recovering from the
effects of the 1989 overescapement.



Production of zooplankton in both Red
and Akalura lakes on Kodiak Island has re-
bounded from the effects of the
overescapement at the time of the oil spill.
By 1997, Red Lake had responded favor-
ably in terms of smolt and adult production
and was at or near prespill production of
adult sockeye. At Akalura Lake there were
low juvenile growth rates in freshwater dur-
ing the period 1989-92, and these years of
low growth correspond to low adult escape-
ments during the period 1994-97. Starting
in 1993, however, the production of smolts
per adult increased sharply and the smolt
sizes and age composition suggested that
rearing conditions have improved. This
improvement is reflected in a strong adult
escapement in 1998; a significant escape-
ment of adults into Akalura Lake is also
projected in 1999. The sockeye popula-
tions of both Red and Akalura lakes are
recovering from the effects of the 1989
overescapement.

There also was concern about over-

SusTiDAL COMMUNITIES

Injury and Recovery

Shallow subtidal habitats of Prince Will-
iam Sound, from the lower intertidal zone to
depths of about 20 meters, typically have
dense stands of kelp or eelgrass and contain
numerous polychaete worms, snails, clams,
sea urchins, and other invertebrate life. These
subtidal communities provide shelter and food
for an array of nearshore fishes, birds, and
marine mammals.

Oil that was transported down to subtidal
habitats, as well as subsequent cleanup activi-
ties, apparently caused changes in the abun-
dance and species composition of plant and
animal populations below lower tides. Dif-
ferent habitats, emphasizing eelgrass beds and
adjacent areas of soft sediment, were com-
pared at oiled and unoiled sites from 1990-
1995. Itis difficult to draw firm conclusions
from this study, because it is hard to distin-
guish between natural site differences (e.g.,
percent sand and mud) and those differences
actually resulting from the oil spill or cleanup.
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escapement effects in lakes on Afognak Island
and on the Alaska Peninsula. However, analy-
sis of sockeye freshwater growth rates of ju-
veniles from Chignik Lake on the Alaska Pen-
insula did not identify any impacts associated
with a 1989 overescapement event.

The Trustee Council has made a major
investment in the restoration and manage-
ment of sockeye salmon, especially in the
Kenai River system. Research sponsored by
the Trustee Council has documented not only
the effects of overescapement events (as
described above), but also the mechanism
by which the effects are manifested in gla-
cial-lake systems. This work is helping fish-
eries managers better monitor and predict
annual changes in sockeye fisheries. With
support from the Trustee Council, genetic
stock identification and hydroacoustic stock
assessment techniques were developed and
are being employed to improve in-season
management of the Cook Inlet sockeye
fisheries.

Sockeye salmon have benefited greatly

Concentrations of hydrocarbons in
subtidal sediments were significantly higher
at oiled sites than at unoiled reference sites.
These concentrations dropped sharply by
1991, but evidence of oil contamination due
to Exxon Valdez oil persisted at some loca-
tions through 1995.

Biologically, negative effects of the oil
were most evident for oil-sensitive species
of amphipods, which were consistently less
abundant at oiled than at unoiled sites. Re-
duced numbers of eelgrass shoots and flow-
ers may have been due to increased turbidity
associated with cleanup activities (e.g., boat
traffic). Two species of sea stars and helmet
crabs also were less abundant at oiled sites.
Some invertebrates living in the sediment,
including species in eight families of poly-
chaete worms, two families of snails, and one
family of mussels, were greater in numbers
at oiled sites. These species are known to be
stress-tolerant and probably benefited from
the organic enrichment associated with oil.

2

from the Trustee Council’s habitat protec-
tion program throughout the spill area.
These acquisitions include streambank,
lakeside, and watershed habitats along the
Kenai and Moose rivers on the Kenai Pen-
insula, the Eshamy-Jackpot Bay area of
Prince William Sound, the Red and Fraser
lakes area on Kodiak Island, and Laura and
Pauls lakes on Afognak Island. In addition
to habitat acquisition, the Trustee Council
sponsored a project to stabilize and restore
degraded streambanks on public lands along
the Kenai and Russian rivers. This project
will restore spawning and rearing habitat
important for salmon and enhance recre-
ational fishing, which was a service injured
by the oil spill.

Recovery Objective

Sockeye salmon in the Kenai River sys-
tem and Red and Akalura lakes will have
recovered when adult returns-per-spawner
are within normal bounds,

Some of the species that showed increased
numbers also may have benefited from re-
duced competition or predation due to the
effects of the spill.

By 1995, there was apparent recovery
of most constituents of the eelgrass com-
munity and on this basis, subtidal commu-
nities can be considered to be recovering.
Some amphipod and clam species continued
to be less abundant at oiled sites, and there
continued to be indications of enhanced num-
bers of stress-tolerant polychaetes and mus-
sels. These sites have not been revisited
since 1995,

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 op-
portunistic species at oiled sites.
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HUMAN SERVICES

CoMmMERCcIAL FisHING

CommeRrciaL FisSHING

Injury and Recovery

Commercial fishing is a service that was
reduced through injury to commercial fish
species (see individual resource accounts) and
also through fishing closures. In 1989, clo-
sures affected fisheries in Prince William
Sound, Cook Inlet, the outer Kenai coast,
Kodiak, and Chignik. These closures harmed
the livelihoods of persons who fish for a
living.

Recovery is underway but not complete
for three of the injured resources that are com-
mercially fished — pink salmon, sockeye
salmon, and Pacific herring; the recovery sta-
tus of rockfish is unknown. No spill-related
district-wide fishery closures related to oil
contamination have been in effect since 1989,
However, the Prince William Sound herring
fishery was closed 1993-96 due to a disease
outbreak that may be related to the oil spill,
and was open only to limited commercial
harvest in 1997 and 1998. For these rea-
sons, commercial fishing, as a lost or re-
duced service, is in the process of recover-
ing from the effects of the oil spill, but full
recovery has not been achieved.

The period before the oil spill was a time

Passive UsE

RECREATION AND TOURISM

SUBSISTENCE

of relative prosperity for many
commercial fishermen. The years
1987-88 saw some of the highest
ever per pound prices for salmon
and increased capitalization of the
fishery. Thus, fishermen’s expec-
tations for income in 1989 were
very high, making the fishery clo-
sures and other spill effects even
more disruptive.

For a variety of reasons, as dis-
cussed below, income disruptions
continue today, as evidenced by
changes in average earnings, ex-
vessel prices, and limited entry per-
mit values. For example, for the
period 1981-97, fishermen’s aver-
age earnings in the Prince William
Sound salmon seine fishery peaked
in 1987-88, dropped in 1989 to
1984-85 levels, rebounded in 1990,
hit a new low in 1992-93 (runs in
1992-93 were the lowest in 15
years), and since have hovered
somewhat below the 1989 level.
Average harvests have varied
widely during this period, with the

Recovery is underway but not complete for three of the
injured resources that are commercially fished — pink
salmon, sockeye salmon, and Pacific herring.

Exxon Valdez Oil Spill Trustee Council
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three highest years being 1994, 1996, and
1997. Ex-vessel prices were highest in the
period 1987-89, and have been below prices
of the early 1980’s ever since. Limited entry
permit values in this fishery reached a peak
in 1989-91, nearly double the value in any
earlier year in this period, and have declined
since to roughly 15 percent of their peak
value. The number of permits fished,
roughly 250 each year 1981-91, had declined
to 114 in 1997,

Natural variability in fish returns and a
number of economic changes in the com-
mercial fishing industry since 1989 probably
mean that many of these changes in income
are not directly attributable to the spill. How-
ever, these factors also make discerning spill-
related impacts difficult. Economic changes
confronting the industry include the in-
creased world supply of salmon (due prima-
rily to farmed salmonids) and correspond-
ing reduced prices, entry restrictions in cer-
tain fisheries (such as Individual Fishing
Quotas, IFQs, for halibut and sablefish), al-
location changes (e.g., a reduction in the al-
location of Cook Inlet sockeye salmon to
commercial fishermen), and changes in pro-
cessing capacity (closure of major pro-
cessors in Cordova and Kenai and introduc-
tion of some smaller and more specialized
processors).

Although a number of studies aimed at
allocating financial impacts to the oil spill
versus other factors have been carried out,
the federal jury’s compensatory award (as
opposed to the $5 billion in punitive dam-
ages) in the private lawsuit against Exxon is
the current legal determination of the liabil-
ity and damages regarding commercial fish-
ermen (including permit holders, fishing

Passive Use

Injury and Recovery

Passive use encompasses nonuse values,
such as the appreciation of the aesthetic and
intrinsic values of undisturbed areas and the
value derived from simply knowing that a
resource exists. Injuries to passive use are
tied to public perceptions of injured re-
sources. Because recovery of a number

UppaTte on INJURED RESOURCES AND SERVICES *

crew, spotter pilots, and vessel owners). The
jury award, which is currently under appeal
by Exxon, is less than the damage claimed
by commercial fishermen and more than that
acknowledged by Exxon. In brief, the jury
determined that any financial effects on fish-
ermen after 1989, with the exception of the
salmon seine fishery in Prince William
Sound in 1992-93 and the herring fishery in
Prince William Sound in 1993, are not at-
tributable to the spill. The jury considered
damage claims for the period 1989-95, in-
cluding claims related to size of harvest, fish
prices, limited entry permit values, and ves-
sel values.

Trustee Council scientists have docu-
mented some continuing biological injury
to pink salmon, sockeye salmon, and her-
ring (see individual resource accounts). Itis
not clear to what extent these continuing
injuries might be affecting commercial
fishing.

The Trustee Council has invested and
continues to invest in projects to understand
and restore commercially important fish spe-
cies that were injured by the oil spill. These
projects include enhancement work, such as
fertilizing Coghill Lake to produce sockeye
salmon and building structures in streams
to increase habitat for coho salmon in Prince
William Sound, increasing salmon produc-
tion by reconstructing the fish ladder to pass
pink and coho salmon at Little Waterfall
Creek in the Kodiak area, and excavating
Port Dick Creek on the Kenai Peninsula to
reclaim spawning habitat for pink and chum
salmon. Projects have also been funded to
develop tools that have immediate benefit
for fisheries management. Catch accounting
tools as otolith mass marking of pink salmon

of injured resources is incomplete and in
some cases has not begun, the Trustee
Council considers passive use, as a lost or
reduced service, to be recovering from the
spill but not fully recovered.
Immediately following the oil spill, the
State of Alaska, using a contingent valua-
tion approach, measured substantial losses
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and improved herring biomass estimates aid
management in Prince William Sound, as do
in-season genetic stock identification and
marine sonar surveys for sockeye salmon in
Cook Inlet. In addition, the Council contin-
ues to fund research projects, such as the
Sound Ecosystem Assessment and genetic
mapping which will enhance the ability to
predict and manage fisheries over the long-
term, and studies to determine how disease
is affecting recovery of the herring popula-
tion in Prince William Sound and what fac-
tors might trigger an outbreak.

In addition, the Trustee Council’s habi-
tat program has protected roughly 640,000
acres important for restoration, including
over 300 streams valuable for salmon
spawning and rearing and 1,400 miles of
coastline. Researchers in the Pacific North-
west have concluded that depleted salmon
populations cannot rebuild if any habitat that
is critical during any of their life stages is
seriously compromised. Sockeye salmon,
too, have benefitted from the Council’s habi-
tat program, which has protected
streambank, lakeside, and watershed habi-
tats on the Kenai Peninsula, in Prince Will-
iam Sound, and on Kodiak and Afognak is-
lands. The Council has also provided funds
to stabilize and restore degraded
streambanks along the Kenai and Russian
rivers.

Recovery Objective

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

of passive use values resulting from the spill.
This approach involved surveying a sample
of U.S. households to elicit how much
people would be willing to pay in additional
taxes to fund a program designed to prevent
future spills. Prior to answering the survey
questions, respondents were provided infor-
mation about the spill’s impact, including
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the number of miles of shoreline oiled, an
estimate of the number of birds, sea otters,
and harbor seals killed, and the conclusion
that few fish were harmed, as well as pro-
jections of when recovery would occur (typi-
cally three to five years).

In updating the status of passive uses
ten years after the spill, the Trustee Council
has chosen not to repeat the contingent valu-
ation study, which was very expensive and
time consuming. However, the key to re-
covery of passive use is knowing that resto-
ration of injured resources has occurred.
Toward this end, in the years since the settle-
ment between Exxon Corporation and the
state and federal governments, the Council
has undertaken a comprehensive program to
restore injured resources and has made a
deliberate and consistent effort to inform the
public about the status of restoration.

The two key components of the Trustee
Council’s restoration effort are the research,
monitoring, and general restoration program
and the habitat protection and acquisition
program. The research, monitoring, and res-
toration program, which is funded each year
through the annual work plan, focuses
mostly on knowledge and stewardship as the
best tools for long-term health of the ma-
rine ecosystem. [t also includes develop-
ment of tools to benefit fisheries manage-
ment and some direct enhancement activi-
ties, such as improving access to spawning
habitat. Projects to monitor the status of
injured resources, including resources such
as killer whales for which no active restora-
tion may be possible, are also funded
through the annual work plan. The habitat
protection program preserves habitat impor-
tant to injured resources through the acqui-
sition of land or interests in land. As of
December 1998, the Council has protected
over 640,000 acres of habitat, including
more than 1,400 miles of coastline and over
300 streams valuable for salmon spawning
and rearing. A summary of the Council’s
public information efforts follows.

The Trustee Council maintains a mail-
ing list of roughly 3,000 people and organi-
zations, both inside and outside of Alaska,
to whom it sends the Restoration Update,

The key to recovery of passive use is knowing that restoration of injured resources has occurred. Therefore,
recovery of passive use is underway, but not complete.

its bimonthly newsletter; annual work plans,
which describe the work underway in a par-
ticular year to restore the injured resources
and services; the Annual Status Report,
which reports to the public on the progress
of restoration; updates to the Restoration
Plan (1996, 1999); and notice of the
Council’s annual restoration workshop, The
workshop, which provides another venue for
reporting on the progress of restoration, is
attended by all EVOS researchers and open
to the news media and public.

In addition, from 1996 through early
1999 the Council aired a weekly radio se-
ries, “Alaska Coastal Currents”, throughout
the state, This two-minute program, pro-
duced by the Alaska Public Radio Network,
was designed to communicate news of ma-
rine science and other restoration activities.
A weekly newspaper column, based on the
radio series, has been in print since June
1997.

Also in 1997, the Trustee Council estab-
lished a web site (www.oilspill.state.ak.us),
which offers detailed information about res-
toration efforts. A number of individual
projects funded by the Council have their own
web sites. The Council began publication of
its Restoration Notebook series in 1997 as
well. This series, which tells the story of in-
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jury and recovery from the spill of select in-
Jjured species, is written by EVOS research-
ers. Itis distributed free upon request, and is
suitable for highschool age and older.

Another important means of informing
the public are the written reports the Trustee
Council requires for all restoration projects.
These reports, which are peer reviewed by
independent scientific peer reviewers, are
available to the public through the Council’s
Oil Spill Public Information Center (now
part of the Alaska Resource Library and In-
formation Services, ARLIS) in Anchorage
as well as at several other libraries in the
state, at the Library of Congress, and through
NTIC (National Technical Information Ser-
vices). ARLIS also houses books, video-
tapes, maps, and other materials related to
the oil spill, a listing of which is available
online at //library.ci.anchorage.ak.us/
arlis.html. In addition, the Council supports
researchers in publishing their project results
in the peer-reviewed scientific literature,
which expands their audience well beyond
Alaska. More than 270 such papers have
been published as of February 1999.

The 17-member Public Advisory Group
(PAG), which was established in the civil
settlement between Exxon Corporation and
the state and federal governments, is an im-
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portant means of keeping stakeholders and
others informed of the progress of restora-
tion. In addition to holding quarterly meet-
ings with the Trustee Council staff, each year
the PAG holds an open house in one or more
communities in the spill area. Additional
public meetings are held throughout the spill
area each year by the Council and its staff.
All meetings of the Council are widely ad-
vertised and opportunity for public comment,
often via the teleconference network, is al-
ways provided. Press releases are issued fol-
lowing major actions of the Council.

In 1998-99, in preparation for the tenth
anniversary of the spill, the Trustee Council
has stepped up its efforts to inform the pub-
lic about the status of restoration. A visual

RECREATION AND TOURISM

Injury and Recovery

The oil spill disrupted use of the spill
area for recreation and tourism. In the years
since the spill, there has been a marked in-
crease in the number of visitors to Alaska —
from approximately 600,000 in the summer
of 1989 to over 1.1 million in the summer of
1997 — and a similar increase in visitation
to the spill area. For example, in 1997 the
number of visitors to the Kenai Fjords Na-
tional Park Visitor Center was nearly double
what it was in 1989. In 1998, the number of
visitors to the USFES Crooked Creek Visitor
Information Center in Valdez was almost 50%
greater than in 1989. From 1989 to 1997,
the number of sportfishers increased by 65%
in Prince William Sound, by 25% in the
Kodiak Region, and by 15% in the Kenai
Peninsula region.

However, the Trustee Council’s recov-
ery objective requires that the injured re-
sources important to recreation be recovered
and recreational use of oiled beaches not be
impaired, and this objective has not been met.
Therefore, the Council finds recreation to
be recovering from the effects of the spill,
but not fully recovered.

Several resources important for wildlife
viewing still are not recovered from the spill
or their recovery is unknown, including killer
whale, harbor seal, common loon, cormorant
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exhibit on restoration activities was pro-
duced for travel to spill area communities.
Another exhibit is on display at the Alaska
SeaLife Center in Seward. The Council’s
1999 restoration workshop has been ex-
panded to a major scientific symposium on
what has been learned and accomplished in
the restoration process. A 30-minute video
has been produced for airing on public tele-
vision in Alaska and for distribution to ev-
ery school in the state.

In addition, a concerted effort by
Trustee Council staff to interest national and
international media in the 10th anniversary
of the spill has resulted in numerous con-
tacts. Major stories are expected in National
Geographic Magazine, Alaska Geographic,
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Wildife tours in Kenai Fjords
National Park

(three species), Kittlitz's murrelet, and pigeon
guillemot. Others resources, including sea
otter, common murre, black oystercatcher,
and marbled murrelet are recovering. The
bald eagle, another resource important for
wildlife viewing, has recovered from the ef-
fects of the spill. (See individual resource
accounts for more information on recovery
stafus.)

Telephone interviews were conducted in
early 1999 with key informants who recre-
ated extensively in the oil spill area before
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Outside Magazine, Sports Afield and sev-
eral other magazines in spring 1999. Sev-
eral newspapers, including the Boston
Globe, the Philadelphia Inquirer, and the
Seattle Times, also have major stories in the
works. A source reel prepared by the Coun-
cil and containing three hours of footage
related to restoration activities has been dis-
tributed, upon request, to a number of me-
dia outlets (ABC, CBS, CNN, and others)
and documentary filmmakers.

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 includes sport fishing, sport hunting, camping, boating,
hiking and other active ouldoor pursuits.

the spill and currently. Nearly all of the key
informants with experience in Prince Will-
iam Sound continued to report diminished
wildlife sightings in the sound, particularly
in heavily oiled areas such as around Knight
Island. They reported seeing significantly
fewer seabirds, killer whales, sea lions, seals,
and sea otters since the spill, but also reported
observing increases in the number of seabirds
in the last couple of years. Key informants
with experience along the outer Kenai coast
also reported diminished sightings of sea-
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birds, seals, and sea lions. Changes in the
amount of wildlife observed could be due to
the oil spill or to other factors.

Sportfishing resources which are still
injured by the spill or for which the recovery
status is unknown are cutthroat trout, Dolly
Varden, and rockfish. In 1991-93, in response
to evidence of injury to cutthroat trout, sport
harvests were temporarily restricted in Prince
William Sound. A closure during the April
15-June 15 spawning season in the sound has
been in effect since 1994; this closure reflects
concern about the long-term conservation sta-
tus of cutthroat trout, rather than specific spill-
related concems. The salmon species that
were injured (pink and sockeye salmon) are
recovering from the effects of the spill.

Harlequin ducks, which are hunted in the
spill area, are still not recovered. The Alaska
Board of Game restricted sport harvest of
harlequin ducks in western Prince William
Sound and Kenai Fjords in 1991. Those re-
strictions remain in place, but are currently
under review and may be modified.

Trustee Council-sponsored surveys of
oiled shorelines indicate that residual oil is
still present on some beaches. The most re-
cent survey in Prince William Sound (1993)
found surface oil in 217 scattered locations
along a total of 4.8 kilometers of shoreline
and subsurface oil in 109 locations along a
total of 7 kilometers of shoreline; sheening
was apparent at many sites. The most recent
survey of the Kenai outer coast and the coast
of Katmai National Park (1994) found oil
mousse persisting in a remarkably unweath-

SUBSISTENCE

Injury and Recovery

Fifteen predominantly Alaskan Native
communities (with a total population of
about 2,200 people) in the oil-spill area rely
heavily on harvests of subsistence resources,
such as fish, shellfish, seals, deer, and wa-
terfowl. Many families in other communi-
ties also rely on the subsistence resources
of the spill area.

Household interviews conducted with
subsistence users in communities through-
out the spill area in 1989 indicated that sub-

ered state on five moderately-to-heavily-oiled
boulder-armored beaches. A survey of 30
oiled sites in the Kodiak Archipelago in 1995
found no oil or only trace amounts. The
Katmai/Kenai Fjords shoreline survey will be
repeated in the summer of 1999; the Prince
William Sound survey likely will be repeated
in 2001 or 2002.

Key informants telephoned in early 1999
indicated that some beaches in Prince Will-
iam Sound, particularly in the western por-
tion of the sound, continue to be avoided by
some recreational users, particularly kayakers
and campers, because of the presence of re-
sidual oil. Informants indicated that the pos-
sible presence of residual oil currently has
no effect on recreational activities along the

outer Kenai coast, the Kodiak
Archipelago,and the Lake Clark and Katmai
national park coastlines.

In 1997, the Trustee Council provided
funding for the residents of Chenega Bay,
working with the Department of Environmen-
tal Conservation, to use PES-51, a citrus-
based chemical agent, to clean some of the
most heavily-oiled sites near their village.
One year later, preliminary analysis showed
that the cleanup method was largely effec-
tive in removing the visible surface oil at
treated sites, although considerable subsur-
face oil remains. NOAA's Auke Bay Lab
found no biological injury due to the cleanup.

Recreational users have benefitted
greatly from the Trustee Council’s large par-
cel habitat acquisition program, which is
opening more than 1,300 miles of shoreline
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sistence harvests of fish and wildlife in most
of the communities declined substantially
following the spill. Key factors in the re-
duced harvests included reduced availabil-
ity of fish and wildlife, concern about pos-
sible health effects of eating oiled fish and
wildlife, and disruption of the traditional
lifestyle due to cleanup and related activi-
ties. Household interviews were repeated
each year 1990-1993 and again in 1998. By
1993, the estimated size of the subsistence
harvest and participation in subsistence ac-

Exxon Valdez Oil Spill Trustee Council

1y

and over 300 salmon streams to public use.
Several smaller acquisitions have specific rec-
reational significance, such as the Overlook
Park tract near Homer and the Lowell Point
parcel in Seward. In addition, in an effort to
preserve the world-class fisheries on the
Kenai River, the Council is in the process of
protecting roughly 1,800 acres along the river
and its watershed and has contributed nearly
$2 million to riverbank restoration projects.

Recreation was also affected by changes
in human use in response to the spill. For
example, displacement of use from oiled ar-
eas to unoiled areas, particularly in the years
immediately following the spill, increased
management problems and facility use in
unoiled areas. The State of Alaska dedicated
over $10 million of its criminal settlement
with Exxon to restoring recreational facili-
ties and use in state parks in the spill area.
Improvements include trails, cabins, boat
launches, interpretive displays, and campsites.
In addition, the Trustee Council has funded
U.S. Forest Service development of a human
use model for western Prince William Sound,
which is intended to aid planning for and
mitigation of human uses so that injured spe-
cies continue to be protected. The model may
also assist in planning for future recreation
needs in the sound.
Recovery Objective

Recreation and tourism will have recov-
ered, in large part, when the fish and wildlife
resources on which they depend have recov-
ered and recreation use of oiled beaches is
no longer impaired.
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tivities appeared to have returned to prespill
levels in some communities, with the har-
vest rebounding first in the communities of
the Alaska Peninsula, Kodiak Island, and the
lower Kenai Peninsula and lagging behind
a year or more in the Prince William Sound
communities.

In 1998, interviews indicated that
subsistence continues to recover from the
effects of the oil spill, but has not fully re-
covered. The percentage of those inter-
viewed who reported that subsistence uses



are lower than before the
spill has declined. Con-
cerns about food safety
and effects on the tradi-
tional lifestyle have less-
ened. Concerns about re-
source availability and
greater harvest effort re-
main, but harvest levels in
all communities inter-
viewed are at or ap-
proaching prespill levels.
Subsistence harvests in
1998 varied among com-
munities from 250-500
pounds per person usable
weight, indicating contin-
ved strong dependence on
subsistence resources.
Regarding resource
availability, subsistence
users continued to report
scarcity of a number of
important subsistence re-
sources, including harbor
seals, herring, clams, and
crab. These observations
are generally consistent
with scientific studies
funded by the Trustee
Council that continue to
find that some subsistence
species (e.g., harbor seals, herring, clams)
are not recovered from the effects of the spill.
The Council continues to support research
projects that seek to understand why these
resources are not recovering and what, if
anything, can be done to speed their recov-
ery (see individual resource accounts).
According to those interviewed, the
1998 increase in pounds harvested at a time
of continued reduced resource availability
reflects greater harvest effort (traveling far-
ther, spending more time and money) than
would have been required before the spill to
achieve a similar harvest. It also reflects
increased reliance on fish in the subsistence
diet. For example, 1998 interviews in
Chenega Bay indicated reductions in the per
capita pounds harvested of marine mammals
(from 140 pounds pre-spill to 15 pounds in

remain.
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Concerns about food safely and effects on the traditional lifestyle have
lessened over the years. But, concerns about resource availability
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1998) and a corresponding increase in the
per capita pounds harvested of salmon (from
70 pounds pre-spill to 225 pounds in 1998).
In many communities, shellfish harvests
have also declined significantly, for example
in Nanwalek from 16 pounds pre-spill to 9
pounds in 1998. Increased fish harvests and
decreased marine mammal and shellfish
harvests occurred in most communities
where interviews were conducted. The cul-
tural and nutritional importance of each re-
source varies, and these changes in diet com-
position remain a serious concern to subsis-
tence users.

The decline in shellfish consumption
noted above reflects food safety concerns as
well as reduced availability of shellfish.
From 1989-94, subsistence foods were tested
for evidence of hydrocarbon contamination,
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with no or very low concentrations of pe-
troleum hydrocarbons found in most sub-
sistence foods. However, because some
shellfish can readily accumulate hydrocar-
bons, subsistence users have been advised
not to eat shellfish from beaches where oil
can be seen or smelled on the surface or sub-
surface. By 1998, a large majority of those
interviewed expressed confidence about
most foods except certain shellfish, such as
clams, and concerns about the presence of
PSP (paralytic shellfish poisoning) in clams
outweighed concerns about lingering hydro-
carbon contamination from the oil spill.

Interviews indicate that the increased
fish consumption is attributable in part to
enhancement projects funded by the Trustee
Council, including a chinook remote release
project near Chenega Bay, a coho remote
release project near Tatitlek, stream enhance-
ment efforts near Port Graham, and support
of broodstock development at the Port Gra-
ham hatchery. In addition, the State of
Alaska has used a portion of its funds from
the criminal settlement with Exxon to spon-
sor a sockeye salmon enhancement project
near Nanwalek. The Trustee Council’s clam
project, which is designed to restore clam
populations near subsistence communities
in lower Cook Inlet and Prince William
Sound, is still in the trial phase. Clams have
been planted on selected beaches, but are not
yet available for harvest.

Subsistence users continue to empha-
size that the value of subsistence cannot be
measured in pounds alone. Harvest levels
do not encompass the cultural value of tra-
ditional and customary use of natural re-
sources. Following the oil spill, there was
concern that the spill disrupted opportuni-
ties for young people to learn cultural sub-
sistence practices and techniques, and that
this knowledge may be lost to them in the
future. In 1998, the number of subsistence
users reporting a decline in the influence of
elders in teaching subsistence skills and val-
ues had decreased and the number report-
ing that young adults are learning enough
subsistence skills had increased. Also, the
number reporting less sharing of subsistence
resources, another integral aspect of subsis-
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tence culture, had decreased. However,
many of those interviewed continue to ex-
press concern about these elements of the
traditional lifestyle, with more than 50 per-
cent responding that the traditional way of
life has not recovered since the spill.

To promote restoration of subsistence
services, the Trustee Council has sponsored
two Elders/Youth Conferences and produc-
tion of two documentaries designed to trans-
mit local knowledge of subsistence to the
scientific community, resource managers,
and decision makers. In addition, in 1993
the Council provided funds for construction
of the Alutiiq Archaeological Repository in
Kodiak and in 1999 is providing funds for
an archaeological repository and local dis-
play facilities in the Prince William Sound/
lower Cook Inlet region. The State of Alaska
has used a portion of its Exxon criminal
settlement funds for “spirit camps™ in Prince
William Sound and on Kodiak Island.

In the 1998 household interviews, a
number of subsistence users commented that
some of the current influences on subsis-
tence may not be attributable to the oil spill.
Factors such as demographic changes in vil-
lage populations, ecosystem-wide changes
such as ocean warming, increased competi-
tion for subsistence resources by other
people (e.g., sport fishing charters) and

Canoe Passage is one of more than 300 salmon
streams protected through the Trustee Council's
Habitat Protection Program. Habitat protection
strongly benefits each of the human services, first
by protecting the resources, but also by providing
more public access for recreation, ensuring
subsistence, and protecting spawning areas of
wild salmon.

predators (e.g., sea otters), and increased
awareness of PSP and other contaminants
may play a role in resource availability,
food safety, and participation in traditional
practices.

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 shar-
ing food need to be reintegrated into com-
munity life.
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UprDATE ON INJURED RESOURCES
INTRODUCTION

History and Purposes of the List

In November 1994, the Trustee Council adopted an offi-
cial List of Injured Resources and Services as part of the
Restoration Plan. This list serves three main purposes:

1. It is representative of injuries caused by the oil spill and
cleanup efforts and helps the Trustees and the public track
the status of important fish, wildlife, and other resources
and services. The fish and wildlife species on this list
include ones that are thought to have suffered popula-
tion-level or sublethal injuries, but it does not include
every species or resource that suffered some degree of
injury. For example, carcasses of about 90 different spe-
cies of oiled birds were recovered in 1989, but only 10
species of birds are on the list of injured species.

2. It helps guide priorities for implementation of the Resto-
ration Plan. This was especially important in 1994 when
the plan was first adopted, but the list still serves to high-
light resources that are in need of attention. For example,
what additional work can be undertaken to clarify the
status of recovery unknown resources, or what can be
done, if anything, to help move resources from not re-
covering to recovering or from recovering to recovered?

3. Finally, when taken as a whole, the list of injured resources
helps the Trustees and the public track recovery of the
overall ecosystem and the functions and human services
that the ecosystem provides. For example, neither the
ecosystem nor the service of commercial fishing can be
judged to have recovered from the effects of the oil spill
until keystone resources, such as Pacific herring, are them-
selves fully recovered. (See below.)

Chapter 4 of the Restoration Plan indicates that the List of
Injured Resources and Services will be reviewed periodi-
cally and updated to reflect what is learned from scientific
studies and other sources of information, such as from tra-
ditional and local knowledge. Each time the list is reviewed,
a resource’s progress or lack of progress toward recovery is
evaluated with reference to a recovery objective that is as
concrete and measurable as possible. Sometimes the recov-
ery objectives themselves are changed to reflect new insights
about the nature of the injury and the best ways to evaluate

recovery status. The table on page 3 includes brief descrip-
tions of what each recovery category means.

The List of Injured Resources and Services was first up-
dated in September 1996. At that time, for example, the bald
eagle was upgraded from recovering to recovered. In 1999,
10 years after the oil spill, several more changes have been
made. One new resource, river otter, is now considered to
be Recovered, and five resources—black oystercatcher,
clams, marbled murrelet, Pacific herring, sea otter—are up-
graded to recovering. One resource, common loon, is moved
from recovery unknown to not recovering. Five resources
remain as recovery unknown.

The List of Injured Resources and Services can be updated
at any time that new information becomes available. It is
likely, however, that the next evaluation of changes in re-
covery status for all injured resources and lost or reduced
services will be in 2001, 10 years after the 1991 settlement
between the governments and Exxon and initiation of the
restoration program.

Ecosystem Perspective and Recovery

The List of Injured Resources consists mainly of single
species and resources, but, as noted above, it provides a ba-
sis for evaluating the recovery of the overall ecosystem, its
functions, and the services that it provides to people. In
fact, through the Restoration Plan, the Trustee Council
adopted an ecological approach to restoration, and the stud-
ies and projects it sponsored have been increasingly
ecological in character.

Page 35 of the Restoration Plan defines ecosystem recov-
ery as follows:

Full ecological recovery will have been
achieved when the population of flora and
fauna are again present at former or prespill
abundances, 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 ecosys-
tem provides the same functions and services
as would have been provided had the spill
not occurred.

Using this definition, the coastal and marine ecosystem
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Resources and Services Injured by the Spill

RecoveRiNG

Species are showing little or no clear Substantive progress is being made toward recovery objective. The amount of Recovery objectives have been met.
improvement since spill injuries occurred.  progress and time needed to achieve recovery vary depending on the resource.
Common loon Archaeological resources ~ Pacific herring Bald eagle
Cormorants (3 spp.) Black oystercatcher Pink salmon " River ofter
Harbor seal Clams Sea otter
. Harlequin duck Colmmon e Dodmans - Resources in boldface have each
Killer whale (AB pod) Intertidal communities Sockeye salmon moved on this Recovery Line
Pigeon guillemot Marbled murrelets Subtidal communities during the most recent update
Mussels (February 9, 1999)
RECOVERY
UNKNOWN HuMaN Services
Limited data on life history or Human services that depend on natural |
extent of injury; current research resources were also injured by the oil spill. It is
inconclusive or not complete. recommended that these services each be
categorized as “recovering” until the resources
Cutthroat trout on which they depend are fully recovered.
Designated ) .
Wiklimiien e Flecreatlon.& tounsm
Dolly Varden Commercual fishing
Kittlitz's murrelet Passwe Uses
Rockfish Subsistence

in the oil-spill region has not recovered from the effects of
the oil spill. Keystone species, such as Pacific herring and
harbor seals, have not fully recovered, nor has the composi-
tion of biological communities, such as in intertidal habitats.
Although full ecological recovery has not been achieved,
the spill-area ecosystem is still largely intact and function-
ing and on the way to recovery 10 years after the Exxon
Valdez.

It also is important to understand that ecosystems are
dynamic and would have changed even in the absence of
the oil spill. Baseline data describing fish and wildlife
populations, to say nothing of complex intertidal and

subtidal communities, were generally poor. For this rea-
son, it was and is difficult to evaluate injury to individual
resources and the ecosystem in general, and an inability to
document injury because of poor baseline data does not
mean that injury did not exist. It also is important to note
that as the time since the oil spill grows longer, it is more
and more difficult to separate what may be lingering ef-
fects of the spill from changes that are natural or caused
by factors unrelated to the oil spill. In fact, what we see is
often an interaction between oil effects and natural
changes, such as the effects of the 1998 El Nifio on com-
mon murres in the Barren Islands.
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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 ar-
chaeological 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 pub-
lic 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 was disturbed, which exposed
sites to accelerated erosion. The effect of oil
on soil chemistry and organic remains may
reduce or eliminate the utility of radiocar-
bon dating in some sites.

Assessments of 14 sites in 1993 sug-
gested that most of the archaeological van-
dalism 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 and
successfully limited additional injury. In
1993, only two of the 14 sites visited showed

BALp EAGLES

Injury and Recovery

The bald eagle is an abundant resident
of marine and riverine shoreline throughout
the oil-spill area. Following the oil spill, a
total of 151 eagle carcasses was recovered
from the spill area. Prince William Sound
provides year-round and seasonal habitat for
about 6,000 bald eagles, and within the sound
it is estimated that about 250 bald eagles died
as a result of the spill. There were no esti-
mates of mortality outside the sound, but
there were deaths throughout the spill area.

signs of continued vandalism. In 1996, there
was evidence of vandalism at five sites, but
only at one site in 1997. Natural erosion is
the major agent of degradation at the sites,
and the erosion draws the attention of loot-
ers to the exposed artifacts. Nine years af-
ter the oil spill it is difficult to attribute the
recent cases of vandalism to discovery of
these sites at the time of the oil 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 concentrations at
the second site were not sufficient to permit
identification of the source or sources of the
oil. The presence of oil in sediment samples
taken from four sites in 1995 did not appear
to have been the result of re-oiling by Exxon
Valdez oil.

In 1993, the Trustee Council provided
part of the construction costs for the Alutiiq
Archaeological Repository in Kodiak. This
facility now houses Kodiak-area artifacts that
were collected during the time of spill re-
sponse. Artifacts recovered from injured sites
in lower Cook Inlet and Prince William Sound
currently are stored at the University of
Alaska Fairbanks or elsewhere. In 1999,
however, the Trustee Council approved fund-
ing for an archaeological repository and lo-
cal display facilities for artifacts from Prince
William Sound and lower Cook Inlet.

In addition to direct montalities, produc-
tivity 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 had retumned to or exceeded
its prespill level in the sound.

In September 1996, the Trustee
Council classified the bald eagle as fully
recovered from the effects of the oil spill.
No additional work has been carried out spe-
cifically to assess the status of the bald eagle.

Exxon Valdez Oil Spill Trustee Council
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Two sites in Prince William Sound were
so badly damaged by oiling and erosion that
they were partly documented, excavated,
and stabilized by professional archaeologists
in 1994-1997. It appears that the two sites
were intermittently occupied for periods of
2,000 and 3,000 years. Most of the cultural
deposits are prehistoric in nature,

Starting in 1996, the Trustee Council
funded a project to involve local residents
in monitoring and protecting vulnerable sites
in the Kenai, Homer, Seldovia, Kodiak, and
Chignik areas. This project was based on
the premise that successful long-term stew-
ardship depends on community support and
involvement. A report on this project is due
in 1999. Based on the apparently low rate
of spill-related vandalism and progress in
the preservation of artificats and scien-
tific data on archaeological sites and ar-
tifacts, archaeological resources are con-
sidered to be recovering.

Recovery Objective

Archaeological resources are nonre-
newable: they cannot recover in the same
sense as biological resources. Archaeologi-
cal resources will be considered to have re-
covered when spill-related injury ends, loot-
ing 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).

However, the bald eagle has benefited enor-
mously from the habitat protection program,
including the acquisition of more than 1,200
miles of marine shoreline and 280 anadro-
mous fish streams.

Recovery Objective

Bald eagles will have recovered when
their population and productivity have re-
turned to prespill levels.



BLack OYSTERCATCHERS

Injury and Recovery

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

In addition to direct mortalities, breed-
ing activities were disrupted by the oil and
cleanup activities. When comparing 1989,
the year of the spill, with 1991, significantly
fewer pairs occupied and maintained nests
on oiled Green Island, while during the same
two years the number of pairs and nests re-
mained similar on unoiled Montague Island.
Nest success of pairs on Green Island was
significantly lower in 1989 than in 1991, but
Green Island nest success in 1989 was not
lower than on Montague Island. In 1989,
chicks disappeared from nests at a signifi-
cantly greater rate on Green Island than from
nests on Montague Island. Disturbance as-
sociated with cleanup operations also re-
duced productivity on Green Island in 1990.
In general, the overt effects of the spill and
cleanup had dissipated by 1991, and in that
year productivity on Green Island exceeded
that on Montague Island.

From 1991-1993, the Trustee Council
sponsored a study to determine if there were
any persistent effects of the spill on breeding
success and feeding ecology of black oyster-
catchers on Knight Island. Adult oystercatch-

Injury and Recovery

Carcasses of 395 loons of four species
were recovered following the spill, includ-
ing at least 216 common loons. Current
population sizes in the spill area are not
known for any of these species. In general,
however, loons are long-lived, slow-repro-
ducing, and have small populations. Com-
mon loons in the spill area may number only
a few thousand, including only hundreds in

ers foraged in oiled mussel beds, but also ob-
tained invertebrate prey at unoiled sites. As
late as 1993, there was direct evidence of hy-
drocarbon exposure from fecal samples of
chicks raised on persistently oiled shorelines,
but areas of contamination were patchily dis-
tributed and relatively few adults and young
wereexposed. In 1989, chicks raised on oiled
shorelines gained weight more slowly than
chicks reared on unoiled shores, but the
slower weight gain was not manifested in
1991-1993 indicated that the population
inhabitating Knight Island was not increas-
ing. Hydrocarbon exposure has not been
tested since 1993,

Productivity and survival of black oys-
tercatchers in Prince William Sound were
not monitored from 1993 through 1997.
Boat-based surveys of marine birds in the
sound did not indicate recovery in numbers
of oystercatchers in oiled areas through
1998, but these surveys were not specifically
designed to monitor oystercatchers.

In 1998 the Trustee Council sponsored
a field study to reassess the status of this
species in Prince William Sound. Only pre-
liminary results of this study are available,
but these data indicate that oystercatchers
have fully reoccupied and are nesting at oiled
sites in the sound. The breeding phenology
of nesting birds was relatively synchronous
in oiled and unoiled areas, and no oil-related
differences in clutch size, egg volume, or
chick growth rates were detected. A high

Prince William Sound. Common loons in-
jured by the spill probably included a mix-
ture of resident and migrant birds.
Boat-based surveys of marine birds in
Prince William Sound indicated that the
oil spill had a negative effect on numbers
of loons (all species combined) in the oiled
parts of the sound. Based on the surveys
carried out through 1998, there is no in-
dication of recovery. No additional in-
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rate of nest failures on Green Island prob-
ably can be attributed to predation, not lin-
gering effects of 0il. Given general agree-
ment between these new results and those
of the earlier work, which indicated that
the effects of the spill had largely dissi-
pated by 1991, recovery of black oyster-
catchers clearly is underway.

Black oystercatchers nest on rocky
beaches and have benefited enormously
from the habitat protection program, includ-
ing the acquisition of more than 1,200 miles
of marine shoreline. In addition, introduced
foxes were eliminated from two of the
Shumagin Islands (Simeonof and
Chemnabura) in the southwestern part of the
spill area. Black oystercatchers were present
in low densities on both islands, and in
higher densities on nearby fox-free islands.
Although the nesting birds have not been
surveyed since 1995, when the last of the
foxes was removed, the elimination of the
introduced predators should increase popu-
lations of nesting oystercatchers.

Recovery Obijective

Black oystercatchers will have recovered
when the population returns to prespill lev-
els and reproduction is within normal bounds.
An increasing population trend and compa-
rable hatching success and growth rates of
chicks in oiled and unoiled areas, after tak-
ing into account geographic differences, will
indicate that recovery is underway.

formation on the status of common loons
is available.

Recovery Objective

Common loons will have recovered
when their population returns to prespill lev-
els in the oil-spill area. An increasing popu-
lation trend in Prince William Sound will
indicate that recovery is underway.



CLams

Injury and Recovery

The magnitude of immediate impacts
on clam populations varied with the species
of clam, degree of oiling, and location. Data
from the lower intertidal zone on sheltered
beaches suggested that littleneck clams and,
to a lesser extent, butter clams were killed
and suffered slower growth rates as a result
of the oil spill and cleanup activities.

Since the original damage assessment
work on clams in 1989 and 1990, the Trustee
Council has not sponsored additional stud-
ies focused specifically on clam injury and
recovery. Some insights are available from
projects carried out by the NOAA Hazard-
ous Materials Division and others on inter-
tidal and subtidal communities in relation
to oil and shoreline treatments. In general,
these studies indicate that intertidal fauna
dwelling in soft sediments, including vari-
ous clam species, had rebounded within
one-three years after 1989 on oiled-but-un-

CommoN MuRrRes

Injury and Recovery

About 30,000 carcasses of oiled birds
were picked up in the first four months fol-
lowing 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 re-
covered. Based on surveys of index breed-
ing colonies at such locations as the Barren
Islands, Chiswell Islands, Triplet Islands,
Puale Bay, and Ugiaushak Island, 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 compli-
cated by incomplete prespill data and by in-
dications that populations at some colonies
were in decline before the oil spill.

Postspill monitoring at the breeding colo-
nies in the Barren Islands indicated that repro-
ductive success was again within normal

treated shorelines. On these shorelines,
abundances or trends in abundance of inter-
tidal fauna were parallel or similar to those
at unoiled, untreated sites. One study docu-
mented that concentrations of hydrocarbons
in littleneck clam tissues at oiled and unoiled
sites were not significantly different by
1993. These results indicate that recovery
is underway.

Clearly, however, full recovery has not
been achieved, especially on shorelines that
were oiled and treated by hot-water washes.
For example, one study found that densities
of littleneck and butter clams were depressed
through 1996 on oiled, treated mixed-sedi-
mentary shores where fine sediments had
been washed downslope during pressured
water treatments. Comparing oiled study
sites on Knight Island with unoiled sites on
Montague Island, researchers in the
Nearshore Vertebrate Predator project found
a full range of size classes of clams at the

bounds by 1993, and it has stayed within these
ing the period 1993-1997, the murres nested
progressively earlier by 2-5 days each year,
suggesting that the age and experience of nest-
ing birds was increasing, as might be expected
after a mass mortality event. By 1997, num-
bers of murres at the Barren Islands had in-
creased, probably because 3-and 4-year old
nonbreeding subadult birds that were hatched
there in 1993 and 1994 were returning to their
natal nesting colony. This information sug-
gests that recovery is well underway, al-
though the strong 1998 El Nifio event ap-
parently disrupted timing and synchrony
of nesting at the Barren and Chiswell islands
and may, to some extent, have affected re-
productive success. The Barren Islands colo-
nies will be surveyed again in 1999.
Although Prince William Sound does
not have a large summer population of
murres, boat-based surveys of marine birds
before and after the oil spill indicated a nega-
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oiled sites, as well as more large clams.
However, oiled sites also had fewer juve-
nile clams and lower numbers of several
species. Based on all of the evidence sum-
marized above, clams are recovering, but
are not yet fully recovered from the ef-
fects of the oil spill.

In communities on the Kenai Peninsula,
Kodiak Island, the Alaska Peninsula and in
Prince William Sound there are lingering
concerns about the effects of the oil spill on
clams. The Trustee Council sponsored a
project to help restore subsistence uses of
clams (see subsistence).

Recovery objective

Clams will have recovered when popu-
lations and productivity have returned to
levels that would have prevailed in the ab-
sence of the oil spill, based on comparisons
of oiled and unoiled sites.

tive effect on numbers in the sound. Sur-
veys carried out through 1998 have not
shown any increase in murres since the spill.

The Alaska Predator Ecosystem Experi-
ment (APEX project), funded by the Trustee
Council, is investigating the linkage between
murre populations and changes in the abun-
dance of forage fish, such as Pacific herring,
sand lance, and capelin. Historical trawl data
analyzed as part of this project supported a
decision by the North Pacific Fishery Man-
agement Council to limit bycatch of forage
fish in commercial fisheries and to preclude
the startup of fisheries targeting forage fish
(not including hu-nng).
Recovery Objective

Common murres will have recovered
when populations at index colonies have
returned to prespill levels and when produc-
tivity is sustained within normal bounds.
Increasing population trends at index colo-
nies will be a further indication that recov-
ery 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 recov-
ered 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. In 1996, the U.S.
Fish and Wildlife Service Alaska Seabird

CuTtTHrROAT TROUT

Injury and Recovery

Prince William Sound is at the northwest-
ern limit of the range of cutthroat trout. Local
cutthroat trout populations are believed to be
small, and the fish have small home ranges
and are geographically isolated. Cutthroat
trout, therefore, are highly vulnerable to ex-
ploitation, habitat alteration, or pollution.

Following the oil spill, cutthroat trout in
a small number of oiled index streams in
Prince William Sound grew more slowly than
in unoiled streams. The apparent difference
in growth rates persisted through 1991, It
was hypothesized that the slower rate of
growth in oiled streams was the result of re-
duced food supplies or exposure to oil, and
there was concern that reduced growth rates
would result in reduced survival.

Preliminary data from a Trustee Coun-
cil-sponsored study of resident and anadro-
mous forms of cutthroat trout in Prince Wil-
liam Sound suggest that there is significant
genetic variation among trout from differ-
ent locations across the sound. These data
are consistent with the idea that cutthroat
populations are small and isolated. This
work is being completed in FY 1999 and
should make possible insights into such is-
sues as growth rates with respect to geo-

Colony Catalog, however, listed counts of
7,161 pelagic cormorants, 8,967 red-faced
cormorants, and 1,558 double-crested cor-
morants in the oil-spill area. These are
direct counts at colonies, not overall popu-
lation estimates, but they suggest that
population sizes are small. In this con-
text, it appears that injury to all three cor-
morant species was significant.

Counts on the outer Kenai Peninsula
coast suggested that the direct mortality of
cormorants due to oil resulted in fewer birds
in this area in 1989 compared to 1986. In
addition, there were statistically-significant
declines in the estimated numbers of cor-
morants (all three species combined) in the

Cutthroat Trout

graphic variation. Pending this additional
work, the recovery status of the cutthroat
trout remains unknown.

Cutthroat trout have benefited from sev-
eral other projects sponsored by the Trustee
Council. In 1991-93, in response to the early
evidence of injury to cutthroat trout, sport
harvests were temporarily restricted in Prince
William Sound. In 1994, out of concern about
the long-term conservation status of this spe-
cies, the Alaska Board of Fisheries perma-
nently closed sport harvests during the April
15-June 15 spawning season in the sound.
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oiled portion of Prince William Sound
based on pre- and postspill boat surveys in
July 1972-73 compared to 1989-91. More
recent surveys (through 1998) have not
shown an increasing population trend
since the oil spill, and for that reason
these species are considered to be not
recovered.

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.

The  Trustee
Council sponsored in-
ventories of streams
in and around Prince
William Sound to
identify cutthroat
trout habitat and the
presence or absence
of this species. Infor-
mation from these in-
ventories has been
added to the Alaska
Department of Fish
and Game's Anadro-
mous Waters Catalog,
and this step brings to
bear additional legal protection under state
law in regard to actions affecting these
streams. Additional habitat for cutthroat trout
has been protected from among the more than
280 anadromous fish streams that have been
acquired through the Trustee Council’s habi-
tat protection program.

Recovery Objective

Cutthroat trout will have recovered
when growth rates within oiled areas are
similar to those for unoiled areas, after tak-
ing into account geographic differences.



DesiGNATED WILDERNESS AREAS

Injury and Recovery

The oil spill delivered oil in varying
quantities to the waters and tidelands adjoin-
ing eight areas designated as wilderness ar-
eas and wilderness study areas by Congress
or the Alaska State Legislature. Oil also was
deposited above the mean high-tide line at
these locations. During the intense clean-up
seasons of 1989 and 1990, thousands of
workers and hundreds of pieces of equip-
ment were at work in the spill zone. This
activity was an unprecedented imposition of
people, noise, and activity on the area’s un-
developed and normally sparsely occupied
landscape. Although activity levels on these
wilderness shores have probably returned to
normal, at some locations there is still re-
sidual oil.

Among the affected areas were desig-
nated wilderness in the Katmai National
Park, wildemess study areas in the Chugach
National Forest and Kenai Fjords National
Park, and Kachemak Bay Wilderness State

DoLLy VARDEN

Injury and Recovery

Dolly Varden are widely distributed in
the spill area. In spring, anadromous forms
of Dolly Varden migrate to the sea from the
lakes and rivers where they spend the win-
ter. Summers are spent feeding in nearshore
marine waters. Thus, some Dolly Varden in
Prince William Sound and perhaps at other
locations were exposed to Exxon Valdez oil
in 1989 and possibly beyond. In fact, con-
centrations of hydrocarbons in the bile of
Dolly Varden were some of the highest of
any fish sampled in 1989. By 1990, these
concentrations had dropped substantially.

Like the cutthroat trout, there is evi-
dence from 1989-90 that Dolly Varden in a
small number of oiled index streams in
Prince William Sound grew more slowly
than in unoiled streams. It was hypothesized
that the slower rate of growth in oiled
streams was the result of reduced food sup-
plies or exposure to oil, and there was con-
cemn that reduced growth rates would result

Park. Six moderately to heavily oiled sites
on the Kenai and Katmai coasts were last
surveyed in 1994, at which time some oil
mousse persisted in a remarkably unweath-
ered state on boulder-armored beaches at
five sites. These sites will be visited again
in 1999. Pending completion of these vis-
its, and additional visits to oiled shorelines

in reduced survival. However, these growth
differences did not persist into the 1990-91
winter. No growth data have been gathered
since 1991.

In a 1991 restoration study sponsored
by the Trustee Council, some tagged Dolly
Varden moved considerable distances
among streams within Prince William
Sound, suggesting that mixing of overwin-
tering stocks takes place during the summers
in saltwater. This hypothesis is supported
by preliminary data from another Trustee
Council-sponsored study, which indicates
that Dolly Varden from different locations
across the sound are genetically similar. The
final report on this genetics study is due in
1999, but if this preliminary conclusion is
bomn out, it would suggest that the Dolly
Varden population in the sound should have
little difficulty in recovering from any ini-
tial growth-related effects. Pending
completion of the genetics work and ab-
sent additional growth data, however, it

Exxon Valdez Oil Spill Trustee Council

Kenai Fjords National Park

in western Prince William Sound, the re-
covery status of designated wilderness
remains unknown.
Recovery Objective

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

T W

is prudent to continue classifying the
Dolly Varden as recovery unknown.

The Trustee Council sponsored inven-
tories of streams in and around Prince Wil-
liam Sound to identify Dolly Varden habi-
tat and the presence or absence of this spe-
cies. Information from these inventories
has been added to the Alaska Department
of Fish and Game’s Anadromous Waters
Catalog, and this step brings to bear addi-
tional legal protection under state law in
regard to actions affecting these streams.
Additional habitat for Dolly Varden has
been protected from among the more than
280 anadromous fish streams that have
been acquired through the Trustee
Council’s habitat protection program.

Recovery Objective

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



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. Because the spill
occurred in early spring before wintering
harlequins migrated from the sound to in-
land breeding sites, the initial effects of the
spill were likely extended beyond the im-
mediate spill zone. The geographic extent
of these extended impacts is not known.

The current overwintering population of
harlequin ducks in Prince William Sound is
on the order of 18,000 ducks, while the sum-
mer population is about half that number.
Fall boat surveys designed specifically to
monitor molting-wintering harlequin ducks
indicate a significant declining trend in the
western sound. Other boat surveys designed
to monitor an entire suite of marine birds in
the sound have shown mixed results: an in-
creasing trend in March but no increase in
July through 1996. All three surveys, how-
ever, are consistent in that they show differ-
ent or lower trends for harlequin ducks in
oiled parts of the sound compared to unoiled
parts.

Prespill data on harlequin populations
and reproductive success are limited and
difficult to interpret, but previously there was
concern about poor reproductive success in
the western versus eastern parts of Prince
William Sound. This concern was based on
observations of 7-15 broods in the eastern
sound and few-to-no reports of broods in the
western sound when comparable numbers
of streams were surveyed. Subsequent re-
search does not indicate any differences in
the age- and sex-structure of harlequin popu-
lations in the eastern and western parts of
the sound, but it is clear that the breeding
habitat in the western sound is very limited
compared to what is available in the eastern
sound. Some harlequins remain in the sound
to nest, mostly on the eastern side, but it is
now suspected that most harlequins of breed-

ing age and condition probably leave the
sound altogether to nest in interior drainages.
Thus, conclusions of reproductive failure
based on lack of broods in the oiled area do
not now seem warranted.

Biopsies from samples of harlequin
ducks collected early in 1998 and from
Barrow’s goldeneye in the 1996-1997 win-
ter continue to show differences in an en-
zyme indicative of exposure to hydrocar-
bons between birds from oiled versus
unoiled parts of the sound. These differ-
ences are consistent with the possibility of
continued exposure to hydrocarbons in the
oiled western sound. The biological effect
of this possible exposure has not been es-
tablished, but three years of data (1995/96-
97/98 winters) on overwintering survival
of adult female harlequins indicate signifi-
cantly lower survival rates in oiled versus
unoiled parts of the sound. This result can-
not be atiributed unequivocally to oil ex-
posure, but there is reason for concern
about possible oil exposure and reduced
survival for harlequin ducks in the western
sound. This information, coupled with
indication of a possible on-going decline
in numbers of molting harlequin ducks
in the western sound, suggest that the
harlequin duck has not recovered from
the effects of the oil spill.

Recent Trustee Council-sponsored stud-
ies give insight into prospects for recovery
of harlequin ducks. Although some harle-
quin ducks make major seasonal move-
ments, they exhibit high site fidelity to sum-
mer breeding sites and to molting and win-
tering sites during nonbreeding
seasons. Strong site fidelity
may limit population recovery
by immigration, but a genetic
analysis of harlequin ducks in-
dicates that the spill-area popu-
lation is homogeneous (i.e., very
similar). Taken together, these
data are consistent with a low
rate of dispersal, perhaps at the
subadult stage, or a rapid expan-
sion of the population in recent
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geological time. To the extent that there is
subadult dispersal from adjacent expanding
populations, such dispersal would enhance
recovery. It is likely, however, that recov-
ery will largely depend on recruitment and
survival from within injured populations.
This recovery may be compromised if ex-
posure to lingering hydrocarbons reduces
fitness and survival of harlequin ducks

The Trustee Council has made a ma-
jor investment in harlequin ducks, study-
ing the possibility of on-going oil-related
effects, gaining knowledge that will ben-
efit long-term management and conserva-
tion, and protecting nesting and overwin-
tering habitats. Harlequin ducks nest along
anadromous fish streams, typically under
forest cover and at higher elevations. Some
of the more than 280 anadromous fish
streams protected with the support of the
Trustee Council provide nesting habitat for
harlequin ducks. Molting and overwinter-
ing habitats are protected along the more
than 1,200 miles of marine shorelines ac-
quired through the habitat protection pro-
gram. As a result, the terrestrial portion of
the habitat base for harlequin ducks in the
spill area is now significantly more secure.

Recovery Objective

Harlequin ducks will have recovered
when breeding- and nonbreeding-season
densities return to prespill levels. An in-
creasing population and decreasing indica-
tions of exposure to hydrocarbons in oiled
parts of Prince William Sound will indicate
that recovery is underway.




HARBOR SEALS

Injury and Recovery

Harbor seal numbers were declining in
the Gulf of Alaska, including in Prince Wil-
liam Sound, before the oil spill. Exxon
Valdez oil affected harbor seal habitats, in-
cluding key haul-out areas and adjacent
waters, in Prince William Sound and as far
away as Tugidak Island, near Kodiak. Esti-
mated mortality as a direct result of the oil
spill was about 300 seals in oiled parts of
Prince William Sound. Based on aerial sur-
veys conducted at trend-count haulout sites
in central Prince William Sound before
(1988) and after (1989) the oil spill, seals in
oiled areas 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 1989-1997, the average estimated
annual rate of decline was about 5 percent,
and for that reason harbor seals continue
to be considered “not recovered.” Envi-
ronmental changes in the late 1970s may have
reduced the amount or quality of prey re-
sources, including such forage fishes as Pa-
cific herring and capelin, available to harbor
seals in the northern Gulf of Alaska ecosys-

INTERTIDAL COMMUNITIES

Injury and Recovery

Portions of 1,300 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 sig-
nificant impacts on the flora and fauna of
the intertidal zone, the area of beach between
low and high tides. Intertidal communities
are intrinsically important and are resources
for subsistence users, sea and river otters,
and a variety of birds, including black oys-
tercatchers, harlequin ducks, and pigeon
guillemots.

Initial impacts to intertidal organisms
occurred at all tidal levels and in all types of

tem. These changes
may have been re-
sponsible for or con-
tributed to the initial
prespill harbor seal
decline, and the eco-
system may now
support fewer seals
than it did prior to
the late 1970s. Recent studies, however, in-
dicate that the seals in the sound, especially
pups and yearlings, are in very good condi-
tion and do not show evidence of nutritional
stress. On-going sources of mortality include
killer whale predation, subsistence hunting,
and commercial fishery interactions (e.g.,
drowning in nets). Satellite tagging studies
sponsored by the Trustee Council indicate that
harbor seals in the sound are largely resident
throughout the year, suggesting that recov-
ery must come largely through recruitment
and survival within injured populations.
Harbor seals have been a major focus
of research sponsored by the Trustee Coun-
cil since the oil spill. This research includes
documentation of population trends in the
field, improved statistical techniques for the
analysis of aerial survey data, and explora-
tion of possible sources of mortality and lack
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habitats throughout the oil-spill area. Many
species of algae and invertebrates were less
abundant at oiled sites than at unoiled refer-
ence sites. Some, more opportunistic spe-
cies, including a small species of barnacle,
oligochaete worms, and filamentous brown
algae, colonized shores affected by the oil
spill and clean-up activities. The abundance
and reproductive potential of the common
seaweed, Fucus gardneri (known as rock-
weed or popweed), also was reduced follow-
ing the spill.

In the lower and middle intertidal
zones on oiled rocky shores, algal cover-
age and invertebrate abundances had re-
turned by 1991 to coverages and abun-
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of recovery in the population, including
health and diet. One study quantified nor-
mal blood chemistry values for several hun-
dred seals; this database serves as a valu-
able tool for evaluating the health status of
other seals. Starting in 1998, several projects
exploring blood chemistry and other health
parameters in relation to diet are being car-
ried out at the Alaska SeaLife Center.

Harbor seals have long been a key sub-
sistence resource in the oil-spill area. Sub-
sistence hunting is affected by the declin-
ing seal population, and fewer opportuni-
ties to hunt seals have changed the diets of
subsistence users who traditionally relied
on these marine mammals. With partial
support from the Trustee Council, the
Alaska Native Harbor Seal Commission is
working to involve Native hunters in re-
search on and management of harbor seals.
Alaska Native subsistence hunters have
been helpful by providing seal researchers
with measurements and hard-to-obtain tis-
sue samples from harvested seals.

Recovery Objective

Harbor seals will have recovered from
the effects of the oil spill when their popu-
lation is stable or increasing.

dances similar to those observed in unoiled
areas. However, large fluctuations in the
algal coverage took place through 1997 in
the oiled areas. This pattern is consistent
with continued instability due to the origi-
nal spill impact and the subsequent
cleanup.

On the sheltered, bedrock shores that
are common in Prince William Sound, full
recovery of Fucus is crucial for the recov-
ery of intertidal communities at these sites,
since many invertebrate organisms depend
on the cover provided by this seaweed. Fu-
cus has not yet fully recovered in the up-
per intertidal zone on shores subjected to
direct sunlight, but in many locations, re-



covery of intertidal communities has been
substantial. 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. In studies of the
effects of cleanup activities on beaches, in-
vertebrate molluscs and annelid worms on
oiled and washed beaches were still much
less abundant than on comparable unoiled
beaches through 1997.

Beyond describing the effects of the oil
spill and cleanup operations, the Trustee
Council’s restoration program has benefited
intertidal communities in several respects.

KitTLiTZ’s MURRELETS

Injury and Recovery

The Kittlitz's murrelet is found only in
Alaska and portions of the Russian Far East.
A large fraction of the world population,
which may number only a few tens of thou-
sands, 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, but they are known to 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.

KiLLeEr WHALES

Injury and Recovery

More than 100 killer whales in six “resi-
dent” pods regularly use Prince William
Sound as part of their ranges. Other whales
in “transient” groups are observed in the
sound less frequently. There has been par-
ticular concem in the sound about the resi-
dent AB pod, which numbered 36 animals

Although most tidelands in the spill area are
already in state ownership, Trustee Council
funds enabled the protection of sedge and
mudflat habitats on the Homer Spit and en-
hanced protection of and access to rocky
intertidal habitats at Kachemak Bay and at
Lowell Point near Seward. Research and
monitoring sponsored by the Trustee Coun-
cil have greatly expanded knowledge of the
distribution and ecology of north Pacific in-
tertidal organisms, such as sea stars, and
have provided models for statistically pow-
erful sampling designs that can be incorpo-
rated into future injury assessments.

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

Because so little is known about this spe-
cies, the Trustee Council funded an explor-
atory study on the ecology and distribution
of the Kittlitiz's murrelet in Prince William
Sound starting in 1996. Final results from
this project are not yet available, but prelimi-
nary data confirm this species’ affinity for
tidewater glaciers in the four bays studied in
the northern and northwestern parts of the
sound. It also appears that reproductive out-
put in 1996 and 1997 was extremely low or
absent, and some Kittlitz’s murrelets were
apparently paired with marbled murrelets.
There appear to be about 1,200-1,400
Kittlitz’s murrelets during summer in the four

prior to the spill. Fourteen whales disap-
peared from this pod in 1989 and 1990, dur-
ing which time no young were recruited into
the population. During the period 1992-94,
four calves were added to the pod, but five
additional adults were lost and presumed
dead. During the most recent period, 1996-
98, fives calves were recruited and only two
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Recovery Objective

Intertidal communities will have recov-
ered 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 reestablish-
ment of important species, such as Fucus at
sheltered rocky sites, the convergence in
community composition and organism abun-
dance on oiled and unoiled shorelines, and
the provision of adequate, uncontaminated
food supplies for top predators in intertidal
and nearshore habitats.

bays studied in northern and northwestern
sound. Other, more extensive marine bird
boat surveys suggest a sound-wide summer
population of at least 3,400 murrelets. These
estimates are consistent with what is believed
to be a small Alaskan and world population.

The population data, indications of low
reproductive success, and affinity to tidewa-
ter glaciers (of which the lower elevation gla-
ciers are receding rapidly) are reasons for
concern about the long-term conservation of
Kittlitz’s murrelets. Specifically with refer-
ence to the effects of the oil spill, however,
the original extent of the injury and its re-
covery status are still unknown and may
never be resolved.

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

adults were lost—a net gain of three individu-
als since 1992. If the calves born since 1992
survive and if additional calves are added to
the pod over the next two or more years, the
requirements for recovery will have been sat-
isfied. Pending evidence of sustained re-
cruitment or at least stability, the kill whale
is still considered to be not recovering.



The original link between the AB pod
losses and the oil spill was circumstantial.
The rate of disappearance and likely mortal-
ity of killer whales in this well-studied pod
in Prince William Sound following the spill
far exceeded 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 had been concern about the
possible shooting of killer whales due to con-
flicts with long-line fisheries prior to the oil
spill. There are no recent indications of such
conflicts.

Overall numbers within the major resi-
dent killer whale pods in Prince William
Sound are at or exceed prespill levels, even
though the AB pod may or may not regain its
former size. There is concern, however, that
a decline in resightings of individuals within
the AT1 group of transient killer whales has
accelerated following the oil spill. Since 1990
and 1991, 10 individuals have been missing
from the AT group and are now almost cer-
tainly dead. During that same period there
has been no recruitment of calves into this

group of transients. Transient killer whales
largely prey on marine mammals, and there
has been a 60 percent decline in the harbor
seal population in the sound over the last two
decades. Changes in the availability of such
an important prey species could influence
killer whale distribution and reproduction.
Trustee Council-sponsored research on
contaminants in killer whales in Prince Will-
iam Sound indicates that some whales are
carrying high concentrations of PCBs, DDT,
and DDT metabolites in their blubber. The
presence of such contaminants is not related
to the oil spill. Contaminants are significantly
higher in the mammal-eating transients than
in the fish-eating residents, consistent with
the fact that contaminants bicaccumulate—
that is they are more concentrated at higher
trophic levels. Concentrations are highest in
first-born calves, indicating that contaminants
are passed on by nursing females. The high
concentrations of contaminants found in the
transient whales, including those in the AT1
group, are comparable to those found to cause
reproductive problems in other marine mam-

mals, but there is no unequivocal evidence
of a link between contaminants and poor re-
production in the AT1 group.

Other work sponsored by the Trustee
Council includes a detailed genetic analysis
that has shown definitively that resident and
transient killer whales in Prince William
Sound are genetically distinct. The Trustee
Council also has sponsored development of
acoustic techniques for identifying and moni-
toring killer whales. Data on sightings and
movements of killer whales indicate that the
area around Knight Island and passages to
Knight Island are among the most heavily
used parts of Prince William Sound by both
resident and transient killer whales. Use of
the outer Kenai coast, including Resurrection
Bay, appears to be increasing.

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.
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MARBLED MURRELETS

Injury and Recovery

The northern Gulf of Alaska, including
Prince William Sound, is a key area of con-
centration in the distribution of marbled
murrelets. The marbled murrelet is feder-
ally listed as a threatened species in Wash-
ington, Oregon, and California; it also is
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 de-
cline are not known for certain, but envi-
ronmental changes in the late 1970s prob-
ably reduced the availability or quality of
prey resources. There is, nonetheless, clear
evidence that oil caused injury to marbled
murrelets in the sound. Carcasses of nearly
1,100 Brachyramphus murrelets were found
after the spill, and about 90 percent of the
murrelets that could be identified to the spe-
cies level were marbled murrelets. Many
more murrelets probably were killed by the
oil than were found, perhaps as much as 7
percent of the spill area population.

The recovery of the marbled murrelet
population in Prince William Sound is as-
sessed primarily through standard marine
bird boat surveys. Based on a recent analy-
sis of data from boat surveys carried out in
July for most years from 1989-1998, densi-

MussELs

Injury and Recovery

Mussels are an important prey species
in the nearshore ecosystem throughout the
spill area and are locally important for sub-
sistence. Beds of mussels provide physical
stability and habitat for other organisms in
the intertidal zone and were purposely left
alone during Exxon Valdez cleanup opera-
tions.

In 1991, high concentrations of relatively
unweathered oil were found in the mussels
and in underlying byssal mats and sediments
in certain dense mussel beds. The biological
significance of mussel beds that are still oiled
is not known precisely, but they are potential

ties of marbled murrelets increased substan-
tially in oiled parts of the sound during 1990-
1993, but declined again in 1996 and 1998.
Densities of murrelets in unoiled parts of the
sound also declined in 1996 and 1998, so
the reason for the recent declines in both
oiled and unoiled areas is probably due to
some factor other than the oil spill.

The Trustee Council’s recovery objec-
tive requires a stable or increasing popula-
tion for marbled murrelets; stable or increas-
ing productivity would indicate that recov-
ery is underway. The marbled murrelet
population is not now stable nor increasing,
but the increase in oiled areas from 1990-
1993 is a positive sign. In addition, marbled
murrelet productivity, as measured by sur-
veys of adults and juveniles on the water in
Prince William Sound, appears to be within
normal bounds. On these bases, it appears
that the marbled murrelet is at least re-
covering from the effects of the oil spill.

Marbled murrelets have been a major
focus of the Trustee Council’s restoration
program, including both habitat protection
and research and monitoring activities.
Marbled murrelets are known to nest in
large, mossy trees within stands of old-
growth forest. Following the oil spill,
Trustee Council researchers identified spe-

pathways of oil contamination for local popu-
lations of harlequin ducks, black oystercatch-
ers, river otters, and sea otters, all of which
feed to some extent on mussels and other prey
in and around mussel beds and which were
injured by the oil spill. The Trustee Council’s
Nearshore Vertebrate Predator project has
evidence of possible hydrocarbon exposure
in sea otters, river otters, harlequin ducks, and
Barrow’s goldeneyes in oiled parts of Prince
William Sound through 1996 or 1997, but the
pathway of such exposure has not been es-
tablished.

About 30 mussel beds in Prince Will-
iam Sound still contained Exxon Valdez oil
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cific habitat types and areas within the spill
zone that are especially valuable to nesting
murrelets. Much of the 600,000 acres of
habitat protected with Trustee Council funds
is forested, including significant habitat that
is suitable for and used by nesting murrelets
(for example, on Afognak Island).

In the area of research and monitoring,
the Trustee Council’s Alaska Predator Eco-
system Experiment (APEX) project is inves-
tigating the relationship between marbled
murrelet declines and the availability and
abundance of forage fish, such as Pacific
herring, sand lance, and capelin. It appears
that there is a direct correlation between the
availability of forage fish and production of
young murrelets, based on the presence of
juvenile murrelets on the water in Prince
William Sound. Historical trawl data ana-
lyzed as part of this project supported a de-
cision by the North Pacific Fishery Manage-
ment Council to limit bycatch of forage fish
in commercial fisheries and to preclude the
startup of fisheries targeting forage fish (not
including herring).

Recovery Objective

Marbled murrelets will have recovered
when their populations are stable or increas-
ing. Stable or increasing productivity will
be an indication that recovery is underway.

residue when last sampled in 1995. Twelve
of these beds had been cleaned on an experi-
mental basis in 1993 and 1994. In 1995, oil
hydrocarbon concentrations in mussels at half
the treated beds were lower than would have
been expected if the beds had not been
cleaned. In 1996, however, limited sampling
indicated that several of the cleaned beds had
been recontaminated from surrounding or
underlying oil residue.

Mussel beds along the outer Kenai Pen-
insula coast, the Alaska Peninsula, and
Kodiak Archipelago were surveyed for the
presence of oil in 1992, 1993, and 1995. In
1995, hydrocarbon concentrations in mussels



and sediments at these Gulf of Alaska sites
were generally lower than for sites in Prince
William Sound, but at some sites substantial
concentrations persist.

While several sites in Prince William
Sound still contained high concentrations of
oil in 1995, over half the sites surveyed dem-
onstrated significant natural declines that sug-
gest background concentrations should be
reached in the next few years. On this basis,

PaciFic HERRING

Injury and Recovery

Pacific herring spawned in intertidal
and subtidal habitats in Prince William
Sound shortly after the oil spill. A signifi-
cant portion of these spawning habitats as
well as herring staging areas in the sound
were contaminated by oil. Field studies con-
ducted in 1989 and 1990 documented in-
creased rates of egg mortality and larval de-
formities in oiled versus unoiled areas. Sub-
sequent laboratory studies confirm that these
effects can be caused by exposure to Exxon
Valdez oil, but the significance of these in-
juries 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
very high. Despite the large spawning bio-
mass in 1992, the population exhibited a
density-dependent reduction in size, and in
1993 there was an unprecedented crash of
the adult herring population. A viral disease
and fungus were the probable immediate
agents of mortality, but such other factors
as competition for food may have reduced
herring fitness and survival. Laboratory in-
vestigations since the population crash have
shown that exposure to very low concentra-
tions of Exxon Valdez oil can compromise
the immune systems of adult herring and
lead to expression of the viral disease. The
extent to which the exposure to oil contrib-
uted to the 1993 disease outbreak is uncer-
tain.

Numbers of spawning herring in Prince
William Sound remained depressed through

mussels are considered to be recovering. Oil
contamination in mussels, however, will
likely persist for many years at certain sites
that are well protected from wave action or
where oil penetrated deeply into underlying
sediments.

In 1999, a series of oiled mussel beds
will be inspected and monitored to track the
recovery of this resource. Comparison of
mussel beds cleaned in 1994 to beds that were

the 1995 season. In 1997 and 1998 the
spawning biomass was about double that of
1994, the season following the crash, and
there were limited commercial harvests for
herring in the sound. , The increased biom-
asses in 1997 and 1998 are signs that recov-
ery has begun. Unfortunately, the popula-
tion has yet to recruit a highly successful
year-class, which is fundamental to recov-
ery of this species. Thus, a full recovery
has not been achieved, and the Pacific
herring can only be considered to be re-
covering.

Because the Pacific herring is extremely
important ecologically and commercially
and for subsistence users, the Trustee Coun-
cil has made a major investment in restora-
tion projects that benefit herring. In the area
of habitat protection, Trustee Council funds
have acquired more than 1,200 miles of up-
land shorelines, some of which will help
protect water quality in areas used by spawn-
ing herring. Research sponsored by the
Trustee Council also has identified bays that
are important as herring nursery and over-
wintering areas, and this information will be
useful to natural resource managers for de-
cisions about siting facilities or planning
responses to future oil spills.

The Trustee Council’s Sound Ecosys-
tem Assessment has resulted in new under-
standing of the importance of body condi-
tion in determining overwintering survival
of herring and in the influences of the Gulf
of Alaska in herring productivity within
Prince William Sound. Techniques for im-
proving stock and spawning biomass assess-
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not cleaned should provide valuable informa-
tion for planning responses to future oil spills.

Recovery Objective

Mussels will have recovered when con-
centrations of oil in the mussels and in the
sediments below mussel beds reach back-
ground levels, do not contaminate their preda-
tors, and do not affect subsistence uses.

ments through spawn deposition surveys and
hydroacoustic and aerial surveys also have
been supported by the Trustee Council. On-
going research on herring disease in rela-
tion to commercial fishing practices, such
as the enclosed *“pound” fisheries, have di-
rect implications for management of the
herring fishery. Improvements in knowledge
about the biology and ecology of herring and
in assessment and management tools will
enhance conservation and management of
this species over the long term.

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.




PiceoN GuiLLEMOTS

Injury and Recovery

Although pigeon guillemots are widely
distributed in the north Pacific region, nowhere
do they occur in large 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 evi-
dence that the pigeon guillemot population in
Prince William Sound declined before the oil
spill. The causes of the prespill decline are not
known for certain, but environmental changes
in the late 1970s probably reduced the avail-
ability or quality of prey resources. There is,
nonetheless, clear evidence that oil caused in-
jury to the guillemot population in the sound.
An estimated 10-15 percent of the spill-area
population died immediately following the
spill. Boat-based surveys of marine birds be-
fore (1984-85) and after the oil spill indicated
that the guillemot population declined through-
out the oiled portion of the sound. These same
surveys indicate that numbers of guillem-
ots remain depressed along oiled shorelines

PINK SALMON

Injury and Recovery

Certain features of the life history of pink
salmon made this species highly vulnerable to
damage from the oil spill. As much as 75 per-
cent of wild pink salmon in Prince William
Sound spawn in the intertidal portions of
streams, where embryos deposited in the gravel
could be chronically exposed to hydrocarbon
contamination in the water column or leach-
ing from oil deposits on adjacent beaches.
When juvenile pink salmon migrate to salt-
water they spend several weeks foraging for
food in nearshore habitats. Thus, juvenile
salmon entering seawater from both wild and
hatchery sources could have been exposed to
oil as they swam through oiled waters and fed
along oiled beaches. Trustee Council-spon-
sored studies have documented two primary
types of injury due to the exposure of these
early life stages: First, growth rates in both wild
and hatchery-reared juvenile pink salmon from

in the sound through 1998, and for this rea-
son the pigeon guillemot is still considered
to have not recovered from the effects of
the oil spill.

The Trustee Council’s Alaska Predator
Ecosystem Experiment (APEX) project is in-
vestigating the possible link between pigeon
guillemot declines and the availability of high-
quality forage fish, such as Pacific herring and
sand lance. This work has revealed a strong
connection between the availability of certain
prey fishes, especially sand lance, and
guillemot chick growth rates, fledging weights,
and nesting population size. Historical trawl
data analyzed as part of this project supported
a decision by the North Pacific Fishery Man-
agement Council to limit bycatch of forage fish
in commercial fisheries and to preclude the
startup of fisheries targeting forage fish (not

The Nearshore Vertebrate Predator (NVP)
project, also sponsored by the Trustee Council,
addresses the possibility that exposure to oil is
limiting the guillemot’s recovery. Preliminary

oiled parts of the sound were reduced. Sec-
ond, there was increased egg mortality in oiled
versus unoiled streams.

In the years preceding the spill, returns of
wild pink salmon in Prince William Sound var-
ied from a maximum of 23.5 million fishin 1984
to aminimum of 2.1 million in 1988. Since the
spill, returns of wild pinks have varied from a
high of about 12.7 million fish in 1990 to a low
of about 1.9 million in 1992. The decade pre-
ceding the oil spill was a time of very high pro-
ductivity for pink salmon in the sound, and,
given the tremendous natural variation in adult
retums, it is impractical to measure directly the
extent to which wild salmon returns since 1989
were influenced by the oil spill. Based on in-
tensive studies, including mathematical mod-
els, carried out following the spill, wild adult
pink salmon returns to the sound’s Southwest
District in 1991 and 1992 were most likely re-
duced by a total of 11 percent.
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biochemical data do not indicate that guillemot
chicks are being exposed to hydrocarbons.

Pigeon guillemots nest in rock crevices
and under tree roots at the tops of rocky cliffs
and steep slopes. They have benefited greatly
from the habitat protection program, includ-
ing the acquisition of more than 1,200 miles
of marine shoreline. In addition, introduced
foxes were eliminated from two of the
Shumagin Islands (Simeonof and
Chemabura) in the southwestern part of the
spill area. Pigeon guillemots were present in
low densities on both islands, but in higher
densities on nearby fox-free islands. Al-
though the nesting birds have not been sur-
veyed since the foxes were removed in 1995,
the elimination of this introduced predator
should result in a large increase in the popu-
lation of nesting guillemots.
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.

Reduced juvenile growth rates in Prince
William Sound occurred only in the 1989 sea-
son, but higher egg mortality persisted in oiled
compared to unoiled streams through 1993.
No statistically significant differences in egg
mortalities in oiled and unoiled streams were
detected in 1994 through 1996, but in 1997
there was again a difference. It is not clear
whether the 1997 difference was due to the
effects of lingering weathered oil, perhaps -
newly exposed by storm-related disturbance
of adjacent beaches, or due to other factors.
Patches of weathered oil still persist in or near
intertidal spawning habitats in a few of the
streams used by pink salmon in southwestern
Prince William Sound. It is possible that
patches of oil may be exposed as winter storms
shift stream beds back and forth and result in
local episodes of increased pink salmon egg
mortality. The duration, scale, and number of
any such events now would be limited in com-



parison to the situation that existed in the south-
western sound in 1989-1993. Therefore, the
biological impact of exposure to any such lin-
gering oil is unlikely to limit pink salmon
populations, assuming there are no drastic
negative changes in the quality of freshwater
habitats and ocean rearing conditions.

Since the Trustee Council’s recovery
objective specifically requires a sequence of
two years each of odd- and even-year runs
without differences in egg mortality, this re-
covery objective clearly has not been met.
Thus, the Trustee Council continues to find
that pink salmon are recovering from the
effects of the oil spill, but that full recovery
has not been achieved.

The Trustee Council has made a major
investment in studying the effects of the oil
spill on pink salmon and in improving conser-
vation and management of wild stocks in
Prince William Sound. Studies on the effects
of oil on pink salmon have led to new insights
about how oil can affect salmon, especially in
regard to the toxicity of even very small con-
centrations of weathered oil on early life stages.
This information will be useful in evaluating
water quality standards for oil in water and in
contingency planning for future oil spills.

The Trustee Council has sponsored sev-
eral projects directed at improved management

River OTTERS

Injury and Recovery

River otters have a low population den-
sity in Prince William Sound. Twelve river
otter carcasses were found following the spill,
but the actual total 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 alterations,
reduced diversity in prey species, reduced
body size (length-weight), and increased
home-range size. Because there were few
prespill data, it is not certain that these differ-
ences are the result of the oil spill. Although
some of the differences (e.g., in blood val-
ues) persisted through 1996, there were few
differences documented in 1997 and 1998.
Thus, there are no indications of possible

of pink salmon. One of the most beneficial
projects sponsored by the Trustee Council was
development and implementation of a thermal
mass marking project in Prince William Sound.
This project, which is now being sustained by
the Alaska Department of Fish and Game and
the Prince William Sound Aquaculture Asso-
ciation, puts a unique mark on the otoliths (ear
bone) of hatchery-reared fry released in the
sound. Technicians can readily identify these
fish when they are canght as returning adults.
This information is used for in-season adjust-
ments of harvests (times and areas) to better
protect wild stocks and to more fully utilize
hatchery stocks when doing so does not jeop-
ardize wild stocks of pink salmon. Another
project sponsored by the Trustee Council char-
acterized the genetic stock structure of pink
salmon in the sound. The results of this project
will improve confidence that management ac-
tions are adequately protecting the genetic di-
versity of small wild stocks.

Throughout Alaska there is increasing
recognition of the importance of changes in
marine ecosystems on the growth and survival
of salmon. The Trustee Council has funded
the Sound Ecosystem Assessment (SEA)
project to explore oceanographic and ecologi-
cal factors that influence production of pink
salmon and Pacific herring in Prince William

lingering injury from the oil spill, and the
Trustee Council’s recovery objective has
been met.

The Trustee Council’s habitat protection
program and research and monitoring
projects have benefited spill-area river ot-
ters. More than 1,200 miles of marine shore-
line and more than 280 streams used by
anadromous fish streams have been pro-
tected; much of this area provides high-value
habitat for river otters.

Through the Nearshore Vertebrate
Predator project and other studies, much in-
formation has been gathered that will im-
prove long-term conservation and manage-
ment of river otters. These breakthroughs
include development of a new method for
live-trapping otters, which will improve the
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Sound. These factors include such things as
the timing of spring plankton blooms and
changes in circulation patterns that link the
sound to the Gulf of Alaska. These natural
factors are likely to have the greatest influence
on year-to-year returns in both wild and hatch-
ery stocks of pink salmon. A final report from
the SEA Project is due at the end of FY 1999.

Pink salmon have been major beneficia-
ries of the Trustee Council’s habitat protec-
tion program. The more than 600,000 acres
of land protected through the Trustee Council
program include 280 streams with spawning
and rearing habitat for salmon. Wild popula-
tions of pink salmon have been enhanced by
creating or providing access to additional
spawning habitat, such as the Port Dick spawn-
ing channel on the outer Kenai coast. This
project is expected to result in production of
additional pink salmon available for commer-
cial harvest each year.

Recovery Objective

Pink salmon will have recovered when
population indicators, such as growth and sur-
vival, 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.

ability of wildlife managers to estimate
population sizes for this elusive species, and
new insights in the recycling of aquatic nu-
trients into forest ecosystems at otter latrine
sites, which has important implications from
aconservation standpoint. In addition, work
in progress at the Alaska Sealife Center on
the blood chemistry of river otters in rela-
tion to small doses of oil will aid interpreta-
tion of biochemical tests for exposure from
oil and other contaminants.
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.



RocCkFISH

Injury and Recovery

Very little is known about rockfish
populations (of several species) in the north-
ern 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 sub-
lethal effects. In addition, closures to salmon

SeEA OTTERS

Injury and Recovery

By the late 1800s, sea otters had been
eliminated from most of their historical
range in Alaska due to excessive harvest-
ing by Russian and American fur traders.
Surveys of sea otters in the 1970s and
1980s, however, indicated a healthy and ex-
panding population in most of Alaska, in-
cluding Prince William Sound. Today the
only harvests of sea otters are for subsis-
tence purposes.

About 1,000 sea otter carcasses were
recovered following the spill, and addi-
tional 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 juve-
niles in oiled areas. By 1992-93, overwin-
tering mortality rates for juveniles had de-
creased, but were still higher in oiled than
in unoiled parts of the sound.

Based on both aerial and boat surveys
conducted in western Prince William Sound,
there is statistically significant evidence of
a population increase following the oil spill
(1993-98). Observations by local residents
bear out this general increase. However,
within the most heavily oiled bays in the
western sound, such as those on northern
Knight Island, the aerial surveys indicate that
recovery may not be complete.

fisheries apparently had the effect of increas-
ing fishing pressures on rockfish, which, in
turn, may have adversely affected local rock-
fish populations. However, the original ex-
tent of injury and the current recovery
status of this species are unknown.
Because little is known about rockfish
abundance and species composition in the
spill area and because rockfish are harvested
commercially, even basic information about
these species could provide a basis for im-

Sea Otter

The Trustee Council’s Nearshore Ver-
tebrate Predator project, which was started
in 1995, is addressing the lack of recovery
in sea otters in the heavily oiled bays of
western Prince William Sound. The lack
of recovery may reflect the extended time
required for population growth for a long-
lived mammal with a low reproductive rate,
but it also could reflect the effects of con-
tinuing exposure to hydrocarbons or a com-
bination of both factors. Through 1997,
researchers have continued to find bio-
chemical evidence of oil exposure in sea
otters on northern Knight Island. Bio-
chemical samples from 1998 are now be-
ing analyzed. An additional hypothesis is
that food supplies are limiting recovery, but
preliminary evidence does not fully sup-
port this idea.

It is clear that sea otter recovery is
underway for much of the spill-area, with
the exception of populations at the most
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proved management or, at least, the identifi-
cation of priorities for more targeted research.
Accordingly, starting in FY 1998, the Trustee
Council sponsored a multi-year study of ge-
netic stock structure in black, dusky, and
yelloweye rockfish throughout the spill area
and the adjacent Gulf of Alaska. No results
from this work are currently available.

Recovery Objective
No recovery objective can be identified.

heavily oiled bays in western Prince Wil-
liam Sound. Researchers sponsored by the
Trustee Council continue to explore hypoth-
eses for lack of recovery at these sites.

Sea otters have benefited from many
aspects of the Trustee Council’s program.
Sea otters are found along many miles of
the more than 1,200 miles of marine shore-
line that has been protected through the
habitat protection program. Results of re-
search and monitoring projects have also
been valuable. For example, an aerial sur-
vey protocol is now being used more widely
to monitor sea otter populations, and an im-
proved and validated technique for aging
sea otters using their teeth will aid biolo-
gists and veterinarians wherever sea otters
are found. Another example is new infor-
mation on age-specific reproductive rates,
which is crucial for understanding the ef-
fects of subsistence harvests on sea otters.
These new techniques and insights will aid
sea otter conservation and management
over the long term.

Recovery Objective

Sea otters will have recovered when
the population in oiled areas returns to its
prespill abundance and distribution. An in-
creasing population trend and normal re-
production 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 com-
mon 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 per-
sists at many locations.

The last comprehensive survey of
shorelines in Prince William Sound, con-
ducted in 1993, included 45 areas of shore-
line known to have had the most significant
oiling. The average location with surface
oil residue, asphalt, or mousse was 160 m?
in size. Based on that survey, it was esti-
mated that heavy subsurface oil had de-
creased by 65 percent since 1991 and that
surface oil had decreased by 50 percent over
the same time period.

The shorelines of the outer Kenai and
Alaska Peninsula coasts get more wave ac-
tion than most shorelines within Prince Will-
iam Sound. These Gulf of Alaska sites tended
to be contaminated with oil in the form of
mousse, which can persist for long periods in
a largely unweathered state. Five of six index
beaches on the gulf coast have a heavy boul-
der “armor,” and were last visited in 1993 and
1994, At this time, surface and subsurface oil
mousse persisted in a remarkably unweath-
ered state in the armored beaches.

In 1995, a shoreline survey team vis-

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 be-
ing sent to market. As a result, there were
higher-than-desirable numbers (i.e.,
“overescapement”) of spawning sockeye
salmon entering the Kenai River and also
Red and Akalura lakes on Kodiak Island.
Research carried out following the spill
demonstrated that initially these high es-
capements produced an overabundance of

ited 30 sites in the Kodiak Archipelago that
had measurable or reported oiling in 1990
and 1991. The survey team found no il 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 unarmored beaches 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 analy-
ses 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 was mostly confined to the upper-
most 20 meters water depths (below mean low
tide), although elevated levels of hydrocar-
bon-degrading bacteria (associated with el-
evated hydrocarbons) were detected at depths
of 40 and 100 meters in 1990 in Prince Will-
iam Sound. By 1993, however, there was
little evidence of Exxon Valdez oil and related
elevated microbial activity at most index sites
in Prince William Sound, except at those as-
sociated 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 substantial
subtidal oiling is still known to occur.

Based on the information above, sedi-
ments are considered to be recovering.
However, the presence of surface and sub-
surface oil continues to compromise wilder-

juvenile sockeye that then overgrazed the
zoo-plankton, thus altering planktonic food
webs in the nursery lakes. The result was
lost sockeye production as shown by reduced
growth rates during the freshwater part of
the sockeye life history and declines in the
returns of adults per spawning sockeye. Al-
though sockeye freshwater growth tended to
return to normal within two or three years
following the overescapement, there are in-
dications that these systems are less stable
for several years after an initial
overescapement event.

Exxon Valdez Oil Spill Trustee Council
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ness and recreational values, expose and po-
tentially harm living organisms, and offend
visitors and residents, especially those who
engage in subsistence activities along still-
oiled shorelines. Concern on the part of
Chenega Bay residents has been particularly
strong. In 1997, with support from the
Trustee Council, a project was carried out
to use a chemical surfactant and other means
to remove additional crude oil from 10,000
m?of beach on LaTouche and Evans islands
in southwestern Prince William Sound. This
effort was a partly successful, but a final
evaluation of the results is not yet available.

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 re-
covery is underway.

The negative effects of the 1989
overescapement on sockeye productivity, as
measured by return per spawner, in the Kenai
River watershed were readily apparent for re-
turns from the brood years 1989-1992. Re-
turns from the 1993-1995 brood years are not
complete because some of these fish are still
at sea, but returns to date show promise that
management efforts have been successful in
restoring the returns per spawner to normal
levels. The sockeye salmon of the Kenai
River watershed are recovering from the
effects of the 1989 overescapement.



Production of zooplankton in both Red
and Akalura lakes on Kodiak Island has re-
bounded from the effects of the
overescapement at the time of the oil spill.
By 1997, Red Lake had responded favor-
ably in terms of smolt and adult production
and was at or near prespill production of
adult sockeye. At Akalura Lake there were
low juvenile growth rates in freshwater dur-
ing the period 1989-92, and these years of
low growth correspond to low adult escape-
ments during the period 1994-97, Starting
in 1993, however, the production of smolts
per adult increased sharply and the smolt
sizes and age composition suggested that
rearing conditions have improved. This
improvement is reflected in a strong adult
escapement in 1998, a significant escape-
ment of adults into Akalura Lake is also
projected in 1999. The sockeye popula-
tions of both Red and Akalura lakes are
recovering from the effects of the 1989
overescapement.

There also was concern about

SusTiDAL COMMUNITIES

Injury and Recovery

Shallow subtidal habitats of Prince Will-
iam Sound, from the lower intertidal zone to
depths of about 20 meters, typically have
dense stands of kelp or eelgrass and contain
numerous polychaete worms, snails, clams,
sea urchins, and other invertebrate life. These
subtidal communities provide shelter and food
for an array of nearshore fishes, birds, and
marine mammals,

Oil that was transported down to subtidal
habitats, as well as subsequent cleanup activi-
ties, apparently caused changes in the abun-
dance and species composition of plant and
animal populations below lower tides. Dif-
ferent habitats, emphasizing eelgrass beds and
adjacent areas of soft sediment, were com-
pared at oiled and unoiled sites from 1990-
1995, Itis difficult to draw firm conclusions
from this study, because it is hard to distin-
guish between natural site differences (e.g.,
percent sand and mud) and those differences
actually resulting from the oil spill or cleanup.

overescapement effects in lakes on Afognak
Island and on the Alaska Peninsula. However,
analysis of sockeye freshwater growth rates
of juveniles from Chignik Lake on the Alaska
Peninsula did not identify any impacts associ-
ated with a 1989 overescape-ment event.

The Trustee Council has made a major
investment in the restoration and manage-
ment of sockeye salmon, especially in the
Kenai River system. Research sponsored
by the Trustee Council has documented not
only the effects of overescapement events
(as described above), but also the mecha-
nism by which the effects are manifested in
glacial-lake systems. This work is helping
fisheries managers better monitor and pre-
dict annual changes in sockeye fisheries.
With support from the Trustee Council, ge-
netic stock identification and hydroacoustic
stock assessment techniques were developed
and are being employed to improve in-sea-
son management of the Cook Inlet sockeye
fisheries.

Sockeye salmon have benefited greatly

Concentrations of hydrocarbons in
subtidal sediments were significantly higher
at oiled sites than at unoiled reference sites.
These concentrations dropped sharply by
1991, but evidence of oil contamination due
to Exxon Valdez oil persisted at some loca-
tions through 1995.

Biologically, negative effects of the oil
were most evident for oil-sensitive species
of amphipods, which were consistently less
abundant at oiled than at unoiled sites. Re-
duced numbers of eelgrass shoots and flow-
ers may have been due to increased turbidity
associated with cleanup activities (e.g., boat
traffic). Two species of sea stars and helmet
crabs also were less abundant at oiled sites.
Some invertebrates living in the sediment,
including species in eight families of poly-
chaete worms, two families of snails, and one
family of mussels, were greater in numbers
at oiled sites. These species are known to be
stress-tolerant and probably benefited from
the orgamic enrichment associated with oil.
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from the Trustee Council’s habitat protec-
tion program throughout the spill area.
These acquisitions include streambank,
lakeside, and watershed habitats along the
Kenai and Moose rivers on the Kenai Pen-
insula, the Eshamy-Jackpot Bay area of
Prince William Sound, the Red and Fraser
lakes area on Kodiak Island, and Laura and
Pauls lakes on Afognak Island. In addition
to habitat acquisition, the Trustee Council
sponsored a project to stabilize and restore
degraded streambanks on public lands along
the Kenai and Russian rivers. This project
will restore spawning and rearing habitat
important for salmon and enhance recre-
ational fishing, which was a service injured
by the oil spill.

Recovery Objective

Sockeye salmon in the Kenai River sys-
tem and Red and Akalura lakes will have
recovered when adult returmns-per-spawner
are within normal bounds.

Some of the species that showed increased
numbers also may have benefited from re-
duced competition or predation due to the
effects of the spill.

By 1995, there was apparent recovery
of most constituents of the eelgrass com-
munity and on this basis, subtidal commu-
nities can be considered to be recovering.
Some amphipod and clam species continued
to be less abundant at oiled sites, and there
continued to be indications of enhanced num-
bers of stress-tolerant polychaetes and mus-
sels. These sites have not been revisited since
1995.

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 op-
portunistic species at oiled sites.
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Dear Reader:

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

The enclosed draft proposes changes to 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 Updates in Chapter 5.
These parts of the Restoration Plan were revised most recently in September 1996, and the Council now is
considering additional changes based on the results of studies and resource assessments since then. The
Trustee Council intends to act on these changes in advance of the 10=year observance of the oil spill, March
23, 1999, and now invites public comment on this document.

The Council’s List of Injured Resources and Services and the summaries of Injury and Recovery and
Recovery Objectives are to be based on the best possible information, including from scientific studies
sponsored by the Council and others and from traditional and local knowledge. [f you have comments on
the proposed changes — and especially if you have additional information that should be considered before
any changes are made final — please submit written comments to: Exton Valdez Oil Spill Trustee
Council, Attention: Recovery Updates, 645 G Street, Suite 401, Anchorage, Alaska 99501 (e-mail:
restoration@oilspill.state.ak.us). To be most helpful, comments should be received by February 5, 1999. in
addition testimony will be accepted at a public hearing at the Restoration Office in Anchorage on
January 21, 1999, from 7:00-8:30 pm and again on January 22, starting at 8:30 am.

Here is additional background information that should help you understand what is proposed:

List of Injured Resources and Services :

Chapter 4.0of 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 sockeye salmon from the “recovering” category to the “recov-
ered” category). No additions to the list are proposed at this time. :

Chapter 8: Goals, @bﬂ@@tﬁv@& and Strategles

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 restora-
tion strategies for individual resources and services. In the attached document, the Council now proposes
updated information on the status of injured resources but not on the status of lost or reduced services (a
review of the status of services is on a slightly different schedule, as noted below). In a few cases, small
changes are proposed to recovery objectives and these are indicated as “proposed recovery objectives.”

Federal Trustees  State Trustees
U8 Department of interior  Alaska Department of Fish and Game
U S Department of Agniculture * Alaska Department 6f Environmental Conservation
National Oceanic and Atmosphenc Administration ~ Alaska Department of Law



The Council recognizes that ecosystems are dynamic and would have varied or changed e\ren inthe™
absence of the oil spill. Most recovery obrectrves however, make reference to presprlﬂ numbers or condrtlons
The Restoratlon Plan states:

" in general, resources and services.will have recovered when they return to condrtrdne that
would_have existed had the spill not occurred. Because it is difficult to predict conditions that
- would have existed in the absence of the spill, recovery is often defined as a return to prespill
- conditions...

) Thus the Council contrnues to use presprll numbers or conditions as the most usefuﬂ benchmark in evaﬂua‘b-
" ing the status of recovery. :

No changes in restoration strategies are proposed here.. Readers are referred to annual work plans and
invitations to submit proposals (the Invitation to_Submit Restoration Proposals for Federal Fiscal Year 2000
should be available in February 1 999) for the most current rnrormatron on the restoration strategies-chosen by
the Council to achieve its recovery obrectrves

Lost or Redu@ed Services -

. The September 1996 version of the summaries for lost or reduced services, including commercial fi shmg,
" recreation and tourism, and subsistence, is reprinted at the end of this document. The Restoration Office and
Trustee agencies are in the process of evaluating these services and will propose status changes and .updated
summaries. These proposed changes should-be available early in February and will be mailed to recipients of
this document. The Trustee Council invites comments or new-information on the status of lost or reduced
services. Written comments on lost or.reduced services are due February 26, 1999, with an oppeortunity
for public testimony at a Trustee Council meeting tentatively scheduled for March 1. . .

Thank you for your interest in restoration following the Exxon Valdez ojﬁ spill.

Molly McCammon _ : ' : . N
Executive Director e P ,

Sincere



Resources and Services
Injured by the Spill

ARCHAEOLOGICAL RESOURCES ....ccuuivineeeenneeeneeereeasnnanns 5
BALD EAGLES

- Recoverep
‘. Bald eagle’ /
Pink salmon*
River otter s

RECOVERING

Not RecoveReD
Common loon
Cormorants (3 spp.)
Harbor seal ~~
Harlequin duck »~
Killer whale (AB pod) /
Pigeon guillemot .~

/

Archaeological resources**
Black Oystercatcher -~

Clams :
‘Common murres ¥
Intertidal - communities’
Marbled murrelets «
Mussels v~
Pacific herring |
Sea otter**
Sediments v 7
Sockeye salmon
Subtidal communities

HuMAN Services

Status of lost or reduced

services has not been

//l

evaluated or revised here.

Recreation & tourism
Commercial fishing
Passive uses
Subsistence

Recovery UNKNOWN
Cutthroat trout

Dolly Varden
Kittlitz's murrelet '
Rockfish

*There is still concern
about localized impacts on
intertidal spawners in

‘streams where there are
small podwtszof rssidvat oil.

“Archaeologtcai
resources are not renewable
in the same way that biologi-
cal resources are, but there
has been significant progress
toward the recovery objective.

***Except in oiled bays
on Knight Isiand.

CUTTHROAT TROUTY i s 0s s sesimsassnavss sruvsssssis sovswisnssssnns 8
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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 archaeo-
logical 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 as-
sessment 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 an-
cient burial sites, and destruction of evidence
in layered sediments. In addition, vegetation
was disturbed, which exposed sites to accel-
erated erosion. The effect of oil on soil chem-
istry and organic remains may reduce or
eliminate the utility of radiocarbon dating in
some sites.

Assessments of 14 sites in 1993 sug-
gested that most of the archaeological van-
dalism 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, pro-
tective measures were implemented and suc-
cessfully limited additional injury. In 1993,
only two of the 14 sites visited showed signs

BALD EAGLES

Injury and Recovery

The bald eagle is an abundant resident
of marine and riverine shoreline throughout
the oil-spill area. Following the oil spill, a
total of 151 eagle carcasses was recovered
from the spill area. Prince William Sound
provides year-round and seasonal habitat for
about 6,000 bald eagles, and within the sound
itis estimated that about 250 bald eagles died
as a result of the spill. There were no esti-
mates of mortality outside the sound, but
there were deaths throughout the spill area.

of continued vandalism. In 1996, there was
evidence of vandalism at five sites, but only
at one site in 1997. Natural erosion is the
major agent of degradation at the sites, and
the erosion draws the attention of looters to
the exposed artifacts. Nine years after the oil
spill it is difficult to attribute the recent cases
of vandalism to discovery of these sites at
the time of the oil spill.

Oil was visible in the intertidal zones of
two of the 14 sites monitored in 1993, and hy-
drocarbon analysis has shown that the oil at
one of the sites was from the Exxon Valdez
spill. Hydrocarbon concentrations at the sec-
ond site were not sufficient to permit identifi-
cation of the source or sources of the oil. The
presence of oil in sediment samples taken from
four sites in 1995 did not appear to have been
the result of re-oiling by Exxon Valdez oil.

In 1993, the Trustee Council provided part
of the construction costs for the Alutiiq Ar-
chaeological Repository in Kodiak. This fa-
cility now houses Kodiak-area artifacts that
were collected during the time of spill re-
sponse. Artifacts recovered from injured sites
in lower Cook Inlet and Prince William Sound
currently are stored at the University of Alaska
Fairbanks or elsewhere. The Trustee Council
continues to consider appropriate options for
storing or displaying these artifacts.

Two sites in Prince William Sound were
so badly damaged by oiling and erosion that

In addition to direct mortalities, produc-
tivity 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 had retummed to or exceeded
its prespill level in the sound.

In September 1996, the Trustee Coun-
cil classified the bald eagle as fully recov-
ered from the effects of the oil spill. No
additional work has been carried out spe-
cifically to assess the status of the bald eagle.

Exxon Valdez Oil Spill Trustee Council
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they were partly documented, excavated, and
stabilized by professional archaeologists in
1994-1997. It appears that the two sites were
intermittently occupied for periods of 2,000
and 3,000 years. Most of the cultural depos-
its are prehistoric in nature.

Starting in 1996, the Trustee Council
funded a project to involve local residents in
monitoring and protecting vulnerable sites in
the Kenai, Homer, Seldovia, Kodiak, and
Chignik areas. This project was based on the
premise that successful long-term stewardship
depends on community support and involve-
ment. A report on this project is due in 1999.
Based on the apparently low rate of spill-re-
lated vandalism and progress in the preserva-
tion of artificats and scientific data on archaeo-
logical sites and artifacts, archaeological re-
sources are considered to be recovering.

Recovery Objective

Archaeological resources are nonrenew-
able: they cannot recover in the same sense
as biological resources. Archaeological re-
sources 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).

However, the bald eagle has benefited enor-
mously from the habitat protection program,
including the acquisition of more than 1,200
miles of marine shoreline and 280 anadro-
mous fish streams.

Recovery Objective

Bald eagles will have recovered when
their population and productivity have re-
turned to prespill levels.



BLAck OYSTERCATCHERS

Injury and Recovery

Black oystercatchers spend their entire
lives in or near intertidal habitats and are highly
vulnerable to oil pollution. Itis estimated that
1,500-2,000 oystercatchers breed in south-cen-
tral Alaska Only nine carcasses of adult oys-
tercatchers were recovered following the spill,
but the actual number of mortalities may have
been considerably higher.

In addition to direct mortalities, breed-
ing activities were disrupted by the oil and
cleanup activities. When comparing 1989,
the year of the spill, with 1991, significantly
fewer pairs occupied and maintained nests
on oiled Green Island, while during the same
two years the number of pairs and nests re-
mained similar on unoiled Montague Island.
Nest success of pairs on Green Island was
significantly lowerin 1989 than in 1991, but
Green Island nest success in 1989 was not
lower than on Montague Island. In 1989,
chicks disappeared from nests at a signifi-
cantly greater rate on Green Island than from
nests on Montague Island. Disturbance as-
sociated with cleanup operations also re-
duced productivity on Green Island in 1990.
In general, the overt effects of the spill and
cleanup had dissipated by 1991, and in that
year productivity on Green Island exceeded
that on Montague Island.

From 1991-1993, the Trustee Council
sponsored a study to determine if there were
any persistent effects of the spill on breeding
success and feeding ecology of black oyster-
catchers on Knight Island. Adult oystercatch-

Common Loons

Injury and Recovery

Carcasses of 395 loons of four species
were recovered following the spill, includ-
ing at least 216 common loons. Current
population sizes in the spill area are not
known for any of these species. In general,
however, loons are long-lived, slow-repro-
ducing, and have small populations. Com-
mon loons in the spill area may number only
a few thousand, including only hundreds in

ers foraged in oiled mussel beds, but also ob-
tained invertebrate prey at unoiled sites. As
late as 1993, there was direct evidence of hy-
drocarbon exposure from fecal samples of
chicks raised on persistently oiled shorelines,
but areas of contamination were patchily dis-
tributed and relatively few adults and young
were exposed. In 1989, chicks raised on oiled
shorelines gained weight more slowly than
chicks reared on unoiled shores, but the
slower weight gain was not manifested in
reduced fledging success. Pair surveys from
1991-1993 indicated that the population
inhabitating Knight Island was not increas-
ing. Hydrocarbon exposure has not been
tested since 1993.

Productivity and survival of black oys-
tercatchers in Prince William Sound were
not monitored from 1993 through 1997.
Boat-based surveys of marine birds in the
sound did not indicate recovery in numbers
of oystercatchers in oiled areas through
1998, but these surveys were not specifically
designed to monitor oystercatchers.

In 1998 the Trustee Council sponsored
a field study to reassess the status of this
species in Prince William Sound. Only pre-
liminary results of this study are available,
but these data indicate that oystercatchers
have fully reoccupied and are nesting at oiled
sites in the sound. The breeding phenology
of nesting birds was relatively synchronous
in oiled and unoiled areas, and no oil-related
differences in clutch size, egg volume, or
chick growth rates were detected. A high

Prince William Sound. Common loons in-
jured by the spill probably included a mix-
ture of resident and migrant birds.
Boat-based surveys of marine birds in
Prince William Sound indicated that the
oil spill had a negative effect on numbers
of loons (all species combined) in the oiled
parts of the sound. Based on the surveys
carried out through 1998, there is no indi-
cation of recovery. No additional infor-
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rate of nest failures on Green Island prob-
ably can be attributed to predation, not lin-
gering effects of oil. Given general agree-
ment between these new results and those
of the earlier work, which indicated that the
effects of the spill had largely dissipated by
1991, recovery of black oystercatchers
clearly is underway.

Black oystercatchers nest on rocky
beaches and have benefited enormously
from the habitat protection program, includ-
ing the acquisition of more than 1,200 miles
of marine shoreline. In addition, introduced
foxes were eliminated from two of the
Shumagin Islands (Simeonof and
Chernabura) in the southwestern part of the
spill area. Black oystercatchers were present
in low densities on both islands, and in
higher densities on nearby fox-free islands.
Although the nesting birds have not been
surveyed since 1995, when the last of the
foxes was removed, the elimination of the
introduced predators should increase popu-
lations of nesting oystercatchers.

Recovery Objective

Black oystercatchers will have recovered
when the population returns to prespill lev-
els and reproduction is within normal bounds.
An increasing population trend and compa-
rable hatching success and growth rates of
chicks in oiled and unoiled areas, after tak-
ing into account geographic differences, will
indicate that recovery is underway.

mation on the status of common loons is
available.

Recovery Objective

Proposed Revision: Common loons will
have recovered when their population re-
turns to prespill levels in the oil-spill area.
An increasing population trend in Prince
William Sound will indicate that recovery
is underway.



CLAmS

Injury and Recovery

The magnitude of immediate impacts
on clam populations varied with the species
of clam, degree of oiling, and location. Data
from the lower intertidal zone on sheltered
beaches suggested that littleneck clams and,
to a lesser extent, butter clams were killed
and suffered slower growth rates as a result
of the oil spill and cleanup activities.

Since the original damage assessment
work on clams in 1989 and 1990, the trustee
council has not sponsored additional stud-
ies focused specifically on clam injury and
recovery. Some additional insights are avail-
able from projects that included work in in-
tertidal and subtidal habitats: recovery of
littleneck and butter clams was incomplete

CommonN MuRRES

Injury and Recovery

About 30,000 carcasses of oiled birds
were picked up in the first four months fol-
lowing 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 breed-
ing colonies at such locations as the Barren
Islands, Chiswell Islands, Triplet Islands,
Puale Bay, and Ugiaushak Island, 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 dis-
rupted and productivity reduced. Interpre-
tation of the effects of the spill, however, is
complicated by incomplete prespill data and
by indications that populations at some colo-
nies were in decline before the oil spill.

Postspill monitoring at the breeding
colonies in the Barren Islands indicated that
reproductive success was again within nor-
mal bounds by 1993, and it has stayed within
these bounds each breeding season since
then. During the period 1993-1997, the
murres nested progressively earlier by 2-5
days each year, suggesting that the age and

through 1996 on oiled, treated mixed-sedi-
mentary shores where fine sediments had
been washed downslope during pressured
water treatments. Another project found that
shallow subtidal eelgrass communities had
generally recovered by 1995, but three spe-
cies of infaunal bivalve mollusks were more
abundant at unoiled reference sites than at
oiled sites. Finally, results from the Trustee
Council’s nearshore vertebrate predator
project are preliminary, but it appears that
there are healthy populations of subtidal
clams at heavily oiled Herring Bay on
Knight Island and that recovery of vertebrate
predators, such as the sea otter, is not lim-
ited due to food supplies. Based on these
limited data, clams are recovering, but are

experience of nesting birds was increasing,
as might be expected after a mass mortality
event. By 1997, numbers of murres at the
Barren Islands had increased, probably be-
cause 3-and 4-year old nonbreeding subadult
birds that were hatched there in 1993 and
1994 were returning to their natal nesting
colony. This information suggests that re-
covery is well underway, although the strong
1998 El Nifio event apparently disrupted
timing and synchrony of nesting at the Bar-
ren and Chiswell islands and may, to some
extent, have affected reproductive success.
The Barren Islands colonies will be surveyed
again in 1999.

Although Prince William Sound does
not have a large summer population of
murres, boat-based surveys of marine birds
before and after the oil spill indicated a nega-
tive effect on numbers in the sound. Sur-
veys carried out through 1998 have not
shown any increase in murres since the spill.

The Alaska Predator Ecosystem Experi-
ment (APEX project), funded by the Trustee
Council, is investigating the linkage between
murre populations and changes in the abun-
dance of forage fish, such as Pacific herring,
sand lance, and capelin. Historical trawl data
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not yet fully recovered from the effects of
the oil spill.

In communities on the Kenai Peninsula,
Kodiak Island, the Alaska Peninsula and in
Prince William Sound there are lingering
concerns about the effects of the oil spill on
clams. The Trustee Council sponsored a
project to help restore subsistence uses of
clams (see subsistence).

Recovery objective

Clams will have recovered when popu-
lations and productivity have returned to
levels that would have prevailed in the ab-
sence of the oil spill, based on comparisons
of oiled and unoiled sites.

Common Murres

analyzed as part of this project supported a
decision by the North Pacific Fishery Man-
agement Council to limit bycatch of forage
fish in commercial fisheries and to preclude
the startup of fisheries targeting forage fish
(not including herring).

Recovery Objective

Common murres will have recovered
when populations at index colonies have
returned to prespill levels and when produc-
tivity is sustained within normal bounds.
Increasing population trends at index colo-
nies will be a further indication that recov-
ery 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 recov-
ered following the oil spill, including 418
pelagic, 161 red-faced, 38 double-crested, and
22] 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. In 1996, the U.S.
Fish and Wildlife Service Alaska Seabird

CutTHROAT TROUT

Injury and Recovery

Prince William Sound is at the northwest-
em limit of the range of cutthroat trout. Local
cutthroat trout populations are believed to be
small, and the fish have small home ranges
and are geographically isolated. Cutthroat
trout, therefore, are highly vulnerable to ex-
ploitation, habitat alteration, or pollution.

Following the oil spill, cutthroat trout in
a small number of oiled index streams in
Prince William Sound grew more slowly than
in unoiled streams. The apparent difference
in growth rates persisted through 1991. It
was hypothesized that the slower rate of
growth in oiled streams was the result of re-
duced food supplies or exposure to oil, and
there was concern that reduced growth rates
would result in reduced survival.

Preliminary data from a Trustee Coun-
cil-sponsored study of resident and anadro-
mous forms of cutthroat trout in Prince Wil-
liam Sound suggest that there is significant
genetic variation among trout from differ-
ent locations across the sound. These data
are consistent with the idea that cutthroat
populations are small and isolated. This
work is being completed in FY 1999 and
should make possible insights into such is-
sues as growth rates with respect to geo-

Colony Catalog, however, listed counts of
7,161 pelagic cormorants, 8,967 red-faced
cormorants, and 1,558 double-crested cor-
morants in the oil-spill area. These are di-
rect counts at colonies, not overall popula-
tion estimates, but they suggest that popu-
lation sizes are small. In this context, it ap-
pears that injury to all three cormorant spe-
cies was significant.

Counts on the outer Kenai Peninsula
coast suggested that the direct mortality of
cormorants due to oil resulted in fewer birds
in this area in 1989 compared to 1986. In
addition, there were statistically-significant
declines in the estimated numbers of cor-
morants (all three species combined) in the

Cutthroat Trout

graphic variation. Pending this additional
work, the recovery status of the cutthroat
trout remains unknown.

Cutthroat trout have benefited from sev-
eral other projects sponsored by the Trustee
Council. In 1991-93, in response to the early
evidence of injury to cutthroat trout, sport
harvests were temporarily restricted in Prince
William Sound. In 1994, out of concern about
the long-term conservation status of this spe-
cies, the Alaska Board of Fisheries perma-
nently closed sport harvests during the April
15-June 15 spawning season in the sound.
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oiled portion of Prince William Sound based
on pre- and postspill boat surveys in July
1972-73 compared to 1989-91. More re-
cent surveys (through 1998) have not shown
an increasing population trend since the oil
spill, and for that reason these species are
considered to be “not recovered.”

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.

The Trustee
Council sponsored in-
ventories of streams
in and around Prince
William Sound to
identify cutthroat
trout habitat and the
presence or absence
of this species. Infor-
mation from these in-
ventories has been
added to the Alaska
Department of Fish
and Game’s Anadro-
mous Waters Catalog,
and this step brings to
bear additional legal protection under state
law in regard to actions affecting these
streams. Additional habitat for cutthroat trout
has been protected from among the more than
280 anadromous fish streams that have been
acquired through the Trustee Council’s habi-
tat protection program.

Recovery Objective

Cutthroat trout will have recovered
when growth rates within oiled areas are
similar to those for unoiled areas, after tak-
ing into account geographic differences.



DesicNATED WILDERNESS AREAS

Injury and Recovery

The oil spill delivered oil in varying
quantities to the waters and tide lands adjoin-
ing eight areas designated as wilderness ar-
eas and wilderness study areas by Congress
or the Alaska State Legislature. Oil also was
deposited above the mean high-tide line at
these locations. During the intense clean-up
seasons of 1989 and 1990, thousands of work-
ers and hundreds of pieces of equipment were
at work in the spill zone. This activity was an
unprecedented imposition of people, noise,
and activity on the area’s undeveloped and
normally sparsely occupied landscape. Al-
though activity levels on these wilderness
shores have probably returned to normal, at
some locations there is still residual oil.

Among the affected areas were desig-
nated wildemness in the Katmai National
Park, a wilderness study area in the Kenai
Fjords National Park, and Kachemak Bay
Wilderness State Park. Six moderately to

DoLLy VARDEN

Injury and Recovery

Dolly Varden are widely distributed in
the spill area. In spring, anadromous forms
of Dolly Varden migrate to the sea from the
lakes and rivers where they spend the win-
ter. Summers are spent feeding in nearshore
marine waters. Thus, some Dolly Varden in
Prince William Sound and perhaps at other
locations were exposed to Exxon Valdez oil
in 1989 and possibly beyond. In fact, con-
centrations of hydrocarbons in the bile of
Dolly Varden were some of the highest of
any fish sampled in 1989. By 1990, these
concentrations had dropped substantially.

Like the cutthroat trout, there is evi-
dence from 1989-90 that Dolly Varden in a
small number of oiled index streams in
Prince William Sound grew more slowly
than in unoiled streams. It was hypothesized
that the slower rate of growth in oiled
streams was the result of reduced food sup-
plies or exposure to oil, and there was con-
cern that reduced growth rates would result

Kenai Fjords National Park

heavily oiled sites on these two coasts were
last surveyed in 1994, at which time some
oil mousse persisted in a remarkably un-
weathered state on boulder-armored
beaches at five sites. These sites will be
visited again in 1999. Pending completion
of these visits, the recovery status of des-

in reduced survival. However, these growth
differences did not persist into the 1990-91
winter. No growth data have been gathered
since 1991.

In a 1991 restoration study sponsored
by the Trustee Council, some tagged Dolly
Varden moved considerable distances
among streams within Prince William
Sound, suggesting that mixing of overwin-
tering stocks takes place during the summers
in saltwater. This hypothesis is supported
by preliminary data from another Trustee
Council-sponsored study, which indicates
that Dolly Varden from different locations
across the sound are genetically similar. The
final report on this genetics study is due in
1999, but if this preliminary conclusion is
born out, it would suggest that the Dolly
Varden population in the sound should have
little difficulty in recovering from any ini-
tial growth-related effects. Pending comple-
tion of the genetics work and absent addi-
tional growth data, however, it is prudent to
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ignated wildemness remains unknown.

Recovery Objective

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

continue classifying the Dolly Varden as “re-
covery unknown.”

The Trustee Council sponsored inven-
tories of streams in and around Prince Wil-
liam Sound to identify Dolly Varden habi-
tat and the presence or absence of this spe-
cies. Information from these inventories
has been added to the Alaska Department
of Fish and Game’s Anadromous Waters
Catalog, and this step brings to bear addi-
tional legal protection under state law in
regard to actions affecting these streams.
Additional habitat for Dolly Varden has
been protected from among the more than
280 anadromous fish streams that have
been acquired through the Trustee
Council’s habitat protection program.

Recovery Objective

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



HarLEQuUIN 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. Because the spill
occurred in early spring before wintering
harlequins migrated from the sound to in-
land breeding sites, the initial effects of the
spill were likely extended beyond the im-
mediate spill zone. The geographic extent
of these extended impacts is not known.

The current overwintering population of
harlequin ducks in Prince William Sound is
on the order of 18,000 ducks, while the sum-
mer population is about half that number.
Fall boat surveys designed specifically to
monitor molting-wintering harlequin ducks
indicate a significant declining trend in the
western sound. Other boat surveys designed
to monitor an entire suite of marine birds in
the sound have shown mixed results: an in-
creasing trend in March but no increase in
July through 1996. All three surveys, how-
ever, are consistent in that they show differ-
ent or lower trends for harlequin ducks in
oiled parts of the sound compared to unoiled
parts.

Prespill data on harlequin populations
and reproductive success are limited and
difficult to interpret, but previously there was
concern about poor reproductive success in
the western versus eastern parts of Prince
William Sound. This concern was based on
observations of 7-15 broods in the eastern
sound and few-to-no reports of broods in the
western sound when comparable numbers
of streams were surveyed. Subsequent re-
search does not indicate any differences in
the age- and sex-structure of harlequin popu-
lations in the eastern and western parts of
the sound, but it is clear that the breeding
habitat in the western sound is very limited
compared to what is available in the eastern
sound. Some harlequins remain in the sound
to nest, mostly on the eastern side, but it is
now suspected that most harlequins of breed-

ing age and condition probably leave the
sound altogether to nest in interior drainages.
Thus, conclusions of reproductive failure
based on lack of broods in the oiled area do
not now seem warranted.

Biopsies from samples of harlequin
ducks collected early in 1998 and from
Barrow’s goldeneye in the 1996-1997 win-
ter continue to show differences in an en-
zyme indicative of exposure to hydrocarbons
between birds from oiled versus unoiled
parts of the sound. These differences are
consistent with the possibility of continued
exposure to hydrocarbons in the oiled west-
em sound. The biological effect of this pos-
sible exposure has not been established, but
three years of data (1995/96-97/98 winters)
on overwintering survival of adult female
harlequins indicate significantly lower sur-
vival rates in oiled versus unoiled parts of
the sound. This result cannot be attributed
unequivocally to oil exposure, but there is
reason for concern about possible oil expo-
sure and reduced survival for harlequin
ducks in the western sound. This informa-
tion, coupled with indication of a possible
on-going decline in numbers of molting har-
lequin ducks in the western sound, suggest
that the harlequin duck has not recovered
from the effects of the oil spill.

Recent Trustee Council-sponsored stud-
ies give insight into prospects for recovery
of harlequin ducks. Although some harle-
quin ducks make major seasonal move-
ments, they exhibit high site fidelity to sum-
mer breeding sites and to molting and win-
tering sites during nonbreeding seasons.
Strong site fidelity may limit
population recovery by immi-
gration, but a genetic analysis of
harlequin ducks indicates that
the spill-area population is ho-
mogeneous (i.e., very similar).
Taken together, these data are
consistent with a low rate of dis-
persal, perhaps at the subadult
stage, or a rapid expansion of the
population in recent geological
time. To the extent that there is
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subadult dispersal from adjacent expanding
populations, such dispersal would enhance
recovery. It is likely, however, that recov-
ery will largely depend on recruitment and
survival from within injured populations.
This recovery may be compromised if ex-
posure to lingering hydrocarbons reduces
fitness and survival of harlequin ducks
The Trustee Council has made a ma-
jor investment in harlequin ducks, study-
ing the possibility of on-going oil-related
effects, gaining knowledge that will ben-
efit long-term management and conserva-
tion, and protecting nesting and overwin-
tering habitats. Harlequin ducks nest along
anadromous fish streams, typically under
forest cover and at higher elevations. Some
of the more than 280 anadromous fish
streams protected with the support of the
Trustee Council provide nesting habitat for
harlequin ducks. Molting and overwinter-
ing habitats are protected along the more
than 1,200 miles of marine shorelines ac-
quired through the habitat protection pro-
gram. As a result, the terrestrial portion of
the habitat base for harlequin ducks in the
spill area is now significantly more secure.

Recovery Objective

Proposed Revision: Harlequin ducks
will have recovered when breeding- and
nonbreeding-season densities return to
prespill levels. An increasing population
and decreasing indications of exposure to
hydrocarbons in oiled parts of Prince Wil-
liam Sound will indicate that recovery is
underway.




HARBOR SeALs

Injury and Recovery

. Harbor seal numbers were declining in
the Gulf of Alaska, including in Prince Wil-
liam Sound, before the oil spill. Exxon
Valdez oil affected harbor seal habitats, in-
cluding key haul-out areas and adjacent
waters, in Prince William Sound and as far
away as Tugidak Island, near Kodiak. Esti-
mated mortality as a direct result of the oil
spill was about 300 seals in oiled parts of
Prince William Sound. Based on aerial sur-
veys conducted at trend-count haulout sites
in central Prince William Sound before
(1988) and after (1989) the oil spill, seals in
oiled areas 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 1989-1997, the average estimated an-
nual rate of decline was about 5 percent, and
for that reason harbor seals continue to be
considered “not recovered.” Environmental
changes in the late 1970s may have reduced
the amount or quality of prey resources, in-
cluding such forage fishes as Pacific herring
and capelin, available to harbor seals in the
northemn Gulf of Alaska ecosystem. These

INTERTIDAL COMMUNITIES

Injury and Recovery

Portions of 1,300 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 sig-
nificant impacts on the flora and fauna of
the intertidal zone, the area of beach between
low and high tides. Intertidal communities
are intrinsically important and are resources
for subsistence users, sea and river otters,
and a variety of birds, including black oys-
tercatchers, harlequin ducks, and pigeon
guillemots.

Initial impacts to intertidal organisms
occurred at all tidal levels and in all types of
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changes may have
been responsible for
or contributed to the
initial prespill har-
bor seal decline, and
the ecosystem may
now support fewer
seals than it did prior
to the late 1970s.
Recent studies, however, indicate that the
seals in the sound, especially pups and year-
lings, are in very good condition and do not
show evidence of nutritional stress. On-go-
ing sources of mortality include killer whale
predation, subsistence hunting, and commer-
cial fishery interactions (e.g., drowning in
nets). Satellite tagging studies sponsored by
the Trustee Council indicate that harbor seals
in the sound are largely resident throughout
the year, suggesting that recovery must come
largely through recruitment and survival
within injured populations.

Harbor seals have been a major focus
of research sponsored by the Trustee Coun-
cil since the oil spill. This research includes
documentation of population trends in the
field, improved statistical techniques for the
analysis of aerial survey data, and explora-
tion of possible sources of mortality and lack

habitats throughout the oil-spill area. Many
species of algae and invertebrates were less
abundant at oiled sites than at unoiled refer-
ence sites. Some, more opportunistic spe-
cies, including a small species of barnacle,
oligochaete worms, and filamentous brown
algae, colonized shores affected by the oil
spill and clean-up activities. The abundance
and reproductive potential of the common
seaweed, Fucus gardneri (known as rock-
weed or popweed), also was reduced follow-
ing the spill.

In the lower and middle intertidal
zones on oiled rocky shores, algal cover-
age and invertebrate abundances had re-
turned by 1991 to coverages and abun-
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of recovery in the population, including
health and diet. One study quantified nor-
mal blood chemistry values for several hun-
dred seals; this database serves as a valu-
able tool for evaluating the health status of
other seals. Starting in 1998, several projects
exploring blood chemistry and other health
parameters in relation to diet are being car-
ried out at the Alaska Seal ife Center.

Harbor seals have long been a key sub-
sistence resource in the oil-spill area. Sub-
sistence hunting is affected by the declin-
ing seal population, and fewer opportuni-
ties to hunt seals have changed the diets of
subsistence users who traditionally relied
on these marine mammals. With partial
support from the Trustee Council, the
Alaska Native Harbor Seal Commission is
working to involve Native hunters in re-
search on and management of harbor seals.
Alaska Native subsistence hunters have
been helpful by providing seal researchers
with measurements and hard-to-obtain tis-
sue samples from harvested seals.

Recovery Objective
Harbor seals will have recovered from
the effects of the oil spill when their popu-
lation is stable or increasing.
L it
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dances similar to those observed in unoiled
areas. However, large fluctuations in the
algal coverage took place through 1997 in
the oiled areas. This pattern is consistent
with continued instability due to the origi-
nal spill impact and the subsequent
cleanup.

On the sheltered, bedrock shores that
are common in Prince William Sound, full
recovery of Fucus is crucial for the recov-
ery of intertidal communities at these sites,
since many invertebrate organisms depend
on the cover provided by this seaweed. Fu-
cus 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 been substantial.
In other habitat types, such as estuaries and
cobble beaches, many species did not show
signs of recovery when they were last sur-
veyed in 1991. In studies of the effects of
cleanup activities on beaches, invertebrate
molluscs and annelid worms on oiled and
washed beaches were still much less abun-
dant than on comparable unoiled beaches
through 1997.

Beyond describing the effects of the oil
spill and cleanup operations, the Trustee
Council’s restoration program has benefited
intertidal communities in several respects.

KitTLiT2’s MURRELETS

Injury and Recovery

The Kittlitz’s murrelet is found only in
Alaska and portions of the Russian Far East.
A large fraction of the world population,
which may number only a few tens of thou-
sands, 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, but they are known to 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.

KiLLeErR WHALES

Injury and Recovery

More than 100 killer whales in six “resi-
dent” pods regularly use Prince William
Sound as part of their ranges. Other whales
in “transient” groups are observed in the
sound less frequently. There has been par-
ticular concern in the sound about the resi-
dent AB pod, which numbered 36 animals

Although most tidelands in the spill area are
already in state ownership, Trustee Council
funds enabled the protection of sedge and
mudflat habitats on the Homer Spit and en-
hanced protection of and access to rocky
intertidal habitats at Kachemak Bay and at
Lowell Point near Seward. Research and
monitoring sponsored by the Trustee Coun-
cil have greatly expanded knowledge of the
distribution and ecology of north Pacific in-
tertidal organisms, such as sea stars, and
have provided models for statistically pow-
erful sampling designs that can be incorpo-
rated into future injury assessments.

One published estimate places direct mortal-
ity of Kittlitz’s murrelets from the oil spill as
high as 1,000-2,000 individuals, which would
represent a substantial fraction of the world
population.

Because so little is known about this spe-
cies, the Trustee Council funded an explor-
atory study on the ecology and distribution
of the Kittlitiz’s murrelet in Prince William
Sound starting in 1996. Final results from
this project are not yet available, but prelimi-
nary data confirm this species’ affinity for
tidewater glaciers in the four bays studied in
the northern and northwestern parts of the
sound. It also appears that reproductive out-
put in 1996 and 1997 was extremely low or
absent, and some Kittlitz's murrelets were
apparently paired with marbled murrelets.
There appear to be about 1,200-1,400
Kittlitz’s murrelets during summer in the four

prior to the spill. Fourteen whales disap-
peared from this pod in 1989 and 1990, dur-
ing which time no young were recruited into
the population. During the period 1992-94,
four calves were added to the pod, but five
additional adults were lost and presumed
dead. During the most recent period, 1996-
98, fives calves were recruited and only two
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Recovery Objective

Intertidal communities will have recov-
ered 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 reestablish-
ment of important species, such as Fucus at
sheltered rocky sites, the convergence in
community composition and organism abun-
dance on oiled and unoiled shorelines, and
the provision of adequate, uncontaminated
food supplies for top predators in intertidal
and nearshore habitats.

bays studied in northern and northwestern
sound. Other, more extensive marine bird
boat surveys suggest a sound-wide summer
population of at least 3,400 murrelets. These
estimates are consistent with what is believed
to be a small Alaskan and world population.

The population data, indications of low
reproductive success, and affinity to tidewa-
ter glaciers (of which the lower elevation gla-
ciers are receding rapidly) are reasons for
concern about the long-term conservation of
Kittlitz's murrelets. Specifically with refer-
ence to the effects of the oil spill, however,
the original extent of the injury and its recov-
ery status are still unknown and may never
be resolved.

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

adults were lost—a net gain of three indi-
viduals since 1992. Thus, it is possible that
recovery is now underway. If the calves bom
since 1992 survive and if additional calves
are added to the pod over the next two or
more years, the requirements for recovery
will have been satisfied.

The original link between the AB pod



losses and the oil spill was circumstantial.
The rate of disappearance and likely mor-
tality of killer whales in this well-studied pod
in Prince William Sound following the spill
far exceeded 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 had been concern about
the possible shooting of killer whales due to
conflicts with long-line fisheries prior to the
oil spill. There are no recent indications of
such conflicts.

Overall numbers within the major resi-
dent killer whale pods in Prince William
Sound are at or exceed prespill levels, even
though the AB pod may or may not regain its
former size. There is concern, however, that
a decline in resightings of individuals within
the AT1 group of transient killer whales has
accelerated following the oil spill. Since 1990
and 1991, 10 individuals have been missing
from the AT group and are now almost cer-
tainly dead. During that same period there
has been no recruitment of calves into this
group of transients. Transient killer whales

largely prey on marine mammals, and there
has been a 60 percent decline in the harbor
seal population in the sound over the last two
decades. Changes in the availability of such
an important prey species could influence
killer whale distribution and reproduction.
Trustee Council-sponsored research on
contaminants in killer whales in Prince Wil-
liam Sound indicates that some whales are
carrying high concentrations of PCBs, DDT,
and DDT metabolites in their blubber. The
presence of such contaminants is not related
to the oil spill. Contaminants are signifi-
cantly higher in the mammal-eating tran-
sients than in the fish-eating residents, con-
sistent with the fact that contaminants
bioaccumulate—that is they are more con-
centrated at higher trophic levels. Concen-
trations are highest in first-born calves, in-
dicating that contaminants are passed on by
nursing females. The high concentrations
of contaminants found in the transient
whales, including those in the AT1 group,
are comparable to those found to cause re-
productive problems in other marine mam-

mals, but there is no unequivocal evidence
of a link between contaminants and poor
reproduction in the AT1 group.

Other work sponsored by the Trustee
Council includes a detailed genetic analysis
that has shown definitively that resident and
transient killer whales in Prince William
Sound are genetically distinct. The Trustee
Council also has sponsored development of
acoustic techniques for identifying and
monitoring killer whales. Data on sightings
and movements of killer whales indicate that
the area around Knight Island and passages
to Knight Island are among the most heavily
used parts of Prince William Sound by both
resident and transient killer whales. Use of
the outer Kenai coast, including Resurrec-
tion Bay, appears to be increasing.

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.
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MARBLED MURRELETS

Injury and Recovery

The northern Gulf of Alaska, including
Prince William Sound, is a key area of con-
centration in the distribution of marbled
murrelets. The marbled murrelet is feder-
ally listed as a threatened species in Wash-
ington, Oregon, and California; it also is
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 de-
cline are not known for certain, but envi-
ronmental changes in the late 1970s prob-
ably reduced the availability or quality of
prey resources. There is, nonetheless, clear
evidence that oil caused injury to the
marbled murrelet population in the sound.
Carcasses of nearly 1,100 Brachyramphus
murrelets were found after the spill, and
about 90 percent of the murrelets that could
be identified to the species level were
marbled murrelets. Many more murrelets
probably were killed by the oil than were
found, perhaps as much as 7 percent of the
spill area population.

The marbled murrelet population in
Prince William Sound is assessed through
standard marine bird boat surveys. Based
on the boat surveys carried out through 1998,
there has been no statistically significant

MussELs

Injury and Recovery

Mussels are an important prey species
in the nearshore ecosystem throughout the
spill area and are locally important for sub-
sistence. Beds of mussels provide physical
stability and habitat for other organisms in
the intertidal zone and were purposely left
alone during Exxon Valdez cleanup opera-
tions.

In 1991, high concentrations of rela-
tively unweathered oil were found in the
mussels and in underlying byssal mats and
sediments in certain dense mussel beds. The
biological significance of mussel beds that
are still oiled is not known precisely, but they

Marbled Murrelet

increase in the sound’s marbled murrelet
population since the spill. There also is no
evidence of a further decline.

The Trustee Council’s recovery objec-
tive requires a stable or increasing popula-
tion for marbled murrelets. Based on the
information above, it appears that this spe-
cies is at least recovering from the effects of
the oil spill.

Marbled murrelets have been a major
focus of the Trustee Council’s restoration
program, including both habitat protection
and research and monitoring activities.
Marbled murrelets are known to nest in
large, mossy trees within stands of old-
growth forest. Following the oil spill,
Trustee Council researchers identified spe-
cific habitat types and areas within the spill

TR E

are potential pathways of oil contamination
for local populations of harlequin ducks,
black oystercatchers, river otters, and sea
otters, all of which feed to some extent on
mussels and other prey in and around mus-
sel beds and which were injured by the oil
spill. The Trustee Council’s Nearshore Ver-
tebrate Predator project has evidence of pos-
sible hydrocarbon exposure in sea otters,
river otters, harlequin ducks, and Barrow’s
goldeneyes in oiled parts of Prince William
Sound through 1996 or 1997, but the path-
way of such exposure has not been estab-
lished.

About 30 mussel beds in Prince Will-
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zone that are especially valuable to nesting
murrelets. Much of the 600,000 acres of
habitat protected with Trustee Council funds
is forested, including significant habitat that
is suitable for and used by nesting murrelets
(for example, on Afognak Island).

In the area of research and monitoring,
the Trustee Council’s Alaska Predator Ecosys-
tem Experiment (APEX) project is investigat-
ing the relationship between marbled murrelet
declines and the availability and abundance of
forage fish, such as Pacific herring, sand lance,
and capelin. It appears that there is a direct
correlation between the availability of forage
fish and production of young murrelets, based
on the presence of juvenile murrelets on the
water in Prince William Sound. Historical
trawl data analyzed as part of this project sup-
ported a decision by the North Pacific Fishery
Management Council to limit bycatch of for-
age fish in commercial fisheries and to pre-
clude the startup of fisheries targeting forage
fish (not including herring).

Recovery Objective

Proposed Revision: Marbled murrelets
will have recovered when their populations
are stable or increasing. Sustained produc-
tivity within normal bounds will be an indi-
cation that recovery is underway.
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iam Sound still contained Exxon Vaidez oil
residue when last sampled in 1995. Twelve
of these beds had been cleaned on an ex-
perimental basis in 1994. In 1995, oil hy-
drocarbon concentrations in mussels at half
the treated beds were lower than would have
been expected if the beds had not been
cleaned. In 1996, however, limited sampling
indicated that several of the cleaned beds had
been recontaminated from surrounding or
underlying oil residue.

Maussel beds along the outer Kenai Pen-
insula coast, the Alaska Peninsula, and
Kodiak Archipelago were surveyed for the
presence of oil in 1992, 1993, and 1995. In



1995, hydrocarbon concentrations in mus-
sels and sediments at these Gulf of Alaska
sites were generally lower than for sites in
Prince William Sound, but at some sites sub-
stantial concentrations persist.

While several sites in Prince William
Sound still contained high concentrations of
oil in 1995, over half the sites surveyed dem-
onstrated significant natural declines that
suggest background concentrations should

PaciFic HERRING

Injury and Recovery

Pacific herring spawned in intertidal
and subtidal habitats in Prince William
Sound shortly after the oil spill. A signifi-
cant 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. Despite the record spawn-
ing biomass in 1992, the population exhib-
ited a density-dependent reduction in size,
and in 1993 there was an unprecedented
crash of the adult herring population. A vi-
ral disease and fungus were the probable
immediate agents of mortality, but such
other factors as competition for food may
have reduced herring fitness and survival.
Laboratory investigations since the popula-
tion crash have shown that exposure to very
low concentrations of Exxon Valdez oil can
compromise the immune systems of adult
herring and lead to expression of the viral
disease. The extent to which the exposure
to oil contributed to the 1993 disease out-
break is uncertain.

Numbers of spawning herring in Prince

be reached in the next few years. Oil con-
tamination in mussels, however, will likely
persist for many years at certain sites that
are well protected from wave action or where
oil penetrated deeply into underlying sedi-
ments.
In 1999, a series of oiled mussel beds
will be inspected and monitored to track the
recovery of this resource. Comparison of
mussel beds cleaned in 1994 to beds that

William Sound remained depressed through
the 1995 season. In 1997 and 1998 there
were limited commercial harvests for her-
ring in the sound, but the population has yet
to recruit a highly successful year-class,
which is fundamental to recovery of this
species. Thus, while it is clear that the Pa-
cific herring is in the process of recovering,
a full recovery has not been achieved.

Because the Pacific herring is extremely
important ecologically and commercially
and for subsistence users, the Trustee Coun-
cil has made a major investment in restora-
tion projects that benefit herring. In the area
of habitat protection, Trustee Council funds
have acquired more than 1,200 miles of up-
land shorelines, some of which will help
protect water quality in areas used by spawn-
ing herring. Research sponsored by the
Trustee Council also has identified bays that
are important as herring nursery and over-
wintering areas, and this information will be
useful to natural resource managers for de-
cisions about siting facilities or planning
responses to future oil spills.

The Trustee Council’s Sound Ecosys-
tem Assessment has resulted in new under-
standing of the importance of body condi-
tion in determining overwintering survival
of herring and in the influences of the Gulf
of Alaska in herring productivity within
Prince William Sound. Techniques for im-
proving stock and spawning biomass assess-
ments through spawn deposition surveys and
hydroacoustic and aerial surveys also have
been supported by the Trustee Council. On-
going research on herring disease in rela-
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were not cleaned should provide valuable
information for planning responses to future
oil spills.

Recovery Objective

Mussels will have recovered when con-
centrations of oil in the mussels and in the
sediments below mussel beds reach back-
ground levels, do not contaminate their
predators, and do not affect subsistence uses.
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tion to commercial fishing practices, such
as the enclosed “pound” fisheries, have di-
rect implications for management of the
herring fishery. Improvements in knowledge
about the biology and ecology of herring and
in assessment and management tools will
enhance conservation and management of
this species over the long term.

Recovery Objective

Pacific herring will have recovered when
the next highly successful year class is recruited
into the fishery and when other indicators of
bounds in Prince William Sound.




PiceoN GuiLLEMOTS

Injury and Recovery

Although pigeon guillemots are widely
distributed in the north Pacific region, no-
where do they occur in large 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 evi-
dence that the pigeon guillemot population
in Prince William Sound declined before the
oil spill. The causes of the prespill decline
are not known for certain, but environmental
changes in the late 1970s probably reduced
the availability or quality of prey resources.
There is, nonetheless, clear evidence that oil
caused injury to the guillemot population in
the sound. An estimated 10-15 percent of the
spill-area population died immediately fol-
lowing the spill. Boat-based surveys of ma-
rine birds before (1984-85) and after the oil
spill indicated that the guillemot population
declined throughout the oiled portion of the
sound. These same surveys indicate that
numbers of guillemots remain depressed
along oiled shorelines in the sound through

PiNk SaLmonN

Injury and Recovery

Certain features of the life history of pink
salmon made this species highly vulnerable
to damage from the oil spill. As much as 75
percent of wild pink salmon in Prince Will-
iam Sound spawn in the intertidal portions of
streams, where embryos deposited in the
gravel could be chronically exposed to hydro-
carbon contamination in the water column or
leaching from oil deposits on adjacent beaches.
When juvenile pink salmon migrate to salt-
water they spend several weeks foraging for
food in nearshore habitats. Thus, juvenile
salmon entering seawater from both wild and
hatchery sources could have been exposed to
oil as they swam through oiled waters and fed
along oiled beaches. Trustee Council-spon-
sored studies have documented two primary
types of injury due to the exposure of these
early life stages: First, growth rates in both

1998, and for this reason the pigeon guillemot
is still considered to have not recovered from
the effects of the oil spill.

The Trustee Council’s Alaska Predator
Ecosystem Experiment (APEX) project is in-
vestigating the possible link between pigeon
guillemot declines and the availability of
high-quality forage fish, such as Pacific her-
ring and sand lance. This work has revealed
a strong connection between the availability
of certain prey fishes, especially sand lance,
and guillemot chick growth rates, fledging
weights, and nesting population size. His-
torical trawl data analyzed as part of this
project supported a decision by the North
Pacific Fishery Management Council to limit
bycatch of forage fish in commercial fisher-
ies and to preclude the startup of fisheries tar-
geting forage fish (not including herring).

The Nearshore Vertebrate Predator
(NVP) project, also sponsored by the Trustee
Council, addresses the possibility that ex-
posure to oil is limiting the guillemot’s re-
covery. Preliminary biochemical data do not
indicate that guillemot chicks are being ex-

wild and hatchery-reared juvenile pink salmon
from oiled parts of the sound were reduced.
Second, there was increased egg mortality in
oiled versus unoiled streams.

In the years preceding the spill, returns of
wild pink salmon in Prince William Sound var-
ied from a maximum of 23.5 million fish in 1984
to a minimum of 2.1 million in 1988. Since the
spill, returns of wild pinks have varied from a
high of about 12.7 million fish in 1990 to a low
of about 1.9 million in 1992. The decade pre-
ceding the oil spill was a time of very high pro-
ductivity for pink salmon in the sound, and,
given the tremendous natural variation in adult
retumns, it is impractical to measure directly the
extent to which wild salmon retums since 1989
were influenced by the oil spill. Based on in-
tensive studies, including mathematical mod-
els, carried out following the spill, wild adult
pink salmon returns to the sound’s Southwest
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posed to hydrocarbons.

Pigeon guillemots nest in rock crevices
and under tree roots at the tops of rocky cliffs
and steep slopes. They have benefited
greatly from the habitat protection program,
including the acquisition of more than 1,200
miles of marine shoreline. In addition, in-
troduced foxes were eliminated from two of
the Shumagin Islands (Simeonof and
Chernabura) in the southwestern part of the
spill area. Pigeon guillemots were present
in low densities on both islands, but in higher
densities on nearby fox-free islands. Al-
though the nesting birds have not been sur-
veyed since the foxes were removed in 1995,
the elimination of this introduced predator
should result in a large increase in the popu-
lation of nesting guillemots.

Recovery Objective

Pigeon guillemots will have recovered
when their population is stable or increas-
ing. Sustained productivity within normal
bounds will be an indication that recovery
is underway.

District in 1991 and 1992 were most likely re-
duced by a total of 11 percent.

Reduced juvenile growth rates in Prince
William Sound occurred only in the 1989 sea-
son, but higher egg montality persisted in oiled
compared to unoiled streams through 1993. No
statistically significant differences in egg mor-
talities in oiled and unoiled streams were de-
tected in 1994 through 1996, but in 1997 there
was again a difference. It is not clear whether
the 1997 difference was due to the effects of
lingering weathered oil, perhaps newly exposed
by storm-related disturbance of adjacent
beaches, or due to other factors.

Patches of weathered oil still persist in or
near intertidal spawning habitats in a few of the
streams used by pink salmon in southwestern
Prince William Sound. Itis possible that patches
of oil may be exposed as winter storms shift
stream beds back and forth and result in local



episodes of increased pink salmon egg mortal-
ity. The duration, scale, and number of any such
events now would be very limited in compari-
son to the situation that existed in the south-
western sound in 1989-1993. Moreover, the
biological impact of exposure to any such lin-
gering oil should not limit pink salmon popula-
tions, assuming there are no drastic negative
changes in the quality of freshwater habitats and
ocean rearing conditions. Thus, with the ex-
ception of a few streams with patches of linger-
ing oil in the southwestemn sound, there is no
longer any basis to suspect that the oil spill is
affecting pink salmon populations in the sound.
Overall, pink salmon have recovered from the
effects of the Exxon Valdez oil spill.

The Trustee Council has made a major in-
vestment in studying the effects of the oil spill
on pink salmon and in improving conservation
and management of wild stocks in Prince Wil-
liam Sound. Studies on the effects of oil on
pink salmon have led to new insights about how
oil can affect salmon, especially in regard to the
toxicity of even very small concentrations of
weathered oil on early life stages. This infor-
mation will be useful in evaluating water qual-
ity standards for oil in water and in contingency
planning for future oil spills.

The Trustee Council has sponsored sev-
eral projects directed at improved management

River OTTERS

Injury and Recovery

River otters have a low population den-
sity in Prince William Sound. Twelve river
otter carcasses were found following the spill,
but the actual total 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 alterations,
reduced diversity in prey species, reduced
body size (length-weight), and increased
home-range size. Because there were few
prespill data, it is not certain that these differ-
ences are the result of the oil spill. Although
some of the differences (e.g., in blood val-
ues) persisted through 1996, there were few
differences documented in 1997 and 1998.
Thus, there are no indications of possible lin-

of pink salmon. One of the most beneficial
projects sponsored by the Trustee Council was
development and implementation of a thermal
mass marking project in Prince William Sound.
This project, which is now being sustained by
the Alaska Department of Fish and Game and
the Prince William Sound Aquaculture Asso-
ciation, puts a unique mark on the otoliths (ear
bone) of hatchery-reared fry released in the
sound. Technicians can readily identify these
fish when they are caught as returning adults.
This information is used for in-season adjust-
ments of harvests (times and areas) to better
protect wild stocks and to more fully utilize
hatchery stocks when doing so does not jeop-
ardize wild stocks of pink salmon. Another
project sponsored by the Trustee Council char-
acterized the genetic stock structure of pink
salmon in the sound. The results of this project
will improve confidence that management ac-
tions are adequately protecting the genetic di-
versity of small wild stocks.
Throughout Alaska there is increasing rec-
ognition of the importance of changes in ma-
rine ecosystems on the growth and survival of
salmon. The Trustee Council has funded the
Sound Ecosystem Assessment (SEA) project
to explore oceanographic and ecological fac-
tors that influence production of pink salmon
and Pacific herring in Prince William Sound.

gering injury from the oil spill, and the Trustee
Council’s recovery objective has been met.

The Trustee Council’s habitat protection
program and research and monitoring
projects have benefited spill-area river ot-
ters. More than 1,200 miles of marine shore-
line and more than 280 streams used by
anadromous fish streams have been pro-
tected; much of this area provides high-value
habitat for river otters.

Through the Nearshore Vertebrate
Predator project and other studies, much in-
formation has been gathered that will im-
prove long-term conservation and manage-
ment of river otters. These breakthroughs
include development of a new method for
live-trapping otters, which will improve the
ability of wildlife managers to estimate
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These factors include such things as the timing
of spring plankton blooms and changes in cir-
culation patterns that link the sound to the Gulf
of Alaska. These natural factors are likely to
have the greatest influence on year-to-year re-
turns in both wild and hatchery stocks of pink
salmon. A final report from the SEA Project is
due at the end of FY 1999,

Pink salmon have been major beneficia-
ries of the Trustee Council’s habitat protection
program. The more than 600,000 acres of land
protected through the Trustee Council program
include 280 streams with spawning and rearing
habitat for salmon. Wild populations of pink
salmon have been enhanced by creating or pro-
viding access to additional spawning habitat,
such as the Port Dick spawning channel on the
outer Kenai coast. This project is expected to
result in production of additional pink salmon
available for commercial harvest each year.

Recovery Objective

Pink salmon will have recovered when
population indicators, such as growth and sur-
vival, 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.

population sizes for this elusive species, and
new insights in the recycling of aquatic nu-
trients into forest ecosystems at otter latrine
sites, which has important implications from
aconservation standpoint. In addition, work
in progress at the Alaska Seal.ife Center on
the blood chemistry of river otters in rela-
tion to small doses of oil will aid interpreta-
tion of biochemical tests for exposure from
oil and other contaminants.

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 (of several species) in the north-
ern 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 sub-
lethal effects. In addition, closures to salmon

Sea OTTERS

Injury and Recovery

By the late 1800s, sea otters had been
eliminated from most of their historical
range in Alaska due to excessive harvest-
ing by Russian and American fur traders.
Surveys of sea otters in the 1970s and
1980s, however, indicated a healthy and ex-
panding population in most of Alaska, in-
cluding Prince William Sound. Today the
only harvests of sea otters are for subsis-
tence purposes.

About 1,000 sea otter carcasses were
recovered following the spill, and addi-
tional 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 juve-
niles in oiled areas. By 1992-93, overwin-
tering mortality rates for juveniles had de-
creased, but were still higher in oiled than
in unoiled parts of the sound.

Based on both aerial and boat surveys
conducted in western Prince William Sound,
there is statistically significant evidence of
a population increase following the oil spill
(1993-98). Observations by local residents
bear out this general increase. However,
within the most heavily oiled bays in the
western sound, such as those on northern
Knight Island, the aerial surveys indicate that
recovery may not be complete.

fisheries apparently had the effect of increas-
ing fishing pressures on rockfish, which, in
turn, may have adversely affected local rock-
fish populations. However, the original ex-
tent of injury and the current recovery sta-
tus of this species are unknown.

Because little is known about rockfish
abundance and species composition in the
spill area and because rockfish are harvested
commercially, even basic information about
these species could provide a basis for im-

Sea Otter

The Trustee Council’s Nearshore Ver-
tebrate Predator project, which was started
in 1995, is addressing the lack of recovery
in sea otters in the heavily oiled bays of
western Prince William Sound. The lack
of recovery may reflect the extended time
required for population growth for a long-
lived mammal with a low reproductive rate,
but it also could reflect the effects of con-
tinuing exposure to hydrocarbons or a com-
bination of both factors. Through 1997,
researchers have continued to find bio-
chemical evidence of oil exposure in sea
otters on northern Knight Island. Bio-
chemical samples from 1998 are now be-
ing analyzed. An additional hypothesis is
that food supplies are limiting recovery, but
preliminary evidence does not fully sup-
port this idea.

It is clear that sea otter recovery is un-
derway for much of the spill-area, with the
exception of populations at the most heavily
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proved management or, at least, the identifi-
cation of priorities for more targeted research.
Accordingly, starting in FY 1998, the Trustee
Council sponsored a multi-year study of ge-
netic stock structure in black, dusky, and
yelloweye rockfish throughout the spill area
and the adjacent Gulf of Alaska. No results
from this work are currently available.

Recovery Objective
No recovery objective can be identified.

oiled bays in western Prince William Sound.
Researchers sponsored by the Trustee Coun-
cil continue to explore hypotheses for lack
of recovery at these sites.

Sea otters have benefited from many
aspects of the Trustee Council’s program.
Sea otters are found along many miles of
the more than 1,200 miles of marine shore-
line that has been protected through the
habitat protection program. Results of re-
search and monitoring projects have also
been valuable. For example, an aerial sur-
vey protocol is now being used more widely
to monitor sea otter populations, and an im-
proved and validated technique for aging
sea otters using their teeth will aid biolo-
gists and veterinarians wherever sea otters
are found. Another example is new infor-
mation on age-specific reproductive rates,
which is crucial for understanding the ef-
fects of subsistence harvests on sea otters.
These new techniques and insights will aid
sea otter conservation and management
over the long term.

Recovery Objective

Sea otters will have recovered when
the population in oiled areas returns to its
prespill abundance and distribution. Anin-
creasing population trend and normal re-
production 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 com-
mon 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 per-
sists at many locations.

The last comprehensive survey of
shorelines in Prince William Sound, con-
ducted in 1993, included 45 areas of shore-
line known to have had the most significant
oiling. The average location with surface
oil residue, asphalt, or mousse was 160 m*
in size. Based on that survey, it was esti-
mated that heavy subsurface oil had de-
creased by 65 percent since 1991 and that
surface oil had decreased by 50 percent over
the same time period.

The shorelines of the outer Kenai and
Alaska Peninsula coasts get more wave ac-
tion than most shorelines within Prince Will-
iam Sound. These Gulf of Alaska sites tended
to be contaminated with oil in the form of
mousse, which can persist for long periods in
a largely unweathered state. Five of six index
beaches on the gulf coast have a heavy boul-
der “armor,” and were last visited in 1993 and
1994. At this time, surface and subsurface oil
mousse persisted in a remarkably unweath-
ered state in the armored beaches.

In 1995, a shoreline survey team vis-

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 be-
ing sent to market. As a result, there were
higher-than-desirable numbers (i.e.,
“overescapement”) of spawning sockeye
salmon entering the Kenai River and also
Red and Akalura lakes on Kodiak Island.
Research carried out following the spill
demonstrated that initially these high es-
capements produced an overabundance of

ited 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 unarmored beaches 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 analy-
ses 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 was mostly confined to the upper-
most 20 meters water depths (below mean low
tide), although elevated levels of hydrocar-
bon-degrading bacteria (associated with el-
evated hydrocarbons) were detected at depths
of 40 and 100 meters in 1990 in Prince Will-
iam Sound. By 1993, however, there was
little evidence of Exxon Valdez oil and related
elevated microbial activity at most index sites
in Prince William Sound, except at those as-
sociated 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 substantial
subtidal oiling is still known to occur.

Based on the information above, sedi-
ments are considered to be recovering. How-
ever, the presence of surface and subsurface
oil continues to compromise wilderness and

juvenile sockeye that then overgrazed the
zoo-plankton, thus altering planktonic food
webs in the nursery lakes. The result was
lost sockeye production as shown by reduced
growth rates during the freshwater part of
the sockeye life history and declines in the
returns of adults per spawning sockeye. Al-
though sockeye freshwater growth tended to
return to normal within two or three years
following the overescapement, there are in-
dications that these systems are less stable
for several years after an initial
overescapement event.
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recreational values, expose and potentially
harm living organisms, and offend visitors
and residents, especially those who engage
in subsistence activities along still-oiled
shorelines. Concemn on the part of Chenega
Bay residents has been particularly strong.
In 1997, with support from the Trustee
Council, a project was carried out to use a
chemical surfactant and other means to re-
move additional crude oil from 10,000 m?
of beach on LaTouche and Evans islands in
southwestern Prince William Sound. This
effort was a partly successful, but a final
evaluation of the results is not yet available.

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 re-
covery is underway.

The negative effects of the 1989
overescapement on sockeye productivity, as
measured by return per spawner, in the Kenai
River watershed were readily apparent for re-
turns from the brood years 1989-1992. Re-
turns from the 1993-1995 brood years are not
complete because some of these fish are still
at sea, but returns to date show promise that
management efforts have been successful in
restoring the returns per spawner to normal
levels. The sockeye salmon of the Kenai River
watershed are recovering from the effects of
the 1989 overescapement.



Production of zooplankton in both Red
and Akalura lakes on Kodiak Island has re-
bounded from the effects of the
overescapement at the time of the oil spill.
By 1997, Red Lake had responded favor-
ably in terms of smolt and adult production
and was at or near prespill production of
adult sockeye. At Akalura Lake, however,
adult escapements continued to fall below
minimum goals through 1997, but the im-
pact of overescapement on return per
spawner for Akalura sockeye is not clear.
Fortunately, starting in 1993, the production
of smolts per adult increased sharply and the
smolt sizes and age composition suggested
that rearing conditions have improved. Cur-
rent projections now suggest a significant
escapement of adults into Akalura Lake in
the 1999 season. The sockeye populations
of both Red and Akalura lakes are recover-
ing from the effects of the 1989
overescapement.

There also was concern about
overescapement effects in lakes on Afognak

SusTiDAL COMMUNITIES

Injury and Recovery

Shallow subtidal habitats of Prince
William Sound, from the lower intertidal
zone to depths of about 20 meters, typically
have dense stands of kelp or eelgrass and
contain numerous polychaete worms, snails,
clams, sea urchins, and other invertebrate
life. These subtidal communities provide
shelter and food for an array of nearshore
fishes, birds, and marine mammals.

Oil that was transported down to
subtidal habitats, as well as subsequent
cleanup activities, apparently caused
changes in the abundance and species com-
position of plant and animal populations
below lower tides. Different habitats, em-
phasizing eelgrass beds and adjacent ar-
eas of soft sediment, were compared at
oiled and unoiled sites from 1990-1995.
It is difficult to draw firm conclusions from
this study, because it is hard to distinguish
between natural site differences (e.g., per-
cent sand and mud) and those differences

Island and on the Alaska Peninsula. How-
ever, analysis of sockeye freshwater growth
rates of juveniles from Chignik Lake on the
Alaska Peninsula did not identify any im-
pacts associated with a 1989 overescape-
ment event.

The Trustee Council has made a major
investment in the restoration and manage-
ment of sockeye salmon, especially in the
Kenai River system. Research sponsored
by the Trustee Council has documented not
only the effects of overescapement events
(as described above), but also the mecha-
nism by which the effects are manifested in
glacial-lake systems. This work is helping
fisheries managers better monitor and pre-
dict annual changes in sockeye fisheries.
With support from the Trustee Council, ge-
netic stock identification and hydroacoustic
stock assessment techniques were developed
and are being employed to improve in-sea-
son management of the Cook Inlet sockeye
fisheries.

Sockeye salmon have benefited greatly

actually resulting from the oil spill or
cleanup.

Concentrations of hydrocarbons in
subtidal sediments were significantly higher
at oiled sites than at unoiled reference sites.
These concentrations dropped sharply by
1991, but evidence of o0il contamination due
to Exxon Valdez oil persisted at some loca-
tions through 1995.

Biologically, negative effects of the oil
were most evident for oil-sensitive species
of amphipods, which were consistently less
abundant at oiled than at unoiled sites. Re-
duced numbers of eelgrass shoots and flow-
ers may have been due to increased turbid-
ity associated with cleanup activities (e.g.,
boat traffic). Two species of sea stars and
helmet crabs also were less abundant at oiled
sites. Some invertebrates living in the sedi-
ment, including species in eight families of
polychaete worms, two families of snails,
and one family of mussels, were greater in
numbers at oiled sites. These species are
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from the Trustee Council’s habitat protec-
tion program throughout the spill area.
These acquisitions include streambank,
lakeside, and watershed habitats along the
Kenai and Moose rivers on the Kenai Pen-
insula, the Eshamy-Jackpot Bay area of
Prince William Sound, the Red and Fraser
lakes area on Kodiak Island, and Laura and
Pauls lakes on Afognak Island. In addition
to habitat acquisition, the Trustee Council
sponsored a project to stabilize and restore
degraded streambanks on public lands along
the Kenai and Russian rivers. This project
will restore spawning and rearing habitat im-
portant for salmon and enhance recreational
fishing, which was a service injured by the
oil spill.

Recovery Objective

Proposed Revision: Sockeye salmon in
the Kenai River system and Red and Akalura
lakes will have recovered when adult re-
turns-per-spawner and other indicators of
productivity are within normal bounds.

known to be stress-tolerant and probably
benefited from the organic enrichment as-
sociated with oil. Some of the species that
showed increased numbers also may have
benefited from reduced competition or pre-
dation due to the effects of the spill.

By 1995, there was apparent recovery
of most constituents of the eelgrass commu-
nity. Some amphipod and clam species con-
tinued to be less abundant at oiled sites, and
there continued to be indications of en-
hanced numbers of stress-tolerant polycha-
etes and mussels. These sites have not been
revisited since 1995.

Recovery Objective

Subtidal communities will have recovered
when community compeosition 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 op-
portunistic species at oiled sites.



Human Services

Lost or Reduced Services
The following summaries for lost or reduced services, including commercial
fishing, recreation and tourism, and subsistence, are reprinted from the September
1996 Update on Injured Resources and Services. The Restoration Office and Trustee
agencies are in the process of evaluating the status of these services but are doing
so on a schedule that is slightly different from the review of injured resources. Pro-
posed changes in status and updated summaries should be available early in Febru-
ary and will be mailed to recipients of this document. The Trustee Council invites
comments or new information on the status of lost or reduced services. Written
comments on lost or reduced services are due February 26, 1999, with an
opportunity for public testimony at a Trustee Council meeting tentatively

scheduled for March 1.

CommMmERcIAL FISHING

Injury and Recovery

Commercial fishing is a service that was
reduced through injury to commercial fish
species (see individual resources) and also
through fishing closures. In 1989, closures
affected fisheries in Prince William Sound,
lower Cook Inlet, upper Cook Inlet, the outer
Kenai coast, Kodiak, and Chignik. Most of
these fisheries opened again in 1990. Since
then, there have been no spill-related dis-
trict-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 popu-
lation and poor fishery recruitment since
1989. These closures, including the on-go-
ing closure of the herring fishery in Prince
William Sound, harmed the livelihoods of
persons who fish for a living and the com-
munities 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 con-
tinues to make major investments in projects
to understand and restore commercially im-
portant fish species that were injured by the
oil spill. These projects include: supplemen-
tation work, such as fertilizing Coghill Lake
to enhance its sockeye salmon run and con-
struction of a barrier bypass at Little Water-
fall Creek; development of tools that have
almost immediate benefit for fisheries man-
agement, 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 map-
ping which will enhance the ability to pre-
dict and manage fisheries over the long-term.

Recovery Objective

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

Exxon Valdez Oil Spill Trustee Council
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Passive Use

Injury and Recovery

Passive use of resources includes the apprecia-
tion of the aesthetic and intrinsic values of undis-
turbed areas, the value derived from simply know-
ing 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 pas-
sive 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.

Afognak Island

REeCREATION AND TOURISM

Injury and Recovery

The spill disrupted use of the spill area
for recreation and tourism. Resources im-
portant for wildlife viewing and which still
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 ex-
periences and discourage 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 Fisheries has imposed special re-
strictions 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 visita-
tion 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.

Wildlife tours in Kenai
Fjords National Park
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Recovery Objective

Recreation and tourism will have recov-
ered, in large part, when the fish and wild-
life 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.

Recreation includes sport fishing, sport hunting, camp-
ing, boating, hiking and other active outdoor pursuits.



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 wild-
life in most of these villages declined sub-
stantially following the oil spill. The rea-
sons for the declines include reduced avail-
ability of fish and wildlife to harvest, con-
cern 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 evi-
dence 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 eat-
ing foods with such low levels of hydro-
carbons 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 shell-
fish from beaches where oil can be seen or
smelled on the surface or subsurface. Re-
sidual oil exists on some beaches near sub-
sistence communities. In general, subsis-
tence users remain concerned and uncer-
tain about the safety of fish and other wild-
life 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 us-
ers through household interviews conducted
by the Alaska Department of Fish and
Game. These interviews also indicated that
the total subsistence harvest began to re-
bound 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 re-
mains 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 re-
sources have varied cultural and nutritional
importance, and the changes in diet compo-
sition remain a serious concern to subsis-
tence users. Subsistence users also report
that they have to travel farther and expend
more time and effort 1o
harvest the same
amount as they did be-
fore the spill, espe-
cially in Prince Will-
iam 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 tradi-
tional and customary | =
use of natural re- [
sources. Subsistence
users say that main-
taining their subsis-
tence culture depends |
on uninterrupted use of |
fish and wildlife re-
sources. The more
time users spend away
from subsistence ac-
tivities, the less likely
that they will return to
these practices. Con-
tinuing injury to natu-
ral resources used for
subsistence may affect
ways of life of entire
communities. There is
particular concern that
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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 shar-
ing food need to be reintegrated into com-
munity life.




Public Hearing

January 21, 1998, 7:00-8:30 p.m.
(to be continued 8:30 a.m. January 22 if neeeded)
Anchorage Restoration Office
and at area Legisiative Information Offices

The Trustee Council and Public Advisory
Group will jointly host a public hearing to ac-
cept public testimony on 1) changes to the In-
jured Resources list and 2) potential uses of the
Restoration Reserve. The two groups will meet
January 22 to discuss the two topics.

The joint session between the Trustee Coun-
cil and its 17-member advisory group will focus
primarily on the Restoration Reserve. This $140
million savings account was set aside to finance
restoration activities beyond the year 2001 when
the last installment from Exxon is received. The
Trustee Council will not take action on the up-

Drart Urpate DeapuNe
Written comments on the draft update will
be accepted no later than February 5.

dated Injured Resources List or on the Restora-
tion Reserve at the January 22 meeting.

Legislative Information offices in Valdez,
Cordova, Seward, Kenai/Soldotna, Homer,
Kodiak, Juneau, and Fairbanks will be open 7-
8:30 p.m. January 21 for residents of those com-
munities. Residents in remote areas can join via
teleconference. Arrangements can be made by con-
tacting Rebecca at 907-278-8012; 800-478-7745
(within Alaska); 800-283-7745 (outside Alaska);
or via e-mail: restoration @oilspill.state.ak.us. The
public hearing will be continued at 8:30 a.m. Janu-
ary 22 if needed.

Restoranion Reserve DEADLINE
Written comments on the Restoration Reserve
will be accepted no later than February 12.

Exxon Valdez Qil Spill Trustee Council

Bulk Rate
U.S. Postage
PAID
Permit #1013
Anchorage, AK




RECREATION AND TOURISM: UPDATE ON STATUS OF THE SERVICE
TELEPHONE SURVEY

The following questions were asked of the following people by telephone during the
week of January 11, 1999. A summary of people’s responses follows. Most people’s
responses crossed several questions and no attempt has been made to assign
responses to particular questions.

Questions for Key Informants

1. Has the oil spill caused you to change the areas in which you recreate?

2. Has your frequency of recreating changed as a result of the spill; that is, do you
recreate more or less often? '

3. Do your recreational experiences today differ from your experiences before the
spill? If so, how?

4, Are your recreational activities today affected by lingering spill effects (e.g., oil on
beaches) or possible lingering spill effects (e.g., diminished wildlife viewing)?

5. Has your impression of __the sound  and its wildlife changed since the spill? If
so, how -- for better, worse, or no change?

6. If you were directly involved in the spill activities (such as clean-up), has your

recreation changed as a result of that direct involvement?

Key [nformants
Prince William Sound
Jim Brennan, private recreationist
Eleanor Huffines, NOLS
Dave Janka, Auklet Charter Services _
Nancy Lethcoe, Alaskan Wilderness Sailing Safaris
Wyn Menefee, ADNR
Dean Rand, small cruise boat Discovery
Stan Stephens, Stan Stephens Cruises and Charters
Paul Twardock, APU Wilderness Studies Program
Outer Kenai Coast ‘
Anne Castellina, Kenai Fjords National Park
Steve Hackett, sea kayak guide at time of spill
Dan McDonald, Kenai Fjords Tours
Kodiak _
Mike Goodwin, ADNR Parks, Anchorage (worked in Kodiak at time of spill)
Clare Holland, ADNR Parks, Kodiak
Stacy Studebaker, private recreationist
Tom Watson, Wave Tamer Kayaking, Kodiak
Lake Clark Coastline
Lee Fink, NPS
Katmai National Park
Jim Hummel, NPS




Brennan, Jim / Private recreationist (Anchorage, 279-5528)
Has been boating and kayaking out of Whittier every summer weekend for many
years. Curtailed his trips only in year of spill and changed areas he went to only
first couple years after spill. For several years could dig down and find oil on
certain beaches, but no longer. Only remaining difference is diminished wildlife -
- fewer seabirds, fewer sea otters especially in NW PWS coming out of Whittier,
fewer humpback and killer whales (noticed more killer whales last couple years,
though some don’t look healthy, e.g., dingy instead of white and a bent dorsal
fin), and worse fishing (herring never rebounded, which affects salmon
population). Doesn't feel crowding is that bad, though will be once Whittier Road
is open.

Castellina, Anne / Kenai Fjords National Park (Seward, 224-3175)
Working at park since 1988, which has grown yearly in visitation at least since
then. Spill didn’t affect visitation to oiled coast by kayakers, campers, and
fishermen except minimally in years right after spill while cleanup was going on.
Even then, was really only one beach to be avoided, at south end of park where
almost no one goes anyway. In general, the beaches that were oiled are high-
energy beaches and headlands, which are not the beaches where kayakers go
ashore. Most visitors are on tour boats, and they were unaffected (don’t get off
boat). Visitor survey in 1990-91 asked if oil figured into decision to come to park
and response was an overwhelming no. Many surveyed were surprised oil even
came to the area (thought PWS only). Today, occasional resurfacing of oil
(including at one archaeological site), but not in areas where people generally
go. Tremendous decrease in number of birds around Chiswell Islands
(especially kittiwakes, murres, and to a lesser degree cormorants). Harbor seais
and sea lions have decreased, too, but this was going on pre-spill. Increase in
number of killer whales last couple of years (transient group). A benefit of EVOS
was that it gave park staff an opportunity to educate people about oil spills
(showed EVOS movie for 8 years at visitor center).

Fink, Lee / Lake Clark National Park (781-2218)
Was a guide at time of spill, now works for National Park Service. Didn’t see any
oil or sheen on beaches along Lake Clark coastline after EVOS. Recreation
wasn’t impacted at time of spill or since. A benefit was getting good baseline
information from the post-spill intertidal survey that was done.

Goodwin, Mike / ADNR (Anchorage, 269-8696)
Worked on Kodiak for ADNR through 1990 and goes back regularly to recreate
(last there 2 years ago). Unlikely that the spill influences recreation decisions on
Kodiak -- oil there was pretty easy to clean up. More commercial tourism
operators on Kodiak now than before spill. Other effects: unfortunate exposure
of cultural sites during cleanup (suspect artifacts taken, etc.), benefits of land
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acquisitions by Trustee Council.

Hackett, Steve / Past Owner, Alaska Treks and Voyages in Seward (Homer, 235-5988)
Ran sea kayaking business out of Seward for 6-7 years; sold in 1990 (lots of
cancellations in 1989, plus lost personnel to cleanup). Still does trips on own
every couple years around Nuka Island and in 1998 paddled coastline from Nuka
to Seward. Outer Kenai coast pretty dynamic -- even at time of spill were no
areas he avoided because of spill effects, though there were a few tarballs and
some sheening at really high tides, plus a faint ail ring in places. Today, tries to
get farther away because are more people recreating (increased tour boat
activity in Aialik Bay, etc.). Notices fewer shorebirds, seabirds, seals, and sea
lions.

Holland, Clare / ADNR (Kodiak, 486-6339)
Moved to Kodiak 1991 so no pre-spill observations. Don't think people today
base recreation decisions on EVOS, though cleanup crews on Shuyak Island
right after spill displaced people temporarily. Can still find oil on certain beaches,
but Shuyak is pivot point for currents out of Cook Inlet so hard to know whether
the oil is from EVOS or upper Cook Inlet. Also, are some real high-energy areas
on Shuyak where suspect have lost as much as 3 feet of coastline in the last 10
years. Recreation has grown on Kodiak since the spill because tourism in
Alaska has grown -- whether from EVOS publicity, the TV show Northern
Exposure, the state’s tourism promotion, or other.

Huffines, Eleanor / NOLS; also PAG Member (Palmer, 745-4047)
NOLS has been operating in PWS since 1970. Crowding is big issue now, not
oiling. Number of private boaters, charter boat owners, and kayak
outfitters/operators has increased exponentially. Attribute some increased use to
publicity over EVOS. Still find and discuss oil on NOLS trips, but more often talk
about overuse and lack of active management of the use. Dramatic decrease in
number of wildlife sightings, though don’t know if due to EVOS or increased use.
Personally, tries to recreate in off-season -- still don’t see wildlife but also don’t
see other people, including EVOS researchers. Other effects: TC’s land
acquisitions may bring more recreational development. Recommends that TC
fund education programs (e.g., Leave No Trace) and active management; also
that TC adopt protocols for its researchers’ field behavior (limit number of camps
on one island, etc.).

Hummell, Jim / Katmai National Park (King Salmon, 246-2120)
Chief Ranger last 3 years; had a 2-week detail to Katmai from Wrangell N.P.
right after the spill. At time of spill, beaches and rocks were oiled, lots of dead
birds -- but very exposed areas so not where people recreated anyway. No
lingering spill effects, no visual spill effects, visitors don’t ask about EVOS.
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Biggest change since spill is increased number of visitors and commercial
operators (bear viewing, guided kayaking and backpacking and mountaineering)
-- think some due to increased awareness because of spill.

Janka, Dave / Auklet Charter Services (Cordova, 424-3428)
20 years experience in PWS (mostly Knight Island area). Upsurge in visitor
activity since EVOS, especially tour boats, pleasure boaters, and kayakers. His
personal decisions on where to recreate in PWS are based mostly on avoiding
areas where there are too many people. Still knows many places with oil on
beaches (most are somewhat remote and exposed and not visited too much
anyway), but no problem finding clean beaches to take tidal walks on. Suspects
that some people recreating in PWS don’t notice the oil that's there. He takes
his charters to still-oiled spots as part of natural history tour. Only last couple of
years has he felt comfortable going to high-impact areas -- he finally saw a
salmon jump in Herring Bay and heard passerine birds nesting near the beach in
Sleepy Bay. Other impacts: destruction to AB pod of killer whales, which was
“user friendly” to charter boats; increased awareness by public and tourists of
need to protect environment (habitat acquisitions, double-hulled tankers, etc.).

Lethcoe, Nancy / Alaskan Wilderness Sailing Safaris (Valdez, 835-5175)
Following spill, relocated from Whittier (after 17 years) to Growler Island because
of increased spill response traffic in Whittier. 76% of areas her charters visited
before the spill were oiled; now focus on Columbia Bay. Recreates as often as
did before EVOS, but avoids oiled areas because of painful memories (and none
of her charters go anywhere near oiled areas). Sees fewer dall porpoise than
pre-spill, though starting to come back last 2 years. Still gets calls from potential
guests who want to know how badly oiled PWS still is. 15-25% of guests say
had advice from friends, etc. to not go to PWS because of oiling. Recommend
revise recovery objective for recreation to include, “... and EVOS office and news
media show photos of spill area that are properly dated and do not imply that
spill area now looks as it did at time of earlier dated photo.”

McDonald, Dan / Kenai Fjords Tours (Seward, 265-4545)
Been working on water out of Seward since 1982 and worked in Valdez during
the spill (supply boat). EVOS didn’t affect recreation except in 1989 when there
was lots of cleanup activity; the only visible sign of the spill was oiled birds.
Notice reduction in wildlife last few years, but is happening everywhere and may
not be due to EVOS.

Menefee, Wyn / ADNR (Anchorage, 269-8416)
Spends lots of time in PWS. His personal recreation not affected much by EVOS
because doesn't typically go to area where oil hit (rather, spends time around
Whittier). Today, people are starting to go back to ociled areas because of
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displacement pressure (some unoiled areas too crowded). Notice fewer birds,
though wouldn’t be noticeable to people who hadn’t been there pre-spill; birds
coming back recently. Other effects: less trash on beaches now because EVOS
cleanup crews cleaned them; DNR’s project with criminal funds increased
recreation capacity. Recommend revise recovery objective for recreation to
delete, “... and facilities and management capabilities can accommodate
changes in human use” (because federal attorneys believe TC can’t spend funds
for this purpose).

Dean / Discovery Voyages and Wilderness Cruises (Whittier, 472-2558)
Acquired business 1992 (previous owner went out of business during spill);
provided logistical support to UAF researchers during spill. Works primarily in
area from Knight Island westward and northward. Takes his customers ashore
to dig up oil to make them conscious of the ill effects of the spill and make the
point that we need to be better stewards of our resources. Some potential ,
customers ask whether it's a good idea to come because of oil, and many others
think the spill was cleaned up and are surprised to still see oil. Hasn't seen
wildlife recruit back into the heavily-oiled areas (Herring Bay, Sleepy Bay, around
Knight Island). Other effects: spill put a lot of commercial operators in business
(with money made during spill response); are lots more operators and tourists
than before the spill.

Stephens, Stan / Stan Stephens Cruises and Charters (Valdez, 835-4731)

Pre-spill, offered weekly trips on small cruiser within spill area -- shut this down
and have never reopened. Now offers daily trips that cover whole sound. PWS
coming back but not to where it was in 1989; no way people on his boat would
know there was a spill. Biggest impact of spill was tremendous loss of herring,
which resulted in reduced whale and porpoise watching because no herring to
feed on (have now seen them feeding on hatchery fry) and diminished number of
birds (though coming back last couple years). Also, though still see lots of -
eagles, decreased herring led to lifestyle change -- now see eagles attack young
seals on ice as food. Overall increase in tourism, though slower growth in
Valdez than statewide -- not sure if slower growth is due to EVOS. Tourists bring
EVOS up every day on boat.

Studebaker, Stacy / Science Teacher and PAG Member (Kodiak, 486-6498)

Has spent lots of time on Shuyak last 20 years sea kayaking, especially on
northern (oiled) part, but didn’t go for 3-4 years after spill because of reports of
oil on beaches, especially around Perevalnie Point. First went back in 1993, and
has been back a couple times since -- no oil on beaches, no sheen, no smell.
Termination Point is another popular recreation area (she visits once a month).
Oil washed up on beaches in 1989 but was cleaned up -- now, no sign of oil on
rocks or beaches, no oiled wildlife, no smell of oil, no long-lasting effects.
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Twardock, Paul / APU (Anchorage, 564-8254)

Frequent user of PWS. In general, influence of EVOS on recreation decisions
waning as other factors (i.e., crowding) become more important. No change in
his recreation areas or frequency because of spill. Has collected kayak use data
on PWS for 11 years -- overall, roughly 6% per year increase, with a huge dip in
1989 that slowly rebounded. Also found that initially people stayed away from
Knight and Naked islands, but started going back last 2 years --thinks some of
this because of increased use around Whittier (Naked and Knight more remote
so less crowded) and because ferry to Chenega improves access to Knight. On
Knight Island summer 1998, pretty easy to find tar but have to look for it; people
who don’t know to look wouldn't see it. Generally fewer cormorants, murres, and
sea otters compared to prespill, but improving last couple years. Other effects:
TC'’s land acquisitions in SW sound will lead to more use through increased
access.

Watson, Tom / Wave Tamer Kayaking (Kodiak, 486-2604)

Operates right out of Kodiak City and areas he uses were not affected by spill at
all. In 1989 lost about 6 tours through cancellations by people who didn’t realize
area wasn'’t oiled. Biggest impact of spill on Kodiak was economic impact of
canceled fisheries on commercial fishermen.

Survey conducted and summary prepared by Sandra Schubert

recsurv4



USE OR VISITATION OF SELECTED PUBLIC FACILITIES
IN OIL SPILL AFFECTED AREAS:
1988, 1989, AND TODAY

1988 1989 199 1998
Number of summer visitors to Alaska 536,300 559,300 1,120,600 N/A
Source: DCED Division of Tourism home page, 11/98 ‘
Crooked Creek Visitor Information Center (Valdez) 85,000 70,000 N/A 101,000

Source: Assessment of Impact of EVOS on Alaska Tourism Industry, McDowell Group, 8/90 and USFS Public
Information Office, 1/99

Kenai Fjords National Park

Visitor Center 26,532 29,611 55,645 N/A
Exit Glacier Ranger Station 35,702 43,733 181,988 N/A
Other 2,701 4,152 7,770 N/A

"Other" means public cabin users, Exit Glacier Campground users, backcountry use, and non-recreational visitors
Source: Kenai Fjords Nat'l Park, 1/99

Sportfishing

Number of anglers
Prince William Sound 30,383 26,238 44,928 N/A
Kenai Peninsula 192,292 197,352 225,896 N/A
Kodiak 12,345 12,849 16,058 N/A

Number of trips
Prince William Sound 64,486 59,777 76,784 N/A
Kenai Peninsula 727,254 631,869 639,567 N/A
Kodiak 67,642 74,170 69,116 N/A

Source: ADFG 1997 Harvest, Catch, and Participation report
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PURPOSE OF STUDY

The purpose of this study is to examine economic changes that have occurred in selected Alaska fisheries
since the Exxon Valdez oil spill, including both those changes caused by the spill as well as other
economic changes not related to the spill. The paper was prepared for the Exxon Valdez Oil Trustee
Council as part of a comprehensive review of long-term effects of the oil spill. The species under
consideration are herring, sockeye salmon, pink salmon and the rockfish complex. First the four species
are described and oil spill related damage to them is reviewed. For each species the compensatory
damage claims related to these fisheries are discussed and presented. Finally, several exogenous factors
which have contributed to changes in these commercial fisheries are presented and possible effects on
these fisheries and fishermen discussed. Because of data considerations, fishermen are considered to
include permit owners, vessel owners, crew members and spotter pilots. The study does not include
economic effects on other fisheries nor does it include broader financial, physical or psychological costs
to fishermen, processors, fishing support businesses, communities, or the environment.

The costs of the oil spill can be envisioned broadly as affecting all aspects of the communities in the
region. The spreading of the effects of the spill can be imagined as the branches of a large tree. The oil
spill led to a first layer of impacts (oil on water) which led directly to a second layer of impacts (cleanup
efforts, mortality to some organisms, etc). In turn, each of these effects resulted in another layer of effects
and then another and another in an ongoing, widening process. Mortality to aquatic organisms resulted in
decreased current and future fish returns and harvests with resulting changes in ex-vessel prices, permit
values and vessel values. Oil cleanup efforts required the use of many inputs including labor, fuel, boats,
and materials. These reduced local supplies of these inputs resulting in decreased production in other
local services and/or increased prices and costs of production for other local services including fishing,
processing, government, and service and goods supplies. While the spill area was very large, the
population in the oiled area is very small. Economic impacts were felt, directly or indirectly, throughout
the local economies. No part of any local community was spared from either direct or indirect effects.
Even after the first year these effects continued: future fish runs were reduced due to oil caused
mortalities or damage; fishermen’s incomes were reduced (or increased) from the reduced (or increased)
harvests they had or from oil clean up related work; local businesses changed the way they provided
goods and services; local government and infrastructure was enlarged or stressed by the spill; and entire
communities suffered from a form of post-traumatic stress.

This study examines only one small portion of the oil spill costs — the direct economic effects of the spill
on commercial fishermen. More specifically, it examines only those economic costs resulting from
reduced fishing during the spill year of 1989, changes in fish prices that year, changes in the volume and
value of future harvests, and these effects on limited entry permit values. The spill’s direct effects on
fisheries consisted of reductions in harvest due to oiled water (closed fishing areas) and biological
impacts to fish stocks and prey/predator species (direct mortality, indirect mortality, decreased future
stock size). An effect directly related to decreased future stock size and future harvests is the reduction in
limited entry permit values. Permit values are related to expected future earnings in the fisheries and as
expectations of these harvests increase or decrease so do the market values of the permits. These effects
are analyzed for only four species or species groups: pink salmon, sockeye salmon, herring, and rockfish.
These four are selected as the ones with the most widely documented direct impacts from the oil spill and
are of commercial importance.' The impacts discussed in this paper are but a small part of the overall
impacts from the Exxon Valdez spill related impacts to commercial fisheries and fishermen.

! Although the direct impacts to the rockfish fisheries are poorly documented as related elsewhere in this study.
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COMPENSATORY DAMAGE AWARDS

Determining the economic impact of the oil spill on fishermen is problematic; claims and denials have
flowed through courts and publications for years. The approach adopted for this paper is to examine the
damage awards made as a result of compensatory (but not punitive) claim awards.” These awards,
especially the amounts assigned by the federal jury in the Phase II civil lawsuit, are legally cognizable as
the damage done to and revenues lost by fishermen because of the oil spill. They are far less than the
damage claimed by the fishermen and much more than the damage acknowledged by those liable for the
spill. While these awards are perhaps well known, they have not previously been grouped by fishery in a
comparative, accessible manner. Only the claims and awards for fisheries directly impacted by the oil are
considered. Additional damage awards were allocated to non-oiled fisheries® based primarily on indirect
price effects.

The oil spill was followed by massive damage claims and litigation. Most of these, including the

- government civil suit, were ruled on by 1997. There are four major settlements that directly established
fishery losses: Exxon claims settlements, Trans-Alaska Pipeline Liability Fund payments, Alyeska
settlements, and the compensatory portion of the Phase 11 civil lawsuit. Of these, the Phase 11 civil
lawsuit resulted in a jury decision detailing the damage to fishermen caused by the spill. Phase II made
claims against damage to fisheries through 1995. There have been no civil damage awards or settlements
for damages after 1995. There are assertions that damage for some fisheries, including roe herring and
pink salmon in Prince William Sound, occurred in subsequent years. However, no such claims have been
filed with the court. While there may be continuing biological effects, these have not translated into
economic effects to the fishermen as determined by a jury.

There have been numerous damage assessments conducted related to the oil spill and the four fisheries
under consideration. Federal and state assessments of lost returns, harvests, and/or value were conducted
for some of the fisheries (examples include Kodiak salmon? and Prince William Sound pink salmon®).
Other studies have been conducted by independent researchers for a variety of fisheries®. Most studies,
however, were conducted as part of the civil litigation against the Exxon Corporation by experts hired by
either plaintiffs or defendants. It is not at all surprising that most if not all of the studies differ as to the
magnitude of the damage attributed to the spill. Many of those conducted for the litigation also differ
greatly as to the duration of the damage (one or more years). Since there is no general agreement among

? Punitive damages are awarded as punishment for wrong doing as opposed to compensating for damages done.
They are not considered in this analysis because they are not directly related to actual injury. Punitive damages in
the amounts of $5 billion from Exxon and $5,000 from Captain Hazelwood were awarded by the jury in Phase II of
the civil trial. These awards are presently under appeal.

* Unoiled fisheries included in the awards consist of: Bristol Bay roe herring, Bristol Bay salmon, Cape Romanzoff
roe herring, Chignik herring seine, upper Cook Inlet roe herring, halibut, Kotzebue salmon, Kuskokwim roe herring,
Kuskokwim salmon, lower Yukon salmon, Norton Sound roe herring, Norton Sound salmon, peninsular Aleutians
roe herring, peninsular Aleutians salmon, southeast roe herring, southeast salmon, and upper Yukon salmon.

4 Barrett, B.M., C.O. Swanton, and P.A. Roche. September 1990. An estimate of the 1989 Kodiak management
area salmon catch, escapement, and run numbers had there been a normal fishery without the Exxon Valdez oil spill.
Alaska Department of Fish and Game, Kodiak, Alaska. Reg. Inform. Rpt. 4K90-35. 150pp.

: Geiger, HJ,, B.G. Bue, S. Sharr, A.C. Wertheimer, and T.M. Willette. 1996. A life history approach to estimating
damage to Prince William Sound pink salmon caused by the Fxxon Valdez oil spill. American Fisheries Society
Symposium. 18:487-498.

® Most recently M.J. Cohen. 1997. Economic impacts of the Exxon Valdez oil spill. Pp. 133-160 in: J.S. Picou,
D.A. Gill, M.J. Cohen (eds). The Jxxon Faldez Disaster: Readings on a Modern Social Problem. Kendall/Hunt
Publishing, Dubuque, lowa.
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biological or economic experts or fishery managers as to the duration and/or magnitude of damage, any
additional assessment would automatically be perceived (rightly or wrongly) as a matter of perspective.
Therefore, a more position neutral assessment, the jury award, is deemed most appropriate for this study.

The claims and litigation process involved tens of thousands of claimants, hundreds of attorneys, and
rooms of file cabinets filled with studies. Each individual claim is confidential and many, such as those
obtained through private settlement with Exxon and Alyeska, are confidential and not known with
precision. Ultimately, virtually all of the claimants banded together and became signatories in the
compensatory and punitive damage trial against Exxon. The plaintiff’s case involved an extended process
of negotiation and compromise between competing claimants. The result is an ‘award matrix that splits
the damage awards among categories of claimants based on a simple percentage formula. The damage
awards themselves were a mix of negotiated settlements, third-party claim determinations, and jury
verdicts. These awards are grouped together to be shared among all claimants based on the percentage
formula. At this time, the Phase II civil awards are under appeal by Exxon.

FOUR SPECIES OF INTEREST

This study examines impacts to four fish species or groups: herring, sockeye salmon, pink salmon and the
rockfish complex. The challenge in all of the fisheries considered is to truly determine what harvests
would have been but for the spill. None of the fisheries examined here are managed with absolute
precision. Herring and salmon fisheries are managed by the Alaska Department of Fish and Game
(ADF&G). Spawning success, fry emergence, and survival of salmon at sea varies year to year due to
environmental conditions that are not well understood. This leads to naturally occurring fluctuations in
salmon returns independent of fishing effort. Each year managers make a preseason estimate of return
strength and establish guideline harvest levels. These are adjusted during the season based on actual
returns and, in the case of herring, spawning biomass and roe percentage. Actual harvests vary from these
guidelines. In the case of herring the openings and closures are often announced together and harvests
during the fishing period can greatly exceed projections. Salmon fisheries are managed based on
escapement and once those goals are met they are often left open for continual harvest. Escapements
routinely are over or under desired levels, with this difference varying by drainage and by year.

Historical information for four representative fisheries impacted by the oil spill is presented in Table 1.
These four fisheries were among the most impacted and their participants among the most compensated
through damage awards. As can be seen, the harvests and prices fluctuate year to year both prior to and
following the spill. This natural variability makes determining spill related impacts and impacts from
other events all the more difficult. The ex-vessel prices in all four fisheries were generally highest during
the period just before and following the spill. This high period is also reflected in permit prices which
indicates high future income expectations at the time of the spill. The reduction in prices in all fisheries
that has occurred during most of the 1990s has led to fewer permits being fished and lower permit values.

The general claim categories presented on behalf of fishermen in the region are presented in Table 2. The
claims are presented by specific fishery permit(s) which are fishery/area/gear specific.” These claims
were considered for each of 22 fisheries.® Nine of these fisheries are for Prince William Sound, seven for

7 The consolidated award matrix and supporting documentation is presented in “Plan of allocation of recoveries
obtained by plaintiffs in litigation arising from the Exxon Valdez oil spill. Filing of D.W. Oesting, Davis Wright
Tremaine, in U.S. District Court for the District of Alaska Case No. A89-095 Civil, January 12, 1996. It was
updated by an additional submission to the court on the same case by Mr. Oesting on March 18, 1997.

® All claimants for each fishery share in the awards for that fishery. These include permit holders, fishing crew,
spotter pilots (if used in that fishery), and vessel owners. These damage awards include income lost from

commercial fishing operations and repair and replacement of oiled vessels, nets, skiffs, and other equipment. Matrix
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the Kodiak area, five for Cook Inlet, and one for Chignik. Nine of the fisheries are for herring, five
primarily for sockeye salmon, three primarily for pink salmon, three for mixed finfish, and two for both
sockeye and pink salmon. The claims are further broken out to show how the fishermen felt they were
impacted by year, permit devaluation, and vessel devaluation. This breakdown of claimed damages is
presented in a percentage basis for each fishery permit(s).

The most comprehensive fisheries claims were decided by a federal jury in the Phase Il civil lawsuit
concerning the Ixxon Valdez oil spill. Their award verdict is summarized in Table 3. The jury
considered damage to herring and salmon fisheries in Prince William Sound, Kodiak, upper Cook Inlet
and Chignik. The jury found that the preponderance of evidence did not demonstrate that the oil spill
caused a decline in harvests or prices paid in 1990, 1991, 1994, or 1995 for salmon or herring. Damages
for reduced harvests in 1992 and 1993 are discussed below. Region wide, damage awards for 1989 are
concentrated into two main categories:

e Lossin 1989 harvests totaling $101.7 million to salmon fishermen in Chignik, upper Cook Inlet,
Kodiak, and Prince William Sound and $16.6 million to herring fishermen in Cook Inlet, Kodiak, and
Prince William Sound.

e Decreases in ex-vessel salmon prices of $38.8 million for all salmon in 1989 broken out by species
and an ex-vessel price loss of $67.7 million for herring in 1989 set forth by area.

A comparison of Tables 2 and 3 shows that fishermen claimed damage for many years while in most
cases the jury found that this damage did not exist. Likewise, the jury found no damage for vessel

devaluation even though such losses were claimed.

Sockeye Salmon

Sockeye salmon are anadromous fish. Each returns to its natal streams and lake systems, and there are a
number of such systems throughout the spill impacted area although relatively few are capable of
supporting a commercial fishery. Sockeye, as with other salmon species, are managed to produce a
healthy return for spawning with the remainder of the run available for harvest. Most sockeye from the
spill-impacted area are taken commercially, although the Kenai River run sustains a high recreational
catch. Sockeye are harvested commercially in salt water with seine nets and drift and set (shore based)
gill nets. Sockeye harvests begin in late April and continue until late July when the fish have moved
upstream. Salmon seasons are routinely managed by emergency orders to open and close fishing in
specific locations or areas. This is done to manage the fisheries as much as possible to allow upriver
escapement on drainage-specific bases.

The oil spill affected many regional sockeye fisheries. In 1989 oil-related closures were declared for
many but not all sockeye fisheries throughout the spill impacted area, including Prince William Sound,
Kodiak, Cook Inlet, and Chignik. These closures were instituted to prevent oil contamination of the catch
after oil was detected in fishing areas. The result was increased escapement in many drainages, most
notably the Kenai River and Red and Akalura lakes on Kodiak Island. The increased escapement is
thought to have led to decreased productivity in these rearing lakes. This occurred through the over
consumption of planktonic prey species by fry.® Over consumption of prey leads to lower prey
reproduction and low abundance in future years, resulting in decreased survival of fry per salmon

calculations include injury to quality of life and emotional stress although the court dismissed claims for these non-
economic losses for legal reasons. These non-economic claims are discounted 50% in the calculations based on
claimants’ agreement of the likelihood of the claim successfully standing alone. Vessel and limited entry permit
devaluations were also included for several fisheries and are discounted by 33.3% for similar reasons.

? Schmidt, D.C., K.E. Tarbox, B.E. King, L K. Brannian, G.B. Kyle, and S.R. Carlson. 1996. Kenai River sockeye
salmon: an assessment of overescapements as a cause of decline. American Fisheries Society Symposium. 18:628-
638.
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spawner. This impact is iterative and lasts for a number of years. In the Kenai River this high escapement
followed two previous years of high escapements and exacerbated any existing prey scarcity. In
addition, harvests sometimes shifted between gear types. For instance, the 1989 closure of the drift net
fisheries in upper Cook Inlet led to increased set-net harvests, an amount estimated by the federal Phase 11
Jury at 3.2 million additional salmon. '

Two of the fisheries shown in Table 1 take primarily sockeye salmon. The Cook Inlet drift net fishery
(SO3H) has had relatively the same number of permits fished during the period 1981 through 1997 with
the exception of 1989. However, average harvests and earnings both decreased just over 25% between
the average of the period eight years before and eight years after the oil spill. Permit values increased
over 40% between these periods but by 1997 dropped to about half the value at the time of the spill. The
Kodiak salmon seine fishery (S01K) has virtually the same number of participants and earnings during
the periods prior to and following the spill while the average harvest and ex-vessel price fell in half. The
quantity and value of landings in 1988 greatly distorts the average prior to the spill.

The Phase I jury made a specific sockeye salmon award of $67.6 million for 1989 ex-vessel price
reductions in sockeye harvested throughout the oil spill impacted region (Table 3). They also awarded
$101.7 million for reduced salmon harvests in 1989. These harvests include all salmon species but
primarily sockeye and pink salmon. Over escapement can lead to decreased stock productivity, but
extrapolating that to reduced harvests is problematic. During the Phase II trial plaintiffs requested
compensatory awards for sockeye harvest reductions in both the Kenai and Ayakulik District fisheries for
several years in the mid-1990s. However, the jury found that no such awards were warranted.

Pink Salmon

Pink salmon also are anadromous and typically spawn in the lower reaches of streams, often within tidal
range. They are less likely to return to their natal stream than are sockeye. Within the oil-spill area there
are a number of pink salmon hatcheries that supplement natural runs in the area. Pink salmon school in
large numbers and are harvested by purse seine ‘and sometimes by gill nets. As with sockeye, pinks are
managed for escapement, with the remainder available for harvest. Hatchery runs become a terminal
fishery with the hatchery receiving revenues from the harvest. Pink salmon harvest begins later in the
year than sockeye and lasts later into the summer.

Pink salmon harvests during 1989 were reduced due to oiled water and cleanup efforts. In Kodiak, purse-
seine fishing virtually ceased. Fry were impacted when they entered oiled water and ate oiled prey,
resulting, at a minimum, in decreased growth. In Prince William Sound 30 to 40 spawning streams were
oiled at their mouths. The oil remaining on stream beds and beaches increased embryo mortality in
subsequent years in a number of salmon runs. Elevated embryo mortality was detected in some streams
from 1989 through 1993, and it is thought to be caused by exposure to oil from the spill.'” - This mortality
may have contributed to reduced runs and harvests in the early 1990s. Following the oil spill, Prince
William Sound hatcheries contributed a much higher percentage to pink salmon production than prior to
the spill. In addition, the runs for 1992 and 1993 were the lowest in 15 years but increased subsequently.

The Prince William Sound seine fishery (SO1E, Table 1) is for pink salmon. The average earnings in
1989 were lower than in the previous two years but the highest of the six before that. Average earnings
and number of permits fished decreased 30% between the average of the period eight years before and
eight years after the oil spill while the average harvest per permit increased 25% over the same period.
The almost 45% decrease in ex-vessel price between these periods no doubt contributed to these changes.

' Bue, B.G., S. Sharp, and J.E. Seeb. 1998. Evidence of damage to pink salmon populations inhabiting Prince
William Sound, Alaska, two generations after the Exxon Valdez oil spill. Transactions of the American Fisheries
Society. 127:35-43.
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Permit value in recent years in this fishery is one-seventh of the value from 1989. The years 1992 and
1993 resulted in very low harvests and beégan a decline that has resulted in more than a 50% decrease in
the number of active permits.

The Phase 11 jury awarded $28.8 million to pink salmon fishermen in the impacted region for ex-vessel
price reductions in 1989 (Table 3). These fishermen also suffered part of the $101.7 million loss in
reduced salmon harvests in 1989 discussed under sockeye salmon, above. The jury noted additional
m_]ury to the pink salmon fishery in Prince William Sound and awarded $11.3 million for reduced harvest
in 1992 and $1 8.1 million for reduced harvest in 1993. :

Herrin

Herring spawn in coves and inlets in inter- and subtidal habitats. They are harvested primarily for their
roe, although some are harvested for use as food (whole body rather than roe only) or bait. They are
taken by purse seine and by gill net; roe on kelp is harvested from wild spawn and from pounded (caged)
herring. The fisheries occur late in the spring and are managed by emergency order opening the season
when roe is at a minimum acceptable ripeness. The seasons are closed when the allowable catch is
estimated to be taken. The opening and closing notices are often given simultaneously.

The oil spill led to the cancellation of a number of herring fisheries in Prince William Sound, Cook Inlet,
and along parts of the Kodiak coastline due to oil in the fishing areas, Herring larvae were exposed to the
oil resulting in lethal and sublethal effects.'' In Prince William Sound the herring population crashed in
1993 after a 1992 record-high spawmng biomass. The immediate cause of the collapse was an outbreak
of viral disease and fungus. It is possible that exposure to oil contributed to the disease outbreak. No
herring fishing occurred in Prince William Sound in 1993 — 1996, closures which may or may not be
related to residual impacts from the oil spill. Ongoing investigations and advancements in various
- scientific fields continue to shed new light on the magnitude of oil impact from the Exxon Valdez oil spill
on fish stocks. For instance, federal scientists have demonstrated that very low levels of exposure to
petroleum, 1 part per billion, can damage and cause increased mortality to salmon and herring embryos.'?
While this suggests that there are at least potential ongoing local impacts to fish stocks from the Exxon
Valdez oil spill, the possibility of continuing impact on commercial fishing is unknown.

There are five different types of herring fishing that occur in Prince William Sound and the seine fishery
(GO1E) is presented as an example of an oil impacted fishery (Table 1). The fishery was only open for
four of the eight years following the spill. However, the three years following the spill resulted in great
increases in harvest rates but lower ex-vessel prices. The higher harvests are in part a result of taking fish
in later years that were not taken in 1989. These harvests led to high permit values in 1991 and 1992.
The fishery was closed until 1997 when it opened to the lowest ex-vessel value in the period under
consideration. The number of permit holders who made landings did not change in the years of fishing
immediately after the spill although it was down by 40% when the fishery opened again in 1997. Not all
permits holders who participate are successful and therefore are not reflected in the psermits with ,
landings statistics. Therefore, the number of permits underestimates the number of actual participants,
especially in 1997.

" Brown, E.D., et al. 1996. Injury to the early life history stages of Pacific herring in Prince William Sound after
the FExxon Valdez oil spill. American Fisheries Society Symposium. 18:448-462,

2 Rice, S.D. 1999. Lessons learned on the long-term toxicity of oil to fish: mtersectmn of chance, 011 biology,
toxicology, and science. In press. :
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The Phase I jury awarded $10 million to herring fishermen broken out by area for ex-vessel price
reductions in 1989 (Table 3). The jury found these fishermen also suffered a $16.6 million loss in
reduced herring harvests in 1989, again denoted by region. The jury noted additional injury to the herring
fishery in Prince William Sound and awarded $7.0 million for reduced harvest in 1993.

Rockfish

The rockfish complex consists of a number of species which inhabit a variety of saltwater habitats from
pelagic to demersal throughout the oil spill impacted area. At the time of the spill there were no fisheries
managed specifically for rockfish; they were normally taken as bycatch in halibut, cod and sablefish
fisheries. Rockfish are typically caught by longline although they also are caught by trawl. In federal
waters there were total allowable catch limits for rockfish species groups, all managed as part of the larger
groundfish complex. In state waters (within three miles of shore and all of Prince William Sound, Cook
Inlet, and numerous coastal fjords) rockfish had no overall catch limit and were managed by fishery/gear
opening and closing dates, often in conjunction with adjacent federal fisheries. Population levels prior to
the spill were not well understood by biologists.

In 1989 there were no mandated closures for groundfish in federal waters nor were there any closures for
halibut anywhere. The bottomfish fisheries, .including rockfish, were closed in Prince William Sound in
April, opened again in June and closed again in mid-August. Sablefish was closed in other impacted state
waters in late April and functionally (due to the timing of the federal fishery) for the remainder of the
year. In addition, there were many areas throughout the season where ﬁshmg was not possible due to oil
on surface waters.

Several rockfish specimens were recovered after the spill, and oil ingestion was determined to be the
cause of death. Due to fishery closures for non-groundfish species, fishing pressure on rockfish may have
increased subsequent to the oil spill. There were no spill-related closures directly affecting rockfish in
subsequent years. Scientists are unsure of damage caused to rockfish stocks as a result of the oil spill and
no subsequent studies have been conducted on rockfish to establish spill related impacts.

The jury in Phase II did not consider groundﬁsh damages and so no award specifically for groundfish or
the rockfish complex is available. There were a handful of damage claims for lost rockfish harvests paid
during various settlements prior to the civil trial. While the number and magnitude of these settlements
are confidential they are suspected to be relatively insignificant. Groundfish are part of the agreed upon
award matrix and therefore fishermen substantiating groundfish and rockfish claims share in the ‘
settlements.

Limited Entry Permit Values

A decrease in the expected future value of a fishery will automatically lead to decreases in the value of
limited entry permits. Limited entry permits restrict the number of boats that can participate in a fishery;
each boat must have a permit holder on board in order to harvest fish. The permits have value because
there are fewer permits than there would be fishing boats in an unrestricted fishery. This means that
fishermen with permits can expect to make more money than they would if the fishery were unrestricted.
The higher the level of this expected extra income, the higher the market value of the limited entry permit.
The value of the permit fluctuates based on the expected future stream of this extra income. Damage to
fish stocks which is expected to cause future decreases in commercial harvests would reduce the value of -
limited entry permits for those fisheries. This will be true for the possibility or perception of damage as
well as for actual damage. Fishermen are not directly affected by this decrease in value until they sell
their permit.

As shown in Table 1, the oil spill occurred at a time of high permit values reflecting high expected future
earnings in the fisheries. This was the case not only in the region impacted by the oil spill. Similarly
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high permit prices eiisted at the time in herring and pink salmon fisheries in southeast Alaska and
sockeye fisheries in Bristol Bay. The increase in world salmon supply, discussed below contnbuted to
permit price declines during the past decade.

The Phase 11 jury found that the oil spill caused permit values to decrease in a number of fisheries. The
decline occurred in the years after 1989 and in some cases several years later. The jury assigned a value
of $9.4 million to this decline but did not break the award out by fishery, area, or year (Table 3).

Summary of Damage Awards for Representative Species

There were a number of settlements made to compensate fishermen and others for impacts related to the
oil spill. When the class action Phase II civil suit against Exxon took place, all of the claimants became
signatories to an agreement on how the awards should be divided.”? It was agreed that the settlement and
award amounts would be added together and divided based on a negotiated split between claimant groups.
Each individual who is a signatory will have their share of the awards calculated and pren'ous paid
settlements subtracted from the amount due them. They will then receive any remaining amount from the
civil awards.

Table 4 presents the damage awards by settlement and civil award. These amounts are then presented as
they accrue to the entire group of class signatories. Deductions are made for allocations to non-
signatories to the consolidated-case, for previous payments, and for litigation expenses.' Since the Phase
IT awards will be the last collected and paid to-claimants, they have the largest adjustment for previous
payments. These adjustments take into account much but not all of the previous settlement payments.
The total is then adjusted for consolidated legal expenses and for overall legal fees of 22.4%. The result,
$279.8 million, is the net recovery amount available to the class (including oiled fisheries, native
organizations, municipalities, and so forth) for distribution based on the award matrix. From these
settlements, the Exxon claims, Trans-Alaska Pipeline Liability Fund, and Alyeska settlements have been
paid to claimants. The Native class, Native opt-out, and Municipality settlements and Kodiak Island
Borough judgement are retained in an account awaiting payment to claimants. The Phase II verdict
awards, as adjusted for previous payments, are under appeal in federal court. :

The awards for each of the oiled fisheries 1s presented in Table 5. Next to each fishery is the agreed-on
percentage of the overall award matrix that is allocated to that fishery and the estimated number of
participants-in 1989 had the spill not occurred. These 22 fisheries (including all groundfish with rockfish)
will receive 74.4864% of all compensatory (and punitive) awards. Based on the recoveries set forth in '
Table 5, a total of $208.4 million net of expenses and legal fees has been or will be awarded to fishermen
in the salmon, herring and groundfish fisheries under consideration in this study.'’> These awards are
somewhat more than the net amount of $204.5 million awarded them by the jury (Table 3; $263.5 million

'3 This process is described in: Hirsch., W.B. 1997. Justice delayed seven years later and no end in sight. Pp. 271-
303 in: J.S. Picou, D.A. Gill, M.J. Cohen (eds). The Exxon Valdez Disaster: Readings on a Modern Social Problem.
Kendall/Hunt Publishing, Dubuque, Iowa :

14 A previous document submitted to the court jointly by attorneys for the plaintiffs and the defendants laid out
deductions from each award for previous payments. This document, “Stipulation and [proposed} order re Phase II
verdicts” is dated September, 1995, While the information in it is presented elsewhere, it is easier to use the

. information presented in the plan submitted by Oesting in January 1996, cited above. -

15 Few if any damage claims were made solely on the basis of foregone rockfish landings or price effects. Rockfish
claims were part of the general finfish claims although they were far from the most important part of those claims.
It is not possible to break out rockfish damage awards from overall finfish damage awards. However, based on a
heroic assumption that rockfish were responsible for no more than 20% of damage claimed by finfish ﬁshermen, a
maximum of rockfish damage is estimated at $28,537.
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net of legal fees of 22.4%). The signatories class attorneys estimate award recipient class size for 1989 is
9,703 fishermen including permit holders, crewmen and spotters (Table S). Due to permit sales and
turnover in fishing crews this number will be higher when all participants for the years 1989 through 1995
are totaled.'® This total number is not available at this time.

OTHER FACTORS AFFECTING FISHERIES

The years following the Lxxon Valdez oil spill have been filled with a number of other changes to
fisheries in the impacted region. These include increased world supply of salmon and overall reduced
prices, changes in processing capacity in the region, Individual Fishing Quotas (IFQs) in halibut and
sablefish fisheries, changing fishing patterns, and allocations between user groups. Such changes as these
are the normal course of events in the fishing industry and few if any are at all related to the oil spill.
Over the past several decades fishermen in the impacted region have switched among crab, shrimp,
salmon, herring, groundfish, and halibut as stock abundance and prices varied.!’ Many of the boats,
especially seiners in the Kodiak area, are relatively easily converted among fisheries and adequate for
most. In addition, the processing industry is less than constant, with waves of new entrants and exits
depending on economic conditions.

The changes are often swift and complex. Fishermen can easily feel that they are in the midst of a
churning maelstrom buffeted simultaneously by low prices, reduced harvest, loss of processor, and
restrictions on switching between fisheries. Change in most of these fishery factors necessarily brings
with it a change in income and fishermen’s incomes are seldom constant. The late 1980s had been a time
of relative prosperity for many fishermen, so almost any change would result in a decrease in income.
This happened in many more cases in the oil-spill region than it did not.

The oil spill came at a time when salmon prices dropped precipitously from the highs of 1988. Prices in
1988 were high due primarily to a number of world supply and demand factors. These trends reversed in
1989 and prices dropped. The optimistic expectations that many in the fishing industry had adopted prior
to the oil spill made the effects of the spill even more damaging. Fishermen’s expectations for income in
1989 and following years were very high, based on the very high prices paid in 1988. This affected
permit values as discussed above. All of these expectations dropped after 1989 due to increased world
fish supplies and decreased ex-vessel prices as demonstrated in Table 1 and discussed below.

In 1989 most fishermen in the spill area lost current fishing income. Those that worked in oil spill
cleanup activities recovered at least part of what they would have otherwise earned from fishing.
However, the lack of fishing income caused a severe cash-flow problem for many of these fishermen.
This problem initiated or at least heavily contributed to a downward spiral in an individual’s net worth.
This spiral was exacerbated by other, exogenous factors affecting the fisheries, including those listed
above. The damage to some fish stocks in 1989 resulted in reduced harvests in subsequent years. This
continued to contribute significantly to fishermen’s income problems. Even assuming that damage '
awards (some of which have not yet been received) will totally compensate fishermen for the damage
caused by the spill, there was a cash time-flow problem here which is not considered. For instance, loan
extensions for boats, gear and permits that were necessitated by cash-flow decreases in 1989 caused

'8 As shown in Table 2, fishermen qualitied in the award matrix will receive awards for damage in multiple years
even though the jury in Phase II did not recognize damage for many of those years.

17 Alaska Department of Fish and Game staff report that approximately one-third of Cook Inlet fishermen are
involved in other fisheries outside of Cook Inlet and staff in Prince William Sound state that many fishermen
operate in more than one fishery.
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longer-term financial problems for fishermen. Interest earned on damage awards will not alleviate the
damage done from reduced cash flow ten years ago.

World salmon supply

The world supply of salmon has increased significantly since the 1980s, and fishermen’s income has
decreased. The increases in supply are due primarily to farmed salmonids, primarily Atlantic salmon,
coho, and trout. All of these species are sold fresh and frozen, but seldom canned. World salmon and
trout production increased from a 1980-1988 average of 702 thousand metric tons to a 1989-1996 average
of 1,302 thousand metric tons.'® Beginning in the early 1990s farmed salmonids began to take market
share away from sockeye salmon.'® Concurrently, the Alaska and world production of sockeye peaked
during most of the 1990s. The world production of sockeye averaged 136 thousand metric tons in 1981-
1988 and 191 thousand metric tons in 1989-1996. In the 1990s Alaska experienced six of the top eight
overall sockeye harvests since 1975. Over the past decade this increase in supply has resulted in lower ex-
vessel salmon prices from the highs of the late 1980s. The supply of pink salmon has increased more
than 40% in the same period as well.”’ The increase in supply of pinks, together with increased supplies -
of other salmon, has lead to decreased prices for pink salmon, which is the market inferior species.
Overall, fishermen in most salmon fisheries in the impacted region have suffered from inflation adjusted
decreases in fishing income (Table 1).

Changes in Processing Capacity

Another associated salmon problem is the change in processors in the impacted region. Turnover in the
seafood processing mdustry is normal and cychca] Since 1989 the number of processors in the region
has changed in terms of size and capacity.?' Major processors in Cordova and Kenai have closed down
including a decrease in canning lines in Prince Willian Sound. At the same time a number of smaller and
in some cases niche processors have begun. This has paralleled a move from selling salmon in fresh,
frozen, or canned forms to selling based on river of origin (Copper River Reds), smoking, and serving
smaller markets. Some of the change has been at-sea processors which appear seasonally, at least in some
years. This change is associated with increased world supply of salmon, the reduced market prices this
has brought, and reduced local runs. Many of the processors in the region were financially stressed by
cash-flow shortages and increased costs for some in-puts during the year of the spill. It is possible that
some of the change in local processing may have been tied to the oil spill, but most is not.

Individual Fishing Quotas (IFQ)

Beginning in 1994 the halibut fishery in all waters off Alaska an\d the sablefish fishery in federal waters
off Alaska were placed under an IFQ management program. This program assigned a percentage of the

'® Salmonid production data in this section, including the footnotes below, are taken from various papers produced
by G. Knapp of the Institute of Social and Economic Research, University of Alaska, Anchorage. Wild salmon
constituted 98% of world salmon supply in 1980, 91% in 1985, 84% in 1987, 76% in 1989, 61% in 1994, and 55%
in 1996,

1 Alaskan sockeye average 14.1% of world salmonid supply during the 1980s and 11.1% from 1990-1996. There
was more salmon harvested in Alaska in 1989 than in the previous decade and more than in 1990. However, the
perceived shortage may have spurred salmonid farmers in other parts of the world to even higher levels of
production although the percentage increase in production was not as great after 1989 as it was in 1989.

% Alaskan pink salmon supply averaged 104 thousand metric tons from 1981-1988 and 147 thousand metric tons
from 1989-1996. '

?! This according to Alaska Department of Fish and Game staff in Anchorage, Cordova, and Kenai.

Feoanamie Chanoes in Selected Ficheries Since the Fyvan Valder Ol Snill Fehruarv 1999 10



total allowable catch of each species to qualifying fishermen based on their landings in the mid-to-late
1980s.2 What had been an open access fishery lasting two or three days a year became a limited fishery
lasting eight months. The immediate effect was to preclude a number of fishermen who had participated
in the fishery in the early 1990s from continued participation unless they purchased IFQs. Many
fishermen did not have enough IFQs to make participation in these fisheries economic. The effect was a
change in fishing patterns. Many fishermen who had counted on halibut for part of their income now had
to make a decision to either invest in IFQs, sell what few IFQs they might have received, or crew on
someone else’s boat. Over the period 1994 to 1998, the effect has been a concentration in IFQ ownership
and a transfer of IFQs from small communities to larger towns.” For the oil-impacted region, this has
meant a decrease in locally owned IFQs and reduced dependence on halibut and sablefish fishing. During
much of this intervening period the total allowable catch and ex-vessel price of halibut has been very
high, so that the income to fishermen staying in the fisheries has increased, in some cases significantly.’

Changing Fishing Patterns

As fishermen’s income from salmon and herring decreased some sought other fisheries in which to
participate. This search intensified following implementation of the IFQ system. Concurrent with this
interest in broader participation, markets developed for these new fisheries. Changes included means and
methods of transporting rockfish to market in a fresh condition, changes in Pacific cod management to
encourage small boats to fish in nearshore waters, a cessation of foreign fishing within 200 miles of
Alaska, with a switch to domestic harvesting and processing, the entrance and then management-dictated
exit of domestic at-sea processors from Gulf of Alaska waters, and a number of federal and state
allocation management decisions aimed (overtly or not) at increasing the relative harvest or processing

" share of one group over another. Overall, these changes have favored the more innovative fishermen
willing to try new fisheries.

Allocations Between User Groups

Over the past decade there has been an increase in political pressure to allocate more fish to sport
fishermen. Of the species of interest this has affected primarily sockeye salmon. It is a region wide issue
but the greatest affect has been in Cook Inlet. Commercial fishermen in Cook Inlet have had about
100,000 1bs of sockeye per year reallocated. Some of this reallocation has gone to sports fishermen but
most of it has been designated for escapement to spawning grounds.”* The end result to commercial - -
sockeye fishermen is a decrease in the amount of fish they are permitted to harvest for any given level of
annual return. Since they receive a price set on the world sockeye market, the reallocation résults in
lower gross revenues to fishermen than would otherwise have been the case. ‘

22 A fisherman qualified for IFQs if he made landings of halibut or sablefish from appropriate waters in at least one
of the years 1988-1990. Fishermen used landings from their five best years between 1984-1990 to determine their
amount of halibut quota shares and their five best years from 1985-1990 for sablefish quota shares. One of the
formally stated reasons for not counting all years when determining quota shares was so that fishermen would not be
penalized for missing the 1989 season. The IFQ Program: insights and updates. NMFS — RAM Divsion. February
1994. 16pp. .

2 Holdings of limited entry permits, sablefish quota shares, and halibut quota shares through 1997 and Data on
fishery gross eamings. 1998. CFEC Report 98-SP[town name]-N. A collection of 60 reports by community.

http://www.cfec state. ak.us/research/poa§t98/[p1ggps.htm.

# According to Ken Tarbox, ADF&G, Soldotna, this reallocation could amount to approximately 150,000 Ibs at the
upper end.
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SUMMARY

Determining the damage to fisheries caused by the Exxon Valdez oil spill in any absolute sense is difficult
at best. Predicting fish returns and harvests is an inexact science and subject to a number of assumptions.
Reductions in salmon and herring harvests due to the oil spill from one year to the next can be estimated
and have been by a number of experts for 1989 and subsequent years; the results vary widely. Projected
reductions in harvests and reductions in fish stocks lead to decreases in fishing permit values. However,
these decreases also are related to dropping fish prices caused by increased world supplies. Additional
changes include fewer local processors, entry restrictions in other fisheries, and environmental regime
shifts. Overall, the fishing industry is changing and all this change affects fishermen’s income and
participation.

The actual financial impacts of the oil spill to commercial herring, sockeye, pink salmon, and rockfish
fishermen will never be known with certainty. These impacts have been the subject of extensive research
and litigation, and no definitive answer has been determined. The closest approximate value that can be
assigned is that determined by a jury and by negotiated multi-party settlement matrix. The negotiated
matrix is perhaps a better indication, since it better reflects the fishermen’s willingness to receive ,
compensation. In the Phase II civil trial, the jury awarded $263.5 million to these fishermen (Table 3;
with some variation for rockfish and exception of one salmon fishery). Adjusted for legal fees of 22.4%,
this amounts to $204.5 million. This is very close to the amount awarded fishermen from the four
fisheries based on the consolidated award matrix - $208.4 million (Table 5; including all finfish). Most of
this money has either been paid out or is in a bank account awaiting distribution ?’

Breaking the awards out by species is not possible at this time because some, such as the Chignik seine
and Kodiak beach seine fisheries, are mixed pink and sockeye salmon fisheries and rockfish are not
broken out from all finfish. Confidential information used in the negotiations for the award matrix is
necessary to conduct this separation. Likewise, determining the total number of fishery class members
that will share the awards is not possible as the class is not yet closed. As a proxy, an estimated 9,703
fishermen would have participated in the fisheries in 1989 if the spill had not occurred. The total number
of class members will be larger than this due to turnover in permit ownership and fishing crews. The
following damage assessments have been determined based on the assumptions presented in this paper:
herring fisheries - $22.2 million; pink salmon - $83.0 million; sockeye salmon - $103.1 million; and
rockfish (assumed to be 20% of all finfish) - $28.5 thousand. Awards to the four fisheries by area
(including all finfish): Chignik - $13.9 million; Cook Inlet - $67.3 million; Kodiak - $56.0 million; Prince
William Sound - $71.2 maillion.

¥ The following payments have been made by Exxon and the Trans-Alaska Pipeline Liability Fund claims
programs: PWS salmon -.$38,778,909 Exxon, $22,052 TAPLF; UCI salmon - $42,460,628 Exxon, $466,485
TAPLF, Kodiak salmon - $57,133,541 Exxon, $2,171,930 TAPLF,; Chignik salmon - $5,750,464 Exxon, $184,943
TAPLF; PWS herring - $15,232,528 Exxon, $35, 796 TAPS; LCI herring - $37,695 TAPLF; Kodiak herring -
$948,652 Exxon, $18,709 TAPLF. :
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Table 1.

Cook Inlet Sockeye Salmon Drift Net Fishery (SO3H)

Time Series of Representative Fisheries Impacted by the Exxon Valdez Oil Spilt; 1981 - 1997

Kodiak Sockeye and Pink Salmon Seine Fishery (S01K)

Average

Average Ex-vessel Average Permits Permit Ex-vessel Average Pemmits Permit
Earnings Price/lb - Harvest Fished Value Earnings _ Pricelb  Harvest Fished Value
1981 $17,513  $0.87 20,127 584 $67,213 $79,877  $0.54 147,229 325 $68,625
1982 $42,486  $0.81 52,540 577 $57,866 $39,309 $0.35 113,541 345 $75,511
1983 $33,779  $0.62 54,115 580 $69,720 $30,239  $0.37 81,406 342 $69,903
1984 $17,976  $0.71 25,230 ‘578 $66,306 $71,550 $0.42 170,727 286 $61,265
1985 $32,481 $0.94 34,394 584 $62,759 $57,782  $0.46 125,003 270 $46,337
1986 $51,297  $0.99 51,610 584 $63,802 $92,606 $0.49 190,506 287 $36,151
1987 $105,406 $1.48 71,329 585 $86,542 $79,814  $0.82 97,613 297 $44,128
1988 $133,775 $2.22 60,306 584 $126,138 $252,403 $1.18 214,396 323 $66,491
1989 $3,336 $1.28 2,609 10 $168,400 $14,106  $1.41 10,012 4 $132,795
1990 $48,771 $1.43 34,148 582 $203,063 $113,326 $0.94 120,335 354 $146,588
1991 $14012  $0.88 15,944 578 $177,214 $77,511 $0.38 205,734 348 $119,170
1992 $114,417 $1.46 78,112 580 $88,816 $98,388  $0.93 105,436 335 $69,850
1993 $28,512  $0.98 28,992 580 $89,786 $94,0927 $026 363,345 324 $60,897
1994 - $32,981 $1.15 28,629 569 $64,993 $67,545  $0.45 149,133 285 $46,518
1995 $24,111 $0.90 26,838 577 $84,186 $135769 $0.26 513,445 312 $50,375
1996 $31,672  $1.05 30,134 560 $75,957 $71,080  $0.56 126,294 261 $46,333
1997 $29,260 $1.04 28,008 572 $75,074 $44,018 $0.25 173,854 261 $39,786
1981 - 1988 $54,339  $1.18 46,206 582 $75,056 $87,959 $0.62 142,553 311 $58,551
1990 - 1997 $40,467  $1.20 33,851 575 $107,386 $87,821 $0.40 . 219,697 310 $72,440
Prince William Sound Pink Salmon Seine Fishery (SO1E) 2 Prince William Sound Herring Seine Fishery (GO1E) 3
Average Ex-vessel Average Permits Permit Average Ex-vessel Average Permits Permit
Year ' Earnings  Price/lb  Harvest Fished Value Earnings Priceton  Harvest w/Landings Value
1981 $16,631 $0.05 364,955 268 $69,531 $55,583 $452 271,138 101 Conf
1982 $73815 $025 298,316 258 $101,690 $28,142 $412 150,490 95 $71,250 .
1983 $45479  $0.25 183,020 266 $142,384 $24,295 $716 74,754 73 Conf
1984 $83,539  §0.27 305,795 262 $131,695 $22,595 $419 118,922 - 100 $63,857
1985 $87,293 $0.25 345,206 265 $104,469 $47,683 $785 133,942 101 $66,375
1986 $47,078  $0.26 178,589 248 $99,400 $76,057 $904 185,506 105 $75,750
1987 $176,529 $0.45 393,314 257 $90,000 $52,429 $1,096 105,490 95 . $96,250
1988 $133,599 $0.92 145,869 255 $135,158 $58,226 $899 142,710 104 $160,500 -
1989 $88,443  $0.41 215,954 241 $236,333 $0 0 0 confidential
1990 $130,526 $0.34 383,263 265 $228,000 $57,924 $737 173,351 96 confidential
1991 $38,449 $0.14 270,341 253 $215,500 $65,070 $630 227,516 104 $222 500
1992 $19,117  $0.23 82,771 207 $98,347 $65,091 $450 319,071 104 $187,531
1993 $11,853  $0.18 65,907 144 $88,850 $0 0 0 confidentia!
1094 $86,272 $0.18 467,411 171 $35,265 confidential confidential 1 confidential
1995 $41886  $0.20 208,812 187 $75,000 $0 0 0 $59,182
1996 $57,654 $0.08 750,331 90 $33,833 $0 0 0 $71,875
1997 $76,990 $0.14 543,240 114 $36,382 $23,201 $330 154,768 61 $125,333
1981 - 1988 $82,995 $0.30 276,883 260 $109,291 $45,626 $680 147,869 97 $66,748
1990 - 1997 ¢ $57,843  $0.17 346,510 179 $101,397 $52,822 $532 218,677 92 $133,284
Notes: Data are confidential if three or fewer permit holders made fandings during one year or if three or fewer permits were sold.
The four fisheries presented in this table are among those most impacted by the spill.
The limited entry permit code is presented for each fishery. .
Average eamings and harvest are per permit holder who had landings recorded. Average harvest is in pounds.
1 The federal jury in Phase Il of the civil trial found that the oil spill caused a reduction of catch and
value of catch in 1989 to all four of these fisheries.
2 The federal jury also found that harvests were reduced in 1992 and 1993 due to the oil spill.
3 The federal jury also found that harvests were reduced in 1993 due to the oil spill.
CFEC data files include 1 active permit in 1994 even though there was no fishery that year.
4 For the Prince William Sound herring fishery only the four years 1990 - 1992 and 1997 are used to determine a period average.
Source: Commercial Fisheries Entry Commission data files: http:/ww.cfec.state.ak.us.
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Table 2.- Claimed Exxon Valdez Caused Fisheries Injuries Distributed by Year and Devaluation of Permits and Vessels, by Fishery for Four Species.

Claimed Percentage of Overall Loss Suffered by Year or by Permit or Vessel Devaluation

Area Fishery Gear Permit Number 1989 920 1991 1892 1993 1994 1995 Permit Vesssel
Chignik Salmon . Seine S0IL 21.50% 29.00%  39.50% 580% 4.20%
Coaok Herring roe : Seine GO1H 57.00% 23.00% 20.00%
Inlet Saimon \ Drift SO03H 33.00% 1000%  7.00% 12.00%  12.00% 22.00% 4.00%
Set S04H 36.00% 13.00% 16.00% 9.00% 8.00% 17.00%
Selne SO1H 8.90% 20.90%  18.70% 6.90% 1.70% 9.50% 9.50% 17.00% 7.00%
Finfish Al M
Kodiak Herring food & bait All HO1K, HO2K, HO7K, H34K 20.80% 8.40% 8.80% 3.10% 9.80% 23.00% 26.00%
Herring roe Gill net G31K, G34K 31.90% 12.80% 13.40% 3.30% 5.90% 14.70% 18.00%
Seine GO1K 20.90% 8.40% 8.80% 3.10% 9.80% 23.00% 26.00%
Salmon Set net S04K 27.40% 19.30% 34.50% 1.50% 1.60% 5.90% 2.20% 7.50%
Beach selne S02K 36.10% 11.30%  7.40% 2.10% 0.60% 0.10% 42.40%
Seine S01K 28.40% 7.49% 10.28% 0.79% 0.36% 1.30% 0.47% 6.30% 4.00%
Finfish All M
Prince Herring food & bait All HOtE 21.50% 15.40% 28.90% 34.20%
William  Herring roe Seine GME 20.00% 5.60% 8.20% 3.00% 19.20%  29.80% 14.20%
Sound Seine GO1E 12.10% 5.80% 8.50% 13.70% 16.80%  27.80% 15.00%
Pound L21E 16.60% 14.30% 23.60% 36.50% 9.00%
Wild kelp L12E 15.30% 17.70%  16.10% 4.60% 17.70% 28.60%
Salmon Drift SO0E 13.50% 15.50% 22.30% 0.70% 3.20% 2.70% 2.90% 31.00% 8.30%
Set SO4E 12.20% 18.70%  37.30% 3.50% 3.50% 3.50% 3.50% 17.60%
Seine SO1E 12.30% 20.20% 19.90% 6.10% 7.00% 3.10% 4.70% 17.70% 9.00%
Finfish All M

Table 3. Exxon Valdez Oit Spill Phase Il Jury Award Amounts by Year, Fishery, Species, or Category, for Four Species.

Declines in
Limited Entry
Permit Value
Compensation for Reduced Harvests by Species/Fishery and Year All Fisherles/ Price Declines in 1989
Area Fishery Gear Permit Number 1989 1990 1991 1992 1993 1994 1995 All Years Hering Pink Salmon _ Sockeye Salmon
Chignik___Salmon Seine S0iL $5,052 400 $849,826 $3,109,352
Cook Inlet  Herring roe Seine GO1H $188,400 $2,683,913
Upper Salmon Drift S03H . —
Cook Iniet Set SO04H $45,905,758 M
Saine SO01H $37.450
Finfish All M
Kodiak Herring food & bait Al HO1K, HO2K, HOTK, H34K s
Hefring roe Gill net GIK, GHK $585,480 $1,454,617
Seine GO1K
Salmon Set net S04K
Beach seine S02K $43,042,724 $9,375,242 $14 586,918
Seine S01K $22,853,107
Finfish Al M
Prince Harring food & bait Seine HO1E
William  Herring roe Drift GXHE
Sound Seine GO1E $15,872,720 $7.021,503 $5.831,430
Pound L21E
Wild kelp L12E
Salmon Drift SO03E _
Set SO4E $7.689,714 $446,124
Seine SQ1E $11,277,126 $11,111,200 $5,067,265
Finfish All M
Totals $118,337,196 $0 30 $11,277,126 $18,132,793 $0 $0 $9,375,242 $9,969,960  $28,807,648 $67,594,618
Grand Total $263,494,583
Notas; The jury also awarded $22,620,651 for the decline paid for chum salmon in 1989 and $872,505 for the decline paid for chinook salmon in 1989, both for all areas.

in addition, the jury determined thet 3,242,254 additional salmon were caught by set net fishermen in Upper Cook Inlet in 1989,
In total, the jury awarded $286,767,739 to fishermen.
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Table 4.

be Shared by Signatories in the Consolidated Case.

Compensatory Damage Awards Matrix Resulting From the Exxon Valdez Qil Spill to

Signatories

Compensatory Claim Awarded Amount
Exxon claims program $224,300,000 $224,300,000
Trans-Alaska Pipeline Liability Fund $41,700,000 $14,000,000
Alyeska seftlement $98,000,000 $78,400,000 a
Native class settiement $20,000,000 $20,000,000
Native opt-out setlement $2,550,960 $2,550,960
Municipality settiement $955,000 $955,000
Kodiak Island Borough judgement $724,000 $724,000
Commercial Fishermen Phase |} verdict $286,787,739 $19,600,000 b
Federal Phase IV settlement $3,507,981 $0 ¢

$678,525,680 $360,529,960
Attomey’s fees @ 22.4% -$80,758,711
Net award to signatories $279,771,249

Notes: a. Signatories amount is net of $8 million in litigation expenses.

b. Signatories amount is net of previous payments, etc. shown in rows above.
c. No recovery for signatories net of previous payments, etc. shown in rows above.

Table5. Compensatory Damage Awards From the Exxon Valdez Qil Spill to Specific Fisheries
Based on their 74.5% of the Consolidated Case Award Matrix.
Number of Agreed Upon Total Damage
Area Fishery 1989 Claimants -~ Permit Number Matrix Percentage Award
_Chignik Salmon 420 SO1L 4.9581% $13,871,338
Cook Inlet  Herring roe 338 GO1H 0.2939% $822,248
Upper Salmon 1,170 SO3H 15.1923% $42,503,687
Cook Inlet 1,840 S04H 6.2469% $17,477,030
275 SO01H 2.3188% $6,487,336
Finfish 30 M 0.0040% $11,191
Kodiak Herring food & bait HO1K, HO2K, HO7K, H34K 0.0330% $92,325
Herring roe 166 G31K, G34K 0.1701% $475,891
288 GO1K 0.5704% $1,595,815
Salmon 374 S04K 4.4732% $12,514,728
102 S02K 0.2402% $672,011
1,518 S01K 14.5104% $40,595,927
Finfish M 0.0290% $81,134
Prince Herring food & bait HO1E 0.1021% $285,646
William Herring roe 48 G34E 0.2702% $755,942
Sound 473 GO1E 4.1426% $11,589,804
150 L21E 2.2014% $6,158,884
156 L12E 0.1501% $419,937
Salmon 947 SO03E 6.3540% $17,776,665
' 93 SO04E 0.4503% $1,259,810
1,215 SO1E 11.7574% $32,893,825
Finfish 100 M 0.0180% $50,359
Totals 9,703 74 .4864% $208,391,532
Finfish (including rockfish) $142,683 Chignik $13,871,338
Herring $22,196,491 Cook Inlet $67,301,492
Pink $82,954,529 Kodiak $56,027,830
Sockeye $103,097,495 Prince William Sound $71,190,872
Note: Allocations by species are approximate based on multiple species for some permit fisheries.

Number of 1989 participants is a proxy for possible number of claimants in any one year.
Participants in herring food and bait fisheries assumed to participate in other fisheries.
Participants in finfish not available for Kodiak area. )
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SUBSISTENCE

EVOS Survey 1997/98
Restoration Project Number 99471

Data Review Workshop

Review Tables and Figures
Prepared by:

Division of Subsistence
Alaska Department of Fish and Game
907-267-2359

Please note: these are preliminary data and research findings which
have been prepared only for review by workshop participants and
community representatives. These preliminary results should not be
used or reproduced in any form. Study results will be available in the
final project report prepared for the Exxon Valdez Oil Spill Trustee
Council.

January 26 & 27, 1999

Anchorage, Alaska



samples.xis display

Study Communities and Sample Achievement

Interviews by CRRC Researchers

\
Number of Number Percentage | Percentage of
Community Households Interviewed Interviewed E Number Total Interviews
Chenega Bay 21 15 71.4% 11 73.3%
| .

Cordova 831 152 18.3% * | 108 71.1%
General 665 101 15.2% * |
Eyak 166 51 30.7% * |
1

Larsen Bay 41 26 63.4% | 18 69.2%

Old Harbor 80 43 53.8% * | 32 74.4%
I

Ouzinkie 62 47 75.8% | 37 78.7%
I

Nanwalek 38 29 76.3% | 26 89.7%
|

Port Graham 63 44 69.8% | 40 90.9%
|

Tatitlek 27 16 59.3% | 13 81.3%
i I

Totals (All) 1,163 372 32.0% 285 76.6%
Totals (Goal) 442 372 84.2% !

* = random sample
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Uses02.xls Chart1

Average Number of Resources Used, Attempted to Harvest,
Harvested, Recevied, and Gave Away per Household, Study
Communities, 1997/98
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harvests.xls Chart1

Harvests of Wild Resources for Home Use, Study Communities,
Pounds Usable Weight per Capita, before and after the Exxon Valdez
Oil Spill
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Comp.xls Chart1

Composition of Harvests by Resource Category, 1997/98
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harvests.xls Chart2

Estimated Subsistence Harvests in the EVOS Region in Pounds
Usable Weight per Person by Year and Subregion
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Figure . Average Number of Resources Used per Household, Three Oil
Spill Subregions, Pre-Spill Average and Six Post-Spill Years
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USES.xls receive

Figure 10. Average Number of Resources Received per Household,
Three Qil Spill Subregions, Pre-Spill Average and Six Post-Spill Years
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change.xIs Chart5

Household Assessments of Overall Subsistence Uses in 1997/98
Compared to Before the Exxon Valdez Oil Spill

{D More ESame BlLess

100% [ S — S ; - o
90% . i _ . B I . L S

t
80% . S S —— & - S |

il

70% - — .

60% |

50% -

40% - e

30% cecipss

20%

10% |

0%
Chenega Cordova Tatitlek Nanwalek Port Larsen Oid Ouzinkie
Bay Graham Bay Harbor

1/25/99 1:12 PM



Percentage of All Households

100%

90%

80% -
70% -

60%

50%

40%

Reasons for Lower Overall Subsistence Uses in 1997/98 Compared to
Before the Exxon Valdez Oil Spill

30% -

20% ——

10%

0%

Chenega Cordova

Bay

change.xls Chart2

mSpill-Related OOther|

Larsen
Bay

—_—

Nanwalek Old
Harbor

1/25/99 1:13 PM

Ouzinkie

Port
Graham

Tatitlek




change.xls Chart3

Percentage of Households with Lower Subsistence Uses in 1997/98
than before the Exxon Valdez Oil Spill for Oil Spill Reasons
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change.xls Chart1

Percentage of Households Reporting Lower Subsistence Uses in the
Study Year than Before the Exxon Valdez Oil Spill (Any Reason)

/1989 M1990 1991 E1993 11998

100% -

90% -

80%

70% -

60%

50%

40% -

30% -

Hi 4

20% -

10%

;
i

Chenega Cordova Nanwalek Ouzinkie Tatitlek
Bay

0% ' = ' —

1/25/99 1:14 PM



change.xls Chart4

Percentage of Households with Lower Subsistence Uses in the Study
Year than Before the Exxon Valdez Oil Spill for Oil Spill Reasons
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change.xls Chart6

Nanwalek: Households' Assessments of Subsistence Uses of
Resources in 1997/98 Compared to before the Exxon Valdez Oil Spill
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availble.xls data (2)

Less available to harvest in 1997/98 than before the Exxon Valdez Oil Spill: (percentage of valid responses)

Chum Coho Chinook Pink Sockeye Herring Rockfish Halibut Deer
Chenega Bay 25.0% 85.7% 12.5% 0.0% 44.4% 100.0% 60.0% 28.6% 16.7%

Cordova 53.8% 70.2% 43.5% 51.9% 39.2% 91.8% 45.6% 51.3% 8.0%
Tatitlek 50.0% 45.5% 44.4% 41.7% 50.0% 55.7% 28.6% 41.7% 22.2%
Nanwalek 60.0% 53.6% 77.8% 37.9% 75.9% 63.2% 58.3% 37.9%

Port Graham 33.3% 45.7% 38.5% 36.8% 34.2% 63.9% 13.3% 32.4%

Larsen Bay 63.6% 45.5% 41.7% 14.3% 40.0% 33.3% 22.2% 11.1% 30.8%
Old Harbor 48.3% 45.2% 26.1% 41.9% 42.9% 68.0% 40.0% 35.5% 15.4%
Ouzinkie 61.5% 45.2% 24.3% 9.8% 22.0% 62.5% 78.1% 45.0% 30.2%

Moose Seal Sealion SeaDucks Dungeness Chitons Clams Octopus Urchins Wild Plants

Chenega Bay 100.0% 85.7% 66.7% 66.7% 33.3% 85.7% 85.7% 50.0% 11.1%
Cordova 75.8%  48.4% 52.8% 87.7% 83.3% 86.3% 36.8% 64.7% 3.8%
Tatitlek 72.7% 55.6% 40.0% 62.5% 25.0% 66.7% 45.5%  42.9% 18.2%
Nanwalek 31.8%  88.9% 66.7% 80.8% 92.3% 85.7% 81.5% 44.0% 84.6% 17.9%
Port Graham 10.3% 62.2%  48.6% 37.0% 76.9% 57.9% 67.5% 25.0% 41.9% 7.9%
Larsen Bay 20.0% 57.1% 22.2% 50.0% 33.3% 58.3% 27.3% 40.0% 0.0%
Old Harbor 84.6% 96.0% 63.0% 72.0% 40.7% 54.5% 35.0% 53.8% 6.1%
Ouzinkie 78.6% 77.5% 74.4% 92.3% 47.5% 92.1% 45.9% 73.5% 2.2%

availble.xIs data (2)



availble.xls Chart4

Assessment of Availability of Harbor Seals to Harvest in 1997/98
Compared to before the Exxon Valdez Qil Spill
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availble.xls Chart2

Percentage of Respondents Reporting LESS Harbor Seals Available to
Harvest than Before the Exxon Valdez Oil Spill
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Percentage of Respondents Saying "Less"

availble.x|s Chart3

Reasons for Less Harbor Seals Available to Harvest, 1998
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salmon

Assessment of Effort to Harvest Salmon in 1997/98 Compared to 10
Years Ago
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otherfish

Assessment of Effort to Harvest Fish other Than Salmon in 1997/98
Compared to 10 Years Ago
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effort.xls game

Assessment of Effort to Harvest Large Land Mammals in 1997/98
Compared to 10 Years Ago
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effort.xls marmammals

Assessment of Effort to Harvest Marine Mammals in 1997/98
Compared to 10 Years Ago
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effort.xls birds

Assessment of Effort to Harvest Birds and Eggs in 1997/98 Compared
to 10 Years Ago
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effort.xls shellfish

Assessment of Effort to Harvest Marine Invertebrates in 1997/98
Compared to 10 Years Ago
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effort.xls plants

Assessment of Effort to Harvest Wild Plants in 1997/98 Compared to
10 Years Ago
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Tatitlek: Assessment of Effort to Harvest in 1997/98 Compared to
before the Exxon Valdez Oil Spill
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Percentage of Respondents with More Effort
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Safe98.xls seals

Are Seals Safe for Children to Eat?
Percentage Saying "Yes" in 1998
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EVOS Contamination as Source of Uncertainty about Safety of Seals,
1998
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Safe98.xls clams2

EVOS Contamination as Source of Uncertainty about Safety of Clams,
1998
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Are Clams Safe for Children to Eat?
Percentage of Respondents Saying "No" Due to EVOS Contamination
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elders.xls Chart5

Assessment of Influence of Elders in Teaching Subsistence Skills and
Values Compared to before the Exxon Valdez Oil Spill, 1998
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Changes in Elders’ Influence in Teaching Skills and Values since the
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elders.xls Chart1 (2)

Change in Elders' Influence in Teaching Skills and Values Since the
EVOS: Percent Saying Influence has INCREASED

'm1991 @1992 m1993 01998

100% | . R S I
90%
80% -
70%
60%
50% |
|
40%

30%

18.8%

20%

©
© a|§§
uw

Eih
Chenega Cordova Tatitlek Nanwalek Port Larsen Old Ouzinkie
Bay Graham Bay Harbor

10% |

-
:

0% -

1/25/99 1:23 PM




Percent of Respondents Who Indicated Decreased Influence
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Percent of Respondents Who Indicated Increased Influence
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youth.xls Chart2

Are Young Adults Learning Enough Subsistence Skills? Percentage

Saying "Yes"
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Reasons for Why Children Are Not Learning Enough Subsistence
Skills. 1998
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share.xls Chart2

Households' Assessment of Sharing of Subsistence Resources in
1997/98 Compared to Before the Exxon Valdez Oil Spill
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Percentage of Households Reporting Less Sharing of Subsistence
Resources Since the Exxon Valdez Oil Spill
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Have Subsistence Resources Recovered Since The Exxon Valdez Oil
Spill? Responses in 1998
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Percentage of Those Saying Resources Have Not Recovered
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Percentage of Respondents Who Were Aware of EVOS Subsistence
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Evaluation of Whether EVOS Project is Benefitting Subsistence: Percentage
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Was the Traditional Way of Life Affected by the Exxon Valdez Oil
Spill? (asked in 1998)
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Percentage of Those Saying there was an EVOS Effect

recover.xls Chart4

Has the Traditional Way of Life Recoved since the Exxon Valdez Oil
Spill? (asked in 1998)
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EXXON VALDEZ OIL SPILL RESTORATION PLAN

Update on Injured Resources and Services
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UPDATE ON INJURED RESOURCES AND SERVICES
INTRODUCTION

History and Purposes of the List

In November 1994, the Trustee Council adopted an official
list of Resources and Services Injured by the Spill as part of
the Restoration Plan. This list serves three main purposes:

1. It is representative of injuries caused by the oil spill and
cleanup efforts and helps the Trustees and the public track
the status of important fish, wildlife, and other resources
and services. The fish and wildlife on this list are thought
to have suffered population-level or sublethal injuries,
but it does not include every species or resource that suf-
fered some degree of injury. For example, carcasses of
about 90 different species of oiled birds were recovered
in 1989, but only 10 species of birds are on the list of in-
jured species.

2. It helps guide priorities for implementation of the Resto-

ration Plan. This was especially important in 1994 when.

the plan was first adopted, but the list still serves to high-
light resources that are in need of attention. For example,
what additional work can be undertaken to clarify the
status of recovery-unknown resources, or what can be
done, if anything, to help move resources from not re-
covering to recovering or from recovering to recovered?

3. Finally, taken as a whole, the list of injured resources helps
the Trustees and the public track recovery of the overall
ecosystem and the functions and human services that it
provides. For example, neither the ecosystem nor the ser-
vice of commercial fishing can be judged to have
recovered from the effects of the oil spill until keystone
resources, such as Pacific herring, are themselves fully
recovered.

Chapter 4 of the Restoration Plan indicates that the Injured
Resources and Services list will be reviewed periodically
and updated to reflect what is learned from scientific stud-
ies and other sources of information, such as from traditional
and local knowledge. Each time the list is reviewed, a
resource’s progress or lack of progress toward recovery is
evaluated with reference to a recovery objective that is as
concrete and measurable as possible. Sometimes the recov-
ery objectives themselves are changed to reflect new insights
about the nature of the injury and the best ways to evaluate

Urpate on INJURED RESOURCES AND SERVICES =
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recovery status. The table on page 3 includes brief descrip-
tions of what each recovery category means.

The Injured Resources and Services list was first updated
in September 1996. At that time, for example, the bald eagle
was upgraded from recovering to recovered. In 1999, 10
years after the oil spill, several more changes have been
made. The river otter is now considered to be recovered,
and five resources—black oystercatcher, clams, marbled
murrelet, Pacific herring, sea otter—are upgraded to recov-
ering. One resource, common loon, is moved from recovery
unknown to not recovering. Five resources remain as re-
covery unknown. Four human services are classified as
recovering,.

The Injured Resources and Services list can be updated
at any time that new information becomes available. It is
likely, however, that the next evaluation of changes in re-
covery status for all injured resources and lost or reduced
services will be in 2001, 10 years after the 1991 settlement
between the governments and Exxon and initiation of the
restoration program.

Ecosystem Perspective and Recovery

The Injured Resources and Services list consists mainly
of single species and resources, but, as noted above, it pro-
vides a basis for evaluating the recovery of the overall
ecosystem, its functions, and the services that it provides
to people. In fact, through the Restoration Plan, the Trustee
Council adopted an ecological approach to restoration, and
the studies and projects it sponsors have been increasingly
ecological in character.

Page 35 of the Restoration Plan defines ecosystem recov-
ery as follows:

Full ecological recovery will have been
achieved when the population of flora and
fauna are again present at former or prespill
abundances, 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 ecosys-
tem provides the same functions and services
as would have been provided had the spill
not occurred.

March 1999



Resources and Serviees [njured by the Spil

NoT RECOVERING E RECOVERING b RECOVERED
Species are showing littie or no clear Substantive progress is being made toward recovery objective. The amount of Recovery objectives have been met.
improvement since spill injuries occurred. progress and time needed fo achieve recovery vary depending on the resource.
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Using this definition, the coastal and marine ecosystem
in the oil-spill region has not recovered from the effects of
the oil spill. Keystone species, such as Pacific herring and
harbor seals, have not fully recovered, nor has the composi-
tion of biological communities, such as in intertidal habitats.
Although full ecological recovery has not been achieved, the
spill-area ecosystem is still largely intact and functioning
and on the way to recovery 10 years after the Exxon
Valdez.

It also is important to understand that ecosystems are dy-
namic and would have changed even in the absence of the
oil spill. Baseline data describing fish and wildlife popula-
tions, to say nothing of complex intertidal and subtidal

communities, were generally poor. For this reason, it was
and is difficult to evaluate injury to individual resources
and the ecosystem in general, although an inability to docu-
ment injury because of poor baseline data does not mean
that injury does not exist. It also is important to note that as
the time since the oil spill grows longer, it is increasingly
difficult to separate what may be lingering effects of the spill
from changes that are natural or caused by factors unrelated
to the oil spill. In fact, what we see is often an interaction
between oil effects and natural changes, such as the effects
of the 1998 El Nifio on common murres in the Barren
Islands.

Exxon Valdez Oil Spill Trustee Council
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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 ar-
chaeological 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 was disturbed, which exposed
sites to accelerated erosion. The effect of oil
on soil chemistry and organic remains may
reduce or eliminate the utility of radiocar-
bon dating in some sites.

Assessments of 14 sites in 1993 sug-
gested that most of the archaeological van-
dalism 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 and
successfully limited additional injury. In
1993, only two of the 14 sites visited showed

BAaLD EAGLES

Injury and Recovery

The bald eagle is an abundant resident
of marine and riverine shoreline throughout
the oil-spill area. Following the oil spill, a
total of 151 eagle carcasses was recovered
from the spill area. Prince William Sound
provides year-round and seasonal habitat for
about 6,000 bald eagles, and within the sound
itis estimated that about 250 bald eagles died
as a result of the spill. There were no esti-
mates of mortality outside the sound, but
there were deaths throughout the spill area.

T, b e

signs of continued vandalism. In 1996, there
was evidence of vandalism at five sites, but
only at one site in 1997, Natural erosion is
the major agent of degradation at the sites,
and the erosion draws the attention of loot-
ers to the exposed artifacts. Nine years af-
ter the oil spill it is difficult to attribute the
recent cases of vandalism to discovery of
these sites at the time of the oil 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 concentrations at
the second site were not sufficient to permit
identification of the source or sources of the
oil. The presence of oil in sediment samples
taken from four sites in 1995 did not appear
to have been the result of re-oiling by Exxon
Valdez oil.

In 1993, the Trustee Council provided
part of the construction costs for the Alutiiq
Archaeological Repository in Kodiak. This
facility now houses Kodiak-area artifacts that
were collected during the time of spill re-
sponse. Artifacts recovered from injured sites
inlower Cook Inlet and Prince William Sound
currently are stored at the University of Alaska
Fairbanks or elsewhere. In 1999, however,
the Trustee Council approved funding for an
archaeological repository and local display
facilities for artifacts from Prince William
Sound and lower Cook Inlet.

In addition to direct mortalities, produc-
tivity 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 had returned to or exceeded
its prespill level in the sound.

In September 1996, the Trustee
Council classified the bald eagle as fully
recovered from the effects of the oil spill.
No additional work has been carried out spe-
cifically to assess the status of the bald eagle.

Exxon Valdez Qil Spill Trustee Council
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Two sites in Prince William Sound were
so badly damaged by oiling and erosion that
they were partly documented, excavated, and
stabilized by professional archaeologists in
1994-1997. It appears that the two sites were
intermittently occupied for periods of 2,000
and 3,000 years. Most of the cultural de-
posits are prehistoric in nature,

Starting in 1996, the Trustee Council
funded a project to involve local residents
in monitoring and protecting vulnerable sites
in the Kenai, Homer, Seldovia, Kodiak, and
Chignik areas. This project was based on
the premise that successful long-term stew-
ardship depends on community support and
involvement. A report on this project is due
in 1999. Based on the apparently low rate
of spill-related vandalism and progressin
the preservation of artifacts and scientific
data on archaeological sites and artifacts,
archaeological resources are considered
to be recovering.

Recovery Obijective

Archaeological resources are nonre-
newable: they cannot recover in the same
sense as biological resources. Archaeologi-
cal resources will be considered to have re-
covered when spill-related injury ends, loot-
ing 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).

However, the bald eagle has benefited enor-
mously from the habitat protection program,
including the acquisition of more than 1,400
miles of marine shoreline and 300 anadro-
mous fish streams.

Recovery Objective

Bald eagles will have recovered when
their population and productivity have re-
turned to prespill levels.



BLack OYSTERCATCHERS

Injury and Recovery

Black oystercatchers spend their entire
lives in or near intertidal habitats and are highly
vulnerable to oil pollution. It is estimated that
1,500-2,000 oystercatchers breed in south-cen-
tral Alaska. Only nine carcasses of adult oys-
tercatchers 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 cleanup
activities. When comparing 1989 with 1991,
significantly fewer pairs occupied and main-
tained nests on oiled Green Island, while dur-
ing the same two years the number of pairs
and nests remained similar on unoiled
Montague Island. Nest success on Green Is-
land was significantly lower in 1989 than in
1991, but Green Island nest success in 1989
was not lower than on Montague Island. In
1989, chicks disappeared from nests at a sig-
nificantly greater rate on Green Island than
from nests on Montague Island. Disturbance
associated with cleanup operations also re-
duced productivity on Green Island in 1990.
In general, the overt effects of the spill and
cleanup had dissipated by 1991, and in that
year productivity on Green Island exceeded
that on Montague Island.

From 1991-1993, the Trustee Council
sponsored a study to determine if there were
any persistent effects of the spill on breeding
success and feeding ecology of black oyster-

CommonN 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
in the spill area are not known for any of these
species. Common loons in the 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 wintering and migrating birds. The
specific breeding areas used by the loons af-
fected by the spill are not known.

Boat-based surveys of marine birds in
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catchers on Knight Island. Adult oystercatch-
ers foraged in oiled mussel beds, but also ob-
tained invertebrate prey at unoiled sites. As
late as 1993, there was direct evidence of hy-
drocarbon exposure from fecal samples of
chicks raised on persistently oiled shorelines,
but areas of contamination were patchily dis-
tributed and relatively few adults and young
were exposed. In 1989, chicks raised on oiled
shorelines gained weight more slowly than
chicks reared on unoiled shores, but the slower
weight gain was not manifested in reduced
fledging success. Surveys from 1991-1993 in-
dicated that the population inhabitating Knight
Island was not increasing. Hydrocarbon ex-
posure has not been tested since 1993,

Productivity and survival of black oyster-
catchers in Prince William Sound were not
monitored from 1993 through 1997. Boat-
based surveys of marine birds in the sound did
not indicate recovery in numbers of oyster-
catchers in oiled areas through 1998, but these
surveys were not specifically designed to moni-
tor oystercatchers.

In 1998 the Trustee Council sponsored a
study to reassess the status of this species in
Prince William Sound. Only preliminary re-
sults are available, but these data indicate that
oystercatchers have fully reoccupied and are
nesting at oiled sites in the sound. The breed-
ing phenology of nesting birds was relatively
synchronous in oiled and unoiled areas, and
no oil-related differences in clutch size, egg

Prince William Sound give at least some in-
sight into the recovery status of the loons af-
fected by the oil spill. These surveys indi-
cated that the oil spill had a negative effect
on numbers of loons (all species combined)
in the oiled parts of the sound in 1991. Based
on the surveys carried out through 1998, there
is no indication of recovery. Further, a com-
parison of July 1984 versus July 1990-98 sur-
vey data suggests that loons (all species) show
a pattern of increasing densities in unoiled
parts of the sound and essentially stable den-
sities in oiled parts of the sound. This dispar-

volume, or chick growth rates were detected.
A high rate of nest failures on Green Island
probably can be attributed to predation, not lin-
gering effects of oil. Given general agree-
ment between these new results and those
of the earlier work, which indicated that the
effects of the spill had largely dissipated by
1991, recovery of black oystercatchers
clearly is underway.

Black oystercatchers nest on rocky
beaches and have benefited enormously from
the habitat protection program, including the
acquisition of more than 1,400 miles of ma-
rine shoreline. In addition, introduced foxes
were eliminated from two of the Shumagin
Islands (Simeonof and Chernabura) in the
southwestern part of the spill area. Black oys-
tercatchers were present in low densities on
both islands, and in higher densities on nearby
fox-free islands. Although the nesting birds
have not been surveyed since 1995, when the
last of the foxes was removed, the elimination
of the introduced predators should increase
populations of nesting oystercatchers.
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 ac-
count geographic differences, will indicate that
recovery is underway.

ity is consistent with possible lack of recovery
from an oil-spill effect. Thus, the common
loon is considered to not be recovering
from the effects of the spill. No additional
information on the status of common loons
is available.

Recovery Objective

Common loons will have recovered when
their population returns to prespill levels in the
oil- spill area. An increasing population trend
in Prince William Sound will indicate that re-
covery is underway.
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CLaMs mmn

Injury and Recovery

The magnitude of immediate impacts
on clam populations varied with the species
of clam, degree of oiling, and location. Data
from the lower intertidal zone on sheltered
beaches suggested that littleneck clams and,
to a lesser extent, butter clams were killed
and suffered slower growth rates as a result
of the oil spill and cleanup activities.

Since the original damage assessment
work on clams in 1989 and 1990, the Trustee
Council has not sponsored additional stud-
ies focused specifically on clam injury and
recovery. Some insights are available from
projects carried out by the NOAA Hazard-
ous Materials Division and others on inter-
tidal and subtidal communities in relation
to oil and shoreline treatments. In general,
these studies indicate that intertidal fauna
dwelling in soft sediments, including vari-
ous clam species, had rebounded within
one-three years after 1989 on oiled-but-un-

CommoN MuURRES

Injury and Recovery

About 30,000 carcasses of oiled birds
were picked up in the first four months fol-
lowing 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 re-
covered. Based on surveys of index breed-
ing colonies at such locations as the Barren
Islands, Chiswell Islands, Triplet Islands,
Puale Bay, and Ugiaushak Island, 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 compli-
cated by incomplete prespill data and by in-
dications that populations at some colonies
were in decline before the oil spill.

Postspill monitoring at the breeding colo-
nies in the Barren Islands indicated that repro-
ductive success was again within normal

N,
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treated shorelines. On these shorelines,
abundances or trends in abundance of inter-
tidal fauna were parallel or similar to those
at unoiled, untreated sites. One study docu-
mented that concentrations of hydrocarbons
in littleneck clam tissues at oiled and unoiled
sites were not significantly different by 1993,
These results indicate that recovery is un-
derway.

Clearly, however, full recovery has not
been achieved, especially on shorelines that
were oiled and treated by hot-water washes.
For example, one study found that densities
of littleneck and butter clams were depressed
through 1996 on oiled, treated mixed-sedi-
mentary shores where fine sediments had
been washed downslope during pressured
water treatments. Comparing oiled study
sites on Knight Island with unoiled sites on
Montague Island, researchers in the
Nearshore Vertebrate Predator project found
a full range of size classes of clams at the

bounds by 1993, and it has stayed within these
bounds each breeding season since then. Dur-
ing the period 1993-1997, the murres nested
progressively earlier by 2-5 days each year,
suggesting that the age and experience of nest-
ing birds was increasing, as might be expected
after a mass mortality event. By 1997, num-
bers of murres at the Barren Islands had in-
creased, probably because 3-and 4-year old
nonbreeding subadult birds that were hatched
there in 1993 and 1994 were returning to their
natal nesting colony. This information sug-
gests that recovery is well underway, al-
though the strong 1998 El Niiio event ap-
parently disrupted timing and synchrony
of nesting at the Barren and Chiswell islands
and may, to some extent, have affected re-
productive success. The Barren Islands colo-
nies will be surveyed again in 1999.
Although Prince William Sound does
not have a large summer population of
murres, boat-based surveys of marine birds
before and after the oil spill indicated a nega-

Exxon Valdez Oil Spill Trustee Council
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oiled sites, as well as more large clams.
However, oiled sites also had fewer juvenile
clams and lower numbers of several species.
Based on all of the evidence summarized
above, clams are recovering, but are not
yet fully recovered from the effects of the
oil spill.

In communities on the Kenai Peninsula,
Kodiak Island, the Alaska Peninsula and in
Prince William Sound there are lingering
concerns about the effects of the oil spill on
clams. The Trustee Council sponsored a
project to help restore subsistence uses of
clams (see subsistence).

Recovery Objective

Clams will have recovered when popu-
lations and productivity have returned to lev-
els that would have prevailed in the absence
of the oil spill, based on comparisons of oiled
and unoiled sites.

tive effect on numbers in the sound. Sur-
veys carried out through 1998 have not
shown any increase in murres since the spill.

The Alaska Predator Ecosystem Experi-
ment (APEX project), funded by the Trustee
Council, is investigating the linkage between
murre populations and changes in the abun-
dance of forage fish, such as Pacific herring,
sand lance, and capelin. Historical trawl data
analyzed as part of this project supported a
decision by the North Pacific Fishery Man-
agement Council to limit bycatch of forage
fish in commercial fisheries and to preclude
the startup of fisheries targeting forage fish
(not including herring).
Recovery Objective

Common murres will have recovered
when populations at index colonies have
returned to prespill levels and when produc-
tivity is sustained within normal bounds.
Increasing population trends at index colo-
nies will be a further indication that recov-
ery 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 recov-
ered following the oil spill, including 418
pelagic, 161 red-faced, 38 double-crested, and
22] 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. In 1996, the U.S.
Fish and Wildlife Service Alaska Seabird

CutTHROAT TROUT

Injury and Recovery

Prince William Sound is at the northwest-
ern limit of the range of cutthroat trout. Local
cutthroat trout populations are believed to be
small, and the fish have small home ranges
and are geographically isolated. Cutthroat
trout, therefore, are highly vulnerable to ex-
ploitation, habitat alteration, or pollution.

Following the oil spill, cutthroat trout in
a small number of oiled index streams in
Prince William Sound grew more slowly than
in unoiled streams. The apparent difference
in growth rates persisted through 1991. It
was hypothesized that the slower rate of
growth in oiled streams was the result of re-
duced food supplies or exposure to oil, and
there was concern that reduced growth rates
would result in reduced survival,

Preliminary data from a Trustee Coun-
cil-sponsored study of resident and anadro-
mous forms of cutthroat trout in Prince Wil-
liam Sound suggest that there is significant
genetic variation among trout from differ-
ent locations across the sound. These data
are consistent with the idea that cutthroat
populations are small and isolated. This
work is being completed in FY 1999 and
should make possible insights into such is-
sues as growth rates with respect to geo-
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Colony Catalog, however, listed counts of
7,161 pelagic cormorants, 8,967 red-faced
cormorants, and 1,558 double-crested cor-
morants in the oil-spill area. These are
direct counts at colonies, not overall popu-
lation estimates, but they suggest that
population sizes are small. In this con-
text, it appears that injury to all three cor-
morant species was significant.

Counts on the outer Kenai Peninsula
coast suggested that the direct mortality of
cormorants due to oil resulted in fewer birds
in this area in 1989 compared to 1986. In
addition, there were statistically-significant
declines in the estimated numbers of cor-
morants (all three species combined) in the

Cutthroat Trout

graphic variation. Pending this additional
work, the recovery status of the cutthroat
trout remains unknown.

Cutthroat trout have benefited from sev-
eral other projects sponsored by the Trustee
Council. In 1991-93, inresponse to the early
evidence of injury to cutthroat trout, sport
harvests were temporarily restricted in Prince
William Sound. In 1994, out of concern about
the long-term conservation status of this spe-
cies, the Alaska Board of Fisheries perma-
nently closed sport harvests during the April
15-June 15 spawning season in the sound.

W

oiled portion of Prince William Sound
based on pre- and postspill boat surveys in
July 1972-73 compared to 1989-91. More
recent surveys (through 1998) have not
shown an increasing population trend
since the oil spill, and for that reason
these species are considered to be not
recovering.

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,

The  Trustee
Council sponsored in-
ventories of streams
in and around Prince
William Sound to
identify cutthroat
trout habitat and the
presence or absence
of this species. Infor-
mation from these in-
ventories has been
added to the Alaska
Department of Fish
and Game’s Anadro-
mous Waters Catalog,
and this step brings to
bear additional legal protection under state
law in regard to actions affecting these
streams. Additional habitat for cutthroat trout
has been protected from among the more than
300 anadromous fish streams that have been
acquired through the Trustee Council’s habi-
tat protection program.

Photo by Andy Hoffman

Recovery Objective

Cutthroat trout will have recovered
when growth rates within oiled areas are
similar to those for unoiled areas, after tak-
ing into account geographic differences.
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DesiGNATED WILDERNESS AREAS

Injury and Recovery

The oil spill delivered oil in varying
quantities to the waters and tidelands adjoin-
ing eight areas designated as wilderness ar-
eas and wildemness study areas by Congress
orthe Alaska State Legislature. Oil also was
deposited above the mean high-tide line at
these locations. During the intense clean-up
seasons of 1989 and 1990, thousands of
workers and hundreds of pieces of equip-
ment were at work in the spill zone. This
activity was an unprecedented imposition of
people, noise, and activity on the area’s un-
developed and normally sparsely occupied
landscape. Although activity levels on these
wilderness shores have probably returned to
normal, at some locations there is still re-
sidual oil.

Among the affected areas were desig-
nated wilderness in the Katmai National
Park, wildemess study areas in the Chugach
National Forest and Kenai Fjords National
Park, and Kachemak Bay Wildemess State

DoLLy VARDEN

Injury and Recovery

Dolly Varden are widely distributed in
the spill area. In spring, anadromous forms
of Dolly Varden migrate to the sea from the
lakes and rivers where they spend the win-
ter. Summers are spent feeding in nearshore
marine waters. Thus, some Dolly Varden in
Prince William Sound and perhaps at other
locations were exposed to Exxon Valdez oil
in 1989 and possibly beyond. In fact, con-
centrations of hydrocarbons in the bile of
Dolly Varden were some of the highest of
any fish sampled in 1989. By 1990, these
concentrations had dropped substantially.

Like the cutthroat trout, there is evi-
dence from 1989-90 that Dolly Varden in a
small number of oiled index streams in
Prince William Sound grew more slowly
than in unoiled streams. It was hypothesized
that the slower rate of growth in oiled
streams was the result of reduced food sup-
plies or exposure to oil, and there was con-
cern that reduced growth rates would result

Kenai Fjords National Park

Park. Six moderately to heavily oiled sites
on the Kenai and Katmai coasts were last
surveyed in 1994, at which time some oil
mousse persisted in a remarkably unweath-
ered state on boulder-armored beaches at five
sites. These sites will be visited again in
1999. Pending completion of these visits,
and additional visits to oiled shorelines in

in reduced survival. However, these growth
differences did not persist into the 1990-91
winter. No growth data have been gathered
since 1991.

In a 1991 restoration study sponsored
by the Trustee Council, some tagged Dolly
Varden moved considerable distances among
streams within Prince William Sound, sug-
gesting that mixing of overwintering stocks
takes place during the summers in saltwa-
ter. This hypothesis is supported by prelimi-
nary data from another Trustee Council-
sponsored study, which indicates that Dolly
Varden from different locations across the
sound are genetically similar. The final re-
port on this genetics study is due in 1999,
but if this preliminary conclusion is born out,
it would suggest that the Dolly Varden popu-
lation in the sound should have little diffi-
culty in recovering from any initial growth-
related effects. Pending completion of the
genetics work and absent additional
growth data, however, it is prudent to con-
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western Prince William Sound, the recov-
ery status of designated wilderness re-
mains unknown.
Recovery Objective

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

tinue classifying the Dolly Varden as re-
covery unknown.

The Trustee Council sponsored inven-
tories of streams in and around Prince Wil-
liam Sound to identify Dolly Varden habi-
tat and the presence or absence of this spe-
cies. Information from these inventories
has been added to the Alaska Department
of Fish and Game's Anadromous Waters
Catalog, and this step brings to bear addi-
tional legal protection under state law in
regard to actions affecting these streams,
Additional habitat for Dolly Varden has
been protected from among the more than
300 anadromous fish streams that have been
acquired through the Trustee Council’s
habitat protection program.

Recovery Objective

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



HarRLEQUIN 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. Because the spill
occurred in early spring before wintering
harlequins migrated from the sound to in-
land breeding sites, the initial effects of the
spill were likely extended beyond the im-
mediate spill zone. The geographic extent
of these extended impacts is not known.

The current overwintering population of
harlequin ducks in Prince William Sound is
on the order of 18,000 ducks, while the sum-
mer population is about half that number.
Fall boat surveys designed specifically to
monitor molting-wintering harlequin ducks
indicate a significant declining trend in the
western sound. Other boat surveys designed
to monitor an entire suite of marine birds in
the sound have shown mixed results: an in-
creasing trend in March but no increase in
July through 1996. All three surveys, how-
ever, are consistent in that they show differ-
ent or lower trends for harlequin ducks in
oiled parts of the sound compared to unoiled
parts.

Prespill data on harlequin populations
and reproductive success are limited and
difficult to interpret, but previously there was
concern about poor reproductive success in
the western versus eastern parts of Prince
William Sound. This concern was based on
observations of 7-15 broods in the eastern
sound and few-to-no reports of broods in the
western sound when comparable numbers
of streams were surveyed. Subsequent re-
search does not indicate any differences in
the age- and sex-structure of harlequin popu-
lations in the eastern and western parts of
the sound, but it is clear that the breeding
habitat in the western sound is very limited
compared to what is available in the eastern
sound. Some harlequins remain in the sound
to nest, mostly on the eastern side, but it is
now suspected that most harlequins of breed-
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ing age and condition probably leave the
sound altogether to nest in interior drainages.
Thus, conclusions of reproductive failure
based on lack of broods in the oiled area do
not now seem warranted.

Biopsies from samples of harlequin
ducks collected early in 1998 and from
Barrow’s goldeneye in the 1996-1997 win-
ter continue to show differences in an en-
zyme indicative of exposure to hydrocar-
bons between birds from oiled versus
unoiled parts of the sound. These differ-
ences are consistent with the possibility of
continued exposure to hydrocarbons in the
oiled western sound. The biological effect
of this possible exposure has not been es-
tablished, but three years of data (1995/96-
97/98 winters) on overwintering survival of
adult female harlequins indicate signifi-
cantly lower survival rates in oiled versus
unoiled parts of the sound. This result can-
not be attributed unequivocally to oil ex-
posure, but there is reason for concern about
possible oil exposure and reduced survival
for harlequin ducks in the western sound.
This information, coupled with indica-
tion of a possible ongoing decline in
numbers of molting harlequin ducks in
the western sound, suggest that the har-
lequin duck has not recovered from the
effects of the oil spill.

Recent Trustee Council-sponsored stud-
ies give insight into prospects for recovery
of harlequin ducks. Although some harle-
quin ducks make major seasonal move-
ments, they exhibit high site fidelity to sum-
mer breeding sites and to molting and win-
tering sites during nonbreeding
seasons. Strong site fidelity may
limit population recovery by im-
migration, but a genetic analy-
sis of harlequin ducks indicates
that the spill-area population is
homogeneous (i.e., very simi-
lar). Taken together, these data
are consistent with a low rate of
dispersal, perhaps at the sub-
adult stage, or a rapid expansion
of the population in recent geo-
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logical time. To the extent that there is sub-
adult dispersal from adjacent expanding
populations, such dispersal would enhance
recovery. [t is likely, however, that recov-
ery will largely depend on recruitment and
survival from within injured populations.
This recovery may be compromised if ex-
posure to lingering hydrocarbons reduces
fitness and survival of harlequin ducks
The Trustee Council has made a major
investment in harlequin ducks, studying the
possibility of ongoing oil-related effects,
gaining knowledge that will benefit long-
term management and conservation, and
protecting nesting and overwintering
habitats. Harlequin ducks nest along
anadromous fish streams, typically under
forest cover and at higher elevations. Some
of the more than 300 anadromous fish
streams protected with the support of the
Trustee Council provide nesting habitat for
harlequin ducks. Molting and overwinter-
ing habitats are protected along the more
than 1,400 miles of marine shorelines
acquired through the habitat protection pro-
gram. As a result, the terrestrial portion of
the habitat base for harlequin ducks in the
spill area is now significantly more secure.

Recovery Objective

Harlequin ducks will have recovered
when breeding- and nonbreeding-season
densities return to prespill levels. An in-
creasing population and decreasing indica-
tions of exposure to hydrocarbons in oiled
parts of Prince William Sound will indicate
that recovery is underway.
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HARBOR SeaLs

Injury and Recovery

Harbor seal numbers were declining in
the Gulf of Alaska, including in Prince Wil-
liam Sound, before the oil spill. Exxon
Valdez oil affected harbor seal habitats, in-
cluding key haul-out areas and adjacent
waters, in Prince William Sound and as far
away as Tugidak Island, near Kodiak. Esti-
mated mortality as a direct result of the oil
spill was about 300 seals in oiled parts of
Prince William Sound. Based on aerial sur-
veys conducted at trend-count haulout sites
in central Prince William Sound before
(1988) and after (1989) the oil spill, seals in
oiled areas 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 1989-1997, the average estimated
annual rate of decline was about 5 percent,
and for that reason harbor seals continue
to be considered “not recovering.” Envi-
ronmental changes in the late 1970s may have
reduced the amount or quality of prey re-
sources, including such forage fishes as Pa-
cific herring and capelin, available to harbor
seals in the northern Gulf of Alaska ecosys-

INTERTIDAL COMMUNITIES

Injury and Recovery

Portions of 1,300 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 sig-
nificant impacts on the flora and fauna of
the intertidal zone, the area of beach between
low and high tides. Intertidal communities
are intrinsically important and are resources
for subsistence users, sea and river otters,
and a variety of birds, including black oys-
tercatchers, harlequin ducks, and pigeon
guillemots.

Initial impacts to intertidal organisms
occurred at all tidal levels and in all types of
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tem. These changes
may have been re-
sponsible for or con-
tributed to the initial
prespill harbor seal
decline, and the eco-
system may now
support fewer seals
than it did prior to
the late 1970s. Recent studies, however, in-
dicate that the seals in the sound, especially
pups and yearlings, are in very good condi-
tion and do not show evidence of nutritional
stress. Ongoing sources of mortality include
killer whale predation, subsistence hunting,
and commercial fishery interactions (e.g.,
drowning in nets). Satellite tagging studies
sponsored by the Trustee Council indicate that
harbor seals in the sound are largely resident
throughout the year, suggesting that recov-
ery must come largely through recruitment
and survival within injured populations.
Harbor seals have been a major focus
of research sponsored by the Trustee Coun-
cil since the oil spill. This research includes
documentation of population trends in the
field, improved statistical techniques for the
analysis of aerial survey data, and explora-
tion of possible sources of mortality and lack

Harbor Seal

habitats throughout the oil-spill area. Many
species of algae and invertebrates were less
abundant at oiled sites than at unoiled refer-
ence sites. Some, more opportunistic spe-
cies, including a small species of barnacle,
oligochaete worms, and filamentous brown
algae, colonized shores affected by the oil
spill and clean-up activities. The abundance
and reproductive potential of the common
seaweed, Fucus gardneri (known as rock-
weed or popweed), also was reduced follow-
ing the spill.

In the lower and middle intertidal
zones on oiled rocky shores, algal cover-
age and invertebrate abundances had re-
turned by 1991 to coverages and abun-
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of recovery in the population, including
health and diet. One study quantified nor-
mal blood chemistry values for several hun-
dred seals; this database serves as a valu-
able tool for evaluating the health status of
other seals. Starting in 1998, several projects
exploring blood chemistry and other health
parameters in relation to diet are being car-
ried out at the Alaska SeaLife Center.

Harbor seals have long been a key sub-
sistence resource in the oil-spill area. Sub-
sistence hunting is affected by the declin-
ing seal population, and fewer opportuni-
ties to hunt seals have changed the diets of
subsistence users who traditionally relied
on these marine mammals. With partial
support from the Trustee Council, the
Alaska Native Harbor Seal Commission is
working to involve Native hunters in re-
search on and management of harbor seals.
Alaska Native subsistence hunters have
been helpful by providing seal researchers
with measurements and hard-to-obtain tis-
sue samples from harvested seals.

Recovery Objective

Harbor seals will have recovered from
the effects of the oil spill when their popu-
lation is stable or increasing.

dances similar to those observed in unoiled
areas. However, large fluctuations in the
algal coverage took place through 1997 in
the oiled areas. This pattern is consistent
with continued instability due to the origi-
nal spill impact and the subsequent
cleanup.

On the sheltered, bedrock shores that
are common in Prince William Sound, full
recovery of Fucus is crucial for the recov-
ery of intertidal communities at these sites,
since many invertebrate organisms depend
on the cover provided by this seaweed. Fu-
cus has not yet fully recovered in the up-
per intertidal zone on shores subjected to
direct sunlight, but in many locations, re-



covery of intertidal communities has been
substantial. 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. In studies of the
effects of cleanup activities on beaches, in-
vertebrate molluscs and annelid worms on
oiled and washed beaches were still much
less abundant than on comparable unoiled
beaches through 1997.

Beyond describing the effects of the oil
spill and cleanup operations, the Trustee
Council’s restoration program has benefited
intertidal communities in several respects.

KiTTLITZ’s MURRELETS v

Injury and Recovery

The Kittlitz’s murrelet is found only in
Alaska and portions of the Russian Far East.
A large fraction of the world population,
which may number only a few tens of thou-
sands, 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, but they are known to 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.

KiLLer WHALES m

Injury and Recovery

More than 100 killer whales in six “resi-
dent” pods regularly use Prince William
Sound as part of their ranges. Other whales
in “transient” groups are observed in the
sound less frequently. There has been par-
ticular concern in the sound about the resi-
dent AB pod, which numbered 36 animals
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Although most tidelands in the spill area are
already in state ownership, Trustee Council
funds enabled the protection of sedge and
mudflat habitats on the Homer Spit and en-
hanced protection of and access to rocky
intertidal habitats at Kachemak Bay and at
Lowell Point near Seward. Research and
monitoring sponsored by the Trustee Coun-
cil have greatly expanded knowledge of the
distribution and ecology of north Pacific in-
tertidal organisms, such as sea stars, and
have provided models for statistically pow-
erful sampling designs that can be incorpo-
rated into future injury assessments.
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One published estimate places direct mortal-
ity of Kittlitz's murrelets from the oil spill as
high as 1,000-2,000 individuals, which would
represent a substantial fraction of the world
population.

Because so little is known about this spe-
cies, the Trustee Council funded an explor-
atory study on the ecology and distribution
of the Kittlitz’s murrelet in Prince William
Sound starting in 1996. Final results from
this project are not yet available, but prelimi-
nary data confirm this species’ affinity for
tidewater glaciers in the four bays studied in
the northern and northwestern parts of the
sound. It also appears that reproductive out-
put in 1996 and 1997 was extremely low or
absent, and some Kittlitz's murrelets were
apparently paired with marbled murrelets.
There appear to be about 1,200-1,400
Kittlitz’s murrelets during summer in the four
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prior to the spill. Fourteen whales disap-
peared from this pod in 1989 and 1990, dur-
ing which time no young were recruited into
the population. During the period 1992-94,
four calves were added to the pod, but five
additional adults were lost and presumed
dead. During the most recent period, 1996-
98, five calves were recruited and only two

2

Recovery Objective

Intertidal communities will have recov-
ered 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 reestablish-
ment of important species, such as Fucus at
sheltered rocky sites, the convergence in
community composition and organism abun-
dance 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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bays studied in northern and northwestern
sound. Other, more extensive marine bird
boat surveys suggest a sound-wide summer
population of at least 3,400 murrelets. These
estimates are consistent with what is believed
to be a small Alaskan and world population.

The population data, indications of low
reproductive success, and affinity to tidewa-
ter glaciers (of which the lower elevation gla-
ciers are receding rapidly) are reasons for
concern about the long-term conservation of
Kittlitz's murrelets. Specifically with refer-
ence to the effects of the oil spill, however,
the original extent of the injury and its re-
covery status are still unknown and may
never be resolved.

Recovery Objective
No recovery objective can be identified
for Kittlitz's murrelet at this time.
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adults were lost—a net gain of three individu-
als since 1992. If the calves born since 1992
survive and if additional calves are added to
the pod over the next two or more years, the
requirements for recovery will have been sat-
isfied. Pending evidence of sustained recruit-
ment or at least stability, the killer whale is
still considered to be not recovering.
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The original link between the AB pod
losses and the oil spill was circumstantial.
The rate of disappearance and likely mortal-
ity of killer whales in this well-studied pod
in Prince William Sound following the spill
far exceeded 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 had been concern about the
possible shooting of killer whales due to con-
flicts with long-line fisheries prior to the oil
spill. There are no recent indications of such
conflicts.

Overall numbers within the major resi-
dent killer whale pods in Prince William
Sound are at or exceed prespill levels, even
though the AB pod may or may not regain its
former size. There is concern, however, that
a decline in resightings of individuals within
the AT1 group of transient killer whales has
accelerated following the oil spill. Since 1990
and 1991, 10 individuals have been missing
from the AT group and are now almost cer-
tainly dead. During that same period there
has been no recruitment of calves into this

group of transients. Transient killer whales
largely prey on marine mammals, and there
has been a 60 percent decline in the harbor
seal population in the sound over the last two
decades. Changes in the availability of such
an important prey species could influence
killer whale distribution and reproduction.
Trustee Council-sponsored research on
contaminants in killer whales in Prince Will-
iam Sound indicates that some whales are
carrying high concentrations of PCBs, DDT,
and DDT metabolites in their blubber. The
presence of such contaminants is not related
to the oil spill. Contaminants are significantly
higher in the mammal-eating transients than
in the fish-eating residents, consistent with
the fact that contaminants bioaccumulate—
that is they are more concentrated at higher
trophic levels. Concentrations are highest in
first-born calves, indicating that contaminants
are passed on by nursing females. The high
concentrations of contaminants found in the
transient whales, including those in the AT1
group, are comparable to those found to cause
reproductive problems in other marine mam-
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mals, but there is no unequivocal evidence of
a link between contaminants and poor repro-
duction in the AT1 group.

Other work sponsored by the Trustee
Council includes a detailed genetic analysis
that has shown definitively that resident and
transient killer whales in Prince William
Sound are genetically distinct. The Trustee
Council also has sponsored development of
acoustic techniques for identifying and moni-
toring killer whales. Data on sightings and
movements of killer whales indicate that the
area around Knight Island and passages to
Knight Island are among the most heavily
used parts of Prince William Sound by both
resident and transient killer whales. Use of
the outer Kenai coast, including Resurrection
Bay, appears to be increasing.

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.

Killer Whale

Photo by Craig Matkin



MARBLED MURRELETS

Injury and Recovery

The northern Gulf of Alaska, including
Prince William Sound, is a key area of con-
centration in the distribution of marbled
murrelets. The marbled murrelet is feder-
ally listed as a threatened species in Wash-
ington, Oregon, and California; it also is
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 de-
cline are not known for certain, but environ-
mental changes in the late 1970s probably
reduced the availability or quality of prey
resources. There is, nonetheless, clear evi-
dence that oil cavsed injury to marbled
murrelets in the sound. Carcasses of nearly
1,100 Brachyramphus murrelets were found
after the spill, and about 90 percent of the
murrelets that could be identified to the spe-
cies level were marbled murrelets. Many
more murrelets probably were killed by the
oil than were found, perhaps as much as 7
percent of the spill area population.

The recovery of the marbled murrelet
population in Prince William Sound is as-
sessed primarily through standard marine
bird boat surveys. Based on a recent analy-
sis of data from boat surveys carried out in
July for most years from 1989-1998, densi-

MusseLs

Injury and Recovery

Mussels are an important prey species
in the nearshore ecosystem throughout the
spill area and are locally important for
subsistence. Beds of mussels provide
physical stability and habitat for other organ-
isms in the intertidal zone and were purposely
left alone during Exxon Valdez cleanup
operations.

In 1991, high concentrations of relatively
unweathered oil were found in the mussels
and in underlying byssal mats and sediments
in certain dense mussel beds. The biological
significance of mussel beds that are still oiled
is not known precisely, but they are potential
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ties of marbled murrelets increased substan-
tially in oiled parts of the sound during 1990-
1993, but declined again in 1996 and 1998,
Densities of murrelets in unoiled parts of the
sound also declined in 1996 and 1998, so
the reason for the recent declines in both
oiled and unoiled areas is probably due to
some factor other than the oil spill.

The Trustee Council’s recovery objec-
tive requires a stable or increasing popula-
tion for marbled murrelets; stable or increas-
ing productivity would indicate that recov-
ery is underway. The marbled murrelet
population is not now stable nor increasing,
but the increase in oiled areas from 1990-
1993 is a positive sign. In addition, marbled
murrelet productivity, as measured by sur-
veys of adults and juveniles on the water in
Prince William Sound, appears to be within
normal bounds. On these bases, it appears
that the marbled murrelet is at least re-
covering from the effects of the oil spill.

Marbled murrelets have been a major
focus of the Trustee Council’s restoration
program, including both habitat protection
and research and monitoring activities.
Marbled murrelets are known to nest in
large, mossy trees within stands of old-
growth forest. Following the oil spill,
Trustee Council researchers identified spe-

pathways of oil contamination for local popu-
lations of harlequin ducks, black oystercatch-
ers, river otters, and sea otters, all of which
feed to some extent on mussels and other prey
in and around mussel beds and which were
injured by the oil spill. The Trustee Council’s
Nearshore Vertebrate Predator project has
evidence of possible hydrocarbon exposure
in sea otters, river otters, harlequin ducks, and
Barrow’s goldeneyes in oiled parts of Prince
William Sound through 1996 or 1997, but the
pathway of such exposure has not been
established.

About 30 mussel beds in Prince William
Sound still contained Exxon Valdez oil resi-
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cific habitat types and areas within the spill
zone that are especially valuable to nesting
murrelets. Much of the 600,000 acres of
habitat protected with Trustee Council funds
is forested, including significant habitat that
is suitable for and used by nesting murrelets
(for example, on Afognak Island).

In the area of research and monitoring,
the Trustee Council’s Alaska Predator Eco-
system Experiment (APEX) project is inves-
tigating the relationship between marbled
murrelet declines and the availability and
abundance of forage fish, such as Pacific
herring, sand lance, and capelin. It appears
that there is a direct correlation between the
availability of forage fish and production of
young murrelets, based on the presence of
juvenile murrelets on the water in Prince
William Sound. Historical trawl data ana-
lyzed as part of this project supported a de-
cision by the North Pacific Fishery Manage-
ment Council to limit bycatch of forage fish
in commercial fisheries and to preclude the
startup of fisheries targeting forage fish (not
including herring).

Recovery Objective

Marbled murrelets will have recovered
when their populations are stable or increas-
ing. Stable or increasing productivity will
be an indication that recovery is underway.

due when last sampled in 1995. Twelve of
these beds had been cleaned on an experi-
mental basis in 1993 and 1994. In 1995, oil
hydrocarbon concentrations in mussels at half
the treated beds were lower than would have
been expected if the beds had not been
cleaned. In 1996, however, limited sampling
indicated that several of the cleaned beds had
been recontaminated from surrounding or
underlying oil residue.

Mussel beds along the outer Kenai Pen-
insula coast, the Alaska Peninsula, and
Kodiak Archipelago were surveyed for the
presence of oil in 1992, 1993, and 1995. In
1995, hydrocarbon concentrations in mussels
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and sediments at these Gulf of Alaska sites
were generally lower than for sites in Prince
William Sound, but at some sites substantial
concentrations persist.

While several sites in Prince William
Sound still contained high concentrations of
oil in 1995, over half the sites surveyed dem-
onstrated significant natural declines that sug-
gest background concentrations should be
reached in the next few years. On this basis,

PaciFic HERRING -

Injury and Recovery

Pacific herring spawned in intertidal and
subtidal habitats in Prince William Sound
shortly after the oil spill. A significant por-
tion of these spawning habitats as well as
herring staging areas in the sound were con-
taminated 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
very high. Despite the large spawning bio-
mass in 1992, the population exhibited a
density-dependent reduction in size, and in
1993 there was an unprecedented crash of
the adult herring population. A viral dis-
ease and fungus were the probable immedi-
ate agents of mortality, but such other fac-
tors as competition for food may have re-
duced herring fitness and survival. Labora-
tory investigations since the population crash
have shown that exposure to very low con-
centrations of Exxon Valdez oil can compro-
mise the immune systems of adult herring
and lead to expression of the viral disease.
The extent to which the exposure to oil con-
tributed to the 1993 disease outbreak is
uncertain.

Numbers of spawning herring in Prince
William Sound remained depressed through

mussels are considered to be recovering.
0il contamination in mussels, however, will
likely persist for many years at certain sites
that are well protected from wave action or
where oil penetrated deeply into underlying
sediments.

In 1999, a series of oiled mussel beds
will be inspected and monitored to track the
recovery of this resource. Comparison of
mussel beds cleaned in 1994 to beds that were

the 1995 season. In 1997 and 1998 the
spawning biomass was about double that of
1994, the season following the crash, and
there were limited commercial harvests for
herring in the sound. The increased biom-
asses in 1997 and 1998 are signs that
recovery has begun. Unfortunately, the
population has yet to recruit a highly
successful year-class, which is fundamental
to recovery of this species. Thus, a full
recovery has not been achieved, and the
Pacific herring can only be considered to
be recovering.

Because the Pacific herring is extremely
important ecologically and commercially
and for subsistence users, the Trustee Coun-
cil has made a major investment in restora-
tion projects that benefit herring. In the area
of habitat protection, Trustee Council funds
have acquired more than 1,400 miles of up-
land shorelines, some of which will help
protect water quality in areas used by spawn-
ing herring. Research sponsored by the
Trustee Council also has identified bays that
are important as herring nursery and over-
wintering areas, and this information will be
useful to natural resource managers for de-
cisions about siting facilities or planning
responses to future oil spills.

The Trustee Council’s Sound Ecosys-
tem Assessment has resulted in new under-
standing of the importance of body condi-
tion in determining overwintering survival
of herring and in the influences of the Gulf
of Alaska in herring productivity within
Prince William Sound. Techniques for im-
proving stock and spawning biomass assess-
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not cleaned should provide valuable informa-
tion for planning responses to future oil spills.

Recovery Objective

Mussels will have recovered when con-
centrations of oil in the mussels and in the
sediments below mussel beds reach back-
ground levels, do not contaminate their preda-
tors, and do not affect subsistence uses.

ments through spawn deposition surveys and
hydroacoustic and aerial surveys also have
been supported by the Trustee Council. On-
going research on herring disease in rela-
tion to commercial fishing practices, such
as the enclosed “pound” fisheries, have di-
rect implications for management of the
herring fishery. Improvements in knowledge
about the biology and ecology of herring and
in assessment and management tools will
enhance conservation and management of
this species over the long term.

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.

Pacific Herring

Photo by Roy Corral



PiceoN GuiLLEMOTS =

Injury and Recovery

Although pigeon guillemots are widely
distributed in the north Pacific region, nowhere
do they occur in large 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 evi-
dence that the pigeon guillemot population in
Prince William Sound declined before the oil
spill. The causes of the prespill decline are not
known for certain, but environmental changes
in the late 1970s probably reduced the avail-
ability or quality of prey resources. There is,
nonetheless, clear evidence that oil caused in-
jury to the guillemot population in the sound.
An estimated 10-15 percent of the spill-area
population died immediately following the
spill. Boat-based surveys of marine birds be-
fore (1984-85) and after the oil spill indicated
that the guillemot population declined through-
out the oiled portion of the sound. These same
surveys indicate that numbers of guillem-
ots remain depressed along oiled shorelines

PiNK SALMON =0

Injury and Recovery

Certain features of the life history of pink
salmon made this species highly vulnerable to
damage from the oil spill. As much as 75 per-
cent of wild pink salmon in Prince William
Sound spawn in the intertidal portions of
streams, where embryos deposited in the gravel
could be chronically exposed to hydrocarbon
contamination in the water column or leach-
ing from oil deposits on adjacent beaches.
When juvenile pink salmon migrate to salt-
water they spend several weeks foraging for
food in nearshore habitats. Thus, juvenile
salmon entering seawater from both wild and
hatchery sources could have been exposed to
oil as they swam through oiled waters and fed
along oiled beaches. Trustee Council-spon-
sored studies have documented two primary
types of injury due to the exposure of these
early life stages: First, growth rates in both wild
and hatchery-reared juvenile pink salmon from
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in the sound through 1998, and for this
reason the pigeon guillemot is still consid-
ered to not be recovering from the effects
of the oil spill.

The Trustee Council’s Alaska Predator
Ecosystem Experiment (APEX) project is in-
vestigating the possible link between pigeon
guillemot declines and the availability of high-
quality forage fish, such as Pacific herring and
sand lance. This work has revealed a strong
connection between the availability of certain
prey fishes, especially sand lance, and
guillemot chick growth rates, fledging weights,
and nesting population size. Historical traw]
data analyzed as part of this project supported
a decision by the North Pacific Fishery Man-
agement Council to limit bycatch of forage fish
in commercial fisheries and to preclude the
startup of fisheries targeting forage fish (not
including herring).

The Nearshore Vertebrate Predator (NVP)
project, also sponsored by the Trustee Council,
addresses the possibility that exposure to oil is
limiting the guillemot’s recovery. Preliminary
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oiled parts of the sound were reduced. Sec-
ond, there was increased egg mortality in oiled
versus unoiled streams.

In the years preceding the spill, returns of
wild pink salmon in Prince William Sound var-
ied from a maximum of 23.5 million fishin 1984
to a minimum of 2.1 million in 1988. Since the
spill, returns of wild pinks have varied from a
high of about 12.7 million fishin 1990 to a low
of about 1.9 million in 1992. The decade pre-
ceding the ol spill was a time of very high pro-
ductivity for pink salmon in the sound, and,
given the tremendous natural variation in adult
returns, it is impractical to measure directly the
extent to which wild salmon returns since 1989
were influenced by the oil spill. Based on in-
tensive studies, including mathematical mod-
els, carried out following the spill, wild adult
pink salmon retums to the sound’s Southwest
District in 1991 and 1992 were most likely re-
duced by a total of 11 percent.
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biochemical data do not indicate that guillemot
chicks are being exposed to hydrocarbons.

Pigeon guillemots nest in rock crevices
and under tree roots at the tops of rocky cliffs
and steep slopes. They have benefited greatly
from the habitat protection program, includ-
ing the acquisition of more than |,400 miles
of marine shoreline. In addition, introduced
foxes were eliminated from two of the
Shumagin Islands (Simeonof and Cherna-
bura) in the southwestern part of the spill area.
Pigeon guillemots were present in low
densities on both islands, but in higher
densities on nearby fox-free islands.
Although the nesting birds have not been sur-
veyed since the foxes were removed in 1995,
the elimination of this introduced predator
should result in a large increase in the popu-
lation of nesting guillemots.
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.

Reduced juvenile growth rates in Prince
William Sound occurred only in the 1989 sea-
son, but higher egg mortality persisted in oiled
compared to unoiled streams through 1993.
No statistically significant differences in egg
mortalities in oiled and unoiled streams were
detected in 1994 through 1996, but in 1997
there was again a difference. It is not clear
whether the 1997 difference was due to the
effects of lingering weathered oil, perhaps
newly exposed by storm-related disturbance
of adjacent beaches, or due to other factors.
Patches of weathered oil still persist in or near
intertidal spawning habitats in a few of the
streams used by pink salmon in southwestern
Prince William Sound. It is possible that
patches of oil may be exposed as winter storms
shift stream beds back and forth and result in
local episodes of increased pink salmon egg
mortality. The duration, scale, and number of
any such events now would be limited in com-

March 1999



parison to the situation that existed in the south-
western sound in 1989-1993. Therefore, the
biological impact of exposure to any such lin-
gering oil is unlikely to limit pink salmon
populations, assuming there are no drastic
negative changes in the quality of freshwater
habitats and ocean rearing conditions.

Since the Trustee Council’s recovery
objective specifically requires a sequence of
two years each of odd- and even-year runs
without differences in egg mortality, this re-
covery objective clearly has not been met.
Thas, the Trustee Council continues to find
that pink salmon are recovering from the
effects of the oil spill, but that full recovery
has not been achieved.

The Trustee Council has made a major
investment in studying the effects of the oil
spill on pink salmon and in improving conser-
vation and management of wild stocks in
Prince William Sound. Studies on the effects
of oil on pink salmon have led to new insights
about how oil can affect salmon, especially in
regard to the toxicity of even very small con-
centrations of weathered oil on early life stages.
This information will be useful in evaluating
water quality standards for oil in water and in
contingency planning for future oil spills.

The Trustee Council has sponsored sev-
eral projects directed at improved management

RivER OTTERS wv

Injury and Recovery

River otters have a low population den-
sity in Prince William Sound. Twelve river
otter carcasses were found following the spill,
but the actual total 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 alterations,
reduced diversity in prey species, reduced
body size (length-weight), and increased
home-range size. Because there were few
prespill data, it is not certain that these differ-
ences are the result of the oil spill. Although
some of the differences (e.g., in blood val-
ues) persisted through 1996, there were few
differences documented in 1997 and 1998.
Thus, there are no indications of possible

of pink salmon. One of the most beneficial
projects sponsored by the Trustee Council was
development and implementation of a thermal
mass marking project in Prince William Sound.
This project, which is now being sustained by
the Alaska Department of Fish and Game and
the Prince William Sound Aquaculture Asso-
ciation, puts a unique mark on the otoliths (ear
bone) of hatchery-reared fry released in the
sound. Technicians can readily identify these
fish when they are caught as returning adults.
This information is used for in-season adjust-
ments of harvests (times and areas) to better
protect wild stocks and to more fully utilize
hatchery stocks when doing so does not jeop-
ardize wild stocks of pink salmon. Another
project sponsored by the Trustee Council char-
acterized the genetic stock structure of pink
salmon in the sound. The results of this project
will improve confidence that management ac-
tions are adequately protecting the genetic di-
versity of small wild stocks.

Throughout Alaska there is increasing
recognition of the importance of changes in
marine ecosystems on the growth and survival
of salmon. The Trustee Council has funded
the Sound Ecosystem Assessment (SEA)
project to explore oceanographic and ecologi-
cal factors that influence production of pink
salmon and Pacific herring in Prince William

lingering injury from the oil spill, and the
Trustee Council’s recovery objective has
been met.

The Trustee Council’s habitat protection
program and research and monitoring
projects have benefited spill-area river otters.
More than 1,400 miles of marine shoreline
and more than 300 streams used by anadro-
mous fish have been protected; much of this
area provides high-value habitat for river
otters.

Through the Nearshore Vertebrate
Predator project and other studies, much in-
formation has been gathered that will im-
prove long-term conservation and manage-
ment of river otters. These breakthroughs
include development of a new method for
live-trapping otters, which will improve the

Exxon Valdez Oil Spill Trustee Council
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Sound. These factors include such things as
the timing of spring plankton blooms and
changes in circulation patterns that link the
sound to the Gulf of Alaska. These natural
factors are likely to have the greatest influence
on year-to-year returns in both wild and hatch-
ery stocks of pink salmon. A final report from
the SEA Project is due at the end of FY 1999.

Pink salmon have been major beneficia-
ries of the Trustee Council’s habitat protec-
tion program. The more than 600,000 acres
of land protected through the Trustee Council
program include over 300 streams with spawn-
ing and rearing habitat for salmon. Wild popu-
lations of pink salmon have been enhanced by
creating or providing access to additional
spawning habitat, such as the Port Dick spawn-
ing channel on the outer Kenai coast. This
project is expected to result in production of
additional pink salmon available for commer-
cial harvest each year.

Recovery Objective

Pink salmon will have recovered when
population indicators, such as growth and sur-
vival, 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-yearruns in Prince
William Sound.
ability of wildlife managers to estimate
population sizes for this elusive species, and
new insights in the recycling of aquatic nu-
trients into forest ecosystems at otter latrine
sites, which has important implications from
a conservation standpoint. In addition, work
in progress at the Alaska SeaL.ife Center on
the blood chemistry of river otters in rela-
tion to small doses of oil will aid interpreta-
tion of biochemical tests for exposure from
oil and other contaminants.
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.



RoOCKFISH "

Injury and Recovery

Very little is known about rockfish
populations (of several species) in the north-
ern 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 sub-
lethal effects. In addition, closures to salmon

SEA OTTERs'

Injury and Recovery

By the late 1800s, sea otters had been
eliminated from most of their historical
range in Alaska due to excessive harvest-
ing by Russian and American fur traders.
Surveys of sea otters in the 1970s and
1980s, however, indicated a healthy and ex-
panding population in most of Alaska, in-
cluding Prince William Sound. Today the
only harvests of sea otters are for subsis-
tence purposes.

About 1,000 sea otter carcasses were
recovered following the spill, and addi-
tional 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 juve-
niles in oiled areas. By 1992-93, overwin-
tering mortality rates for juveniles had de-
creased, but were still higher in oiled than
in unoiled parts of the sound.

Based on both aerial and boat surveys
conducted in western Prince William Sound,
there is statistically significant evidence of
a population increase following the oil spill
(1993-98). Observations by local residents
bear out this general increase. However,
within the most heavily oiled bays in the
western sound, such as those on northern
Knight Island, the aerial surveys indicate that
recovery may not be complete.
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fisheries apparently had the effect of increas-
ing fishing pressures on rockfish, which, in
turn, may have adversely affected local rock-
fish populations. However, the original ex-
tent of injury and the current recovery
status of this species are unknown.
Because little is known about rockfish
abundance and species composition in the
spill area and because rockfish are harvested
commercially, even basic information about
these species could provide a basis for im-

Photo by Robert Angell
Sea Otter

The Trustee Council’s Nearshore Ver-
tebrate Predator project, which was started
in 1995, is addressing the lack of recovery
in sea otters in the heavily oiled bays of
western Prince William Sound. The lack
of recovery may reflect the extended time
required for population growth for a long-
lived mammal with a low reproductive rate,
but it also could reflect the effects of con-
tinuing exposure to hydrocarbons or a com-
bination of both factors. Through 1997,
researchers have continued to find bio-
chemical evidence of oil exposure in sea
otters on northern Knight Island. Bio-
chemical samples from 1998 are now be-
ing analyzed. An additional hypothesis is
that food supplies are limiting recovery, but
preliminary evidence does not fully support
this idea.

It is clear that sea otter recovery is
underway for much of the spill-area, with
the exception of populations at the most
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proved management or, at least, the identifi-
cation of priorities for more targeted research.
Accordingly, starting in FY 1998, the Trustee
Council sponsored a multi-year study of ge-
netic stock structure in black, dusky, and
yelloweye rockfish throughout the spill area
and the adjacent Gulf of Alaska. No results
from this work are currently available.

Recovery Objective
No recovery objective can be identified.

heavily oiled bays in western Prince Wil-
liam Sound. Researchers sponsored by the
Trustee Council continue to explore hypoth-
eses for lack of recovery at these sites.

Sea otters have benefited from many
aspects of the Trustee Council’s program.
Sea otters are found along many miles of
the more than 1,400 miles of marine shore-
line that has been protected through the
habitat protection program. Results of re-
search and monitoring projects have also
been valuable. For example, an aerial sur-
vey protocol is now being used more widely
to monitor sea otter populations, and an im-
proved and validated technique for aging
sea otters using their teeth will aid biolo-
gists and veterinarians wherever sea otters
are found. Another example is new infor-
mation on age-specific reproductive rates,
which is crucial for understanding the ef-
fects of subsistence harvests on sea otters.
These new techniques and insights will aid
sea olter conservation and management
over the long term.

Recovery Objective

Sea otters will have recovered when the
population in oiled areas returns to its
prespill abundance and distribution. An in-
creasing population trend and normal re-
production and age structure in western
Prince William Sound will indicate that
recovery is underway.
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SEDIMENTS

Injury and Recovery

Exxon Valdez oil penetrated deeply into
cobble and boulder beaches that are com-
mon 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 per-
sists at many locations.

The last comprehensive survey of
shorelines in Prince William Sound, con-
ducted in 1993, included 45 areas of shore-
line known to have had the most significant
oiling. The average location with surface
oil residue, asphalt, or mousse was 160 m?
in size. Based on that survey, it was esti-
mated that heavy subsurface oil had de-
creased by 65 percent since 1991 and that
surface oil had decreased by 50 percent over
the same time period.

The shorelines of the outer Kenai and
Alaska Peninsula coasts get more wave ac-
tion than most shorelines within Prince Will-
iam Sound. These Gulf of Alaska sites tended
to be contaminated with oil in the form of
mousse, which can persist for long periods in
a largely unweathered state. Five of six index
beaches on the gulf coast have a heavy boul-
der “armor,” and were last visited in 1993 and
1994. At this time, surface and subsurface oil
mousse persisted in a remarkably unweath-
ered state in the armored beaches.

In 1995, a shoreline survey team vis-

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 be-
ing sent to market. As a result, there were
higher-than-desirable numbers (i.e.,
“overescapement™) of spawning sockeye
salmon entering the Kenai River and also
Red and Akalura lakes on Kodiak Island.
Research carried out following the spill
demonstrated that initially these high es-
capements produced an overabundance of

ited 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 unarmored beaches 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 analy-
ses 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 was mostly confined to the upper-
most 20 meters water depths (below mean low
tide), 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 el-
evated microbial activity at most index sites
in Prince William Sound, except at those as-
sociated 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 substantial
subtidal oiling is still known to occur.

Based on the information above, sedi-
ments are considered to be recovering.
However, the presence of surface and sub-
surface oil continues to compromise wilder-

juvenile sockeye that then overgrazed the
zooplankton, thus altering planktonic food
webs in the nursery lakes. The result was lost
sockeye production as shown by reduced
growth rates during the freshwater part of
the sockeye life history and declines in the
returns of adults per spawning sockeye.
Although sockeye freshwater growth tended
to return to normal within two or three years
following the overescapement, there are in-
dications that these systems are less stable
for several years after an initial overescape-
ment event.

Exxon Valdez Oil Spill Trustee Council
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ness and recreational values, expose and po-
tentially harm living organisms, and offend
visitors and residents, especially those who
engage in subsistence activities along still-
oiled shorelines. Concern on the part of
Chenega Bay residents has been particularly
strong. In 1997, with support from the
Trustee Council, a project was carried out
to use a chemical surfactant and other means
to remove additional crude oil from 10,000
m?of beach on LaTouche and Evans islands
in southwestern Prince William Sound. This
effort was partly successful, but a final evalu-
ation of the results is not yet available.

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 re-
covery is underway.

Oily sediment in 1997

The negative effects of the 1989
overescapement on sockeye productivity, as
measured by return per spawner, in the Kenai
River watershed were readily apparent for re-
tumns from the brood years 1989-1992. Re-
turns from the 1993-1995 brood years are not
complete because some of these fish are still
at sea, but returns to date show promise that
management efforts have been successful in
restoring the returns per spawner to normal
levels. The sockeye salmon of the Kenai
River watershed are recovering from the
effects of the 1989 overescapement.



Production of zooplankton in both Red
and Akalura lakes on Kodiak Island has re-
bounded from the effects of the
overescapement at the time of the oil spill.
By 1997, Red Lake had responded favor-
ably in terms of smolt and adult production
and was at or near prespill production of
adult sockeye. At Akalura Lake there were
low juvenile growth rates in freshwater dur-
ing the period 1989-92, and these years of
low growth correspond to low adult escape-
ments during the period 1994-97. Starting
in 1993, however, the production of smolts
per adult increased sharply and the smolt
sizes and age composition suggested that
rearing conditions have improved. This
improvement is reflected in a strong adult
escapement in 1998; a significant escape-
ment of adults into Akalura Lake is also
projected in 1999. The sockeye popula-
tions of both Red and Akalura lakes are
recovering from the effects of the 1989
overescapement.

There also was concern about over-

SusTiDAL COMMUNITIES

Injury and Recovery

Shallow subtidal habitats of Prince Will-
iam Sound, from the lower intertidal zone to
depths of about 20 meters, typically have
dense stands of kelp or eelgrass and contain
numerous polychaete worms, snails, clams,
sea urchins, and other invertebrate life. These
subtidal communities provide shelter and food
for an array of nearshore fishes, birds, and
marine mammals.

Oil that was transported down to subtidal
habitats, as well as subsequent cleanup activi-
ties, apparently caused changes in the abun-
dance and species composition of plant and
animal populations below lower tides. Dif-
ferent habitats, emphasizing eelgrass beds and
adjacent areas of soft sediment, were com-
pared at oiled and unoiled sites from 1990-
1995. Itis difficult to draw firm conclusions
from this study, because it is hard to distin-
guish between natural site differences (e.g.,
percent sand and mud) and those differences
actually resulting from the oil spill or cleanup.
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escapement effects in lakes on Afognak Island
and on the Alaska Peninsula. However, analy-
sis of sockeye freshwater growth rates of ju-
veniles from Chignik Lake on the Alaska Pen-
insula did not identify any impacts associated
with a 1989 overescapement event.

The Trustee Council has made a major
investment in the restoration and manage-
ment of sockeye salmon, especially in the
Kenai River system. Research sponsored by
the Trustee Council has documented not only
the effects of overescapement events (as
described above), but also the mechanism
by which the effects are manifested in gla-
cial-lake systems. This work is helping fish-
eries managers better monitor and predict
annual changes in sockeye fisheries. With
support from the Trustee Council, genetic
stock identification and hydroacoustic stock
assessment techniques were developed and
are being employed to improve in-season
management of the Cook Inlet sockeye
fisheries.

Sockeye salmon have benefited greatly

Concentrations of hydrocarbons in
subtidal sediments were significantly higher
at oiled sites than at unoiled reference sites.
These concentrations dropped sharply by
1991, but evidence of oil contamination due
to Exxon Valdez oil persisted at some loca-
tions through 1995.

Biologically, negative effects of the oil
were most evident for oil-sensitive species
of amphipods, which were consistently less
abundant at oiled than at unoiled sites. Re-
duced numbers of eelgrass shoots and flow-
ers may have been due to increased turbidity
associated with cleanup activities (e.g., boat
traffic). Two species of sea stars and helmet
crabs also were less abundant at oiled sites.
Some invertebrates living in the sediment,
including species in eight families of poly-
chaete worms, two families of snails, and one
family of mussels, were greater in numbers
at oiled sites. These species are known to be
stress-tolerant and probably benefited from
the organic enrichment associated with oil.
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from the Trustee Council’s habitat protec-
tion program throughout the spill area.
These acquisitions include streambank,
lakeside, and watershed habitats along the
Kenai and Moose rivers on the Kenai Pen-
insula, the Eshamy-Jackpot Bay area of
Prince William Sound, the Red and Fraser
lakes area on Kodiak Island, and Laura and
Pauls lakes on Afognak Island. In addition
to habitat acquisition, the Trustee Council
sponsored a project to stabilize and restore
degraded streambanks on public lands along
the Kenai and Russian rivers. This project
will restore spawning and rearing habitat
important for salmon and enhance recre-
ational fishing, which was a service injured
by the oil spill.

Recovery Objective

Sockeye salmon in the Kenai River sys-
tem and Red and Akalura lakes will have
recovered when adult returns-per-spawner
are within normal bounds,

Some of the species that showed increased
numbers also may have benefited from re-
duced competition or predation due to the
effects of the spill.

By 1995, there was apparent recovery
of most constituents of the eelgrass com-
munity and on this basis, subtidal commu-
nities can be considered to be recovering.
Some amphipod and clam species continued
to be less abundant at oiled sites, and there
continued to be indications of enhanced num-
bers of stress-tolerant polychaetes and mus-
sels. These sites have not been revisited
since 1995,

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 op-
portunistic species at oiled sites.
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HUMAN SERVICES

CoMmMERCcIAL FisHING

CommeRrciaL FisSHING

Injury and Recovery

Commercial fishing is a service that was
reduced through injury to commercial fish
species (see individual resource accounts) and
also through fishing closures. In 1989, clo-
sures affected fisheries in Prince William
Sound, Cook Inlet, the outer Kenai coast,
Kodiak, and Chignik. These closures harmed
the livelihoods of persons who fish for a
living.

Recovery is underway but not complete
for three of the injured resources that are com-
mercially fished — pink salmon, sockeye
salmon, and Pacific herring; the recovery sta-
tus of rockfish is unknown. No spill-related
district-wide fishery closures related to oil
contamination have been in effect since 1989,
However, the Prince William Sound herring
fishery was closed 1993-96 due to a disease
outbreak that may be related to the oil spill,
and was open only to limited commercial
harvest in 1997 and 1998. For these rea-
sons, commercial fishing, as a lost or re-
duced service, is in the process of recover-
ing from the effects of the oil spill, but full
recovery has not been achieved.

The period before the oil spill was a time

Passive UsE

RECREATION AND TOURISM

SUBSISTENCE

of relative prosperity for many
commercial fishermen. The years
1987-88 saw some of the highest
ever per pound prices for salmon
and increased capitalization of the
fishery. Thus, fishermen’s expec-
tations for income in 1989 were
very high, making the fishery clo-
sures and other spill effects even
more disruptive.

For a variety of reasons, as dis-
cussed below, income disruptions
continue today, as evidenced by
changes in average earnings, ex-
vessel prices, and limited entry per-
mit values. For example, for the
period 1981-97, fishermen’s aver-
age earnings in the Prince William
Sound salmon seine fishery peaked
in 1987-88, dropped in 1989 to
1984-85 levels, rebounded in 1990,
hit a new low in 1992-93 (runs in
1992-93 were the lowest in 15
years), and since have hovered
somewhat below the 1989 level.
Average harvests have varied
widely during this period, with the

Recovery is underway but not complete for three of the
injured resources that are commercially fished — pink
salmon, sockeye salmon, and Pacific herring.

Exxon Valdez Oil Spill Trustee Council
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three highest years being 1994, 1996, and
1997. Ex-vessel prices were highest in the
period 1987-89, and have been below prices
of the early 1980’s ever since. Limited entry
permit values in this fishery reached a peak
in 1989-91, nearly double the value in any
earlier year in this period, and have declined
since to roughly 15 percent of their peak
value. The number of permits fished,
roughly 250 each year 1981-91, had declined
to 114 in 1997,

Natural variability in fish returns and a
number of economic changes in the com-
mercial fishing industry since 1989 probably
mean that many of these changes in income
are not directly attributable to the spill. How-
ever, these factors also make discerning spill-
related impacts difficult. Economic changes
confronting the industry include the in-
creased world supply of salmon (due prima-
rily to farmed salmonids) and correspond-
ing reduced prices, entry restrictions in cer-
tain fisheries (such as Individual Fishing
Quotas, IFQs, for halibut and sablefish), al-
location changes (e.g., a reduction in the al-
location of Cook Inlet sockeye salmon to
commercial fishermen), and changes in pro-
cessing capacity (closure of major pro-
cessors in Cordova and Kenai and introduc-
tion of some smaller and more specialized
processors).

Although a number of studies aimed at
allocating financial impacts to the oil spill
versus other factors have been carried out,
the federal jury’s compensatory award (as
opposed to the $5 billion in punitive dam-
ages) in the private lawsuit against Exxon is
the current legal determination of the liabil-
ity and damages regarding commercial fish-
ermen (including permit holders, fishing

Passive Use

Injury and Recovery

Passive use encompasses nonuse values,
such as the appreciation of the aesthetic and
intrinsic values of undisturbed areas and the
value derived from simply knowing that a
resource exists. Injuries to passive use are
tied to public perceptions of injured re-
sources. Because recovery of a number
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crew, spotter pilots, and vessel owners). The
jury award, which is currently under appeal
by Exxon, is less than the damage claimed
by commercial fishermen and more than that
acknowledged by Exxon. In brief, the jury
determined that any financial effects on fish-
ermen after 1989, with the exception of the
salmon seine fishery in Prince William
Sound in 1992-93 and the herring fishery in
Prince William Sound in 1993, are not at-
tributable to the spill. The jury considered
damage claims for the period 1989-95, in-
cluding claims related to size of harvest, fish
prices, limited entry permit values, and ves-
sel values.

Trustee Council scientists have docu-
mented some continuing biological injury
to pink salmon, sockeye salmon, and her-
ring (see individual resource accounts). Itis
not clear to what extent these continuing
injuries might be affecting commercial
fishing.

The Trustee Council has invested and
continues to invest in projects to understand
and restore commercially important fish spe-
cies that were injured by the oil spill. These
projects include enhancement work, such as
fertilizing Coghill Lake to produce sockeye
salmon and building structures in streams
to increase habitat for coho salmon in Prince
William Sound, increasing salmon produc-
tion by reconstructing the fish ladder to pass
pink and coho salmon at Little Waterfall
Creek in the Kodiak area, and excavating
Port Dick Creek on the Kenai Peninsula to
reclaim spawning habitat for pink and chum
salmon. Projects have also been funded to
develop tools that have immediate benefit
for fisheries management. Catch accounting
tools as otolith mass marking of pink salmon

of injured resources is incomplete and in
some cases has not begun, the Trustee
Council considers passive use, as a lost or
reduced service, to be recovering from the
spill but not fully recovered.
Immediately following the oil spill, the
State of Alaska, using a contingent valua-
tion approach, measured substantial losses
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and improved herring biomass estimates aid
management in Prince William Sound, as do
in-season genetic stock identification and
marine sonar surveys for sockeye salmon in
Cook Inlet. In addition, the Council contin-
ues to fund research projects, such as the
Sound Ecosystem Assessment and genetic
mapping which will enhance the ability to
predict and manage fisheries over the long-
term, and studies to determine how disease
is affecting recovery of the herring popula-
tion in Prince William Sound and what fac-
tors might trigger an outbreak.

In addition, the Trustee Council’s habi-
tat program has protected roughly 640,000
acres important for restoration, including
over 300 streams valuable for salmon
spawning and rearing and 1,400 miles of
coastline. Researchers in the Pacific North-
west have concluded that depleted salmon
populations cannot rebuild if any habitat that
is critical during any of their life stages is
seriously compromised. Sockeye salmon,
too, have benefitted from the Council’s habi-
tat program, which has protected
streambank, lakeside, and watershed habi-
tats on the Kenai Peninsula, in Prince Will-
iam Sound, and on Kodiak and Afognak is-
lands. The Council has also provided funds
to stabilize and restore degraded
streambanks along the Kenai and Russian
rivers.

Recovery Objective

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

of passive use values resulting from the spill.
This approach involved surveying a sample
of U.S. households to elicit how much
people would be willing to pay in additional
taxes to fund a program designed to prevent
future spills. Prior to answering the survey
questions, respondents were provided infor-
mation about the spill’s impact, including
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the number of miles of shoreline oiled, an
estimate of the number of birds, sea otters,
and harbor seals killed, and the conclusion
that few fish were harmed, as well as pro-
jections of when recovery would occur (typi-
cally three to five years).

In updating the status of passive uses
ten years after the spill, the Trustee Council
has chosen not to repeat the contingent valu-
ation study, which was very expensive and
time consuming. However, the key to re-
covery of passive use is knowing that resto-
ration of injured resources has occurred.
Toward this end, in the years since the settle-
ment between Exxon Corporation and the
state and federal governments, the Council
has undertaken a comprehensive program to
restore injured resources and has made a
deliberate and consistent effort to inform the
public about the status of restoration.

The two key components of the Trustee
Council’s restoration effort are the research,
monitoring, and general restoration program
and the habitat protection and acquisition
program. The research, monitoring, and res-
toration program, which is funded each year
through the annual work plan, focuses
mostly on knowledge and stewardship as the
best tools for long-term health of the ma-
rine ecosystem. [t also includes develop-
ment of tools to benefit fisheries manage-
ment and some direct enhancement activi-
ties, such as improving access to spawning
habitat. Projects to monitor the status of
injured resources, including resources such
as killer whales for which no active restora-
tion may be possible, are also funded
through the annual work plan. The habitat
protection program preserves habitat impor-
tant to injured resources through the acqui-
sition of land or interests in land. As of
December 1998, the Council has protected
over 640,000 acres of habitat, including
more than 1,400 miles of coastline and over
300 streams valuable for salmon spawning
and rearing. A summary of the Council’s
public information efforts follows.

The Trustee Council maintains a mail-
ing list of roughly 3,000 people and organi-
zations, both inside and outside of Alaska,
to whom it sends the Restoration Update,

The key to recovery of passive use is knowing that restoration of injured resources has occurred. Therefore,
recovery of passive use is underway, but not complete.

its bimonthly newsletter; annual work plans,
which describe the work underway in a par-
ticular year to restore the injured resources
and services; the Annual Status Report,
which reports to the public on the progress
of restoration; updates to the Restoration
Plan (1996, 1999); and notice of the
Council’s annual restoration workshop, The
workshop, which provides another venue for
reporting on the progress of restoration, is
attended by all EVOS researchers and open
to the news media and public.

In addition, from 1996 through early
1999 the Council aired a weekly radio se-
ries, “Alaska Coastal Currents”, throughout
the state, This two-minute program, pro-
duced by the Alaska Public Radio Network,
was designed to communicate news of ma-
rine science and other restoration activities.
A weekly newspaper column, based on the
radio series, has been in print since June
1997.

Also in 1997, the Trustee Council estab-
lished a web site (www.oilspill.state.ak.us),
which offers detailed information about res-
toration efforts. A number of individual
projects funded by the Council have their own
web sites. The Council began publication of
its Restoration Notebook series in 1997 as
well. This series, which tells the story of in-
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jury and recovery from the spill of select in-
Jjured species, is written by EVOS research-
ers. Itis distributed free upon request, and is
suitable for highschool age and older.

Another important means of informing
the public are the written reports the Trustee
Council requires for all restoration projects.
These reports, which are peer reviewed by
independent scientific peer reviewers, are
available to the public through the Council’s
Oil Spill Public Information Center (now
part of the Alaska Resource Library and In-
formation Services, ARLIS) in Anchorage
as well as at several other libraries in the
state, at the Library of Congress, and through
NTIC (National Technical Information Ser-
vices). ARLIS also houses books, video-
tapes, maps, and other materials related to
the oil spill, a listing of which is available
online at //library.ci.anchorage.ak.us/
arlis.html. In addition, the Council supports
researchers in publishing their project results
in the peer-reviewed scientific literature,
which expands their audience well beyond
Alaska. More than 270 such papers have
been published as of February 1999.

The 17-member Public Advisory Group
(PAG), which was established in the civil
settlement between Exxon Corporation and
the state and federal governments, is an im-
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portant means of keeping stakeholders and
others informed of the progress of restora-
tion. In addition to holding quarterly meet-
ings with the Trustee Council staff, each year
the PAG holds an open house in one or more
communities in the spill area. Additional
public meetings are held throughout the spill
area each year by the Council and its staff.
All meetings of the Council are widely ad-
vertised and opportunity for public comment,
often via the teleconference network, is al-
ways provided. Press releases are issued fol-
lowing major actions of the Council.

In 1998-99, in preparation for the tenth
anniversary of the spill, the Trustee Council
has stepped up its efforts to inform the pub-
lic about the status of restoration. A visual

RECREATION AND TOURISM

Injury and Recovery

The oil spill disrupted use of the spill
area for recreation and tourism. In the years
since the spill, there has been a marked in-
crease in the number of visitors to Alaska —
from approximately 600,000 in the summer
of 1989 to over 1.1 million in the summer of
1997 — and a similar increase in visitation
to the spill area. For example, in 1997 the
number of visitors to the Kenai Fjords Na-
tional Park Visitor Center was nearly double
what it was in 1989. In 1998, the number of
visitors to the USFES Crooked Creek Visitor
Information Center in Valdez was almost 50%
greater than in 1989. From 1989 to 1997,
the number of sportfishers increased by 65%
in Prince William Sound, by 25% in the
Kodiak Region, and by 15% in the Kenai
Peninsula region.

However, the Trustee Council’s recov-
ery objective requires that the injured re-
sources important to recreation be recovered
and recreational use of oiled beaches not be
impaired, and this objective has not been met.
Therefore, the Council finds recreation to
be recovering from the effects of the spill,
but not fully recovered.

Several resources important for wildlife
viewing still are not recovered from the spill
or their recovery is unknown, including killer
whale, harbor seal, common loon, cormorant

Uppate oN INJURED RESOURCES AND SERVICES *

exhibit on restoration activities was pro-
duced for travel to spill area communities.
Another exhibit is on display at the Alaska
SeaLife Center in Seward. The Council’s
1999 restoration workshop has been ex-
panded to a major scientific symposium on
what has been learned and accomplished in
the restoration process. A 30-minute video
has been produced for airing on public tele-
vision in Alaska and for distribution to ev-
ery school in the state.

In addition, a concerted effort by
Trustee Council staff to interest national and
international media in the 10th anniversary
of the spill has resulted in numerous con-
tacts. Major stories are expected in National
Geographic Magazine, Alaska Geographic,
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Wildife tours in Kenai Fjords
National Park

(three species), Kittlitz's murrelet, and pigeon
guillemot. Others resources, including sea
otter, common murre, black oystercatcher,
and marbled murrelet are recovering. The
bald eagle, another resource important for
wildlife viewing, has recovered from the ef-
fects of the spill. (See individual resource
accounts for more information on recovery
stafus.)

Telephone interviews were conducted in
early 1999 with key informants who recre-
ated extensively in the oil spill area before

U

Outside Magazine, Sports Afield and sev-
eral other magazines in spring 1999. Sev-
eral newspapers, including the Boston
Globe, the Philadelphia Inquirer, and the
Seattle Times, also have major stories in the
works. A source reel prepared by the Coun-
cil and containing three hours of footage
related to restoration activities has been dis-
tributed, upon request, to a number of me-
dia outlets (ABC, CBS, CNN, and others)
and documentary filmmakers.

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 includes sport fishing, sport hunting, camping, boating,
hiking and other active ouldoor pursuits.

the spill and currently. Nearly all of the key
informants with experience in Prince Will-
iam Sound continued to report diminished
wildlife sightings in the sound, particularly
in heavily oiled areas such as around Knight
Island. They reported seeing significantly
fewer seabirds, killer whales, sea lions, seals,
and sea otters since the spill, but also reported
observing increases in the number of seabirds
in the last couple of years. Key informants
with experience along the outer Kenai coast
also reported diminished sightings of sea-
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birds, seals, and sea lions. Changes in the
amount of wildlife observed could be due to
the oil spill or to other factors.

Sportfishing resources which are still
injured by the spill or for which the recovery
status is unknown are cutthroat trout, Dolly
Varden, and rockfish. In 1991-93, in response
to evidence of injury to cutthroat trout, sport
harvests were temporarily restricted in Prince
William Sound. A closure during the April
15-June 15 spawning season in the sound has
been in effect since 1994; this closure reflects
concern about the long-term conservation sta-
tus of cutthroat trout, rather than specific spill-
related concems. The salmon species that
were injured (pink and sockeye salmon) are
recovering from the effects of the spill.

Harlequin ducks, which are hunted in the
spill area, are still not recovered. The Alaska
Board of Game restricted sport harvest of
harlequin ducks in western Prince William
Sound and Kenai Fjords in 1991. Those re-
strictions remain in place, but are currently
under review and may be modified.

Trustee Council-sponsored surveys of
oiled shorelines indicate that residual oil is
still present on some beaches. The most re-
cent survey in Prince William Sound (1993)
found surface oil in 217 scattered locations
along a total of 4.8 kilometers of shoreline
and subsurface oil in 109 locations along a
total of 7 kilometers of shoreline; sheening
was apparent at many sites. The most recent
survey of the Kenai outer coast and the coast
of Katmai National Park (1994) found oil
mousse persisting in a remarkably unweath-

SUBSISTENCE

Injury and Recovery

Fifteen predominantly Alaskan Native
communities (with a total population of
about 2,200 people) in the oil-spill area rely
heavily on harvests of subsistence resources,
such as fish, shellfish, seals, deer, and wa-
terfowl. Many families in other communi-
ties also rely on the subsistence resources
of the spill area.

Household interviews conducted with
subsistence users in communities through-
out the spill area in 1989 indicated that sub-

ered state on five moderately-to-heavily-oiled
boulder-armored beaches. A survey of 30
oiled sites in the Kodiak Archipelago in 1995
found no oil or only trace amounts. The
Katmai/Kenai Fjords shoreline survey will be
repeated in the summer of 1999; the Prince
William Sound survey likely will be repeated
in 2001 or 2002.

Key informants telephoned in early 1999
indicated that some beaches in Prince Will-
iam Sound, particularly in the western por-
tion of the sound, continue to be avoided by
some recreational users, particularly kayakers
and campers, because of the presence of re-
sidual oil. Informants indicated that the pos-
sible presence of residual oil currently has
no effect on recreational activities along the

outer Kenai coast, the Kodiak
Archipelago,and the Lake Clark and Katmai
national park coastlines.

In 1997, the Trustee Council provided
funding for the residents of Chenega Bay,
working with the Department of Environmen-
tal Conservation, to use PES-51, a citrus-
based chemical agent, to clean some of the
most heavily-oiled sites near their village.
One year later, preliminary analysis showed
that the cleanup method was largely effec-
tive in removing the visible surface oil at
treated sites, although considerable subsur-
face oil remains. NOAA's Auke Bay Lab
found no biological injury due to the cleanup.

Recreational users have benefitted
greatly from the Trustee Council’s large par-
cel habitat acquisition program, which is
opening more than 1,300 miles of shoreline
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sistence harvests of fish and wildlife in most
of the communities declined substantially
following the spill. Key factors in the re-
duced harvests included reduced availabil-
ity of fish and wildlife, concern about pos-
sible health effects of eating oiled fish and
wildlife, and disruption of the traditional
lifestyle due to cleanup and related activi-
ties. Household interviews were repeated
each year 1990-1993 and again in 1998. By
1993, the estimated size of the subsistence
harvest and participation in subsistence ac-
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and over 300 salmon streams to public use.
Several smaller acquisitions have specific rec-
reational significance, such as the Overlook
Park tract near Homer and the Lowell Point
parcel in Seward. In addition, in an effort to
preserve the world-class fisheries on the
Kenai River, the Council is in the process of
protecting roughly 1,800 acres along the river
and its watershed and has contributed nearly
$2 million to riverbank restoration projects.

Recreation was also affected by changes
in human use in response to the spill. For
example, displacement of use from oiled ar-
eas to unoiled areas, particularly in the years
immediately following the spill, increased
management problems and facility use in
unoiled areas. The State of Alaska dedicated
over $10 million of its criminal settlement
with Exxon to restoring recreational facili-
ties and use in state parks in the spill area.
Improvements include trails, cabins, boat
launches, interpretive displays, and campsites.
In addition, the Trustee Council has funded
U.S. Forest Service development of a human
use model for western Prince William Sound,
which is intended to aid planning for and
mitigation of human uses so that injured spe-
cies continue to be protected. The model may
also assist in planning for future recreation
needs in the sound.
Recovery Objective

Recreation and tourism will have recov-
ered, in large part, when the fish and wildlife
resources on which they depend have recov-
ered and recreation use of oiled beaches is
no longer impaired.
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tivities appeared to have returned to prespill
levels in some communities, with the har-
vest rebounding first in the communities of
the Alaska Peninsula, Kodiak Island, and the
lower Kenai Peninsula and lagging behind
a year or more in the Prince William Sound
communities.

In 1998, interviews indicated that
subsistence continues to recover from the
effects of the oil spill, but has not fully re-
covered. The percentage of those inter-
viewed who reported that subsistence uses



are lower than before the
spill has declined. Con-
cerns about food safety
and effects on the tradi-
tional lifestyle have less-
ened. Concerns about re-
source availability and
greater harvest effort re-
main, but harvest levels in
all communities inter-
viewed are at or ap-
proaching prespill levels.
Subsistence harvests in
1998 varied among com-
munities from 250-500
pounds per person usable
weight, indicating contin-
ved strong dependence on
subsistence resources.
Regarding resource
availability, subsistence
users continued to report
scarcity of a number of
important subsistence re-
sources, including harbor
seals, herring, clams, and
crab. These observations
are generally consistent
with scientific studies
funded by the Trustee
Council that continue to
find that some subsistence
species (e.g., harbor seals, herring, clams)
are not recovered from the effects of the spill.
The Council continues to support research
projects that seek to understand why these
resources are not recovering and what, if
anything, can be done to speed their recov-
ery (see individual resource accounts).
According to those interviewed, the
1998 increase in pounds harvested at a time
of continued reduced resource availability
reflects greater harvest effort (traveling far-
ther, spending more time and money) than
would have been required before the spill to
achieve a similar harvest. It also reflects
increased reliance on fish in the subsistence
diet. For example, 1998 interviews in
Chenega Bay indicated reductions in the per
capita pounds harvested of marine mammals
(from 140 pounds pre-spill to 15 pounds in

remain.

UrpaTE ON INJURED RESOURCES AND SERVICES *

Concerns about food safely and effects on the traditional lifestyle have
lessened over the years. But, concerns about resource availability
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1998) and a corresponding increase in the
per capita pounds harvested of salmon (from
70 pounds pre-spill to 225 pounds in 1998).
In many communities, shellfish harvests
have also declined significantly, for example
in Nanwalek from 16 pounds pre-spill to 9
pounds in 1998. Increased fish harvests and
decreased marine mammal and shellfish
harvests occurred in most communities
where interviews were conducted. The cul-
tural and nutritional importance of each re-
source varies, and these changes in diet com-
position remain a serious concern to subsis-
tence users.

The decline in shellfish consumption
noted above reflects food safety concerns as
well as reduced availability of shellfish.
From 1989-94, subsistence foods were tested
for evidence of hydrocarbon contamination,

16

with no or very low concentrations of pe-
troleum hydrocarbons found in most sub-
sistence foods. However, because some
shellfish can readily accumulate hydrocar-
bons, subsistence users have been advised
not to eat shellfish from beaches where oil
can be seen or smelled on the surface or sub-
surface. By 1998, a large majority of those
interviewed expressed confidence about
most foods except certain shellfish, such as
clams, and concerns about the presence of
PSP (paralytic shellfish poisoning) in clams
outweighed concerns about lingering hydro-
carbon contamination from the oil spill.

Interviews indicate that the increased
fish consumption is attributable in part to
enhancement projects funded by the Trustee
Council, including a chinook remote release
project near Chenega Bay, a coho remote
release project near Tatitlek, stream enhance-
ment efforts near Port Graham, and support
of broodstock development at the Port Gra-
ham hatchery. In addition, the State of
Alaska has used a portion of its funds from
the criminal settlement with Exxon to spon-
sor a sockeye salmon enhancement project
near Nanwalek. The Trustee Council’s clam
project, which is designed to restore clam
populations near subsistence communities
in lower Cook Inlet and Prince William
Sound, is still in the trial phase. Clams have
been planted on selected beaches, but are not
yet available for harvest.

Subsistence users continue to empha-
size that the value of subsistence cannot be
measured in pounds alone. Harvest levels
do not encompass the cultural value of tra-
ditional and customary use of natural re-
sources. Following the oil spill, there was
concern that the spill disrupted opportuni-
ties for young people to learn cultural sub-
sistence practices and techniques, and that
this knowledge may be lost to them in the
future. In 1998, the number of subsistence
users reporting a decline in the influence of
elders in teaching subsistence skills and val-
ues had decreased and the number report-
ing that young adults are learning enough
subsistence skills had increased. Also, the
number reporting less sharing of subsistence
resources, another integral aspect of subsis-
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tence culture, had decreased. However,
many of those interviewed continue to ex-
press concern about these elements of the
traditional lifestyle, with more than 50 per-
cent responding that the traditional way of
life has not recovered since the spill.

To promote restoration of subsistence
services, the Trustee Council has sponsored
two Elders/Youth Conferences and produc-
tion of two documentaries designed to trans-
mit local knowledge of subsistence to the
scientific community, resource managers,
and decision makers. In addition, in 1993
the Council provided funds for construction
of the Alutiiq Archaeological Repository in
Kodiak and in 1999 is providing funds for
an archaeological repository and local dis-
play facilities in the Prince William Sound/
lower Cook Inlet region. The State of Alaska
has used a portion of its Exxon criminal
settlement funds for “spirit camps™ in Prince
William Sound and on Kodiak Island.

In the 1998 household interviews, a
number of subsistence users commented that
some of the current influences on subsis-
tence may not be attributable to the oil spill.
Factors such as demographic changes in vil-
lage populations, ecosystem-wide changes
such as ocean warming, increased competi-
tion for subsistence resources by other
people (e.g., sport fishing charters) and

Canoe Passage is one of more than 300 salmon
streams protected through the Trustee Council's
Habitat Protection Program. Habitat protection
strongly benefits each of the human services, first
by protecting the resources, but also by providing
more public access for recreation, ensuring
subsistence, and protecting spawning areas of
wild salmon.

predators (e.g., sea otters), and increased
awareness of PSP and other contaminants
may play a role in resource availability,
food safety, and participation in traditional
practices.

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 shar-
ing food need to be reintegrated into com-
munity life.
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The BExxon Valdez Ol Spill Trustee Council
conducts all programs and activities free from
discrimination, consistent with the Americans with
Disabilities Act. This publication is available in
alternative communication formats upon request.
Please contact the Restoration Office at 907/278-
8012 to make any necessary amangements. Any
person who believes she or he has been
discriminated against should write to: EVOS Trustee
Council, 645 G St., Suite 401, Anchorage, AK
99501; or O.E.O., U.S. Department of the Interfor,
Washington, D.C. 20240,
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This publication was released by the Exxon Valdez
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