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MEMORANDUM

To: Restoration Work Force )
E’;fwﬂﬁi VELDER r”?m ERILE,
TRUSTEE COLMGH

From: ADMENISTIATIVE RECORD

' Subject: : Update on Injury and Recovery Status

Date: September 27, 1996

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

My plan is to have these printed with a September 1996 date and to distribute them to the general
mailing list sometime this fall or winter, probably in combination with the final FY 1997 work

plan or some other document that needs wide distribution.

I will put this topic on the égenda for the Work Force meeting on October 2nd. If you have any
commernts or suggestions, please bring them up at that time.
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United States: National Oceanic and Atmosphertc Administration, Departments of Agriculture and Interior
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‘Dear Reader

The Trustee Council adopted the Exxon Valdez Oil Sp/ll Restoration Plan in November 1994
with the intent that the plan would be updated as needed to mcorporate new- smentlt' c
rnformatlon

The enclosed documents update two parts of the Restoration Plan: the List of Injured
Resources and Services in Chapter 4 and the summanes of Injury and Recovery and the
Recovery Objectives in Chapter 5. B

List of Injured Resources and Services ’ ]

‘ Chapter 4 of the Restoration Plan’indicates that the list of lnjured resources and services (p 32,

Table 2) will be reviewed as new information is obtained. The approved revisions include

changes to the recovery st_atus of some resources. (for example, moving Bald Eagles from the
“recovering” category to recovered") and additions to the list itself. in August 1995, the Council

added Kittlitz’s murrelets and common loons to the injured species list. In addition, the Council -

~ has now added three specres of cormorants (red-faced pelagic, and double- crested)

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

, objectlves :

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

Sincerely,

Molly McCammon.
Executive Director

enclosure
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RESOURCES
ARCHAEOLOGICAL RESOURCES

Injury and Recovery

The oil-spill area is believed to contain more than 3,000 sites of archaeological and historical
significance. Twenty-four archaeological sites on public lands are known to have been adversely
affected by cleanup activities or looting and vandalism linked to the oil spill. Additional sites on
both public and private lands were probably injured, but damage assessment studies were limited
to public land and not designed to identify all such sites.

Documented injuries include theft of surface artifacts, masking of subtle clues used to i&entify
and classify sites, violation of ancient burial sites, and destruction of evidence in layered
sediments. [n addition, vegetation has been disturbed, which has exposed sites to accelerated
erosion. The effect of oil on soil chemistry and organic remains may reduce or eliminate the
utility of radiocarbon dating in some sites.

Assessments of 14{ sites in 1893 suggest that most of the archaeological vandalism that can
be linked to the spill occurred early in 1989, before adequate constraints were put into place

over the activities of oil spill clean-up personnel. Most vandalism took the form of "prospecting”

for high yield sites. Once these problems were recognized, protective measures were

implemented\that successfully limited additional injury. In 1993, only two of the 14 sites visited

showed signs of continued vandalism, but it is difficult to prove that this recent vandalism was

related to the spill. Oil was visible in the intertidal zones of two of the 14 sites monitored in

1993, and hydrocarbon analysis has shown that the oil at one of the sites was from the Exxon

Valdez spill. Hydrocarbon levels at the second site were not sufficient to permit identification

of the source or sources of the oil.

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

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

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

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

BALD EAGLES

Injury and Recovery -

The bald eagle is an abundant resident of coast lines throughout the oil-spill area. Following the
spill a total of 151 eagle carcasses was recovered from the oil-spill area. Prince William Sound -
provides year-round and seasonal habitat for about 5,000 bald eagles, and within the Sound it
is estimated that about 250 bald eagles died as a result of the spill. There were no estimates
of mortality outside the Sound, but there were deaths throughout the oil-spill area.

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

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

BLACK OYSTERCATCHERS

injury and Recovery

Black oystercatchers spend their entire lives in or near intertidal habitats and are highly
vulnerable to oil pollution.. Currently, it is estimated that 1,600-2,000 oystercatchers breed in
south-central Alaska. Only nine carcasses of adult oystercatchers were recovered followmg the
spill, but the actual number of mortalities may have been considerably higher.

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

Recovery Objective

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




CLAMS

Injury and Recovery . o

The magnitude of impacts on cIam populations varies W|th the species of cIam, degree of oiling, -

‘and location. However, data from the lower intertidal zone on sheltered beaches suggest that

little-neck clams -and, to a lesser extent, butter clams were killed and suffered slower growth
.rates as a result of the oil spill and cIean -up activities. iIn communities on the Kenai Penlnsula,
Kodiak, and the Alaska Peninsula and in Prlnce William Sound concern about the effects of the
. oil spill on clams and subsrstence uses of clams remains high. con

(-
f '

Recovery Objective . .

Clams will have recovered when populatlons and productlvrty have returned to IeveIs that would
have prevailed in the absence of the orI spill, based on prespill data or comparlsons of orled and
unoiled sites. , »

+ COMMON LOONS |
InjuryandRecovery oo e , ‘ S

Carcasses of 395 loons of four specles were recovered following the spill, |nclud|ng at Ieast 21 6
common loons. Current population sizes are ‘not known for any of these spec|es but, in general, "

loons are long-lived, slow—reproduclng, -and have small populatlons Common loons in the oil-spill.

area may number. only a few thousand, including only hundreds - in Prince William Sound.
Common loons |njured by the sprII probably included a mlxture of resrdent and mrgrant birds, and
their recovery status is not known. ‘ :
Recovery Objectlve A - o - " ;
No realistic recovery objective can be |dent|f|ed W|thout more |nformat|on on injury to and the
recovery status of common loons. , : .

¢ ~ ' ! “
' N . . by
' vt s

COMMON MURRES

Injury and Recovery

About 30,000 carcasses of orled birds-were plcked up foIIowmg the oil spill, and 74 percent of
them were common ‘and, thick- billed murres (mostly common murres). Many more murres
probably died than actually ‘were recovered. Based on surveys ‘of index colonies at such

locations as Resurrection Bay, the Chlswell Barren, -and Triplet islands, and Puale Bay, the splll-f,
area population may have declined by about 40 percent following the splll In.addition to direct’

losses of .murres,, there is evidence that the timing of reproduction was disrupted and
productivity reduced. Interpretatlon of the effects of the spill, however, is complicated by

incomplete prespill data and by indications that populatrons at some colonres were in declrne ,

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

The Alaska Predator Ecosystem Expenment (APEX project), funded by the Trustee Council, is
4mvest|gat|ng the linkages among murre populations and changes in the abundance of forage fish,
such as Pacific herring, sand lance, and capelin.

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

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

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

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

-Recovery Objective

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




'CUTTHROAT TROUT |

! ' ' v \ b
T

Injury and Recovery ‘ - .

. Prince William'Sound is at the northwestern limit of the range of cutthroat trout and few stocks
are known to exist within the Sound " Local cutthroat trout populatlons rarely number more than
1,000 each, and the fish have smaII home ranges and are geographlcally isolated. Cutthroat
trout, therefore, are highly vuInerabIe to explontatlon habltat aIteratlon or pollutlon

Following the oil Splll cutthroat trout |n a small number of oiled index streams grew more slowly '
than in unoiled streams, possibly as a result of reduced food supplles or exposure to oil, and .
there is concern that reduced growth rates may ‘have led to reduced survival. The' differentce in
..growth rates persisted through 1991. 'No studies have been conducted- smce then, and the
recovery status of this specres is. not known x

I [ .
T

.Recovery Objectlve ‘ ‘
. Cutthroat trout will have recovered when, growth rates W|th|n oiled areas are srmllar to those for
‘ un0|led areas, after taklng into account geographlc dlfferences / -

. 5 ‘ v '
4 ' 1 - Y g .y
. v
' . ' - ,

" DESIGNATED WILDERNESS AREAS

Injury and Recovery C

! The oil spill dellvered 0|I in varylng quantities to the waters adjomlng the seven areas within the
spill area de5|gnated as wilderness areas and wﬂderness study areas by Congress Oil also was'
deposﬂed above. the mean hlgh-tlde Ime in-these areas. During the. intense clean-up ¢ seasons of -
1989 and 1990, thousands of workers and hundreds of pieces of equipment were at work in the
. spill area. This, ‘activity was an unprecedented |mpos1t|on ‘of people, noise, and actlwty on the.
~ area's undeveloped and normally sparsely occupied landscape. Although activity levels on these
"~ wilderness shores have probably returned to normal at ‘some Iocatlons ‘there |s ‘still reS|dual 0|I
Recovery Objectlve ) | : | Lo : -y

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

DOLLY VARDEN-.

Injury and Recovery

Like.the cutthroat trout there is ewdence that DoIIy Varden grew more sIowa in 0|led streams
than in unoiled" streams and there is concern that reduced growth rates may have led to
-reduced survival. -However, no .data have been gathered since 1991. The recovery status of
this specnes is not known. - SR L o o
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Recovery Objective )
Dolly Varden will have recovered when growth rates within oilled streams are comparable to
those in unoiled streams, after taking into account geographic differences.

HARBOR SEALS

Injury and Recovery

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

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

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

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

HARLEQUIN DUCKS

Injury and Recovery

Harlequin ducks feed in intertidal and shallow subtidal habitats where most of the spilled orl was
initially stranded. More than 200 harlequin ducks were found dead in 1989, mostly in Prince
William Sound. Many more than that number probably died throughout the spill area. Since the
- oil spill occurred in early spring, before wintering harlequins had left the oil-spill area, the inipacts
of the oil spill may have extended beyond the immediate spill area. The geographic extent of
these impacts is not known.

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




differences in habitat quality. However, the summer population in Prince. William Sound is small,
only a few thousand birds. There continues to 'be concern about poor reproductron and a
possibie decline in numbers of mo|t|ng b|rds in western versus eastern parts of, the Sound.

. Recovery Objectrve , : L -
* Harlequin ducks will have recovered when breedrng and postbreedrng season. densrtles and
-production of young return to presplll levels. - A normal population age- and sex-structure and
. reproductive success, taklng into account geographrc differences, erI rndlcate that recovery is’

, underway ‘

T INTERTIDAL COMMUNITIES . - . . .

- Injury and Recovery ‘ . .

Portions of 1,500 miles of coastlrne were orIed by the sp|Il in Prince William Sound, on the Kenar
and, Alaska penrnsulas and in the Kodiak Archipelago. Both the oil and intensive clean-up
activities had" srgnlfrcant impacts on the'flora and fauna of the intertidal zone, the area of beach’
between. low and high tides. Intertidal resources are rmportant to subsrstence users, sea and
river otters, and to a variety of birds, |nclud|ng black oystercatchers harlequm ducks, surf .
scoters, . and’ prgeon gurllemots Lo : ( -
Impacts to intertidal organisms occurred‘ at all tidal levels in all types of habitats throughout the
oil-spill area. Many species of. algae and rnvertebrates were less abundant at oiled sites
.compared to unorled reference sites. Other opportunistic species, including a small species of
barnacle, olrgochaete worms, and filamentous brown algae, colonized shores where dominant -
_species were removed by the 0|I spill and clean-up actrvrtles The abundance and reproductlve
_ potential of the common seaweed Fucus gardner/ (known as rockweed or. popweed), was 'also
‘reduced following the splll ‘ °
On the shelte‘r‘ed’,’ bedrock shores that are. common in:Prince William Sound, full recovery of
Fucus is crucial for the recovery of intertidal communities at these sites, since many invert'eb'rate
organisms depend on the cover provided by this seaweed. Fucus has not yet fully recovered in
the upper |ntertrda| zone on shores subjected to direct sunllght but in many locations, recovery .
of intertidal communltres has made substantial progress In’ other habitat types, such as
estuaries and cobble beaches ‘many species did not show S|gns of recovery ‘'when they were Iast
y surveyed in 1991. ) : o : .
Recovery Objective : :
Intertidal communities will have recovered when communlty composrtron on oiled shorellnes is
similar to that which would have prevailed in the absence of the spill. Indications of recovery .
are the reestabllshment of rmportant species, such as Fucus at sheltered rocky sites, the -
convergence In communrty composrtlon on oiled and unoiled shorelines, and the provision of
.adequate, uncontaminated food-supplies for top predator,s in intertidal and nearshore habitats.

e
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KILLER WHALES

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

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

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

KiTTLITZ'S MURRELET

Injury and Recovery !

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

Seventy-two Kittlitz's murrelets were positively identified among the bird carcasses recovered
after the oil spill. Nearly 450 more Brachyramphus murrelets were not identified to the species
level, and it is reasonable to assume that some of these were Kittlitz's. In addition, many more
murrelets probably were killed by the oil than were actually recovered. One published estimate
places direct mortality of Kittlitz's murrelets from the oil spill at 1,000-2,000 individuals, which
- would represent a substantial fraction of the world population.

Because of the highly patchy-distribution of Kittlitz's murrelet, the difficulty of identifying them
in the field, and the fact that so little 1s known about this species, the recovery status bf the
Kittlitz's murrelet is not known. The Trustee Council has funded an exploratory study on the
ecology and distribution of this murrelet starting in 1996.

10
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Recovery Objective -
No recovery objective can be identified for Kittlitz's murrelet at this time.

MARBLED MURRELET

injury and Recovery

The northern Gulf of Alaska, including Prince William Sound, is a key area of concentration in
the distribution of marbled murrelets. The marbled murrelet is federally listed as a threatened.
species in Washlngton Oregon, and California; it is also listed as threatened in British Columbia.

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

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

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

MUSSELS

Injury and Recovery

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

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

- About 30 mussel beds in Prince William Sound are known still to have oil residue, and 12 of
them were cleaned on an experimental basis in 1994. By August 1995, these beds showed a
98 percent reduction in oil in the replacement sediments, compared to what had been there
before. Mussel beds along the outer Kenai Peninsula coast, the Alaska Peninsula, and Kodiak

!
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Archipelago were surveyed for the presence of oil in 1992, 1993, and 1995. Hydrocarbon
concentrations in mussels and sediments at these Gulf of Alaska sites is generally Iower than
for sites in the Sound, but at some sites substantial concentrations persist.

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

Recovery Objective

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

PACIFIC HERRING

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

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

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

Recovery Objective

Pacific herring will have recovered when the next highly successful year class is recruited into
the fishery and when other indicators of population health are sustained within normal bounds
in Prince William Sound.
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"PIGEON GUILLEMOT

Injury and Recovery =~ , ' - X

[

AIthough the pigeon guﬂlemot is widely dlstrlbuted in the north PaC|f|c reglon, nowhere does it
occur in Iarge numbers or concentrations. Because gurllemots feed in shallow, nearshore waters,s '

the gurIlemots and the fish on whlch they prey are vulnerable to oil. pollutron S ;o

'lee the marbled murrelet there is evrdence that the plgeon gurllemot populatlon in Prlnce

. William Sound had declined before the splll The causes of the prespill decline are unknown. It
is estimated that 10-15 ‘percent of the spill-area population ' may. have died followmg the spill.
Guillemot nesting on the Naked Islands was well-studied i in 1978-81. Postspill surveys using
the same methods indicated a decline of about 40 percent in guillemots in the Naked Islands.
Based on boat surveys, the overall gurllemot populatlon in the Sound dechned as well.

Numbers of gurllemots recorded on boat surveys are highly varlable, and ‘there is not yet any .

) statrstlcally srgnrfrcant evidence of.a postsplll populatlon increase. The factors responsrble for
+ the gurllemot s presprll decllne may negate or mask recovery from the effects of the oil sp|II

The Alaska Predator Ecosystem Experrment (APEX) pro;ect is |nvest|gat|ng the posslble link .
_between pigeon gurllemot declines to the avallablllty and abundance of. forage fish, such as

-Pacific herring, sand lance, and capelin. The Nearshore Vertebrate Predator (NVP) project also

addresses the possrbllrty that. exposure to. orl contlnues to I|m|t the guulemot s recovery. Both

- prolects are supported by-the Trustee Councrl b R

Recovery Objectlve ' L . R S

Pigeon guﬂlemots will have recovered when their popuIatlon is stable or |ncreas|ng Sustalned
productrvrty W|th|n normal bounds will be an lndlcatron that recovery is underway. C

7 PINKSALMON - * -

¢

Injury-and Recovery T T .

About 75 percent of wild pink saImon in Prlnce W||I|am Sound spawn in the |ntert|dal portlons

of streams and were highly vulnerable to the effects ‘of the oil spill. Hatchery salmon and wild
salmon from both intertidal and upstream spawning habitats swam through oiled waters and
ingested oil partlcles and oiled prey as they foraged in.the Sound and emigrated to the sea. As

a result, three types of early life-stage injuries. were identified: First, growth rates in juvenile p|nk'

salmon from oiled parts of Prince William Sound were reduced. . Second,-there was increased
egg mortality in oiled versus unorled streams A pOSSIble third effect genetlc damage, is under
Alnvestlgatlon . ’ o , -

¢ - |, [

In the years-preceding the sprII returns of W|Id pink. salmon in Prince William Sound varied from
a maximum of 21.0 million fish in 1984 to a minimum of 1.8 million in 1988. Since the spill, -

returns of wild pinks have varied from a high of about 14.4 million fish in 1990 to a low of about

2.2 million i in 1992 There is a partlcular concern about the Sound's southwest management

,dlstrrct where returns of both hatchery and wild stocks have been generally weak since the oil
spill. Because of the ,tremendous natural variation in adult returns, however, it is difficult to

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

Evidence of reduced juvenile growth rates was limited to the 19889 season, but increased egg
mortality persisted in oiled compared to unoiled streams through 1993. The 1994 and" 1995
seasons were the first since 1989 in which there were no statistically significant differences in
egg mortalities in oiled and unoiled streams. These data indicate that recovery from oil-spill -
effects is underway. ‘

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

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

RIVER OTTERS

injury and Recoveﬁy

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

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

Recovery Objectwe

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
Sounq, after taking into account any geographic differences.
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" ROCKFISH o , . .
Injury and Recovery o .o
Very little is known ‘about rockflsh populatlons in the northern Gulf of Alaska. A small number’
.of dead adult. rockflsh was recovered followmg the oil spill, and autopsies of five specimens

. indicated that oil ingestion was the cause of death. Analysis of other rockfish showed exposure

to hydrocarbons .and probable ‘sublethal effects. In ‘addition, closurés to salmon fisheries
apparently increased fishing pressures on rockfish, which may have adversely affected the
‘rockfish’ populatlon However the original extent of .injury_and the current recovery status’ of

this species’ are unknown. -~ - | L o l -

Recovery Objectuve z Lo ,
No recovery objective’ can be |dent|f|ed e

. ‘[ .
R ' ' '
'
:
. v
ARl

SEA OTTERS
Ilnjury and Recovery
‘By the late 1800s, sea otters had been ellmlnated from most of thelr hlstorlcal range in Alaskai
due to excesswe fur harvestlng by Russian and American, fleets. Surveys of seaotters in the
. 1970s and 19803, however indicated’ a healthy and expandlng population, |nclud|ng in Pnnce
William Sound, prior.to the 0|l sp|ll Sea otters are today ‘an important subsistence resource for
the|r furs. I . ‘ ;. ‘ T a
About 1, OOO sea otter carcasses were recovered following the spill, although addltlonal animals-
probably died but: ;were not recovered. In 1990 and 1991, higher-than- expected proportlons of
" prime- age adult sea otters were found dead in ‘western Pnnce William Sound, and there was
evidence of higher mortal|ty ‘of - recently weaned juvenlles in oiled' areas. By 1992 93,
overwintering mortality rates for_juveniles had decreased, but were still hlgher in. oiled than in
unoiled' parts of the Sound. o ‘
Based on- boat surveys conducted in, Pnnce ?Wllllam Sound ‘there is not- yet statlstlcally
sngmflcant evidence of an overall populatlon increase followmg the oil spill {1990- 94); This lack
‘of a significant posmve trend, however may result from Iow statlstlcal power |n the’ survey,
WhICh WI“ be repeated in 1996 ‘ ‘ 1 ‘ .

o

Based on. observatlons by ‘local reSIdents, it is evident that the sea otter is abundant in much of

Prince William Sound. There is no evidence that recovery has occurred, however, in heavnly oiled . -

parts of western Prince Wllllam Sound, such as around northern Knight Island. The Nearshore -
Vertebrate Predator project,, which was started in 1995, should help clarify-the recovery status

‘ of the sea otter ln the western Sound.. - . R

L

\
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Recovery Objective

Sea otters will have recovered when the population in oiled areas returns to its prespnll
abundance and distribution. An increasing population trend and normal reproduction and age
structure in western Prince William Sound will indicate that recovery is underway.

SEDIMENTS

Enjury and Recovery

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

The last comprehensive survey of shorelines in Prince William Sound, conducted in 1993,
included 45 areas of shoreline known to have had the most significant oiling. Based on that
survey, it was estimated that heavy subsurface oil had decreased by 65 percent since 1991 and
that surface oil had decreased by 50 percent over the same time period. Surveys also have
"indicated that remaining shoreline oil in the Sound is relatively stable and, by this time, is likely
to decrease only slowly. Oil also persists under armored rock settmgs on the Kenai and Alaska
peninsulas, and this oul has undergone little chemical change since 1989.

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

Following the oil spill, chemical analyses of oil in subtidal sediments were conducted at a small
number of index sites in Prince William Sound. At these sites, oil in subtidal sediments reached
its greatest concentrations at water depths of 20 meters below mean low tide, although elevated
levels of hydrocarbon-degrading bacteria {associated with elevated hydrocarbons) were detected
at depths of 40 and 100 meters in 1990 in Prince William Sound. By 1893, however, there
was little evidence of Exxon Valdez oil and related microbial activity at most index sites in Prince
William Sound, except at those associated with sheltered beaches that were heavily oiled in
1989. These index sites--at Herring, Northwest, and Sleepy bays--are among the few S|tes at
which subtidal oxhng is still known to occur.

Recovery Objective

"~ Sediments will have recovered when there are no longer residues of Exxon Valdez oul on

shorelines (both tidal and subtidal) in the oil-spill area. Declining oil residues and diminishing
toxicity are indications that recovery is underway.
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i R S A TN P RO M SEL

SOCKEYE SALMON.

‘ Injury and Recovery '

. Commercial salmon- ‘fishing was closed in Prince William Sound and in port|ons of Cook Inlet and
near Kodiak i in 1989 to avoid any posslbllrty of contaminated salmon bemg sent to market. As
a result, there were hlgher-than -desirable numbers {i. €., overescapement) of spawnlng sockeye
salmon entering the Kenai River, Red and Akalura lakes on Kodiak Island, and other lakes on
Afognak Island and the Alaska Penrnsula Initially these high-escapements may have produced
an overabundance of juvenile sockeye that overgrazed the zooplankton, thus alterlng planktomc ‘
food webs in the nursery, lakes. Although the exact mechanism is unclear, the result was lost
sockeye productlon as shown by declines in the returns of adults per spawnlng sockeye.

fl'he effects of the 1989 overescapement of sockeye salmon have persusted in the Kenai Rlver
~ system through 1995. Although the overall escapement goal for that system was met in 1995,

: lthere is concern that the initial overescapement will contmue to affect post-spill year-classes.

‘Productlon of zooplankton in both' Red and Akalura lakes on Kodiak Island has rebounded from
the effects of the overescapement at the time of the oil spill. Thére continues to be some
problem in the rate of production of sockeye fry in Red and Akalura lakes. This problem may
or may not ‘be linked to the overescapement, and possible addltlonal factors include low egg-to-
fry survival, competition from other freshwater ‘fishes, and the interception of adults in the
mixed-stock fishery harvest offshore ‘

‘Recovery Objectrve : -
Sockeye salmon in the Kenai River system and Red and Akalura Iakes wrll have recovered when
adult returns -per- spawner are wrthln normal bounds.

! i " R ' . .
+ ' ¢ ‘ ' i 1
v

S L ' SUBTIDAL COMMUNITES -

" Injury and Recovery ’ - 2 :
Oil that was transported down to-subtidal habitats apparently caused changes in the abundance
and species composition of plant and animal populatlons below Iower tides. leferent 'habitats,
including eelgrass beds, kelp beds, and adjacent nearshore waters (depths less than 20 meters),

_‘were compared at oiled and unoiled sites. The concentration of oilin sediments in 1990 was
more than twice as great at oiled sites. The greatest differences were detected at oiled sites
with sandy sea bottoms in the V|cm|ty of eelgrass _beds, at which there were reduced

‘abundances of. eelgrass shoots and flowers and helmet crabs. The abundance and dlver51ty of
worms, clams, snalls, and oil- sensrtlve amphrpods (sand fleas) also were reduced. Organlsms

. living.in sediment at depths of 3-20 meters were especially affected. Some opportunistic {i.e.,

stress-tolerant) rnvertebratest within the substrate, mussels and worms on the eelgrass, and

juvenile 'cod, were greater in numbers at orled sites.

| -
' : ' 1

»By 1993, il con‘centratiohs in sediments had dropped considerably, so that there was little
.difference between oiled 'and unoiled sites. The eelgrass habitat, the only habitat examlned in
“1993 revealed fewer differences in abundances of plants and animals. As was true in 1990,
however some opportunlstlc speCIes ‘still were more abundant at- orled sites. These lncluded the
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opportunistic worms and snails, mussels and worms on the eelgrass, and juvenile cod.

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

Recovery Objective

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

SERVICES
COMMERCIAL FISHING

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

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

Recovery Objective

Commercial fishing will have recovered when the commemally important fish species have
recovered and opportunities to catch these species are not lost or reduced because of the effects
of the ol spill.
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3 Recovery Objective T ) « ' . .
- Passive uses will have recovered when people percelve that aesthetlc and |ntr|ns|c values
. associated with. the spill area are no longer diminished by the oil spill. . R

PASSIVE USE . o

1 ’ - T
v '

‘ Alnjury and Recovery . .

Passive use of resources |ncludes the apprec1at|on of the aesthetlc and mtnnsrc values of
undisturbed areas, ‘the value derived from s|mpIy knowrng that a resource exlsts and other
nonuse-values. - Injurles to passive uses are tied to pUbllC perceptions of |njured resources.
Contingent valuatlon studies conducted by the State of ‘Alaska for the Exxon Valdez oil sp|II
litigation measured substantial losses of passive use values resultlng from the oil spill.

I

- ' '
} a N v
'

.+ - ' RECREATIONAND TOURISH |

Hnjury and Recovery : r
The spill dlsrupted use of the' sp|II area for recreation and tourlsm Resources |mportant for
wildlife wewrng and which still are: |njured by the splll include killer, whale, sea otter harbor seal,

;and various seabrrds. Residual oil exrsts on some beaches wrth high value for recreation; and its

presence may- decrease \the quallty of recreatlonal experlences and dlscourage recreational use
of these beaches.. .. , . - ! .

'

" Closures of sport hlunting and" fishing also affected use- of the spill area for recreation and
"tourism. Sport fishing resources include ssalmon, rockfish, Dolly Varden, and cutthroat trout.

Srnce 1992, the Alaska Board of Fisheries has'lmposed special restrictions on sport flshlng in

: parts of Prince Wlllram Sound to protect cutthroat trout populations.” Harlequnn ducks are hunted
. in the spill area. The Alaska Board of Game restricted’ sport harvest of harlequm ducks in Pnnce
William Sound in 1991, and those restnctlons remaln in pIace. ) ) o

1

e
oy

Recreatlon was aIso affected by changes in human use’ |n response to the spill. For examble, i

displacement of use “from_oiled areas to' unoiled areas lncreased management problems and
facmty use In unoiled areas. Some faC|I|t|es such as the Green Island cabin and the Flemlng Spit
camp area, ‘were rnjured by clean -up workers.

In the years since the oil sprII there has been a general marked increase in vrsrtatlon to' the sp|II
area. However, there are still locations within the oil-spill area WhICh are avorded by recreatlonal
users because of the presence of reS|duaI oil.” ) . : -

.-

Recovery Objective - S ,
Recreation and tourism will have recovered in Iarge part, when the fish and wildlife resources

“on which they depend have recovered recreatlon use of olled beaches is no longer impaired, and
rfacmtles and management capablhtles can accommodate changes in human use.

s '
. 1

.

i
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SUBSISTENCE

Infury and Recovery

Fifteen predominantly Alaskan Native communities (numbering about 2,200 people) in the oil- spnlﬂ
area rely heavily on harvests of subsistence resources, such as fish, shellfish, seals, deer, ducks,
‘and geese. Many families in other communities, both in and beyond the oil-spill area, also rely
on the subsistence resources of the spill area.
Subsistence harvests of fish and wildlife in most of these villages declined substantially following
the oil spill. The reasons for the declines inciude reduced availability of fish and wildlife to
harvest, concern about possible health effects of eating contaminated or |njured fish and wildlife,
and disruption of lifestyles due to clean-up and other activities.

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

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

Subsistence users also point out that the value of subsistence cannot be measured in pounds
alone. This conventional measure does not include the cultural value of traditional and
customary use of natural resources. Subsistence users say that maintaining their subsistence
culture depends on uninterrupted use of fish and wildlife resources. The more time users spend
away from subsistence activities, the less likely that they will return to these practices.
Continuing injury to natural resources used for subsistence may affect ways of life of entire
communities. There is particular concern that the oil spill disrupted opportunities for young
people to learn subsistence culture, and that this knowledge may be lost to them in the future.
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Recovery Objectlve ' ‘ ’ ‘ S

Subsistence will have recovered when' injured resources used for subS|stence are healthy and

productive and exist at presplll levels. In addition, there is recognltlon that people must be

confident that the resources are safe to eat and that the cultural values provided by gathering,
* preparing, and sharing foqd need to be r'elntegrated\|nto,commun|ty life.

- s 0
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[Note: This table is modified from p. 32 of the Restoration Plan.]

- Table 2. Resources and S‘ervicés lnjured‘by‘the Spil}

INJURED RESOURCES,

D,

o LOST or REDUCED
SERVICES

N

\\\\\\ e

Recovered

Bald eagle’

Recovering
Archaeological resources*.
Common murres

‘Intertidal communities* *
1 Mussels

Pink salmon-
Sediments

Sockeye salmon
Subtidal communtties

= Archinsological resouross are not
renewable in the same way that
biolagical rasources are, but thera haa
baon slgniflcant progress toward the
recovery objective.

. * *Status of intertidal communities

basod largoly on monitoring in- !
shaltered rocky habitats in Prince
Wiliam Sound; status'of ‘other
intertidal habitats Is less certain or
unknown, though some recovery can

be antlmpated

Not Recovered
Cormorants - -
(3 species)
Harbor seal
Harlequin duck
Killer whale (AB
pod)
Marbled murrelet
Pacific herring
Pigeon guillemot
Sea otter (in oiled
west. PWS)

Recovery Unknown
Black oystercatcher
Clams .
Common loon
Cutthroat trout:
Designated
Wilderness areas
Dolly Varden
Kittlitz's murrelet
River otter
Rockfish .

“Commercial fishing

Passive uses

Recreation and Tourism

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

‘Subsistence

Amending the List of injured Resources and Services. The list of injured resources and services will be reviewed as new information is

obtained through research, monitoring, and other studies sponsored by the Trustee Council. In addition, information may be submitted

" to add to or otherwise change this list. This information can include research results, assessment of population trends, ethnographic and
historical data, and supportive rationale. Information that has been through an appropriate scientific review process is preferable. If data

have not been peer reviewed, they should be presented in a format that permits and facilitates peer review. Information to change the

Tist will be revnewed through the Trustee Council* 'S sc:entn‘lc review process. K ’ '
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Exxon Valdez Ol Spill Trustee Council
Restoration Office
645 G Sﬁreet Suite 401, Anchorage, Alaska 99501-3451
Phone: (807) 278-8012 Fax: (907) 276-7178

September 1996

Dear Reader:

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

The enclosed documents update two parts of the Restoration Plan: the List of Injured
Resources and Services in Chapter 4 and the summaries of Injury and.Recovery and the
Recovery Objectives in Chapter 5.

List of Injured Resources and Services : ‘ ‘
Chapter 4 of the Restoration Plan indicates that the List of Injured Resources and Servnces

(p. 32, Table 2) will be reviewed as new information is obtained. The approved revisions
include changes to the recovery status of some resources (for example, moving Bald Eagles
from the “recovering” category to “recovered”) and additions to the list itself. In August 1995,
the Council added Kittlitz's murrelets and common loons to the injured species list. In addition,
the Council has now added three species of cormorants (red-faced, pelagic, and double-
crested).

Chapter §: Goals, Objectives & Strategies

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

Thank you for your interest in restoration folﬂowing the Exxon Valdez oil spill.
Sincerely,
’N ¢ M—/

Molly McGammon |
Executive Director

enclosure

Trustee Agencies
State of Alaska: Departments of Fish & Game, Law, and Environmental Conservation ,
United States: National Oceanic and Atmospheric Administration, Departments of Agnicuiture and Interior



[Note to Réadefé; This document updates information on Injury and
Recovery status and Recovery Objectives in Chapter 5 (pp. 33-56) and the
List of injured Resources and Services (p. 32) in the Restoration Plan.]
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_— ARCHAEOLOGICAL RESOURCES = . -

3

Injury and Recovery

" The oil- -spill area is bel|eved to contaln more than 3,000 SItes of. archaeolog|cal -and-historical

significance. Twenty-four archaeological sites on public lands are known to have been adversely

affected by cleanup activities or looting and vandallsm linked to the oil sp|lI Additional sites on -

both public and private lands were probably injured, but damage assessment studles were llmlted
to public, land and not de3|gned to" |dent|fy all such sites. . . .-, -

Documented lnjunes include theft of surface artlfacts mask|ng of subtle clues used to. |dent|fy
and classify sites, violation of aricient burial _sites,.and destructlon of evidence in layered
sedlments In addition, vegetation has been d|sturbed Wthh has exposed sites to accelerated
erosion. The effect of oil on soil chemistry and organ|c rema|ns may reduce or ellmmate the

ut|l|ty of radiocarbon dating in some sites; . .. .. Coe Y

¢

.Assessments of 14 sites in 1993 suggest that most of the archaeologlcal vandallsm that can

be linked to the sp|II occurred early in'1989, before adequate constralnts were put into place
over the. actuvntles of oil spill clean-up personnel. ‘Most vandalism took the form of "prospectlng

for high yield sutes ‘Once "these problems were recognlzed protectlve measures were
implemented.that. successfully limited addltlonal injury. In 1993, only two of the 14 sites visited
showed signs 'of. continued- vandal|sm but it is difficult to prove that this recent vandalism was
related to the spill. - Oil was visible in the intertidal zones of two of the 14 sites monitored in
1993, and hydrocarbon anaIyS|s has shown that the 01l at one of the sites was from the Exxon

. Valdez spill. Hydrocarbon levels at the second site were not sufficient to perm|t ldentlflcatlon
- of the source or sources of the 0|l oo S -

i

Monitoring of archaeologlcal sitesin 1994 and 1995 found no eVIdence -of new damage from
vandalism.. The presence of onl is belng determlned in sediment samples taken from four sites
in 1995, ‘ - : : . -

f
i

‘ None of the archaeologlcal artifacts collected durlng the. splll response, damage assessment, or

restoration programs is stored within:the spill area. These artifactsiare stored.in the University

' of Alaska Museum in Fairbanks and in the Federal Bu:ldlng in Juneau. Native communities in the
‘spill area, have expressed a strong interest in havmg them \returned to the’ sp|lI area for storage .

and dlsplay ’ l

\

* The Alutiig Archaeological Repository in K:odiak; whose construction costs were partly funded

by the Trustee Council, is the only physically appropriate artifact storage facility .in the spill area.
In 1995 the Trustee Council approved funds for development of a.comprehensive community
plan “for’ restorlng archaeological resources in Prince William Sound and lower 'Cook Inlet,
|ncIud|ng strategles for storing and dlsplaylng artifacts. at appropnate facmtles within the Splll

, area.

f
N . v Pt ot '

Recovery Objectlve ‘ : \
Archaeologlcal resources are nonrenewable they cannot recover in the same sense as blologlcal

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

BALD EAGLES

Injury and Recovery

The bald eagle is an abundant resident of coast lines throughout the oil-spill area. Following the
spill a total of 151 eagle carcasses was recovered from the oil-spill area. Prince William Sound
~ provides year-round and seasonal habitat for about 5,000 bald eagles, and’ within .the Sound it
is estimated that about 250 bald eagles died as a result of the spill. There were no estimates
of mortality outside the Sound, but there were deaths throughout the oil-spill area.

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

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

- BLACK OYSTERCATCHERS

Injury and Recovery

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

In addition to direct mortalities; breeding activities were disrupted by the(éil and clean-up
activities. In comparison with black oystercatchers on the largely unoiled Montague Island,
oystercatchers at heavily oiled Green Island had reduced hatching success in 1989 and their
chicks gained welght more slowly during 1991-93. Interpretation of these data on reprodﬂctlve
performance, however, are confounded by lack of prespill data. Productivity and survival of
black oystercatchers in Prince William.Sound have not been monitored since 1993, and the
recovery status of this species is not known :

Recovery Objectwe

Black oystercatchers will have recovered when the population returns to prespill levels and
reproduction is within normal bounds. An increasing population trend and comparable hatchlng
success and growth rates of chicks in oiled and unoiled areas, after takmg into account
geographic dlfferences, will lndlcate that recovery is underway.




CLAMS -

Injury and Recovery o

The magnitude of impacts on cIam populatlons varies w1th the ‘species of clam degree of orllng,
and Iocatlon. However, data from the lower intertidal zone on sheltered beaches suggest that
_ little-neck clams-and, to a lesser extent, butter clams were killed and suffered slower growth
rates.as a result ofthe oil spill and clean-up activities. In communities on the Kenai Peninsula,
Kodlak and the Alaska Peninsula and in Prince. Wllllam Sound concern about the effects of the
oil spill on clams and subslstence uses of clams remalns high (see Subsnstence)

Recovery Objectlve R » :
. Clams will have recovered when populatlons and productlwty have returned to Ievels that would
have prevalled in the absence of the onI spill, based on presplll data or comparisons of orIed and
unoiled sltes *

" COMMON LOONS
Injury and Recovery :
Carcasses of 395 loons of four speC|es were recovered followmg the Spl" including at least 216
. common'loons. Current population sizes are not known for any of these specnes, but, in general,
loons are long-lived, slow- =reproducing, and have small populations. Common loons in the oil- -spill
area may number -only” a few thousand, lncludlng only hundreds in Prince William Sound
Common loons injured by the spill probably included a mlxture of resldent and mlgrant birds, and
their recovery status is not known

Recovery Objectlve . - ' ’ s -l . J
No realistic recovery objective ‘can be |dent|f|ed wrthout more lnformatlon on lnjury to and the
recovery status of common Ioons ‘ .

Comnion MURRES
Injury and Recovery , ’ ’ ‘ ‘
About 30, 000 carcasses of o:led blrds were plcked up” followmg the oil, splll and 74 percent of
them ‘were common and thick- billed murres (mostly common murres). . Many .more murres
probably died’ than actually were recovered. Based on surveys of index colonies at 'such
locations as Resurrectlon Bay, the Chiswell, Barren, and Triplet islands, and Puale Bay, the spill-
area populatlon may have declined by about 40 percent following the spill. In addition to direct
" losses of murres, there is evidence that the timing of reproductlon was disrupted and
productlwty reduced. Interpretatlon of the effects of the spill, however, -is complicated by
|ncomp|ete presplll data and by |nd|cat|ons that populatlons at some colonles were in decllne
before the oil spill. - / S , , )

¥ - T
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Postspill monitoring of productivity at the colonies in the-‘Barren Islands indicates - that
reproductive timing and success were again within normal bounds by 1993. Numbers of adult

murres were last surveyed at those same colonies in 1994. At that time, the local population -

had not returned to prespill levels.

The Aﬂa'ska’ Predator Ecosystem Experiment {APEX project), funded by the Trustee Council, is
- investigating the linkages among murre populations and changes in the’ abundance of forage fish,
such as Pacific herring, sand lance, and capelin.

Recovery Objective

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

CORMORANTS
Injury and Recovery ,
Cormorants are large fish-eating birds that spend much of their time on the water or perched on

rocks near the water. Three species typically are found within the oil-spill area.

Carcasses of 838 cormorants were recovered following the oil spill, including 418 pelagic, 161

red-faced, 38 double-crested, and 221 unidentified cormorants. Many more cormorants probably

died as a result of the spill, but their carcasses were not found. ‘

No reéional population estimates are available for any of the cormorant species found in the oil-
spill area. The U.S. Fish and Wildlife Service Alaska Seabird Colony.Catalog, however, currently
lists counts of 7,161 pelagic cormorants, 8,967 red-faced cormorants, and 1,558 double-crested

cormorants. in the oil-spill area. These are direct counts at colonies, not overall population

estimates, but they suggest-that population sizes are small. In this. context nt appears that injury
to all three cormorant species may have been significant. ]
Counts on the outer Kenai Peninsula coast suggested that the direct mortality of cormorants due
to oil resulted in fewer birds in this area in 1989 compared to 1986. In addition, there: were
statistically-significant declines in the estimated numbers of cormorants (all three species
combined) in Prince William Sound based on pre- and postspill July boat surveys (1972-73 v
1989-91), and there were fewer cormorants in oiled than in unoiled parts of the Sound. More
recent surveys {1993-94) did not show an increasing population trend since the oil spill. With
support from the Trustee Council, these boat surveys will be repeated in 1996.

Recovery Objective

Pelagic, red-faced, and double- crested cormorants will have recovered when their populations
- return to prespill levels in the oil-spill area. An mcreasung populatron trend in Prince William
Sound will indicate that recovery is underway.




CUTTHROATTROUT .~ - '
Injury and Recovery ¢ f l AT :
"Prince William Sound is.at the northwestern limit of the range of cutthroat trout and few stocks ’
are known to eX|st ‘within the Sound. Local cutthroat trout populations rarely number more than
1,000 each and the fish have small home ranges and are geographically isolated. Cutthroat
trout, therefore are h|ghly vulnerable to exploitation, habltat alteratlon, or pollution. :

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

Recovery Objective ‘ .
Cutthroat trout, will have recovered when growth rates w:thln 0|Ied areas are S|m|lar to those for

unoiled areas, after taklng into account geographlc d|fferences

' " DESIGNATED WILDERNESS AREAS

llnjury and Recovery l

The oil spill del|vered oil in varying quantltles to the waters adjomlng the seven areas designated
as W|lderness areas and wnlderness study areas by Congress. Oil also was deposited above the
' mean hlgh-tlde line at these locatlons Dunng the intense clean- -up seasons of 1989-and 1990,
‘ thousands of workers and hundreds of pieces of equipment were at work in the spill zone. This
act|V|ty ‘was an unprecedented |mposmon of people, noise, .and activity on the area's
undeveloped and normally sparsely occupied landscape Although activity . levels. on these
: wnlderness shores have probably returned to normal, at some Iocatlons there is stlll reSIduaI oil.

Recovery Objective Ce . :
Deslgnated wulderness areas W|lI have recovered when oil is no Ionger encountered in them and
the publlc percelves them to be recovered from the spill. . :

.DoLLY VARDEN

Injury and Recovery ‘ ! ‘ ) :
Like the cutthroat trout, there is evndence that Dolly Varden grew more slowly in onled streams
“than in unoiled streams, and there ‘is concern- that reduced growth rates may have led to. '
reduced survival. However, no data have been gathered since 1991.. The recovery status of
thls specles is not known. - :

' " . i
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Recovery Objective
Dolly Varden will have recovered when growth rates within oiled streams are comparable to
those in unoiled streams, after takmg into account geographic dn‘ferences

HARBOR SEALS

Injury and Recovery

Harbor seal numbers were declining in the Guif of Alaska, including in Prince William Sound,
before the oil spill. Exxon Valdez oil affected harbor seal habitats, including key haul-out areas
and adjacent waters, in Prince William Sound and as far away as Tugidak Island, near Kodiak.
Estimated mortality as a direct result of the oil spill was about 300 seals in oiled parts of Prince

William Sound. Based on surveys. conducted before (1988) and after (1989) the oil spill, seals .

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

In a declining population deaths exceed births, and harbor seals in both oiled and unoiled parts .

of Prince William Sound have continued to decline since the spill. For the period 1989-1994,
the average estimated annual rate of decline was about 6 percent. Changes in the amount or
quality of food may have been an initial cause of this long-term decline. 'Although there is no
evidence that such factors as predation by killer whales, subsistence hunting, and interactions

with commerical fisheries caused the decline in the harbor seal population, these are among the

on-going sources of mortallty

Harbor seals have long been a key subsistence resource in the oil-spill area. Subsistence hunting-

is affected by the declining seal population, and lack of opportunities to hunt seals has changed
the. diets of subsistence users who traditionally had relied heavily on these marine mammals.

Recovery Objective '
Harbor seals will have recovered from the effects of the oil spill when their populat|on is stable
or increasing.

v

HARLEQUIN DUCKS v ,

- Injury and Recovery
-Harlequin ducks feed in intertidal and shallow subtidal habltats 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. Slnce the.

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

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

3
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" differences in habitat quality. However, the summer population in Prince William Sound is smali,
only a few thousand birds. There continues to be concern about poor reproduction and a
possible decline in numbers of molting birds in western versus eastern parts of the Sound.

Recovery Objective - ‘/ ' B -

Harlequin ducks will have recovered when breedlng and postbreeding season densities and
production of young return tc prespill levels. A normal population age- and sex-structure and
reproductive success, taking into account geographlc dufferences, will md:cate that recovery is
underway. e ,

INTERTIDAL COMMUNITIES

injury and Recovery
Portions of 1,500 miles of coasthne were oiled by the splll in Prince Wllllam Sound, on the Kenai
and Alaska peninsulas,-and in the Kodiak Archipelago. Both the oil and intensive clean-up
activities had significant impacts on the flora and fauna of the intertidal zone, the area of beach
between Iow and high tides. Intertidal resources are important to subsistence users, sea and
. river otters, and to a variety of birds, including black oystercatchers, harlequun ducks, surf
scoters, and pigeon guillemots.
Impacts to intertidal organisms occurred at all tidal levels in all types of habitats throughout the
oil-spill area. Many species of algae and invertebrates were less abundant at oiled sites
compared to unoiled reference sites. Other opportunistic species, including a small species of
- barnacle, oligochaete-worms, and filamentous brown algae, colonized shores where dominant
species were removed by the oil spill and clean-up activities. The abundance and reproductive
- potential of the common seaweed, Fucus gardner/ (known as rockweed or popweed), was also
reduced following the spill. .
On the sheltered, bedrock shores- that are common in Prince William Sound, full recovery of -
Fucus is crucial for the recovery of intertidal communities at these sites, since many invertebrate
, organisms depend on the cover prov:ded by this seaweed. Fucus has not yet fully recovered in
the upper intertidal zone on shores subjected to direct sunlight, but in many locations, recovery'
of intertidal communities has made substantial progress. In other habitat types, such as
estuaries and cobble beaches, many species did not show signs of recovery when they were last
surveyed in 1991, l

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

Injury and Recovery

. More than 80 killer whales in six "resident” pods regularly use Prince William Sound within their
ranges. Other whales in "transient" groups are observed in the Sound less 'frequently. There
has been particular concern in Prince William Sound about the resident AB pod, which numbered
36 animals prior to the spill. Fourteen whales disappeared from this pod in 1983 and 1990,
during which time no young were recruited into the population. Although four calves were
added to the AB pod during 1992-94, surveys in 1994 and 1995 indicate the loss of five more
~ adult whales. The link between these losses and the oil spill is only circumstantial, but the likely
mortality of killer whales in the AB pod in Prince William Sound following the spill far exceeds
rates observed for other pods in British Columbia and Puget Sound over the last 20 years. In
addition to the effects of the oil spill, there has been concern about the possible shooting of killer
whales, perhaps due to conflicts with long-line fisheries. )

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

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

KITTLITZ'S MURRELETS

Injury and Recovery

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

Seventy-two Kittlitz's murrelets were positively identified among the bird carcasses recovered
‘after the oil spill. Nearly 450 more Brachyramphus murrelets were not identified to the species
level, and it is reasonable to assume that some of these were Kittlitz's. In addition, many more
murrelets probably were killed by the oil than were actually recovered. One published estimate
places direct mortality of Kittlitz's murrelets from the oil spill at 1,000-2,000 individuals, which
would represent a substantial fraction of the world population.

Because of the highly patchy distribution of Kittlitz's murrelet, the difficulty of identifying them
in the field, and the fact that so little is known about this species, the recovery status of the
Kittlitz's murrelet is not known. The Trustee Council has funded an exploratory study on the
ecology and distribution of this murrelet starting in 1996.

10
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Recovery Objective - - .
No recovery objectlve can be ldentlfled for Kittlitz's murrelet at th|s t|me

\

‘MARBLED MURRELETS , ) o

Injury and Recovery

The northern Gulf of Alaska, |nclud|ng Prlnce Wllllam Sound, is a. key area of concentratlon in

the distribution of marbled murrelets. The marbled murrelet is federally listed as a threatened
species in Washington, Oregon and California; it |s also listed as threatened in Brltlsh Columbla

\ The marbled murrelet populatlon in Prince Wllllam Sound had declined before ‘the oil sp|ll The

"causes of the prespill decline are unknown, but may be related to changlng food supplles Itis-
not known whether the murrelet populatlon was still declining at the time of the oil spill, but the -

spill caused additional losses of murrelets. Carcasses of nearly 1,100 Brachyramphus murrelets
were found after the spill, and about 90 percent of the murrelets that could be identified to the
specnes level were marbled murrelets. Many more murrelets probably were killed by the oil than

were found, and it is estlmated that as much as 7 percent of the marbled' murrelet populatlon ‘

in the oil- sp|ll area was killed: by the splll

-y “ “

Populatlon estlmates for murrelets are hlghly vanable Postsplll boat surveys do not yet. |nd|cate g
any statistically significant increase in ‘numbers of marbled murrelets in Prince William Sound, ‘

nor is there evidence of any further decline.

Recovery Objectuve

' Marbled murrelets w:ll have recovered when its populatlon is stable or mcreasmg Stable or

mcreasmg product|VIty will be an |nd|cat|on that recovery is underway ‘ i , .

MussELs L v
Injury and Recovery R

Mussels are an |mportant prey specres -in the nearshore ecosystem throughout the oil-spill area,
and’ beds of mussels provide physical stablllty and habitat for other organisms in the.intertidal
zone. For these reasons, mussel’ beds were purposely Ieft alone dunng ‘Exxon Va/dez clean -up

.operations.

In. 1991 h|gh concentratlons of relatively unweathered oil were found in the mussels and

underlying byssal mats and sediments in certain derise mussel beds. . The biological S|gn|f|cance
of oiled mussel beds is-not known, but they are potential pathways of oil contamination for local

1. populations of harlequm ducks, black oystercatchers, rlver otters, and juvenile sea otters, all of

‘which feed to some extent on mussels and show some S|gns of contlnumg injury:

About 30, mussel beds in Prmce Wllllam Sound are known Stl" to have 0|I reS|due, and 12 of
. them were cleaned on an experimental basis in 1994, By August 1995, these beds showed a
98 percent reduction in oil in the’ replacement sediments, compared to what had been there
before. Mussel beds along the outer Kenal Pemnsula coast the Alaska Peninsula, and Kodlak

-
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Archipelago were surveyed for the presence of oil in 1992, 1993, and 1995. Hydrocarbon
concentrations in mussels and sediments at these Gulf of Alaska sites is generally lower than
for sites in the Sound, but at some sites substantial concentrations persist.

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

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

PACIFIC HERRING

injury and Recovery

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

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

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

Recovery Objective

Pacific herring will have recovered when the next highly successful. year class is recruited-into
the fishery and when other |nd|cators of population health are sustained within normal bounds
in Prince William Sound.

12
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N rnvestlgatlon

PIGEON GUILLEMOTS

N -
v

ﬂnjury and Recovery . :
Although the pigeon guillemot i is wrdely d|str|buted in the north Pacific region, nowhere does it
occur in Iarge numbers or. concentrations.  Because guﬂlemots feed in shallow, nearshore waters
the guﬂlemots and the f|sh on whnch they prey are vulnerable to oil pollutlon

lee the marbled murrelet there is evudence that the pigeon guﬂlemot populatlon in- Pnnce
-William ‘Sound had declined-before the sprII The causes of the prespill. decline are unknown. It
is estimated that 10-15 percent of the sp|II -area population ' may have died followmg the spill.
Guillemot nestrng on the Naked Islands. was weli-studied i in 1978-81. Postspill surveys using

'the same methods |nd|cated a decline of about 40 percent in guillemots in the Naked IsIands

. Based on boat surveys, the overall gulllemot populatron in the Sound declrned as welI

-Numbers of gurIIemots recorded on boat surveys are highly var|able and there is not yet any
statlstlcally significant evidence of.a postspill-population increase. - The factors responsible for
the gurllemot s presprll decllne ‘may negate or mask recovery from the effects of the oil splll

The Alaska Predator Ecosystem Expenment (APEX) prOJect is |nvest|gat|ng ‘the possrble link

between plgeon gurllemot decllnes to the avallablllty and abundance of forage fish, such as
Pacific herring, sand lance, and capelln The Nearshore Vertebrate Predator (NVP) project also
“addresses the possrblhty that exposure-to oil continues to limit the gmllemot 3 recovery Both
pro;ects are supported by the Trustee Council.

Recovery Objectrve | .
Plgeon gurllemots will have recovered when their- populatlon is stable or nncreasmg Sustalned
productrvrty W|th|n normal bounds will be an |nd|cat|on that recovery is underway

PINKSALMON = .

Injury and Recovery . o o o o .

About 75 percent of wild plnk salmon in Prince William Sound spawn in the mtertrdal portions
of streams'and were highly vulnerable to the effects of the oil spill. Hatchery salmon and wild
salmon from both intertidal and upstream spawn|ng ‘habitats swam through oiled waters and
ingested oil particles and oiled prey as they foraged in the Sound and emigrated to the sea. As
a result, three- types of early. life-stage injuries were identified: First, growth rates in juvenile pink
salmon from.oiled parts of Prince William Sound were reduced. Second, there was lncreased
egg mortality in orled versus ‘unoiled streams A posslble third effect genetlc damage, is under-

T
\

In the years precedlng the spill, returns of. wrld pink salmon in Prince William Sound varied from

+ a maximum of 21. 0 million fish in 1984 to a minimum of 1.8 million in 1988. Since the spill,

‘returns of wild pinks. have varied.from a high of about 14.4 million fish in- 1990 to a low of about
2.2 mrlllon in 1992 There is a particular concern about the Sound's southwest management
* district, where returns of both hatchery and wild stocks have been generally weak since the oil

spill. Because of the tremendous natural varuatlon in adult returns however, it is d|ff|cult to

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

Evidence. of reduced juvenile growth rates was limited to the 1989 season, but increase’jd egg
mortality persisted in oiled compared to unoiled streams through 1993. The 1994 and 1995
seasons were the first since 1989 in which there were no statistically significant differences in

egg mortahties in oiled and unoiled streams. These data indicate that recovery from oil-spill

effects is underway. ‘ ‘

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

of pink salmon.

Recovery Objective

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

RIVER OTTERS

injury and Recovery

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

The Nearshore Vertebrate Predator project, now underway, will shed new light on the status of
the river otter. In 1995 the Alaska Board of Game used its emergency authority to restrict

trapping of river otters in western Prince William Sound to ensure that the results 6f this study

are not compromised by the removal of animals from study areas on Jackpot and Knight islands.

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

14




'ROCKFISH,

Injury and, Recovery L S - L
Very. little i is known about rockflsh populatlons in'the: northern Gulf of Alaska A small number

of dead adult rockfish was recovered following the oil splll and autopsies of five specimens
indicated that oil ingestion was the cause of death. Analysls of other rockfish showed exposure
to hydrocarbons and probable sublethal effects. In addition, closures to salmon fisheries
apparently increased fishing pressures on rockfish, which may have adversely affected the
rockfish population. However, the original extent of i |njury and the current recovery status of
this specues are unknown o - : o . .
Recovery Ob]ectlve
No recovery objectlve can be |dent|f|ed

1

o .. SEAOTTERS

|
W
!

¢

Injury and Recovery R L o
By the late 1800s, _sea otters had been eI|m|nated from most of thelr historical range in Alaska
due to excessive fur _harvesting by Russian and-American fleets Surveys of sea: otters in the
1970s and 1980s, however, indicated a healthy and expandlng populatlon |nclud|ng in Prince
William Sound, pr|or to the oil spill. Sea otters are today an lmportant subsistence resource for
the|r furs. . '

) * About 1,000 sea otter carcasses were recovered following the spill, although additional animals

l probably died but were not recovered.” In 1990 and 1991, higher-than- expected proportlons of
prime-age adult sea otters were found dead in western, Prince Wllllam Sound and there was
evidence of higher mortallty of recently weaned juvenlles in 'oiled areas.: 'By. 1992- 93 .
overwintering mortality rates for Juvenlles had decreased but were still hlgher in ouled than in

' un0|led parts of the Sound ,
Based on boat surveys: conducted |n Prince Wllllam Sound there is not yet statlstlcally

‘ sngnlflcant evidence of an overall populatlon increase followmg the oil splll (1990-94). This lack
of a significant positive trend however may result from low statlstlcal power in the survey,
which Wl|| be repeated in 1996. -

Based on observatlons by local reS|dents, it is eV|dent that the sea otter is abundant in'much of
«Prince William Sound There is no evidence that recovery. has occurred however in heavily oiled
" parts of western 'Prince William-Sound, stuich as around northern, Knight Island. The Nearshore

Vertebrate Predator project, which was started in 1995, should help clarify the recovery status
. of the sea otter in the western Sound.-

[
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Recovery Objective

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

S

SEDIMENTS

lnﬂury and Recovery

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

The last comprehensive survey of shorelines.in.Prince William Sound, .conducted in 1983, . .

included 45 areas of shoreline known to have had the most significant oiling. Based oh that
survey, it was estimated that heavy subsurface oil had decreased by 65 percent since 1991 and
that surface oil had decreased by 50 percent over the same time period. Surveys also have
indicated that remaining shoreline oil in the Sound is relatively stable and, by this time, is likely
to decrease only slowly. Oil also persists under armored rock settings on the Kenai and Alaska
peninsulas and this oil has undergone little chemical change since 1989.

in 1985, a shoreline survey team visited 30 sites in the Kodiak Archipelago that had measurable
or reported oiling in 1990 and 1991. The survey team found no oil or only trace amounts at
these sites. The oiling inthe Kodiak area is not persisting as it is at sites in Prince William Sound
due to the higher energy settings in the Kodiak area, the state of the oil when it came ashore,
-and the smaller concentrations of initial ouling relative to the Sound.

Following the oil spill, chemical analyses of oil in subtidal sediments were conducted at a small
number of index sites in Prince William Sound. At these sites, oil in subtidal sediments reached
its greatest concentrations at water depths of 20 meters below mean low tide, although elevated

levels of hydrocarbon-degrading bacteria (associated with elevated hydrocarbons) were detected \

at depths of 40 and 100 meters in 1990 in Prince William Sound. By 1893, however, there
was little evidence of Exxon Valdez oil and related microbial activity at most index sites in Prince
William Sound, except.at those associated with sheltered beaches that were heavily oiled in
1989. These index sites--at Herring, Northwest and Sleepy bays--are among the few sutes at
which subtidal oiling is still known to occur.

Recovery Objective - ' i
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. Decllning oil resndues and diminishing
toxicity are indications that recovery is underway.

\
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SOCKEYE SALMON _ e
Injury and Recovery ‘ R
Commercial. salmon fishing was closed in Pnnce Wllllam Sound and i |n portlons of Cook Inlet and
near Kodiak in 1989 to avoid any possrbrllty of contamlnated salmon being sent to market. As
a restilt, there were hlgher-than -desirable numbers {i.e.; overescapement) of spawning sockeye ‘
. salmon entering the Kenal River,: Red and Akalura lakes on Kodiak Island, -and other lakes on
Afognak Island and the Alaska Penlnsula. In|t|ally these high escapements may have produced
an overabundance of juvenile sockeye that overgrazed the zooplankton, thus altering planktonic
'food webs i in the nursery lakes. Although the exact mechanism is unclear, ‘the result was lost
sockeye productlon as shown by decllnes in the returns of: adults per. spawnlng sockeye

The effects of the 1989 overescapement of sockeye salmon have- persrsted in the Kenal Rlver
system through 1995. Although the overall escapement goal for that system was met in 1995, -
. there is concern that the |n|t|al overescapement~wrll continue to affect post- Spl" year-classes:

Productlon of zooplankton in both Red and Akalura lakes on Kodlak Island has rebounded from
the effects’.of the overescapement at the time of the oil spill:- There: continues to be some-
problem in- the rate of productlon of sockeye fry in Red and Akalura lakes. This problem may
‘or may not be linked to the overescapement, and- p033|ble additional factors include low egg-to-
fry survival, competition from other freshwater fnshes and the mterceptlon of adults in the
mixed- stock flshery harvest offshore '

«

' 4

Recovery Objectwe ‘ . ,
Sockeye salmon in the Kenal Rlver system and Red and Akalura lakes wrll have recovered when
.adult returns per spawner are- wrthln normal bounds .

SUBTIDAL COMMUNITIES -

lnjury and Recovery :

.. Oil that was transported down to subtidal habitats apparently caused changes in the abundance
and species composition of plant and animal populations below lower tides. Different habitats,
including eelgrass ‘beds, kelp beds, and adjacent nearshore waters (depths less than 20 meters),
were compared at oiled and unorled -sites. ' Biologically, the greatest dlfferences were detected -
at oiled sites with sandy sea bottoms in the vrcmlty of eelgrass. beds, at which there were
reduced abundances of eelgrass ‘'shoots and flowers and helmet crabs, .The ‘abundance and
- dlversrty of worms, clams, snails, and oil-sensitive amphlpods (sand fleas) also were reduced.
. Organisms living in sediment at depths ‘of 3-20 meters were especially affected. Some
opportunistic (i.e., stress-tolerant) invertebrates wrthln the substrate, ‘mussels and worms on the
eelgrass, and juvenlle cod were greater in numbers at oiled sites. :
By 1993, orl concentratlons in sedrments had dropped consrderably, ‘so"that there was little
difference ‘between oiled and unoiled sites. The eelgrass habitat, the only habitat’ examined in
1993 revealed fewer dlfferences in abundances of plants and an|mals ‘As was true in 1990,

however, some opportunlst|c species still were more abundant at oiled sites.” These included the
\opportunlstlc worms and snails, mussels and worms on the eelgrass,’ and Juvenrle ‘cod.
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Preliminary results from eelgrass habitats visited in 1995 revealed that natural recovery had
occurred. No difference was detected in abundance of eelgrass shoots and flowers, mussels on
eelgrass, amphipods, helmet crabs, and dominant sea stars between oiled and unoiled sites. The
abundance of small green sea urchins, however, was more than 10 times greater at oiled sites.
The possibility that urchins increased due to a reduction in numbers-of sea otters, whrch prey
on urchins, is being examined' in the Nearshore Vertebrate Predator Project. Analyses of the
recent oil concentrations rn sediments and organisms that live within the substrate are not yet
complete.

Recovery Objective

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

SERVICES
COMMERCIAL FISHING : L

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 district-wide closures, except for the Prince William Sound herring fishery, which was
closed in 1993 and has remained closed since then due to the collapse of the herring population
and poor fishery recruitment since 1988. These closures, including the on-going closure of the
herring fishery in Prince William Sound, harmed the livelihoods of persons who fish for a living
and the communities in which they live. To the extent that the oil spill continues to be a factor
that reduces opportunities to catch frsh there is on-going injury to commercial fishing as a
service.

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

Recovery Objective

Commercial fishing will have recovered when the commercially important fish species have
recovered and opportunities to catch these species are not lost or reduced because of the effects
of the oil spill.
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.© ' PASSIVE USE . :

lnjury and Recovery ‘ . l L

v Passive use of resources mcludes the appreCIatlon of ‘the aesthetlc and intrinsic values of
undlsturbed areas, the "value derived from simply. knowmg that a resource exrsts, 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 Iesses of passive use values resulting from the oil spill. . .

S
| , T ‘

" Recovery Objectlve . ; - .
‘Passive uses will have recovered when people percelve that aesthetlc and intrinsic’ values
.associated 'with the splll area are no Ionger d|m|n|shed by the oil sp|II ,

‘

... .. .7 .. RECREATIONANDTOURISM . . . ' . .

l Injury and Recovery b . .
The spill disrupted use of the splll area for recreatlon and tourism. Resources lmportant for
W|ldl|fe viewing .and which still are injured by the spill include killer whale, sea otter, harbor seal,
and- vanous seablrds .Residual oil exists on some beaches with high value for recreation, and its
presence may decrease the quality of recreatlonal experlences and d|scourage recreational use
‘of these beaches. ,‘ ) . ~ . , S ,

¢

Closures of sport huntlng and flshlng also affected use of the spill area for recreatlon and'

tourism. Sport f|sh|ng resources include salmon, rockfish, Dolly Varden, and, cutthroat trout.

‘Since 1992, the Alaska Board of Fisheries has lmposed spemal restrlctlons on sport fishing i in.

parts-of Prince W|ll|am Sound to protect cutthroat frout populatlons. Harlequm ducks.are hunted
in the splll area. The Alaska Board.of Game restricted sport harvest of harlequm ducks in Prince
. William Sound i in 1891, and those restrictions remain in place. I Lo

t - . - o

-

dlsplacement of use from oiled areas to un0|led areas increased management problems “and
facility use in unonled areas. Some facilities, such as the Green lsland cabln and the FIem|ng Splt
camp area, were |n]ured by clean- up workers ‘ \ l .

f , I ' v

[an

v ¢

" In the years since the oil Spl" there has been a general marked increase in visitation to the sp|II )
area. However, there are still locations within the oil- splll area which are avorded by recreatlonal‘

o
‘

users because of the presence. of residual oil.

[

Recovery Objectlve

Recreation and tourism will have recovered, in large part,, when the f|sh and wildlife resources

~on which they' depend have recovered, recreation use of oiled beaches is no longer. lmpalred and
facmtles and management capabllltles can accommodate changes in human use. - o

v - [
L - . v ' \
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Recreatlon was. also affected by changes in human use in response to the sp||| For example :
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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- spnll area, also rely

on the subsistence resources of the spill area.

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

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

general, subsistence users-remain concerned and uncertain about the safety of fish and other -

wildlife resources. s

The estimated size of the subsistence harvest in pounds per person now appears to, have

returned to prespill levels in some communities, according to subsistence. users through

household interviews conducted by the Alaska Department of Fish'and Game. These interviews

" also indicated that the total subsistence harvest began to rebound first in the communitles of

the Alaska Peninsula, Kodiak lsland and the lower Kenai Peninsula, but that the harvest has
lagged behind a year or more in the Prince William Sound villages. The interviews also showed
that the relative contributions of ‘certain important subsistence resources remains unusually low.,
The scarcity of seals, for example, has caused people in Chenega Bay to harvest fewer seals and
more salmon than has been customary. Herring have been very scarce throughout Prince
William Sound since 1993. Different types of resources have varied cultural and nutritional
importance, and the changes in diet composition remain a serious concern to subsistence users.
Subsistence users also report that they have to travel farther and expend more time and effort
to harvest the same amount as they did before the spill, especially in Prince William Sound.

Subsistence users also point out that the value of subsistence cannot be measured in pQunda
alone. This conventional measure does not include the cultural value of traditional and
customary use of natural resources. Subsistence users say that maintaining their subsistence

culture depends on uninterrupted use of fish and wildlife resources. The more time users spend )

away from ‘subsistence activities, the less likely that they will return to these practices.
Continuing injury to natural resources used for subsistence may affect ways of life of entire
communities. There is particular concern that the oil spill disrupted opportunities for young
peopﬂe"to learn subsistence culture, and that this knowledge may be iost to them in the future.




Recovery Objective

Subsistence will have recovered when injured resources used for subsistence are healthy and
productive and exist at prespill levels. In addition, there is recognition that people must be
confident that the resources are safe to eat and that the cultural values provided by gathering,
preparing, and sharing food need to be reintegrated into community life.
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[Note: This table is modified from p. 32 of the Restoration Plan.]

Table 2. Resources:and Services Injured by the Spill

INJURED RESOURCES

LOST or REDUCED
SERVICES

Recovered
|| Bald eagle

Recovering .
Archaeological resources*
Common murres

Intertidal communities**
Mussels .

Pink salmon

Sediments

Sockeye salmon

Subtidal communities

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

* *Status of intertidal communities
based largely on monitoring in
sheltered rocky habitats in Prince
William Sound; status of other
intertidal habitats Is less certain or
unknown, though some recovery can
be anticipated.

Not Recovered
Cormorants
(3 species)
Harbor seal
Harlequin duck
Killer whale (AB
pod)

-Marbled murrelet

Pacific herring

Pigeon guillemot

Sea otter (in oiled
west. PWS)

Recovery Unknown
Black oystercatcher
Clams

|| Common loon

Cutthroat trout
Designated -

Wilderness areas
Dolly Varden
Kittlitz's murrelet
River otter
Rockfish

Commercial fishing

Passive uses.

Recreation and Tourism
including sport fishing,
sport hunting, and other
recreation uses

Subsistence

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

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

The enclosed documents provide information to update two parts of the Restoration
Plan: the List of Injured Resources and Services in Chapter 4 and the summaries of
Injury and Recovery and the Recovery Objectives in Chapter 5. The Council invites
public comment on the changes to the List of Injured Resources and Services and to
the updated Recovery Objectives. To be most helpful, please submit written
comments on these drafts to: Exxon Valdez Oil Spill Trustee Council, 645 G
Street, Suite 401, Anchorage, Alaska 99501 by June 15, 1996.

List of injured Resources and Services

Chapter 4 of the Restoration Plan indicates that the list of injured resources and
services (p. 32, Table 2) will be reviewed as new information is obtained. The proposed
revisions include changes to the recovery status of some resources (for example,
moving Bald Eagles from the “recovering” category to “recovered”) and additions to the
list itself. In August 1995, the Council added Kittlitz's murrelets and common loons to
the injured species list. In addition, the Council now proposes to add three species of
cormorants (red-faced, pelagic, and double-crested). Requests to add scoters (three
species) and black-legged kittiwakes to the list were recommended against by the
Council’s Chief Scientist. If you would like a copy of the Chief Scientist's
recommendations, please call the Trustee Council office (see telephone numbers on
second page).

Chapter 5: Goals, Objectives & Strategies

Chapter 5 of the Resforation Plan (pp. 33-56) discusses general goals and strategies
for restoring injured resources and services and also provides specific information on
the status, recovery objectives, and restoration strategies for individual resources and
services. [n the attached document, the Council now provides updated information on
the status of injured resources and services. Based on these updated status reports,
the Council also proposes and invites comments on revisions to the Recovery
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Trustee Agencies
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Objectives for injured resources and services. Readers are referred to annual work
plans and invitations to submit proposals (e.g., Invitation to Submit Restoration
Proposals for Federal Fiscal Year 1997) for the most current information on the
restoration strategies chosen by the Council to achieve its recovery objectives.

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

Sincerely,

Molly McCanh
Executive Director

enclosure



[Note to Readers: This draft updates information on Injury and Recovery
status and Recovery Objectives in Chapter 5 (pp. 33-56) and the List of
Injured Resources and Services (p. 32) in the Restoration Plan.]
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RESOURCES
ARCHAEOLOGICAL RESOURCES

Injury and Recovery

The oil-spill area is believed to contain more than 3,000 sites of archaeological and historical
significance. Twenty-four archaeological sites on public lands are known to have been adversely
affected by cleanup activities or looting and vandalism linked to the oil spill. Additional sites on ‘
both public and private lands were probably injured, but damage assessment studles were limited
to public land and not designed to lden‘tlfy all such sites.

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

Assessments of 14 sites ih_1993 suggest that most of the archaeological vandalism that can
be linked to the spill occurred early in 1989, before adequate constraints were put into place
-over the activities of oil spill clean-up personnel. Most vandalism took the form of "prospecting”
for high vield sites. Once these problems were recognized, protective measures were
implemented that successfully limited additional injury. In 1893, only two of the 14 sites visited
-showed signs of continued vandalism, but it is difficult to prove that this recent vandalism was
related to the spill. Oil was visible in the intertidal zones of two of the 14 sites monitored in
1883, and hydrocarbon analysis has shown that the oil at one of the sites was from the Exxon
Valdez spill. Hydrocarbon levels at the second site were not sufficient to permit identification

-, of the source or sources of the oil.

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

None of the archaeological artifacts collected during the spill response, damage assessment, or
restoration programs is stored within the spill area. These artifacts are stored in the University
of Alaska Museum in Fairbanks and in the Federal Building in Juneau. Native communities in the
-spill area have expressed a strong interest in having them returned to the spill area for storage
*and display. -

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

Recovery Objective )
Archaeological resources are nonrenewabﬂe they cannot recover in the same sense as biological
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resources. Archaeological resources will be considered to have recovered when spill-related’

injury ends, looting and vandalism are at or below prespill levels, and the artifacts and scientific
data remaining in vandalized sites are preserved (e.g., through excavation, site stabuhzatnon or
other forms of documentation).

BALD EAGLES

Injury and Recovery

The bald eagle is an abundant resident of coast lines throughout the oil-spill area. Following the
spill a total of 151 eagle carcasses was recovered from the oil-spill area. Prince William Sound
provides year-round and seasonal habitat for about 5,000 bald eagles, and within the Sound it
is estimated that about 250 bald eagles died as a resuit of the spill. There were no estimates
of mortality outside the Sound, but there were deaths throughout the oil-spill area.

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

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

BLACK OYSTERCATCHERS

Injury and Recovery  _ ‘ !

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

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

Recovery @bjecﬁwe

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




- - CLAMS

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

Recovery Objective

Clams will have recovered when populations and productivity have returned to levels that would
have prevailed in the absence of the oil spill, based on presplll data or comparisons- -of oiled and
unoiled sites.

ComMmMON LOONS

Injury and Recovery

Carcasses of 395 loons of four species were recovered following the spill, including at least 216
common loons. Current population sizes are not known for any of these species, but, in general,
loons are long-lived, slow-reproducing, and have small populations. Common loons in the oil-spill
area may number only a few thousand, including only ‘hundreds in Prince William Sound.
Common loons injured by the spill probably mcnuded a mixture of resident and mugrant birds, and
their recovery status is not known,

Recovery Objective , |
No realistic recovery objective can be identified. without more information-on mjury to and the
recovery status of common loons. : : . : ,

CommoN MURRES

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

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

The Alaska Predator Ecosystem Experiment (APEX project), funded by the Trustee Council, is
investigating the linkages among murre populations and changes in the abundance of forage fish,
such as Pacific herring, sand lance, and capelin.

Recovery Objective

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

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

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

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

In addition, there were statistically-significant declines in the estimated numbers of cormorants
(all three species combined) in Prince William Sound based on pre- and postspill July boat
surveys (1972-73 v 1989-91). There were fewer cormorants in oiled than in unoiled parts of
the Sound. More recent surveys (1993-94) did not show an increasing population trend since
the oil spill. With support from the Trustee Council, these boat surveys will be repeated in
19986. A ’

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.




CUTTHROAT TROUT

Injury armd Recovery :

Prince William Sound i is at the northwestern ﬂlmlt of the range of cutthroat trout, and few stocks
are known to exist within the Sound. Local cutthroat trout populations rarely number more than
1,000 each, and the fish have small home ranges and are geographically isolated. Cutthroat
trout, therefore, are highly vulnerable to exploitation, habitat alteration, or poliution.

Following the oil spill, cutthroat trout in a small number of oiled index streams grew more slowly
than in unoiled streams, possibly as a result of reduced food supplies or exposure to oil, and
there is concern that reduced growth rates may have led to reduced survival. The difference in
growth rates persisted through 1991. No studies have been conducted since then and the
recovery status of this species is not known.
Recovery Objective - :
Cutthroat trout will have recovered when growth rates within olled areas are similar to those for
unoiled areas, after taking into account geographic differences.

DESIGNATED WILDERNESS AREAS

Injury and Recovery

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

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

DoLLY VARDEN

injury and Recovew

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

HARBOR SEALS

Injury and Recovery

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

In a declining population deaths exceed births, and harbor seals in both oiled and unoiled parts
~ of Prince William Sound have continued to decline since the spill. For the period 1989-1994,

the average estimated annual rate of decline is about 6 percent. Changes in the amount or
guality of food may have been an initial cause of this long-term decline. Although there is no

evidence that such factors as predation by killer whales, subsistence hunting, and interactions '

with commerical fisheries caused the decline in the harbor seal population, these are among the
on-going sources of mortality.

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

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

HaRLEQUIN DUCKS

Injury and Recovery

Harlequin ducks feed in intertidal and shallow subtidal habitats where most of the spilled oil was

initially stranded. More than 200 harlequin ducks were found dead in 1989, mostly in Prince
William Sound. Many more than that number probably died throughout the spill area. Since the
oil spill occurred in early spring, before wintering harlequins had left the oil-spill area, the impacts
of the oil spill may have extended beyond the immediate spill area. The geographic extent of
these impacts is not known.

Bile samples from harlequin ducks {(combined with samples from Barrow's and common
goldeneye) collected in eastern and western Prince William Sound and in the western Kodiak
Archipeiago in 1989-90 had higher concentrations of hydrocarbon metabolites than a small
number of samples from harlequins and goldeneye coliected at Juneau. Prespill data on
harlequin populations and productivity are poor and complicated by possible geographic
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differences in habitat quality. However, the summer:population in Prince William Sound is small,
only a few thousand birds. There continues to be concern about poor reproduction and a
possible decﬂine in numbers of molting birds in western versus eastern parts of the Sound.

Recovery @bjec‘&lve o .

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

'

INTERTIDAL COMMUNITIES

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

Impacts to intertidal organisms occurred at all tidal levels in all types of habitats throughout the
oil-spill area. Many species of algae and invertebrates were less abundant at oiled sites
compared to unoiled reference sites. Other opportunistic species, including a small species of
‘barnacle, oligochaete.worms,. and.filamentous brown.algae, .colonized shores where dominant
species were removed by the oil spill and clean-up activities. The abundance and reproductive
- potential of the common seaweed, Fucus gardneri (known as rockweed or popweed), was also
reduced following the spill. ,

On the sheltered, bedrock shores that are common in Prince William Sound, full recovery of

Fucus is crucial for the recovery of intertidal communities at these sites, since many invertebrate

organisms depend on the cover provided by this seaweed. Fucus has not yet fully recovered in

the upper intertidal zone on shores subjected to direct sunlight, but-in many locations, recovery
of intertidal communities has made substantial progress. In other habitat types, such as .
estuaries and cobble beaches, many species did not show signs of recovery when they were last
surveyed in 1991.

Recovery Objective

intertidal communities will have recovered when community composition on oiled shorelines is
similar to that which would have prevanﬂed in the absence of the spill. Indications of recovery
are the reestablishment of important species, such as Fucus at sheltered rocky sites, the
- convergence in community composition on oiled and unoiled shorelines, and the provision of -
adequate, uncontaminated food supplies for top predators in intertidal and nearshore habitats.
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KILLER WHALES
Injury and Recovery ’
More than 80 killer whales in six reS|dent pods regularly use Prince Willlam Sound within. their
ranges. Other whales in "transient” groups are observed in the Sound less frequently. There
has been particular concern in Prince William Sound about the resident AB pod, which numbered
36 animals prior to the spill. Fourteen whales disappeared from this pod in 1989 and- 1990,
during which time no young were recruited. into the population. Although four calves were
added to the AB pod during 1992-94, surveys in 1994 and 1995 indicate the loss of five more
adult whales. The link between these losses and the oil spill is only circumstantial, but the likely
mortality of killer whales in the AB pod in Prince William Sound following the spill far exceeds
rates observed for other pods in British Columbia and Puget Sound over the last 20 years. In

addition to the effects of the oil spill, there has been concern about the possuble shootlng of killer -

whales, pehaps due to conflicts with long-line fisheries.

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

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

KITTLITZ'Ss MURRELET

Injury and Recovery ‘

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

Seventy-two Kittlitz's murrelets were positively identified among the bird carcasses recovered
after the oil spill. Nearly 450 more Brachyramphus murrelets were not identified to the species
level, and it is reasonable tc assume that some of these were Kittlitz's. In addition, many more
murrelets probably were killed by the oil than were actually recovered. One published estimate
places direct mortality of Kittlitz's murrelets from the oil spill at 1,000-2,000 individuals, which
would represent a substantia! flractnon of the world population.

Because of the highly patchy distribution of Kittlitz's murrelet, the difficulty of udentnfymg them
in the field, and the fact that so little is known about this species, the recovery status of the
Kittlitz's murrelet is not known. The Trustee Council has funded an exploratory study on the
ecology and distribution of this murrelet starting in 1996.
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Recovery Objective - - o
No recovery objective can be ldentufled for Kn‘ttﬂltz s murrelet at this time.

MARBLED MURRELET

injury and Recovery

The northern Guif of Alaska, mcludlng Prince William Sound, is a key area of concentration in
the distribution of marbled murrelets. The marbled murrelet is federally listed as a threatened
species in Washington, Oregon, and California; it is also listed as threatened in British Columbia.
The marbled murrelet population in Prince William Sound had declined before the oil spill. The
causes of the prespill decline are unknown, but may be related to changing food supplies. It is
not known whether the murrelet population was still declining at the time of the oil spill, but the
spill caused additional losses of murrelets. Carcasses of nearly 1,100 Brachyramphus murrelets
were found after the spill, and about 80 percent of the murrelets that could be identified to the
species level were marbled murrelets. Many more murrelets probably were killed by the oil than
were found, and it is estimated that as much as 7 percent of the marbled murreiet popuﬂatlon
in the oil-spill area was killed by the spill.

Population estimates for murrelets are highly variable. Postspill boat surveys do not yet‘indica‘te
any statistically significant increase in numbers of marbled murrelets in Prince William Sound,
nor is there evidence of any further decline. - . <

Recovery Objective
Marbled murrelets will have recovered when its popuﬂatuon is stable or increasing. Stabﬂe or
- increasing productivity will be an indication that recovery is underway.,

MUSSELS

Injury and Recovery -

Mussels are an important prey species in the nearshore ecosystem throughout the oil-spill area,

and beds of mussels provide physucal stability and habitat for other organisms in the intertidal

© zone. For these reasons, mussel beds were purposely left alone during Exxon Valdez clean- up
operations. -

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

About 30 mussel beds in Prince William Sound are known still to have. oil residue, and 12 of
them were cleaned on an experimental basis in 1994. By August 1985, these beds showed a
98 percent reduction in oil in the replacement sediments, compared to what had been there
before. Mussel beds along the outer Kenai Peninsula coast, the Alaska Peninsula, and Kodiak
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Archipelago were surveyed for the presence of oil in 1992, 1993, and 1995. ' Hydrocarbon
concentrations in mussels and sediments at these Gulf of Alaska sites is generally lower than
for sites in the Sound, but at some sites substantial concentrations persist.

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

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

PACIFIC. HERRING

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

The 1988 prespill year-class of Pacific herring was very strong in Prince William Sound, and, as
a result, the estimated peak biomass of spawning adults in 1992 was at a record level. In 1993,
however, there was an unprecedented crash of the adult herring population. A viral disease and
fungus were the probable agents of mortality, and the connection between the oil spill and the
disease outbreak is under investigation. Numbers of spawning herring in Prince William Sound
remained depressed through the 1995 season. Preliminary results from the Sound Ecosystem
Assessment (SEA) Project indicate the possible significance of walleye pollock as both
competitors with and predators on herring, which may indicate that there 1s a connection
between the lack of recruitment of strong year classes of herring and the presence of large
numbers of poliock in Prince William Sound. '
Pacific herring are extremely important ecologically and commercially and for subsistence users.
Reduced herring populations could have significant implications for both their predators and their
prey, and the closure of the herring fishery from 1993 through 1995 has had serious economic
impact on people and communities in Prince William Sound.

Recovery Objective

Pacific herring will have recovered when the next highly successful year class is recruited into
the fishery and when other indicators of population health are sustained within normal bounds
in Prince William Sound. ’
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PIGEON GUILLEMOT

[lnj]wy and Recovew

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

Like the marbled murrelet, there 1s evidence that the pigeon guillemot population in Prince
William Sound had declined before the spill. The causes of the prespill decline are unknown. It
is estimated that 10-15 percent of the spill-area population may have died following the spill.
Guillemot nesting on the Naked Islands was well-studied in 1978-81. Postspill surveys using
the same methods indicated a decline of about 40 percent in guillemots in the Naked islands.
Based on boat surveys, the overall guillemot popuﬂatﬂon in the Sound decﬂmed as well.

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

- The Alaéka Predator Ecosystem Experiment (the APEX prdject), supported by the Trustee
Council, is investigating the possible link between pigeon guillemot declines to the availability
and abundance of forage fish, such as. Pacific herring, sand lance, and capelin.

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

PINK SALMON

injury and Recovery -
About 75 percent of wild pink salmon in Prince William Sound spawn in the intertidal portions
of streams and were highly vulnerable to the effects of the oil spill. Hatchery salmon and wild
salmon from both intertidal and upstream spawning habitats swam through oiled waters and
ingested oil particles and oiled prey as they foraged in the Sound and emigrated to the sea. As
a result, three types of early life-stage injuries were identified: First, growth rates in juvenile pink
salmon from oiled parts of Prince William Sound were reduced. Second, there was increased
egg mortality in oiled versus unoiled streams. A possible third effect, genetic damage, is under
investigation. | -

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

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

Recovery Objective _ ‘

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

RIVER OTTERS

Injury and Recovery

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

The Nearshore Vertebrate Predator project, now underway, will shed new light on the status of

the river otter. In 1995 the Alaska Board of Game used its emergency authority to restrict -

trapping of river otters in western Prince William Sound to ensure that the results of this study
are not compromised by the removal of -animals from study areas on Jackpot and Knight islands.

Recovery Objective

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

Injury and Recovery

Very little is known about rockfish populations in the northern Gulf of Alaska. A smail number
of dead adult rockfish was recovered following the oil spill, and autopsies of five specimens
indicated that o1l ingestion was the cause of death. Analysis of other rockfish showed exposure
to hydrocarbons and probable sublethal effects. In addition, closures to salmon fisheries
apparently increased fishing pressures on rockfish, which may have adversely affected the
rockfish population. However, the original extent of injury and the current recovery status of
this species are unknown.

Recovery Objectwe
No recovery cbjective can be udentlfned

; . 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 fur harvesting by Russian and American-fleets.  Surveys of sea otters in the
1970s and 1980s, however, indicated a healthy and expanding population, including in Prince
William Sound, prior to the oil spill. Sea otters are today an important subsistence resource for
their furs. \

About 1,000 ‘sea otter.carcasses were recovered following the spill, although additional. animals
probably died but were not recovered. In 1990 and 1981, higher-than-expected proportions of
prime-age adult sea otters were found dead .in western Prince William Sound, and there was
evidence of higher mortality of recently weaned juveniles in oiled areas. By 1992-93,
overwintering mortality rates for juveniles had decreased, but were still hlgher in olled than in
unoiled parts of the Sound.

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

Based on observations by local residents, it is evident that the sea otter is abundant in much of
Prince William Sound. There is no evidence that recovery has occurred, however, in heavily oiled
parts of western Prince William Sound, such as around northern Knight Island. The Nearshore
Vertebrate Predator project, which was started in 1985, should help clarify the recovery status
of the sea otter in the western Sound. -
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Recovery Objective )

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

SEDIMENTS

Injury and Recovery , . , ‘

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

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

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

Following the oil spill, chemical analyses of oil in subtidal sediments were conducted at a small
number of index sites in Prince William Sound. At these sites, oil in subtidal sediments reached
its greatest concentrations at water depths of 20 meters below mean low tide, although elevated
levels of hydrocarbon-degrading bacteria (associated with elevated hydrocarbons) were detected
at depths of 40 and 100 meters in 1890 in Prince William Sound. By 19393, however, there
was little evidence of Exxon Valdez oil and related microbial activity at most index sites in Prince
William Sound, except at those associated with sheltered beaches that were heavily oiled in
1989. These index sites--at Herring, Northwest, and Sleepy bays--are among the few sites at
which subtidal oiling is still known to occur.

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

injury and Recovery
Commercial salmon fishing was closed in Pnnce William Sound and in portions of Cook Inlet and
near Kodiak in 1989 to avoid any possibility of contaminated salmon being sent to market. As
a result, there were higher-than-desirable numbers (i.e., overescapement) of spawning sockeye
salmon entering the Kenai River, Red and Akalura [akes on Kodiak Island, and other lakes on
Afognak Island and the Alaska Peninsula. Initially these high escapements may have produced
" an overabundance of juvenile sockeye that overgrazed the zooplankton, thus altering planktonic
food webs in the nursery lakes. Although the exact mechanism is unclear, the result was lost
sockeye production as shown by declines in the returns of adults per spawning sockeye.

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

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

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

SUBTIDAL COMMUNHTEES

Injury and Recovery ,

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

juvenile cod, were greater in numbers at oiled sites. |

By 1993, oil concentrations in sediments had dropped considerably, so that there was little
difference between oiled and unoiled sites. The eelgrass habitat, the only habitat examined in
1993, revealed fewer differences in abundances of plants and animals. As was true in 1980,
however, some opportunistic species still were more abundant at oiled sites. These included the _
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opportunistic worms and snails, mussels and worms on the eelgrass, and juvenile cod.

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

Recovery Objective

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

SERVICES
CORMMERCIAL 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 Willam Sound, lower Cook Inlet, upper Cook Inlet, Kodiak, and Chignik. These fisheries
- opened again in 1990. Since then, there have been no spill-related district-wide closures, except
for the Prince William Sound herring fishery, which was closed in 1993 and has remained closed
since then due to the collapse of the herring population and poor fishery recruitment since 1988.
These closures, including the on-going closure of the herring fishery in Prince William Sound,
harmed the livelihoods of persons who fish for a living and the communities in which they live.
To the extent that the oil spill continues to be a factor that reduces opportunities to catch flsh
there is on-going injury to commercial fishing as a service.

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

Recovery Objective

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

ﬂmury and Recovery

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

Recovery Objective ‘ -
Passive uses will have recovered when peopﬂe perceive that aesthetic and intrinsic values
associated with the spill area are no longer diminished by the oil spill.

RECREATION AND TOURISM ' -

Injury and Recovery - »

The spill disrupted use of the spill area for recreation and tourism. Resources umportant 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 experiences and discourage recreational use
of these beaches.

Closures of sport.hunting and fishing also affected use of the spill area for recreation and
tourism. Sport flshmg resources include salmon, trockﬂsh Dolly: Varden, and cutthroat trout.
Since 1992, the Alaska Board of Fisheries has imposed special restrictions on sport fishing in
parts-of Princé 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 1981, and those restrictions remain in place.

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

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

Recovew'y Obgectwe

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

Injury and Rec@ven'y .

Fifteen predominantly Alaskan Native communities (numbering about 2,200 people) i 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 wildlifein most of these villages declined substantially following
the oil spill. The reasons for the declines include reduced availability of fish and wildlife to
harvest, concern about possible health effects of eating contaminated or injured fish and wildlife,
and disruption of lifestyles due to clean-up and other activities. -

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

The estimated size of the subsistence harvest in pounds per person now appears to have
returned to pre-spill levels in some communities, according to subsistence users through
household interviews conducted by the Alaska Department of Fish and Game. These interviews
also indicated that the total subsistence harvest began to rebound first in the communities of
the Alaska Peninsula, Kodiak Island, and the lower Kenai Peninsula, but that the harvest has
lagged behind a year or more in the Prince William Sound villages. The interviews also showed
that the relative contributions of certain important subsistence resources remains unusually low.
The scarcity of seals, for example, has caused people in Chenega Bay to harvest fewer seals and
more salmon than has been customary. Herring have been very scarce throughout Prince
William Sound since 1893. Different types of resources have varied cultural and nutritional
importance, and the changes in diet composition remain a serious concern to subsistence users.
Subsistence users also report that they have to travel farther and expend more time and effort
to harvest the same amount as they did before the spill, especially in Prince William Sound.

Subsistence users also point out that the value of subsistence cannot be measured in pounds
alone. This conventional measure does not include the cultural value of traditional and
customary use of natural resources. Subsistence users say that maintaining their subsistence
culture depends on uninterrupted use of fish and wildlife resources. The more time users spend
away from subsistence activities, the less likely that they will return to these practices.
Continuing injury to natural resources used for subsistence may affect ways of life of entire
communities. There is particular concern that the oil spill disrupted opportunities for young
people to learn subsistence culture, and that this knowledge may be lost to them in the future.
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Recovery Objective

Subsistence will have recovered when injured resources used for subsistence are healthy and
productive and exist at prespill levels. In addition, there i1s recognition that peopie must be
confident that the resources are safe to eat and that the cultural values provided by gathering,
preparing, and sharing food need to be reintegrated into community life.
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[Note: This draft table is modified from p. 32 of the Restoration Plan.]

0

Table 2. Resources and Services Injured by the Spill

DRAFT

INJURED RESOURCES

LOST or REDUCED
SERVICES

Recovered
Bald eagle

Recovering
Archaeological resources*
Common murres

Intertidal communities
Mussels

Pink salmon

Sediments

Sockeye salmon

Subtidal communities

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

Not Recovered
Cormorants
{3 species)
Harbor seal
Harlequin duck
Killer whale (AB
pod)
Marbled murrelet
Pacific herring
Pigeon guillemot
Sea otter (in oiled
west. PWS)

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

Commercial fishing

Passive uses

Recreation and Tourism
including sport fishing,
sport hunting, and other
recreation uses

Subsistence

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