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Assessment of Injuries to Prince William Sound Killer Whales
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Killer whales, Orcinus orca, occur in
all oceans of the world. Population esti-
mates, based on photo-identification
studies, are available for the inland wa-
ters of Washington State, British Colum-
bia, southeast Alaska, and Prince Will-
iam Sound. Each area contains approxi-
mately 100 to 250 whales.

Two forms of killer whales co-existin
Prince William Sound which are known
as residents and transients (Heise et al.,
1992). Theresident type is characterized
by forming matrilineal groups within
the pod. Resident pods have consistent
membership overtime and havelowbirth
and death rates (Olesiuk et al., 1990).

Birth rates are based upon the obser-
vation of new calves within a pod. Mor-
tality rates, however, are based on the
lack of observation of a known individual
within a pod. The sodal structure of
resident killer whales is such that an
animal not observed for more than one
year is considered dead. The social orga-
nization of transient killer whales is not
well understood and the dynamic nature
of these pods makes determination of
their rates of mortality difficult.

The reported loss of 14 individual
whales from the resident AB pod (which
numbered 36 whales in 1988) for the
years 1989 through 1991 (Matkin et al,,
this symposium) is unprecedented. Sey-
eral possible explanations for the miss-
ing whales were examined.

The missing 14 animals could have
been an artifact of the survey protocol.
This problem was evaluated by looking
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at the potential for error in the photo-
identification process and the bias in sur-
vey coverage. The number of animals
present in Prince William Sound pods
during summer surveys in 1989-91 was
obtained through detailed examination
of the photographic database of indi-
vidual animals. Presence or absence of
members of each pod were evaluated by
comparing photographs taken during the
3-year study period to previous years.

Results of the comparisons verified
the absence of 14 whales in AB pod. To
evaluate whether or not a mistake was
made during the identification process
(for example, was a whale present but
mis-identified) four independent tests
wereconducted. Animals wererecorded
as being present or absent each time the
pod was encountered. The results
showed that earlier identifications were
correct and that 14 whales were in fact
missing.

Another possiblebias that could have
resulted in the 14 whales not being seen
and photographed was the amount of
effort put forth to establish presence or
absence of individuals in the pod. The
overalleffort(miles surveyed) conducted
during 1989-1991 resulted in the greatest
amount of effort to date in Prince Will-
iam Sound. The number of times each
pod was seen in 1989, 1990, and 1991
Seasons exceeded that reported for ear-
lier studies. The amountof effortand the
number of times each pod was encoun-
tered was more than adequate for locat-
ing and identifying the presence of indi-
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vidual animals.

We next considered the possibility
that individual whales may have moved
out of the Prince William Sound area and
were not available to be photographed
during these studies. Although consid-
erable searching effort took place in
southeast Alaska, the missing whales
were not encountered. Unfortunately,
minimal effort was expended near
KodiakIsland and the waters adjacent to
Prince William Sound to locate the miss-
ing whales during the 1989, 1990, and
1991 seasons.

However, in 1992 researchers from
the Nationa] Marine Mammal Labora-
tory conducted killer whale photo-iden-
tification studies from Kodiak Island to
Seward, Alaska. The AB pod was not
seen during these investigations. An
examination of the 20-year killer whale
database from British Columbia and
PugetSound, Washington, indicated that
noresidentkiller whale consistently miss-
ing during repeated encounters had ever
returned to its pod or appeared in an-
other pod.

The possibility that the missing
whales have moved out of the area is not
supported by our knowledge of the so-
cial structure and behavior of resident
killer whales. Based upon the historical
life history information, it is likely that
the missing resident whales are dead
and have not moved off to other areas.

However, a perturbation as severe as
the Exxon Valdez oil spill and its direct
impact on cetaceans has never before
been investigated. It is therefore pos-
sible that a major catastrophe such as the
Exxon Valdez oil spill could have affected
killer whales in ways never described
before. This possibility, although highly
unlikely, should not be disregarded.

The most reasonable explanation for
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the disappearanceof the 14 whalesis that
they are dead. However, the cause(s) of
their death remain unclear. Natural
mortality is certainly plausible, but un-
likely. This species is characterized by a
low birth and death rate (less than 2.2%
per year or less; Olesiuk et al., 1990}. The
mortality rate for AB pod calculated for
the 1989 season with the loss of seven
whales was 19.4%. Six additional whales
were reported missing from AB pod re-
sulting in a 20.7% mortality rate for the
1989 /90 season. In 1991, one more whale
was neted as missing from AB pod (mor-
tality rate of 4.3%).

These rates for the 1989 and 1990
season are significantly higher than
would be expected from natural causes.
Itis unlikely thatnatural mortality would
account for more than 1-3 animals, and
not the loss of 14 whales over a 3-year
period as observed.

Examination of other causes to ex-
plain the mortality of the 14 missing
whales are complicated by the past his-
tory of AB pod. This pod was involved in
interactions with the Prince William
Sound sablefish longline fishery in the
mid 1980’s. In 1985, we received reports
of killer whales being shot at by fisher-
men. Several of the animals showed
evidence of bullet wounds. In 1985, three
whales were reported missing. In 1986,
three additional whales were gone. In
1987 and 1988, this pod lost two more
individuals. The loss of at least some of
these 8 whales was attributed to shoot-
ing (although never confirmed). These
whales were notseen again after the year
they were first identified as missing.

It is possible that the 14 whales re-
ported missing during the 1989 through
1991 season could have been shot. How-
ever, this is unlikely because (1) longline
fishing was closed between the time when
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all whales were accounted for (Septem-
ber 1988) and the time when the first
seven whales were firstdetermined miss-
ing (March 1989}, (2) there were no re-
ports of shootings and, (3) no new bullet
wounds have been observed on indi-
viduals of AB pod since 1986.

The remaining cause of death consid-
ered was the effect of the oil spill. Six
differentkiller whale pods wereobserved
transiting directly through oil (light
sheen) but only AB pod suffered losses.
The loss of the first seven animals from
AB pod could have been through direct
contact with the oil, such as from inhala-
tion of toxic volatile gases or ingestion.
The loss of the six additional whales one
year later is more difficult to explain
from oil effects, but might have been
associated with residual effects or from
indirect effects (e.g., eating contaminated
prey).

None of the missing whales were
found stranded, although killer whales
typically sink upon death. Four car-
casses (only one whale could be identi-
fied and it was not from AB pod) were
found during the three-year period (1989-
1991). This stranding rate is high com-
pared to other geographical areas, and
from previous stranding rates from the
Prince William Sound region. However,
this may simply have been an artifact of
increased effort after the spill. Blubber
samples and scrapings from the stomach
lining from the stranded whales were
analyzed for hydrocarbons. There was
noindication of oil contaminationin these
tissues and cause of death could not be
determined. Caution, however, must be
used when interpreting these results since
the carcasses were old when found and

decomposition decreases the viability of
the tissue samples for hydrocarbon analy-
sis.

In conclusion, the cause(s) of the
deaths of 14 killer whales from AB pod is
unknown. We are confident that (1)
whales have not been mis-identified, (2)
adequate effort was made in Prince Wil-
liam to locate the missing animals, and
(3) the number of encounters was suffi-
cient to evaluate the presence or absence
of an individual whale. The current life
history information available on killer
whales precludes the possibility that the
whales moved elsewhere.

Therefore, weassume that the whales
are dead from either, or a combination
of, natural causes; a result of interactions
with fisheries; or, for the Exxon Valdez oil
spill. The highest mortality rate ever
reported in the literature for North Pa-
cific resident killer whales occurred in
1989 and 1990, coinading with the Exxon
Valdez oil spill. There is a strong correla-
tion between the loss of the 14 whales
and the Exxon Valdez oil spill, but there is
no clear cause and effect relationship.

References

Heise, K., G. Ellis, and C. Matkin. 1992. A
catalogue of Prince William Sound killer whales.
Published by the North Gulf Oceanic Society
for the National Marine Mammal Labora-
tory, Seattle, Washington. 51 pages.

Olesiuk, P. F,, M. A. Bigg, and G. M. Ellis. 1990.
Life history and population dynamics of resi-
dentkiller whales (Orcinus orca)in the coastal
waters of British Columbia and Washington
State. Ir “Individual recognition of ceta-
ceans: use of photo-identification and other
techniques to estimate population paran
eters”. (Eds. P. S. Hammon, S. A. Mizroch,
ard G. P. Donovan) pp. 209-243. Report
International Whaling Commission Special
Issue 12.

s 310%



Exxon Valdez Qil Spill Symposium Abstracts

Humpback Whale Abundance and Distribution in Prince William
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Humpback whales, Megaptera
novaeanglige, number about 10,000 ani-
mals worldwide, of which perhaps 1,500
occur in the North Pacific (Baker and
Herman, 1987). They are currently listed
as an endangered species under the U. 5.
Endangered Species Act of 1973. During
winter the North Pacific population oc-
curs principally off Hawaii and Mexico.
During summer theyrange widely across
the North Pacific with concentrations off
Kodiak Island, in Prince William Sound
and in southeast Alaska. Prince William
Sound is considered a major feeding area
for the North Pacific stock of humpback
whales.

Identification of individual whales is
possible through use of ventral fluke col-
oration patterns and natural marks. Re-
searchers conducting photo-identifica-
tion studies in Prince William Sound and
southeast Alaska had collected a sub-
stantial photographicdatabase on hump-
back whales prior to the spill.

Based on this historical database, at
least 50 individual animals were known
to occur annually in Prince William
Sound and approximately 300 whales
fromsoutheast Alaska. Notallidentified
whales are seen each year in each area,
however, site fidelity has been reported.
Whales seenin Prince William Sound are
generally notseen elsewhere, and whales
seen in southeast Alaska are not seen in
Prince William Sound. Over the years,
however, three whales have been seen in
both Prince William Sound and south-
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east Alaska.

The objectives of this study were to
(1) countand individually identify hump-
back whales in Prince William Sound
and southeast Alaska; (2) test the hy-
pothesis that humpback whale distribu-
tion and abundance within Prince Will-
iam Sound and adjacent waters is similar
to that reported for years prior to 1989;
and (3) test the hypothesis that hump-
back whale natality and mortality in
Prince William Sound has not changed
since the oil spill.

During 1989 and 1990, photographs
of individual humpback whales occur-
ring in Prince William Sound were col-
lected from May to September each year
to address objectives one and three. To
determineif significant changesoccurred
in whale distribution (objective two), con-
current photo-identification work was
carried out in 1989 in southeast Alaska.

Photographic analysis of Prince Wil-
liam Sound humpbacks documented 59
individual whales during the 1989 sea-
son. In southeast Alaska, 552 individual
whales were identified. During 1990, 66
individual whales were documented in
Prince William Sound. The 1989 and
1990 counts represent the largest num-
ber of humpback whales ever photo-
graphed in Prince William Sound. The
effectof increased observer effort during
these two seasons, however, must be
considered. In particular, the high levels
of effort during these two years have
clearly increased the number of indi-




vidual humpback whales identified rela-
tive to numbers prior to 1989.

The distribution of whales in Prince
William Sound during the 1989 season
was compared to the known distribution
prior to the oil spill. Distributional data
prior to 1989 noted concentrations of
whales in the Lower Knight Island Pas-
sage area. In 1989, fewer whales were
observed in this area. The reasons for
this are unclear, but may be related to
increased vessel and aircraft traffic
in1989, or may simply be caused from
natural fluctuations in prey. In 1990,
whales were again abundantin the Lower
Knight Island Passage area, similar to
thier distribuiton prior to 1989. Despite
considerable effort in 1989, humpback
whales known to occur in Prince William
Sound were not observed in southeast
Alaska.

No apparent shift in distribution
within Prince William Sound was noted
in 1990; whales were again abundant in
the Lower Knight Island passage area,
similar to their distribution in 1988. De-
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spite considerable effort in 1989, hump-
back whales known to occur in Prince
William Sound were not observed in
southeast Alaska.

The combined average annual repro-
ductive rate for 1980 through 1988 for
Prince William Sound humpback whales
was 9.4%. In 1989, the reproductive rate
was 6.3%;in 1990it was 10.8%. Sevenout
of the eight females present with calves
in 1990 had been photographed in Prince
William Sound in 1989, and thus these
whales were pregnant at the time of the
spill. Noreports of dead stranded hump-
back whales occurred within Alaskan
waters during this two-year period.

From the available data, it does not
appear that the Exxon Valdez oil spill had
any measureable impact on the North
Pacific humpback whale population.
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Occupational Exposures from Oil Mist During the Exxos v,

Cleanup
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Crude oil cdleanup during the Exxon
Valdez spill relied heavily on high pres-
sure water and steam (Exxon, 1989) which
generated an oil mist. Monitoring records
document an average oil mist exposure
12 times in excess of permissible expo-
sure limits.

The National Institute for Occupa-
tional Safety and Health (NIOSH) re-
ported 1,811 worker’s compensation
claims in 1989 related to the Exxon Valdez
oil spill (Gorman et al., 1991). The lead-
ingnon-physical injury reported wasres-
piratory system damage. Inhalation of
oil mist is well recognized as a cause of
occupational respiratory damage (Lan-
cet, 1990; Robertson et al., 1988).

Prior evaluations of the 15,000 Exxon
Valdez cleanup workers occupational
exposure toairborne contaminates stated
that, in general, exposures were a frac-
tion of permissible exposure limits (PEL),
{Gorman etal., 1991; Wade, 1990). How-
ever, oil mist measurements were not
mentioned by Wade and NIOSH con-
ducted limited oil mist testing. This is
the first independent review of Exxon
Valdez oil spill cleanup worker exposure
records.

Theobjective of thisstudyis anevalu-
ation of the health and safety implica-
tions of using hot water and steam at
high pressure and elevated temperature
to cdlean crude-oil-contaminated beaches.

Under contract to Exxon, Med-Tox
Associates collected over 6,000 air
samples in 1989 from Exxon Valdez oil
spill cleanup workers. The Alaska Health
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Project obtained Exxon and Med-Tox
exposuredata, healthand safety records,
fmd 1abor-at0ry procedure manuals. This
information was then compared to the
literature.

The data collected from workers re-
vealed that the average exposure ex-
ceeded the NIOSH limit by 12-fold. The
maximum overexposure of 400 times the
PEL was found on a “hot wash beach.”
Average exposures for other chemicals
were below NIOSH recommended PEL.
However, maximum exposures were sig-
nificantly greater than NIOSH limits; that
is, total PN As 170 times greater than the
limit, benzene 160 times greater, hydro-
gen sulfide 40 times greater, butoxy-
ethanol eight times greater, and carbon
monoxide six times greater. NIOSH
limits were adjusted for the increased
lengthof working day, as recommended
by Exxon publications (see “Extended
Work Days” below), but were not ad-
hered to. ]

Anotherissue of particular concernis
the fact PEL are developed on a chemi-
cal-by-chemical basis and Exxon did not
take into account multiple simultaneous
exposures with synergifstiC POtf;‘;“‘;:;
Finally, the upper 5% ot exposures,
everygase listed below, exceeded N 10SH
hm}lt‘;'ree serious problems are evident

. . ocedures and
with Exxon’s laboratory pro iy
data interpretation regarding oil mis

. . dard reference
monitoring records: stan d ex-
material, applicability of PEL, an

tended work days.
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Standard Reference Material

The standard reference material for
oil mist PEL is “mineral oil” (NIOSHa,
1990). Mineral oil is a highly purified
product designed for non toxicity and
freedom of irritation to humans and use
in the preparation of pharmaceuticals
(ASTM, 1989). Oil spill cleanup workers
were exposed to Prudhoe Bay crude oil
(PBCO). PBCO consists mostly of ali-
phatic and aromatic components and
smaller amounts of heterocycles and
asphaltenes. The aliphatic fraction is
dominated by n-alkanes containing 11 to
40 carbon atoms and isoprenoid hydro-
carbons. The aromatic components con-
sist of a series of parent and alkylated
naphthalenes, phenanthrenes, fluorenes,
biphenyls, chrysenes, and benzan-
thracenes (Rahimtula, 1987).

In addition to hydrocarbons crudeoil
contains sulfur compounds such as thi-
ols, sulfides, disulfides, and thiophenes.
The higher boiling point sulfur com-
pounds are thiocyclo-, thiobicyclo-,
thiotricycloalkanes, complex thiophenes,
and benzothiophenes. Basic nitrogen
compounds found are pyridines and
quinolines while nonbasicnitrogen com-
pounds include pyrroles, indoles, and
carbazoles. Oxygen compounds found
include ketones and phenols with alkane
and cycloalkane acids in the higher boil-
ing point fraction (Costantinides and
Arich, 1967).

Nickel and vanadium occur prima-
rily as complexes such as porphyrins
and over 30 metals commonly occur in
crude oil. Other substances are intro-
duced into crude oil during the process
of drilling, pumping, preparing and
transportation (IARC, 1989). Although
mineral oil may be derived from crude
oil, the refining process selectively re-
moves a specific hydrocarbon fraction

leaving most of the components men-
tioned above in other residues.

Based on the differences between
mineral oil and PBCO two things should
have been done regarding calibration
standards and PEL. Laboratory equip-
ment should have been calibrated using
PBCOas the standard. A review of labo-
ratory procedures and quality control
documentation did notfind evidence that
PBCQOwasused as the standard for which
to measure PBCO derived oil mist
(Pristas, 1989). Substantial bias likely
exists in the data because of inappropri-
ate use of standard reference materials.
The problem of inappropriate standards
and infrared spectrophotometric quanti-
fication of crude oil is well documented
(Baugh and Lovegreen, 1989).

Applicability of PEL

No corrections were applied to PEL
for theelevated toxicity of crude oil com-
pared to mineral oil. Crude oilis a car-
cinogen, neoplastigen and tumorigen
when applied to the skin. Inhalation of
vapor or particulates can cause aspira-
tion pneumonia (Sax, 1989). A material
safety data sheet for crude oil recom-
mends a PEL of 0.2 mg/m?® (Lyondell,
1990); 25 times lower than the5.0mg/m?
PEL selected as relevant by Exxon.
NIOSHrecommends aPEL of 0.1 mg/m?
(NIOSHD, 1990); 50 times lower than
Exxon's.

Extended Work Days

Finally, the working conditions dur-
ing the Exxon Valdez cleanup were not 8
hour days with weekends off. More
typically, workers were on the job in
excess of 12 hours a day, seven days a
week and some for months without a
break. Exxon recognized more than ten
years ago that the PEL for airborne toxi-
cants were probably inappropriate with-



out modification for unusual work shifts.
A simple linear equation was proposed
by Exxon as a first step toward health
and safety concerns (Exxon, 1986). How-
ever these considerations were not taken
into account for the extremely long shifts
of Exxon Valdez spill cleanup workers. If
we apply Exxon’s model to NIOSH oil
mist PEL, the acceptable limit should be
reduced by a factor of at least 2.1 (84 vs.
40 hour week). Using the PEL of 0.1
mg/m?and a factor of 2.1 yields a PEL of
0.05 mg/m>
The average worker was exposed to
12 times more oil mist than what NIOSH
standards permit. Some exposures were
400 times higher than PEL. Whether or
not an individual worker’s health prob-
lem was caused by over exposures dur-
ing the Exxon Valdez cleanup can only be
determined on a case-by-case basis.
Based on the information summarized
above, furtherresearchis neededregard-
ing medical histories of exposed workers
to protect future generations when se-
lecting cleanup technologies at other
spills.
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Boat-Based Surveys of Sea Otters (Enhydra lutris) in Prince William

Sound, Alaska.

Douglas M. Burn
LLS. Fish and Wildlife Service

When the T/V Exxon Valdez ran
aground on Bligh Reef on March 24,1989,
the resulting spill of 11 million gallons of
crude oil into Prince William Sound re-
sulted in the death and injury of more
than a thousand of sea otters (Enhydra
lutris). As part of the Natural Resources
Damage Assessment effort, the U.S. Fish
and Wildlife Service conducted boat-
based population surveysof marinebirds
and sea otters in Prince William Sound
between June, 1989 and July 1991. Based
in part on similar surveys conducted
during the summers of 1984 and 1985,
the purpose of this work was to estimate
post-spill sea otter abundancein orderto
determine initial injury to the popula-
tion, and monitor continuing injury or
recovery.

The study area consisted primarily of
the waters of Prince William Sound,
Alaska. The study area was divided into
three distinct strata: shoreline, coastal,
and pelagic. The shoreline stratum was
based on shoreline transects surveyed
by Irons, Nysewander and Trapp (1988)
during the summers of 1984 and 1985,
and was defined as the 200 m-wide strip
immediately adjacent to the coastline.
Within the Prince William Sound study
area, 742 shoreline transects were de-
fined with a total area of 822.3 km2.

Waters outside the shoreline stratum
were divided into sampling “blocks”
based on a 5-minute latitude/longitude
grid system. These blocks were then
stratified into two categories: coastal and
pelagic. The coastal stratum was com-

prised of those blocks that are immedi-
ately adjacent to 1 km or more of shore-
line, while the pelagic stratum was com-
prised of thoseblocks that are adjacent to
less than 1 km of shoreline. This classifi-
cation scheme resulted in the creation of
207 coastal and 86 pelagic blocks, with
total areas of 4,524 km? and 3,637 km?,
respectively. Within each block, anum-
ber of 200 m-wide strip transects {usu-
ally two) were systematically placed and
sampled.

Watercraft used in this survey were
25 Boston Whalers, with three crew mem-
bers serving equally as operator and ob-
servers. Shoreline transects were sur-
veyed from 100 m offshore at a cruising
speed of 5-10 knots. One observer
scanned the water from the vessel up to
and including the shoreline, while an-
other observer scanned the water from
the vessel seaward an additional 100 m.
Coastal and pelagic transects were sur-
veyed at a slightly faster cruising speed
of 10-15 knots, with each observer scan-
ning the water from the trackline of the
boat outward 100 m. In addition, the
watercraft operator assisted with obser-
vations of animals directly ahead of the
vessel. While the vessel was in motion,
all marine mammals and birds sighted
were recorded on standardized data
sheets.

As stated earlier, the shoreline stra-
tum wasbased on a set of transects origi-
nally surveyed during the summers of
1984 and 1985 (Ironset al. 1988). Over the
course of two field seasons, virtually all

—— 316“-_—“



of the available shoreline habitats were
surveyed (708 out of the possible 742
transects). These data served as the
baseline for comparison with post-spill
surveys.

Post-spill surveys were conducted in
June, July, and August of 1989, March,
June, July, and Augustof 1990, and March
and July of 1991. Approximately three
weeks were needed to complete each
replicate of the survey. Post-spill sur-
veys were initially conducted during the
summer of 1989 as a random sample of
approximately 25% of available shore-
line transects and the original coastal
and pelagic blocks. Only the shoreline
stratum was sampled during June 1989.
All three strata were sampled in each of
the remaining surveys. Once the initial
random sample of transects and blocks
was chosen, each successive survey rep-
licated the same sampling units.

Classification of sampling units as
oiled or unoiled was based on Alaska
Department of Environmental Conser-
vation overflight data collected at the
time of the spill (ADEC 1989). Aerial
observations were used to create a GIS
coverage depicting the movement of oil
over the surface of the water. Since sea
otters are highly mobile animals, otters
inhabiting areas adjacent to the path of
the oil could have encountered the slick
during their normal movement patterns.
Given this fact, coupled with aninherent
uncertainty as to the exact geographical
extent of the surface oiling, a buffer zone
of 5 km was added to the ADEC over-
flight data coverage to represent an area
within which otters might have been af-
fected by oil. Shoreline transects, and
coastal and pelagic and offshore blocks
with any area located within 5 km of
surface oil were classified as oiled.

Sea otter density and abundance esti-
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mates for each survey strata were calcu-
lated using ratio estimator techniques
{(Cochran 1977).

In the unoiled area, otter densities in
the shoreline stratum increased 13.5%
between the pre-spill surveys of Irons et
al. (1988) and the summer 1989 surveys.
Otter densities intheoiled shorelinestra-
tum declined approximately 34.6% dur-
ing the same period. Surveys conducted
in the summer of 1990 show further de-
clinesin shorelineseaotter density within
the oiled area. However, otter density in
unoiled areas also exhibited a decline
during the same period. Otter density
within the oiled area did not appear to
have changed between July 1990 and
July 1931. With the exception of the July
1990 survey, otter densities in the oiled
area were consistently lower than those
in the unoiled area, which is in contrast
to the pre-spill pattern.

In the unoiled area, there was consid-
erable overlap between pre- and post-
spill shoreline population estimates.
There was no overlap between pre- and
post-spill estimates in the oiled area for
this stratum. This lack of overlap be-
tween estimates within the oiled area
suggests that the post-spill population
was significantly lower that the pre-spill
level.

Although sea otter densities were
lowerin coastal and pelagicstrata, given
their larger total areas, these strata con-
tained a considerable number of otters.
In some instances, these strata accounted
for over 50% of the total estimated popu-
lation. Post-spill population estimates
from this study range from a high of
8,242 (+ 2,280} in July 1989 to a low of
4,399 (+ 948) in March 1991.

InJuly 1990, it was the decision of the
Management Team that data from the
various damage assessment studies
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should bebrought together in an attempt
to quantify initial injury to the Prince
William Sound sea otter population. Ina
cooperative effort, results of studies on
sighting probability, carcass recovery
rates, and the age structure of the recov-
ered carcasses were synthesized with
these survey data to calculate an esti-
mate of the initial first-year injury
{Garrott, Eberhardt,and Burn 1992). This
exercise produced a loss estimate of ap-
proximately 2,800 sea otters for Prince
William Sound (Garrottetal. 1992). Popu-
lation trends in the oiled area suggest
thatadditional losses may have occurred
beyond the first year, but have not been
quantified at this time.

Although estimates of shoreline sea
otter density within the oiled area fell
well below their pre-spill values, it is
important to note that a substantial frac-
tion of the population survived the spill
and its afterrmath. One reason for this
may have been the presence of small
bays and coves that remained relatively
oil-free (Garrott et al. 1992). In the south-
west portion of the Sound for example,
Bainbridge Passage was heavily oiled.
Yet during each of the three surveys con-
ducted in June, July, and August 1989,
weobserved 3040 otters concentrated in
an apparently unoiled cove on the south-
ern side of the Passage. These unoiled
refuges were scattered throughout the
spill zone, and may have provided a
haven for otters.

The long-term effects of the spill on
sea otters in the western portion of Prince
William Sound are unknown. Two key
factors that will determine those long-
term effects on sea otters will be the
impact of the spill on the populations of
sea otter prey items (primarily mussels
and clams), and continued exposure of
sea otters to hydrocarbons through their

prey. Either one or both of these factors

could have an impact on the recovery of

the sea otter population within the oiled
area of the Sound.

As a means of estimating the Prince
William Sound sea otter population, this
survey suffered from a lack of precision.
Most of this variability in the estimates
came from the coastal and pelagic strata.
Although 25% of the blocks within these
strata were sampled, only 10% of the
area within the blocks themselves were
surveyed. The net result of this design
was thatevery otter sighted in the coastal
and pelagic strata equated to roughly 50
otters in the final estimate.

Inorder to monitor population trends
with respect to recovery, I believe that
the shoreline stratum is the best means of
judging the status of the population. The
majority of otters sighted during this
survey were observed onshoreline trans-
acts, making this stratuma goodindex of
population size. Itis also the only area
for which pre-spill data exist. One po-
tential criterion for estimating when the
sea otter population is fully recovered, is
that point when sea otter densities within
the shoreline stratum increase to pre-
spill levels.
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Hydrocarbons in Mussels and Subtidal Sediments: Graphical
Presentation of Hydrocarbon Analysis Data With Geographic Map

Data

Jeffrey W. Short, Ronald A. Heintz, and Scott Feldhausen
National Oceanic and Atmospheric Administration

QOil movements on the surface were
tracked during the spill, but there were
large unknowns as to what the subsur-
face fauna were exposed to. Several stud-
ies sampled mussels and subtidal sedi-
ments for hydrocarbon analysis in an
attempt to characterize the oil exposure
at sites and habitats appropriate to indi-
vidual projects. This project attempts to
map oil exposures geographically and
temporally, using samples collected by
many projects.

Maps displaying thedistributionand
persistence of Exxon Valdez crude oil
through presentation of sediment and of

mussel tissue hydrocarbon analysis data
on shoreline oiling maps will be pre-
sented, together with an interpretation
of the hydrocarbon data symbols used.
A map for each project that had sedi-
ments or mussel tissues analyzed will be
available for public inspection, with at
least one map for each project containing
all the hydrocarbon data generated for
each year of the project. This poster
session will focus on the data manipula-
tion and quality assurance steps from the
raw data generated by thechemistry labo-
ratories through the GIS mapping soft-

ware.
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Management of Natural Resource Damage Assessment Samples and

Analytical Data

C. A. Manen, E. Robinson-Wilson’, S. Korn?, and R. L. Britten?

National Oceanic and Atmospheric Administration
L. S. Fish and Wildlife Service

Within 48 hours after the grounding
of the Exxon Valdez , samples were being
collected by State of Alaska and Federal
Trustee Agencies (Alaska Departments
of Fish and Game, Environmental Con-
servation and Natural Resources; US.
Department of Agriculture, Forest Ser-
vice; U. S. Department of Commerce,
National Oceanic and Atmospheric Ad-
ministration; and U. S. Department of
Interior, Fish and Wildlife Service) to
document the exposure of natural re-
sources to the spilled oil and to providea
basis for the determination of the effects
of the oil. During the course of the Natu-
ral Resource Damage Assessment, over
36,000 samples of water, biota and sedi-
mentwere collected from Prince William
Sound and the Gulf of Alaska to meet
these objectives. An additional 1,500
experimental samples were generated in
various laboratory experiments.

A cooperative project between the
U.S. Fish and Wildlife Services (F&WS)
and the National Oceanic and Atmo-
spheric Administration (NOAA), Natu-
ral Resources Damage Assessment
(NRDA) Project Technical Services #1,
was responsible for (1) archiving and
tracking of these samples; (2) analysis of
the samples, including selection of
samples for analysis, and the develop-
ment and implementation of an analyti-
cal quality assurance plan which defined
criteria for the quality and acceptability
of the data; and (3) management of the
analytical data. A relational database
(PWSOIL) was used to carry out these

tasks, i.e. to maintain and manipulate all
data and information related to the col-
lection and analysisof samples for petro-
leum hydrocarbons.

PWSOIL is based on the design used
by NOAA’s National Status and Trends
Program, modified for similarity toother
databases either already in use or being
planned by F&WS and the U.S. Environ-
mental Protection Agency at the time of
the grounding of the Exxon Valdez . The
original design was then modified in an
iterativefashion, however, tomeetnewly
defined needs and objectives. Allchanges
to the design of PWSOIL and to the data
and information maintained by this da-
tabase were preceded - and often initi-
ated - by discussion with the users, the
Project Leaders. PWSOIL is supported
by hard copies of all chain-of-custody
recordsand all developed analytical data,
which themselves are kept under chain-
of-custody procedures. A complete de-
scription of the design, including defini-
tions of the variables and instructions for
users, and implementation of PWSOIL is
documented in Manen et al.

PWSOIL is focused on the unique
identification number assigned to each
sample by the database manager. Asso-
ciated with this number are the data and
information which describe and identify
the sample, e.g. where the sample was
collected (place name and latitude/lon-
gitude); who collected it; when it was
collected; how it was coliected; thesample
identification number assigned by the
collector; what kind of sample itis (sedi-
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ment, water or tissue); if a tissue sample,
what kind of tissue and from what plant
or animal; if a sediment or water sample,
the depth at which it was collected; and
whether or not it has been analyzed. All
of these variables are provided by the
collector or Project Leader as part of the
chain-of-custody record. The mainte-
nance of these variables in PWSOIL al-
lows the sorting of samples by location,
project, species, etc.

Over 12,000 of the NRDA samples
have been analyzed. The majority of the
samples were analyzed for petroleum
hydrocarbons (73 parameters) by GC/
MS at Texas A&M University; smaller,
specialized sample sets were analyzed at
NOAA's Auke Bay Laboratory (ABL)
and NOAA'’s Northwest Fisheries Cen-
ter (NWFC). Semi-qualitative, non-com-
pound specific information was devel-
oped for some sediment samples as well
as the concentrations of petroleum me-
tabolites in the bile of fish, birds, terres-
trial and marine mammals by UVF, a
technique to determine the presence of
petroleum hydrocarbons. These analy-
ses were performed by Texas A&M Uni-
versity and NOAA's NWFC. All data
resulting from these analyses, as well as
(1) calculated indices and parameters;
pristane/phytane ratio, carbon prefer-
ence index, saturated hydrocarbon
weathering ratio, and sums of the al-
kanes, aromatics and hydrocarbons; (2)
supporting data; grain size, total organic

Exxon Valdez Oil Spill Symposium Abstracts
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carbon, percent moisture and surrogate
recoveries and (3) quality control data;
the results of the analysis of blanks, stan-
dard reference materials and in-house
control materials are maintained by
PWSOIL in a batch fashion associated
with the sample identification numbers.
The use of PWSOIL to maintain and
manipulate the analytical data in pro-
gram-defined reporting formats and file
structures allows the use of data across
projects and analytical laboratories.
PWSOIL has supported data analysis for
all individual NRDA Projects which col-
lected samples for hydrocarbon analy-
sis; forms the basis of the secondary da-
tabase developed by NRDA Project Sub-
tidal #8, and has been used by NRDA
Project Technical Services #3 to develop
GIS (mapping) products and by Exxonin
continuing litigation. To facilitate access
to this database and these data; the data-
base (PWSOIL), Users’ Manual, and sup-
porting analytical and quality assurance
documentation have been made avail-
able as a stand-alone CD-ROM {Com-
pact Disc-Read Only Memory). This CD
uses non-proprietary software developed
by U.S. Geological Survey and is the
result of a cooperative project between
NOAA and the Geological Survey.
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Pre-spill and Post-spill Concentrations of Hydrocarbons in Sediments

and Mussels in Prince William Sound o
Malin M. Babcock, John F. Karinen, Jeffrey W. Short and Christine C. Brodersen

National Oceanic and Atmospheric Administration

This study provides comparison of
petroleum hydrocarbon concentrations
in mussels and sediments before and
after the Exxon Valdez oil spill. Within
several days of the spill in 1989, mussels
(Mytilus trossulus) and sediments at six
historically (1977-1981) established in-
tertidal baseline sites in Prince William
Sound were resampled. Additionally,
six sites were established along the spill
trajectory beforeciling, and sampled both
before and after oiling to measure changes
in petroleum hydrocarbon levels in sedi-
ments and mussels. Sampling continued
in 1990 and 1991.

Both mussel and sediment transects
were 30m long and usually set parallel to
the water line. The sediment transect
was generally down slope from the mus-
sel bed in finer grain material. Triplicate
(30 each) samples of mussels were taken
along the transect line; and triplicate
samples (each a composite of 10
subsamples) were collected of sediment.
All samples were placed in hydrocar-
bon-free jars and frozen according to
established protocol.

There were nodetectable polynuclear
aromatic hydrocarbons {(PAHs) in mus-
sels sampled prior to the Exxon Valdez oil
spill (1977-1980) and levels in sediments
at 4 of these sites were low, generally
under 20 ng/g dry weight. The pattern
of low hydrocarbon levels in both mus-
sels and sediments continued after 1989
at sites not impacted by the spill.

Sleepy Bay, a heavily oiled site, had
PAH concentrations in sediments nearly

100 times historical levels (established
for other sites in the Sound) in May, 1989
(9391404 standard errorng /g dry weight
—an amount approximating 6% Exxon
Valdez crudeoil). Sediment PAH’sat this
site declined to 168+17 ng/g in 1990 and
4244 in 1991. Two other oiled sites (Bay
of Isles and Elrington Island)} showed
increases (10-20 fold) of aromatic hydro-
carbons in sediments in 1989, decreases
in August, 1989, and increases in April,
1990. By August 1990, PAHs in sedi-
ments from Elrington Island had de-
creased to values similar to unoiled sites,
but Bay of Isles sediments remained el-
evated over unimpacted sites. Differ-
ences in exposure to wave action prob-
ably accounts for these variations in re-
covery. Both Sleepy Bay and the
Elrington Island site are quite exposed to
wind and wave action while the Bay of
Isles site at the southern tip of the South
Arm is quite protected from inclement
weather.

PAH's in sediments from most of the
other sites, Bligh Island, Naked Island,
Olsen Bay, Siwash Bay, and PerryIsland,
were detected atlevels not elevated from
historical concentrations.

Mussels from Sleepy Bay, the South
Arm of the Bay of Isles, and the Fox Farm
on Elrington Island all showed high PAH
concentrations in 1989 (up to
143,000+13,900 ng / g dry weight). These
levels had decreased to 174+27.0 -
21,70041,500ng/ g in 1990 and 166+16.0-
5,960£1,100 ng/ g in 1991. Mussels from
Naked Island and Crab Bay in Sawmill
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Bay showed elevated PAH concentra-
tions (1,950+135 - 6,990+247 ng/g) in
April and May of 1989. PAH’s in mussels
from Olsen Bay, Bligh Island, Barnes Cove
and Siwash Bay were usually detected
only sporadically at concentrations near
detection limits (about 10 ng/g dry
weight for individual PAH’s); naphtha-
lene and substituted naphthalenes were
the most frequently detected PAH’s at
thesesites. Mussels from the latter Ssites

Exxon Valdez Oil Spill Symposium Abstracts
L,

had between 60.0+5.00 and 243+27.0ng/
g during 1990 and 1991.

Maps created by GIS systems detail-
ing extent and concentrations of PAHs
will be displayed.
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Surface Modeling of Floating Oil, The 1989 Exxor Valdez Qil Spill,

Prince William Sound, Alaska

Dorothy Mortenson, Hans Buchholdt, Richard McMahon, Randall Hall

Alaska Department of Natural Resources

Shortly after the Exxon Valdez ran
aground on Bligh Reef in the early morn-
ing of March 24, 1989, response teamns
were formed to collect information on
oiling, to protect the priority areas, and
to begin clean up. Due to adverse
weather, difficult logistics, and the size
of the spill, observational information
collected during this time on surface oil-
ing was limited. Unlike shoreline oiling,
surface oiling cannot be surveyed at a
later time.

Through a series of modeling efforts
by National Oceanic & Atmospheric
Administration—Hazardous Materials
Response Branch (NOAA) and the Natu-
ral Resource Damage Assessment—
Technical Services 3 (TS3), surface oiling
could be estimated for general purposes.
NOAA hasdesigned a trajectory hindcast
model, called the On-5cene Spill Model
(OSSM), which estimnates the flow of oil
based on wind and current patterns.

Technical Services 3isaninter-agency
group composed of geographicinforma-
tion systems (GIS), and technical staff

from the Alaska Department of Natural
Resources and the U. S. Fish and Wildlife
Service. TS3 used the OSSM resultsina
geographic surface model, called Trian-
gular Irregular Network (TIN). As a
result of the OSSM and TIN models, a
series of maps were produced illustrat-
ing the general flow over time and the
relative concentration of the oil.

This poster explains and illustrates
what information and advanced tech-
niques were used to create a modeled
surface oiling map. In addition, the first
2 weeks of the spill will be represented
for Prince William Sound.
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Integration of Shoreline Oiling Data Sets

Randy Hall
Alaska Department of Natural Resources

Since the Exxon Valdez oil spill disas-
ter of March 1989, much attention has
been focused on the beaches of
southcentral Alaska. Multiple federal,
state, and local agencies collected infor-
mation for both the response effort and
thedamage assessment process. Because
of the number of agencies involved and
the urgency of data collection, much of
this information was captured using a
variety of digital mapping techniques
and tools. As a result, many agencies
had their own digital interpretations of
the coastline.

When analysis began, many of the
damage assessment and restoration
teams needed to know the extent of the
oiling based on a specific geographic
criteria, such as, land ownership (state,
federal or private) or environmental sen-
sitivity. However, before this type of
spatial analysis could be done, an inte-
grated data set containing the selection
criteria and shoreline oiling needed to be

created.

Data Integration

After reviewing different software
packages, our findings were that shore-
line data integration was diffigﬂt atbest,
withany software. Initially, highly inter-
active attribute transfer procedures were
used, but they were very fime consum-
mg and subject to operaFor error. This
type of manual processing would not
suffice for an exercise of this dimension.

We looked for an automated .method
for producing 1a;ge-scale shoreline in.te-
gration across multiple data sets with
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available software tools. We found that
in using availablesoftware, all the shore-
line data sets would have to be coinci-
dent in theirshape and contain segments
of equal length. Even with the best con-
trol practices available, it would be diffi-
cult to ensure such extreme levels of
accuracy across multiple data sets. Be-
cause of the large geographical extent,
multi-agency participation, and the varia-
tion between the data sets, we found no
automated process existed to provide
multiple data setintegration with a high
degree of geographical accuracy. The
only other option was to design a process
that would allow large scale data set
integration, while providing a high de-
gree of accuracy.

Methodology

While direct, large scale line-on-line
integration was not available, tools do
exist for large scale polygonal integra-
tion, such as polygon-to-point, polygon-
to-polygon, and polygon-to-line. Tech-
nical Services Study No. 3 developed a
process to spatially convert selected lin-
ear (shoreline) data sets into polygon
data sets so that currently available tools
could be used for data set integration.

The specialized software that was
developed used a three-fold process to
convert the shoreline data set intoa poly-
g0on data set. First, a raw polygon data
Set was created whose width was tai-
lored to coincide with the shoreline data
set and reflect the differences in spatial
resolution between the various shoreline
data sets that were tobe integrated. Sec-
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ond, adjacent polygon boundaries were
created to delineate the changes in the
originalshorelinedataset. Polygonlabel
points were also created to match the
original line data set. When the shoreline
attributes are transferred to the polygon
label points, the polygon data set is spa-
tially equal to the shoreline data set from
which it was made (McMahon, etal 1991).

Third, once the polygon data set was
completed, attributes were integrated,
or transferred, onto a common shoreline
using polygonal integration algorithms
(ESRI 1990). The transferred attributes
spatially matchthecriginal shoreline data
set.

Final Verification

Plots were used for a spatial check by
visually comparing both the original
shoreline data setand thenewintegrated
data set for accuracy. A quantitative
analysis between the original data set
and the integrated data set showed an
average difference shoreline ciling totals
of less than 1%. Spacial analysis showed
maximum shorelinedeviation of between
2 and 3 meters in less than 3% of the
shoreline. Maps of integrated data sets
were also reviewed for accuracy by field
investigators. At the standard scale that
these maps were produced, these differ-
ences would not be seen.

This process started with theintegra-
tion of two major coastal themes: shore-
line oiling and environmental sensitiv-
ity. Many of the NRDA investigators
needed to focus specifically on areas of
high environmental sensitivity. Maps
and statistical surmmaries were produced
of specificsites where habitat protection
and analysis was of concern. These re-
sults were also used to provide NRDA
investigators and peer reviewers with
estimatesof total oiled shoreline by shore-
line sensitivity.

B e

Because some government agencies
focused primarily on oiling to federal or
state lands only, we combined land sta-
tusintotheintegrated data settoprovide
ownership damage assessment.

One of the more interesting views of
the combined data set was in the form of
shoreline oiling change. By looking at
the differenceinshoreline oiling between
various survey years, changes in shore-
line oiling become apparent. Some areas
indicate less oiling from year to year,
possibly due to mechanical and/or natu-
ral cleaning. While otherbeach segments
show an increased amount of shoreline
oiling, possibly due to the re-floating
and beaching of oil between surveys.
This is a very interesting look into beach
dynarmics.

Data Sources

The 1989 oiling data was delivered
from the oil spill response staff of the
Alaska Department of Environmental
Conservation {ADEC 1989; 1990a; 1990b;
1990c). The spring 1990 shoreline survey
(SSAT) was digitized by Exxon from
multi-agency field reports. Environmen-
tal sensitivity indexmaps were produced
by Research Planning Institute (RPI, 1979,
1983a, 1983b, 1985, 1986) for the National
Oceanic and Atmospheric Administra-
tionand digitized by Environmental Ser-
vices Research Institute.
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A Reconstruction of Pink Salmon Wild Stock Runs in Prince William

Sound

William D. Templin, Jeremy 5. Collie, and Terrance J. Quinn II

University of Alaska Fairbanks

Assessing the effects of the Exxon
Valdez oil spill on the Prince William
Sound wild pink salmon (Oncorhynchus
gorbuscha) fishery requires knowledgeof
the spatial and temporal distributions of
theindividual salmonstocks. Thisknowl-
edge is important because geographic
and economic factors dictate that the
harvest occur in mixed-stock areas. The
incidence of large hatchery runs co-oc-
curring with the wild stocks in the fish-
ery and the lack of information on indi-
vidual stock contributions to the catchin
these areas make the management task
more difficult. Estimates of stock-spe-
cific catches are required to determine
the abundance of individual stocks. Run
reconstruction, knownasthe “poor man’s
stock ID,” builds a history of a stock’s
movement through a fishery, providing
stock-specificinformation with few data
requirements.

We develop a multi-stock /multi-dis-
trict run reconstruction of wild pink
salmon stocks using catch, effort, tag-
ging and escapement data to estimate
stock-specific run characteristics. The
reconstruction works backward begin-
ning with the fish in their spawning
streams and projecting them backward
through the fishery to the time when
they enter the sound. This method is
preferable to a forward projection be-
causeit requires fewerassumptionsabout
the distribution of entry to the fishery.
The completed reconstruction provides
a seasonal history of each stock by esti-
mating daily stock abundances in each

district, stock-specific contributions to
the catch in each district, district-specific
catchabilities, movement rates between
districts and initial abundances of each
stock.

A continuous database of daily catch
and effort and weekly escapement
records in Prince William Sound exists
for the years between 1968 and the
present. It is necessary to identify and
remove hatchery contributions from the
catch records. This can be accomplished
for recent years with coded wire tag in-
formation. Effort isdefined as one seine
boat fishing for one day. Purse seine
fishing gear is used to harvest pink
salmon in the sound except in District
223 where a gillnet fishery co-occurs with
the seine fishery. In this case the gillnet
effortisstandardized to seine effortunits.
Information from coded wire and radio
tagging experiments is used to establish
salmon movement and rates. To avoid
undue complexity, a stock is defined as
all the pink salmon spawning in the
streams of a management district. For
the purposes of damage assessment and
because the data are more accurate, we
reconstruct the 1990 and 1991 pink
salmon runs.

We begin the reconstruction with the
daily entry of fish into the streams as-
suming that a fish entersonly one stream
and remains there until it dies. In Prince
William Sound, salmon hold at the stream
mouth for a number of days before as-
cending. During this time they are not
subject to harvest. Accordingly, the
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stream eniry for stock is delayed before
being backed into the fishery as escape-
ment.

We model the migration of stock us-
ing a transition matrix, assuming that
salmon movement in Prince William
Sound is directed, stock-specificand con-
stant over the season.

The sum of the daily stock-specific
catches is the daily catch in that district.
Because of the backward nature of the
reconstruction, catches are modeled as
aninverse survival, becoming additions
to the stock abundances. This conve-
niently avoids the possibility of remov-
ing more fish than are available. We
accumulate the salmon in pools in each
district as weback them out to the Gulf of
Alaska. The magnitude of these pools is
a function of input from escapement,
catch and movement between districts
and output to the gulf. The daily move-
ment of salmon to the fishery from the
gulfis modeled as a fraction of the pool of

e 320 sum—

fish :;:;Er district of entry (gateway),

_ Sinitialabundanceis the sy
of its total escapement and its stock-s -
cificcatch conh:ibutions. Theinitial abyun-
dance of all wild pink salmon stocks is
the sum of the stock abundances.

. The parameters of the model are: dis-
trict-specificcatchabilities, gateway-resi-
dencetimes and stock-specific migration
matrices. Thelack of stock identification
information prevents us from distin-
guishing between removals due to catch
andremovals duetomigration. Thus the
catchabilities and the movement rates
cannotbeestimated simultaneously. For
this reason, the migration matrices are
assumed to be known and the model
estimates the catchabilities and the gate-
way-Tesidence times which are con-
strained by total run size. The model is
programmed in Fortran and parameter
values are estimated by minimizing the
sum of squared residuals using a non-
linear least squares routine in IMSL.
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A goal of the Coastal Habitat Injury
Assessment (CHIA) is to quantify inju-
ries to biological resources inhabiting
the intertidal zone throughout the Exxon
Valdez oil spill area. The CHIA was
designed to provide information for the
Natural Resources Damage Assessment
program. A Geographic Information
System (GIS) was employed by the CHIA
to identify candidate study sites. A GIS
was used for the following reasons: (1)
the large amount of shoreline (poten-
tially in excess of 1,244 miles; 2,002 kilo-
meters) contaminated by the spill, (2) the
extreme heterogeneity of shoreline types
and degrees of oiling in the spill-affected
area, (3) the need to embody the various
shoreline habitats and degrees of oiling
in the study, and {4) to allow for extrapo-
lation of injury determinations to the
universe of all sites in the spill-affected
area.

Candidate sites were stratified into
15 habitat/oiling categories and ran-
domly drawn from the GEQ (GEO 1989)
Arc/Info (ESRI) data base with probabil-
ity proportional tosize. Shorelinelengths
of sites ranged from 100-600 meters;
longer sites had a higher probability of
candidate selection. Sitesless than100m
were not selected because they were
judged to be too small to allow repeated
annual visits withnew sample plots over
the period of the study. The GIS data
layers utilized in GEO for site selection
included: (1) the mean high water shore-
line digitized from U.S. Geological Sur-

vey 1:63,360 quadrangles in the spill-
affected area, (2) the Environmental Sen-
sitivity Index (ESI) maps (Hayes & Ruby
1979; RP11983a, 1983b, 1985, 1986) which
classified the shoreline into 19 geomor-
phologic types, and (3) the Oil Spill Im-
pact(OSI) maps (ADEC 1989) which clas-
sified the shoreline into five degrees of
oiling.

From a universe of 21,362 potential
sites encompassing 4,950 miles (9,173
kilometers) of shoreline, 424 candidate
sites were drawn and 240 sites were
ground-truthed in 1989 to validate GI5-
depicted geomorphologic and shoreline
oiling information and to determine if
they were accessible by the supratidal/
intertidal survey crews. Candidate sites
represented both oiled (treated) and
unoiled (control) conditions.

Ground-truthing revealed 119 sites
that did not fit the GIS assigned habitat/
oiling categories. Discrepancies between
the GIS classifications and ground-
truthed dassifications can be attributed
to: (1) the strong dependence on aerial
overflightinformation in the ESIand OS]
data bases which was not always consis-
tent with characteristics we observed in
the intertidal zone, (2) the lag time of 2 to
4 months between the shoreline oiling
data in the OSI data base and our site
selection surveys, and (3) a digitizing
error which misclassified 20 candidate
sites in the fine-textured category. As-
sessable sites that did not fit the GIS
assigned categories werereclassified into
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the observed category. The end number
of sites varied for each of the categories.
When the number of sites was over the
target sample size for a category, the
desired number was drawn at random
without replacement. In the case of the
sheltered estuarine category, the num-
ber of sites was under the target value.

This methodology maintained the
probability based sample; however, ex-
treme variation existed in the strata. For
example, the control strata in Prince Wil-
liam Sound included many sites on the
mainland with low salinity while oiled
strata contained mostly sites on the is-
lands with higher salinity. This problem
was rectified during the winter of 1989-
1990 by retaining all sites reclassified
into the moderately-heavily oiled strata
and pairing each with a control sitebased
on physical characteristics and proxim-
ity to the oiled site.

Ultimately, a total of 97 study sites
(50 treated and 47 controls) were selected
for intensive sampling of intertidal biota
by the CHIA. Sites were distributed
throughout the spill-affected area, con-
sisting of 37 sites in the Prince William
Sound area, 27 sites in the Cook Inlet/
Kenai Peninsula area, and 33 sites in the
Kodiak /Alaska Peninsula area. This
study design maintained the probability
based inferences to the effects of oil on
the intertidal biota in the “adjusted uni-
verse” of accessible, moderately-heavily
oiled sites greater than 100 m subject to
the protocol by which paired control sites
were selected.

Exxon Valdez Oil Spill Symposium Abstracts

L R ]

References

Alaska Department of Environrmental Conserva-
tion (ADEC). 1989. Qil spill impact maps.
Unpublished preliminary data developed
under Air/Water Study Number 1. Anchor-
age, Alaska,

Environmental Systems Research Institute (ESRI).
Arc/Info geographic information system
software. Version 5.0. Redland, California.

Hayes, M. O and C. H. Ruby. 1979. Qil spill
vulnerability index maps, Kodiak Archi-
pelago. Unpublished maps. 47 leaves.

RP! (Research Planning Institute, Inc.). 1983a.
Sensitivity of coastalenvironmentsand wild-
life to spilled oil, Prince William Sound,
Alaska, an atlas of coastal resources. Pre-
pared forNational Oceanic and Atmospheric
Administration, Office of Oceanography and
Marine Services. Seattle, Washington. 48
leaves.

. 1983b. Sensitivity of coastal environ-
ments and wildlife to spilled oil, Shelikof
Strait Region, Alaska, an atlas of coastal re-
sources. Prepared for National Oceanic and
Atmospheric Administration, Office of
Oceanography and Marine Services. Seattle,
Washington. 43 leaves.

. 1985. Sensitivity of coastal environments
and wildlife to spilled oit, Cook Inlet/Kenai
Peninsula, Alaska, an atlas of coastal re-
sources. Prepared for National Oceanic and
Atmospheric Administration, Office of
Oceanography and Marine Assessment. Se-
attle, Washington. 64 leaves.

1986. Sensitivity of coastal environments
and wildlife to spilled oil, Southern Alaska
Peninsula, an atlas of coastal resources. Pre-
pared for National Oceanic and Atmospheric
Administration, National Ocean Service,
Alaska Office and U.S. Department of Inte-
rior, Minerals Management Service, Alaska
OCS Region. Anchorage, Alaska. 62 leaves.

Valdez Qil Spill Damage Assessment
Geoprocessing Group (GEO). 1989. Comv
bined habitat types and oil impacts. Unpub-
lished maps. &5 leaves.




Poster: Identification of Marbled Murrelet Nesting Habitat
ey

Identification of Marbled Murrelet Nesting Habitat in
Southcentral Alaska to Guide Restoration Efforts Following the

Exxon Valdez Oil Spill

K. J. Kuletz, N. L. Naslund, and D. K. Marks

LS. Fish and Wildlife Service

The Exxon Valdez oil spill zone is an
important population center for the
marbled murrelet (Brachyramphus
marmoratus), a small diving seabird. The
marbled murrelet suffered substantial
injury from the spill {Kuletz, in prep),
and its population in Prince William
Sound has declined by 67% since sur-
veys in the early 1970s (Laing and
Klosiewski in prep).

In Washington, Oregon and Califor-
nia, the marbled murrelet is listed as
threatened under the Endangered Spe-
cies Act. Inthese states, marbled murrelet
nests haveonly been found in old-growth
conifers, and the only remaining popula-
tions of marbled murrelets are in waters
adjacent to remnant coastal old-growth
forests (Marshall 1988).

Becausethereisevidencethattheloss
of critical nesting habitat contributed to
the decline of marbled murrelets atlower
latitudes, protection of nesting habitat
has been proposed to assist natural re-
covery of the murrelet population in the
spillzone. However, littleis known about
the murrelet in Alaska, and until 1990,
there had been no effort to study breed-
ing biology of the marbled murrelet in
southcentral Alaska. The only known
nests at that time were six ground nests
that had been found opportunistically
(Day et al. 1983) and one tree nest in
southeast Alaska (Quinlan and Hughes
1990).

The goal of this project was to de-
scribe upland habitat used by murrelets

in the spill zone to guide acquisition of
timber rights and for the development of
managementguidelines toassistmurrelet
I'ECOVQTY.

The objectives were to: 1) Determine
marbled murrelet habitat requirements
and develop criteria for documenting
occupied nesting habitat within forested
portions of the spill zone, and 2) Survey
portions of the spill zone to investigate
upland murrelet use in the full spectrum
of available habitat. During 1991 and
1992, in cooperation with the U.S. Forest
Service, we studied murrelet activity
during the breeding season throughout
western Prince William Sound and de-
scribed nesting habitat at Naked Island,
located in the center of Prince William
Sound.

The basic method used to survey
murrelets has been the ‘dawn watch’,
whereby observers record murrelet vo-
calizations and flight patterns around
dawn, when murrelets fly to their inland
nests (Paton et al. 1990). Because this
protocol had notbeen used in Alaska, we
conducted a pilot study in 1990 (Kuletz
1991) and determined that the ‘intensive
dawn watch’ was best suited to our field
situation.

We also tested for weather effects
and diel (daily) and seasonal variability
by conducting intensive dawn watches
at three sites above Cabin Bay, Naked
Island at bi-monthly intervals from late
May to mid August in 1991 and 1992. To
locate nests, we used a modified dawn
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watch (Naslund et al. 1990), whereby
multiple observers are used to pinpoint
the suspected nesting site over several
mornings. Nest or landing trees were
climbed at the end of the season for mea-
surements and collection of nest samples.
During all dawn watches we recorded
flight behavior and vocalizations to ana-
lyze a posteriori murrelet activity at sites
with known nests, no known nests and
flight corridors.

We tested murrelet activity among
habitat types in two stages. In 1991,
timber type data for Naked, Storey and
Peak islands, available in a geographic
information system (ARC INFO) from
the U.S, Forest Service, were used to
describe four forest types based on vol-
ume class and stand class, ranging from
a low volume, small/young age class to
ahigh volume,large/older age class. We
randomly selected 80 sites among the
three islands, and a single dawn watch
was conducted at 73 of these sites be-
tween June and early August, 1991. For-
est characteristics were also recorded for
each site, and included the diameter at
breast height (DBH), height and condi-
tion of the 10 nearestoverstory trees. The
number and type of murrelet detections
were used to test for differences in
murrelet activity among forest types.

In 1992, dawn watches were con-
ducted at 68 randomly selected sites in
western Prince William Sound to deter-
mine if there was a non-random distri-
bution of murrelet activity atinland sites.
Because timber type coverage was not
available, these analyses will be done 4
posteriori among habitat types. The po-
tential for murrelet occupation of non-
forested sites will be evaluated with the
1992 data from western Prince William
Sound.

Attheregularly monitored Cabin Bay
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sites, peak murrelet activity occurred 1
hour before official dawn; at lower lati-
tudes, peak activity is at official dawn.
On clear days, murrelet activity began
earlier,and on mornings with low clouds
and fog murrelet activity continued for a
longer period after dawn. A peak in
murrelet detections occurred between
mid and late July, and detections de-
clined abruptly after early August. Thus,
in southcentral Alaska dawn watches
should begin at least 90 minutes before
officialdawn and surveys should be con-
ducted from early May to early August.
Because of the increase in murrelet activ-
ity in late July, survey effort should be
distributed evenly throughout the sum-
mer among sampling strata, or a weight-
ing factor applied.

On Naked Island in 1991 and 1992,
we located seven activemarbled murrelet
nests, three trees with nest cups, and
eleven trees where murrelets landed
during the dawn activity period. Based
on the characteristics of these 21 trees,
marbled murrelets in Prince William
Sound appear to nest in old-growth,
moss-covered conifers. Analysis of be-
havioral data among occupied and un-
occupied sites will refine the interpreta-
tion of behaviors observed at other loca-
tions.

Among the 1991 randomly chosen
sites on Naked, Peak and Storey islands,
we found a posifiverelationship between
high volume, larger age-class forest and
murrelet nesting activity. On-site mea-
surements of overstory tree DBH for these
sites was also positively correlated with
the number of murrelet detections. How-
ever, not all high volume forests had
murrelet activity. Factors such as slope,
aspect, elevation, canopy closure, num-
ber and size of moss platforms and other
tree and stand characteristics may prove



to be important criteria. Thus, although
we can now define potential murrelet
nesting habitat, the value of a specific
land parcel as murrelet nesting habitat
can only be determined by a site-specific
survey.
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Homing and Straying Patterns of Coded Wire Tagged Pink Salmon in

Prince William Sound.

Daniel Sharp, Samuel Sharr, and Carol Peckham

Alaska Department of Fish and Game

Homing and straying patterns of
coded-wire tagged pink salmon
Oncorhynchus gorbuschaoriginating from
four hatcheries and six streams in Prince
William Sound were assessed for the
1991 return year. Prince William Sound
hatcheries released 615 million pink
salmon fry in 1990. Of these, 1,032,000
fry were tagged with coded-wire tags
using 32 unique tag codes. Qutmigrations
from six study streams yielded 2,120,000
wild stock pink salmon fry of which
258,000 were tagged. Coded tags identi-
fied a fish release location, it’s release or
outmigration date and, for hatchery bred
salmon, the rearing strategy employed
prior to release.

Initially, tagged juvenile salmon were
recovered during their early marine life
and were used to compare growth and
survival for salmon from oiled and
unoiled areas of Prince William Sound.
Tagged adults returning in 1991 were
recovered in commercial fisheries allow-
ing managers to assess the contribution
of an individual hatchery’s or stream’s
production to the overall commercial
catch and to compare the ocean survival
of salmon stocks of known oil exposure
history.

While enumerating the wild pink
salmon escapements to 46 streams in
Prince William Sound, over 788,000
spawned out pink salmon carcasses were
examined for the presence of a coded-
wire tag. In addition, over 90% of the
1991 broodstock collections at all four
hatcheries were similarly inspected for
the presence of a coded-wire tag. One

hundred and sixteen tagged pink salmon
of hatchery origin were recovered in 27
of the 46 streams examined.

Straying pink salmon from Wally H.
Noerenberg Hatchery (WHN) on Esther
Island comprised 55% (64 tagged fish) of
the total number of hatchery strays re-
covered and were found in 20 of 46
streams examined. Eighteen of these
tagged fish from WHN were recovered
from a single stream. Pink salmon from
Armin F. Koernig Hatchery (AFK) in
southwest Prince William Sound com-
prised 28% (33 tagged fish} of the total
numbers of hatchery strays and were
recovered in 16 streams. One AFK tagged
pinksalmonwasrecovered atIrish Creek
located in eastern Prince William Sound
approximately 90 miles from AFK hatch-
ery.

Pink salmon from Solomon Gulch
Hatchery (SGH) in Valdez comprised
5% (six tagged fish) of the stray hatchery
tagged salmon and were recovered in
three streams. Pink salmon from Can-
nery Creek Hatchery (CCH) comprised
11% (13 tagged fish) of the total number
of hatchery strays and were recovered in
11 streams. It should be noted that a
majority of the tag recovery effort was
directed towards streams in the western,
oil impacted areas of Prince William
Sound close to where wild stock tags
were applied in 1990. Therefore streams
nearer to both Cannery Creek and
Solomon Gulch Hatcheries did not re-
ceive comparable tag recovery effort as
did streams in oil impacted areas.

In examining broodstock collections
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for evidence of straying, 12 tagged pink
salmon out of a total of 1241 broodstock
recoveries were found tobe from ahatch-
ery other than their natal location and 3
were found to be from tagged wild stocks.
No AFK tagged pink salmon were recov-
ered at other hatcheries although one
WHN tagged fish and one tagged wild
fish were recovered at AFK. Three CCH,
six SGH and one tagged wild fish were
recovered in the broodstock collection at
WHN. Conversely, two WHN tagged
fish were recovered in the CCH
broodstock.

At SGH, one tagged wild fish whose
natal stream was over 80 miles away was
recovered in the SGH broodstock. A
total of 616 tagged pink salmon originat-
ing from the six wild stock tagging sites
were recovered from streams. Three of
the wild stock tagging sites (Loomis
Creek, Herring Creek and Hayden Creek)
were located in oiled locations and three
(Totemoff Creek, Cathead Creek and
Q’Brien Creek) were in unoiled locations,
all in western Prince William Sound. For
fish tagged at Loomis Creek, 150 of 163
fish (92%) were recovered in their natal
stream.

The remaining 13 fish were recov-
ered at eight different streams located
from 1 to 15 miles away from Loomis
Creek. Of those fish tagged at Hayden
Creek on LaTouche Island, 84 of 94 (89%)
wererecovered at their natal stream. The
remaining ten fish were recovered in
seven different streams located between
2 and 20 miles from Hayden Creek. At
Herring Creek on KnightIsland (themost
heavily oiled wild stock tagging site), 54
of 117 tagged fish (46%) were recovered
on site. The remaining 63 tags were
recovered at 18 different streams from 6
to 25 miles away. Fourteen tagged fish
from Herring Bay Creek were recovered
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at Loomis Creek and an additional 20
tagged fish from Herring Creek were
recovered in a single stream in Eshamy
Bay approximately 9 miles away.

At Totemoff Creek on Chenega Is-
land, 108 of 140 tagged fish (77%) were
recovered on site. The remaining 32 fish
were recovered at 14 different creeks.
Two tagged fish from Totemoff Creek
were recovered at streams in eastern
Prince William Sound some 75 miles from
Totemoff Creek. Eleven tagged fish from
Totemoff Creek wererecovered atasingle
creek less than 1 mile from Totemoff
Creek. At(¥Brien Creek, 26 of 29 tagged
fish (89%) were recovered on site while
the remaining 3 fish were recovered at
three different streams located between
4 and 25 miles away. At Cathead Creek,
36 of 73 tagged fish (49%) were recovered
on site and the remaining 37 fish were
recovered at 16 different creeks located
from 3 to 20 miles away.

In Prince William Sound, all hatchery
bred pink salmon are tagged at a ratio of
approximately 1:560 while the six wild
stocks were tagged atratios ranging from
1:3 to 1:15. By extrapolating the number
of hatchery tagged fish recovered in a
stream to be representative of their
untagged cohorts, then it appears hatch-
ery fish contributed approximately 59%
of the total escapement to Loomis Creek;
16% to the Herring Creek escapement;
27% to both the Hayden and O’Brien
Creek escapements; 12% of the Totemoff
Creek escapement; and 13% of the
Cathead Creek escapement. Of all
streams examined daily in 1991, Loomis
Creek had the greatest number of fish
straying into the creek (20 hatchery
tagged fish and 16 wild tagged fish). At
the same time those fish tagged at Loomis
Creek strayed the least of the tagged
wild stocks. Conversely, fish tagged at
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Cathead Creek strayed more than any
other tagged wild stocks while receiving
the fewest number of stray hatchery (2)
and wild (0) tagged fish. Although our
understanding of the magnitude of the
straying phenomena is limited geo-
graphically to those streams extensively
examined in 1991, some patternsinstray-
ing are evident. Pink salmon from WHN
and AFK hatcheries showed a tendency
to stray into streams near the hatcheries
and along migration corridors in south-
western Prince William Sound. Of the
six stream recoveries of stray tagged-fish
from SGH, four were from a remote re-
lease near Bligh Island.

The numerous wild stocks in Alaska
contain the genetic resources necessary
for continued production of salmon un-
der shifting environmental conditions.
TheGeneticpolicy of Alaska (Davis, 1985)
acknowledges that geneticdiversity buff-
ers biological systems against disaster,
either natural or human-induced. Main-
taining geneticdiversity both within and
between local populations is essential
for the long-term sustained production
of Alaska salmon (Mathisen, 1991).

There is evidence that the offspring
of hatchery-produced pink salmon may
be less viablein the wild than those from
local wild fish (Windsor, 1990). Further
evidence indicates that rapid expansion
of hatchery production coupled with in-
creased exploitation rates usually results
in theeventual collapse of the wild stocks
(Mathisen, 1991). Increased exploitation
of wild stocks by the commercial fishing
fleet coupled with the combined effects

of the oil spill and straying by hatchery
bred salmon into wild populations has
put significant numbers of wild pink
salmon populations atrisk. For example,
wild pink salmon in Prince William
Sound, particularly in the oil impacted
southwest districts, are unique in that
they are predominantly (75%) intertidal
spawners, a characteristic which en-
hances these populations’ chances for
continued reproductive success espe-
cially during harsh winter conditions.
However, this characteristic also placed
them atgreat risk for exposure tooil from
the Exxon Valdez oil spill and subse-
quent cleanup activities. Because of the
significant amount of straying by hatch-
ery stocks, the potential exists for the
eventual displacement of this and other
unique adaptations of wild pink saimon
populations. Thelong term productivity
of Prince William Sound’s wild pink
salmon stocks will depend upon the
conservation of the genetic diversity
among and within those stocks.
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Assessment of Intertidal Algal Populations in Prince William Sound
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One of the goals of the Coastal Habi-
tat Injury Assessment (CHIA) studies is
to quantify the damage caused by the
Exxon Valdez oil spill to intertidal algal
populations. The inherent spatial vari-
ability of intertidal algal populations
suggested that digital remote sensing
techniques might be the best way to
sample thelarge geographicarea affected
by the Exxon Valdez spill.

Satellite imagery from the French
SPOT satellite has been used to map
intertidal algal populations on the Brit-
tany coastline (Moussa et al., 1989). The
20 meter resolution of the SPOT sensor is
adequate for this coastline because the
topography is fairly flat and the tidal
range is over 12 meters which creates a
very wide intertidal zone.

The steep, narrow beaches in Prince
William Sound would not be adequately
mapped by the currently available com-
mercial satellite sensor systems such as
Thematic Mapper (TM) and SPOT. A
previous study in southeast Alaska
(Polcyn et al., 1978) had shown that an
airborne scanner could be used to map
intertidal algae.

For this study we selected the Com-
pact Airborne Spectrographic Imager
(CASI) because the instrument is easily
transportable and can be installed on
aircraft of opportunity. In addition, pro-
cessing of the data can be done on micro-
computers in the field which greatly as-
sists in ground truthing the imagery.
This instrument can achieve a spatial

resolution of 1 square meter per pixel
and a spectral resolution of up to 15
spectral bands in its spatial image mode.

The purpose of the study was to de-
termine whether oil induced injuries to
Fucus and other marine plants could be
detected using CASI imagery, and
whether these injuries could be quanti-
fied and mapped onshorelines through-
out the spill area.

The specific objectives were to (1)
determine whether the CASI could de-
tect significant differences between the
reflectance spectra of Fucus and other
marine plants in oiled and unoiled sites,
(2) determine whether the CASI data
could be correlated with quantitativedata
being collected by the CHIA including
estimates of percent cover and biomass
of Fucus,and (3) determine the feasibility
of using the CASI to detect and quantify
oiled induced injuries to intertidal algal
populations throughout the region af-
fected by the Exxon Valdez oil spill.

The field work for this study took
place in and around Herring Bay on
Knight Island, Prince William Sound.
Two field visits were made in late July
and early August 1990. On the first visit,
low clouds and heavy rain prevented
flying, but spectral reflectance data was
obtained in the laboratory for plant
samples taken from six experimental
beaches. On thesecond visit, the weather
was again poor, but airborne image data
was obtained for 3 pairs of oiled and
cleaned (treated) and unoiled (control)
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beaches, under heavy overcast skies and
light rain.

Spectral differences between Fucus
and Neorhodomela, the dominant algal
species in the rocky intertidal of Prince
William Sound, were found with the
CASlinthelaboratory study. The unique
spectral signature of the marine phan-
erogam, Zosteramarina, also allowed this
plant tobe easily distinguished. Spectral
differences were also noted between Fu-
cus plants collected on oiled and unoiled
beaches. Juvenile plants from ciled
beaches were nearly twice as bright
(higher reflectance) than those from
unoiled sites. Mature plants from the
lower intertidal of the oiled site werealso
brighter than those from the same tidal
level at the control site. Mature plants
from the upper intertidal levels of the
oiled and unoiled sites had similar
reflectances.

Based on the spectral differences ob-
served in the laboratory studies, seven
spectral bands were chosen for data col-
lection with the airborne CASL. A num-
ber of different spectral band combina-
tions were used to quantify the amount
of algal biomass on the beaches. These
included the “Fluorescence Line Height”
algorithm developed by Gower (1978)
and Borstad et al (1985) and a number of
simple band ratios. A ratio of band 7
(750.5-759.9 nm) to band 6 (665.9-680.6
nm) correlated well with visual estimates
of Fucus percent cover made in the field
(7 = 0.84).

The total algal cover on the three
treated beaches and their paired controls
was mapped using the CASI imagery.
Because of the low signal levels, algal
cover was estimated with a simple su-
pervised classification method that used
the relationship between band 7 (750.5 -
759.9 nm) and band 3 (598.4 - 614.7 nm)
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and checked visually against a true color
composite using bands 3, 2 (538.4 - 561.7
nm), and 1(478.9-500.3nm). Thismethod
did notaccount for differences in percent
vegetative cover in any one pixel, but
gave the total area covered by at least
some vegetation. Thelower threshold of
what constituted vegetative was a sub-
jective decision of the operator in this
calculation.

Comparison of algal cover showed
that the control beaches had a average of
12% greater algal cover than the treated
beaches. This algal cover included both
Fucus and Neorhodomela, because the air-
borne CASI imagery could not differen-
tiate between them. Subtidal Zosterawas
recognized, butnoground data wasavail-
able to confirm the percent coverage.

The discrimination of different algal
species and the different age classes of
Fucusthathad been shown tobe possible
in the laboratory studies was not pos-
sible due to the poor weather conditions
at the time of the aerial surveys. The low
light levels caused by the heavy overcast
and rain caused low signal tonoiseratios
which hampered spectral analysis. In
addition, at this time of year in Herring
Bay the intertidal algal species have
bleached toa uniform brown color which
makes species discrimination by spec-
tral methods difficult.

This study has shown that CASI imn-
agery can be used to quantify intertidal
algal populations in Prince William
Sound. Low altitude aerial photographs
provide higher spatial resolution than
the CASI imagery, but have very low
spectral resolution, alowdynamicrange,
and must be redigitized in order to be
used in Geographical Information Sys-
tem databases. Future studies of this
natureshould be carried outin the spring
of the year when the different algal spe-
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cies could be more easily separated on
their spectral characteristics. Digital clas-
sification methods shouldbeinvestigated
further, with the goal of obtaining Fucus
specific indices. This will require more
in situ data identifying areas of different
types of plants and close coordination
between biologists and remote sensing
specialists. The ability to process image
data in the field is very useful in accom-
plishing this task.

The use of this type of data for map-
ping large areas of intertidal habitat will
require linking Global Positioning Sys-
tem (GPS) navigation data with the CASI
imagery. This will allow the data to be
referenced to a standard geographic co-
ordinatesystem and combined withother
datasets in the various GIS databases
that have been established for this region
during the Exxon Valdez spill response.
Further consideration should also be
given to the geometric problems caused
by contorted, non-horizontal beach sur-
faces. It may be possible to acquire aerial
photography at the same time as the

CASI imagery and develop digital ter-
rain maps of the beaches onto which the
CASI imagery could be superimposed.
This would provide better comparison
ofalgal cover between beaches, but would
significantly increase the costs of the sur-
veys.
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Stable Carbon Isotope Ratios of Prince William Sound Subtidal

Sediments, Prior and Subsequent to the Exxon Valdez Oil Spill
A.S. Naidu, Stephen C. Jewett, Howard M. Feder and Max K. Hoberg

University of Alaska Fairbanks

Numerous investigations have dem-
onstrated the usefulness of stable carbon
isotope ratios (d"C) of organic matter in
sediments and waters in identifying
marine regions contaminated with pe-
troleum (e.g., Calder and Parker, 1968;
Spies and DesMarais, 1983; Anderson et
al., 1983; Eganhouse and Kaplan, 1988).
The premise in these investigations was
thatcarbonderived from various organic
pools hasa characteristic d”C value,e.g.,
the dC of terrigenous C3 plants =25 %o
(Hong, 1986; Naidu et al., 1992), marine
phytodetritus = -21 %o (Fry and Sherr,
1984), seagrasses = -10 %o
(McConnaughey and McRoy, 1979}, and
Prudhoe Bay crude oil =-30 %o (Magoon
and Claypool, 1981).

In prindple, therefore, the d™*C of
marine sediments could, based on an
isotope mixing equation (Calder and
Parker, 1968; Eganhouse and Kaplan,
1988), help to estimate the proportion in
the sediment of organic matter derived
from various natural or anthropogenic
pools. Based on the above premise, we
have attempted to examine the possibil-
ity of subtidal sediment contamination
by Exxon Valdez crude oil in Prince Will-
jam Sound.

In 1979, 1980 and 1981, 24 prespill
sediment samples were collected with a
van Veen grab from 37 to 106 m depths
throughout Prince William Sound. In
1990 and 1991 two suites of sediment
samples, one ‘unciled’ and the other
‘oiled’, were collected from therelatively
shallow (<20m) and deep (40-100m) re-
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gions of the southwest Sound, using
SCUBA divers or a van Veen grab. All
samples were stored frozen until ready
for analysis. The oiled sites were selected
from areas that had adjacent eelgrass
and silled fjord habitat shorelines mod-
erately to heavily ciled during the sum-
mer and fall of 1989.

The d®C analysis was made on car-
bonate-free sediments, using a VG 602E
mass spectrometer (Naidu et al., in press).
The results are expressed relative to the
PDB Standard, with a precison of 0.2 %o.
The mean dC values of the time-series
prespill, oiled and unoiled samples were
statistically compared using nonparamet-
ric tests. Differences between means at
p>0.05 were considered insignificant.

The mean d"C of the prespill sedi-
ments of 1979 (-22.2 %o), 1980 (-22.1 %o)
and 1981 (-22.8 %o) were all similar. The
integrated mean d”C values of all the
prespill sediments (-22.3 %o) was similar
to the mean d"C values for 1990 shallow
and deep oiled sediments (-21.9 %0 and
22.1 %o, respectively), and the 1991 shal-
low and deep oiled sediments (-22.2 %o
and -22.3 %o, respectively). No signifi-
cant differences were detected between
the mean dC of 1990 sediment samples
from ciled and control sites of either the
shallow or deep-waters. However, in
1991, the mean d*C of shallow (-22.2 %o)
and deep (-22.3 %o} oiled sediments was
lower than that of the shallow (-20.4 %)
and deep (-21.6 %o) unoiled sediments.

The finding of similar d**C values in
prespill and oiled sediments, from shal-




low and deepwater sites, was contrary to
our expectations.

Initially, we postulated that the d°C
of prespill sediments in the Sound would
be relatively higher (less negative val-
ues) than the values for the post-spill
oiled sediments. We assumed that any
marked contamination of sediments from
the Sound with Prudhoe Bay crude oil
would shift the d”C of the oiled sedi-
ments to more negative values. The dis-
crepancy between our postulation and
the analyzed d"C values for prespill and
oiled sediments suggests that oiled sedi-
ments were not markedly contaminated
with oil.

Alternatively, it is possible that pe-
troleum intercalated into the sediments
was overwhelmingly diluted by natural
organic material (e.g., eelgrass debris).
As noted previously, lower d®C values
were determined for the 1991 shallow
and deep oiled sediments, in compari-
son with shallow and deep unoiled sedi-
ments. [tis possible that the source of the
lower d®C values in the 1991 sediments
is petroleum from the adjacent heavily-
oiled beaches. Perhaps sufficient oil had
accumulated in the subtidal region by
1991 so that an isotopic signature of oil
could finally be detected there. Thus, it
appears that at least some oil reworked
from the beaches, either by storm waves
or tides, is carried offshore and may ac-
cumulate in the subtidal region.

In conclusion, we believe that in
Prince William Sound sediments, unless
heavily contaminated with petroleum,
d™C values are of limited use to assess
the extent of sediment contamination by
crude oil. It is suggested that additional
d™C analysis, using GC-IRMS, on the
methanol and benzene soluble material
(e.g., saturated and aromatic hydrocar-
bons) of prespill, unoiled and oiled sedi-
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ments (Anderson et al., 1983), could pro-
vide a more useful index of detecting
petroleum contamination of the Prince
William Sound sediments than dB ¢
analysis on gross organics of sediments.
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Response to the Exxon Valdez Oil Spill: A New Method to Test the
Effects of Residual Oil on Intertidal Recolonization
P. Bruce Duncan', Anthony J. Hooten?, Arthur H. Weiner®

Y1.5. Environmental Protection Agency

*Coastal Resources Associates, Inc. and University of Alaska Fairbanks

IAlaska Department of Natural Resources

Following the Exxon Valdez oil spill,
the Alaska Department of Environmen-
tal Conservation (ADEC) evaluatied the
effects of stranded oil on rocky intertidal
communities. Field experiments, begun
in the winter of 1989, tested the ability of
intertidal organisms to colonize ociled
substrates. This paper reports on a new
field method which paired natural sub-
strates using in situ levels of oil. Studies
of intertidal communities face the basic
problem of variability (Thomas, 1978).
In this study, we expected colonization
patterns to vary due to therange of inter-
tidal microhabitats encountered as well
as differences in surface texture among
rocks used as test substrates. A paired
design was chosen because of its poten-
tial to account for much of this variability
(Sokal and Rohlf, 1981) and reduce the
need to match control or reference
beaches with oiled beaches, a process
that can be problematic and can intro-
duce further variance (Mann and Clark,
1978; Thomas, 1978). In this study, pair-
ing was achieved by removing oil from
one half of each rock, creating an oiled
side and a reference side. Placement of
the rocks on an unimpacted beach al-
lowed a controlled examination of the
colonization process without the threat
of reoiling.

This approach builds on methods
used previously to investigate oil spill-
related effects on intertidal communi-
ties. Previous methods have included:
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cleaning substrates (Nelson, 1981; Crapp,
1971), manipulating substrates
(Straughan, 1971), and pairing ciled and
cleansubstrates (Straughan, 1971). How-
ever, to our knowledge, this is the first
method to manipulate natural substrates
containing in situ levels of oil.

Oiled rocks were gathered from two
beaches in Prince William Sound im-
pacted by the stranded oil, one beach on
Smith Island (designated as beach seg-
ment SM-005 by ADEC) and the second
on Eleanor Island (segment EL-057).
These beaches were subject to a variety
of treatment efforts to remove the oil,
including flooding, pressure washing,
handwiping, and bioremediation {en-
hancement of microbial degradation).
Despite these removal efforts, which
cleaned exposed surfaces, it was easy to
obtain oiled rocks for this study by turn-
ing rocks over. In mid September, 1989,
the Smith Island beach was 70% covered
by a 30m wide band of mobile, sticky oil,
whileat Eleanor Island, although most of
the free oil had been removed, rocks
were still stained and subsurface oil re-
mained mobile in gravely areas. The
Smith Island beach is a relatively high-
energy beach due to its exposure to a
long fetch from the north; boulders and
large cobbles on the beach are well-
rounded, reflecting the impact of storms
and wave action. In contrast, the Eleanor
Island segmentis more sheltered and the
rocksare more angular. The unimpacted




site, Gull Island, southeast of the Exxon
Valdez grounding site, had a flourishing
community of Fucus, filamentous algae,
barnacles, limpets, snails, mussels, and
other organisms typically found in this
area (Feder and Bryson-Schwafel, 1988).
No stranded oil was observed during
any of the visits to this site.

Between September 15 and 18, 1989,
rocks were collected from the three
beaches, cleaned, and placed back on the
beaches in accordance with the follow-
ing design. Rocks of visually similar
levels of oiling were collected. At EL-
057, twolevels of staining (high and low)
were chosen visually. Staining is used
here as defined by ADEC (1991} “Oil <
0.1 mm thick, cannot be easily scratched
off with fingernail.” Stained rocks were
cleaned by dipping one half of each rock
intomethylene chloride. They were then
placed randomly into the mid to upper
tide area (as judged by the presence of
barnacles and other biota) of Gull Island
and affixed to the rocky substrate using
marine epoxy putty (Z-Spar®). Rocks
were retrieved March 17, 1990.

Measurements of algal colonization
were made by dividing each rock into
two halves corresponding to the oiled
and cleaned halves. Five microscope
fields were examined on each half; each
field was viewed with a grid containing
25squares of 1 mm?”. Algal coverage was
recorded as the number of squares cov-
ered and converted to percent cover.

Using the paired data, following a
square-root transformation, algal cover
on the cleaned side was regressed against
algal cover on the oiled side. The slope,
was significantly different from one
(p=0.003; slope=0.28 after
backtransformation),indicating areduc-
tion in percent cover on the oiled sides of
about 72%.
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The ecological significance of these
and other results are reported in detail
elsewhere. Here, we describe the statis-
tical utility of the paired design which
was evaluated by comparing the results
of both nonparametric and parametric
tests. All tests indicated a significant
(p<0.05) differencebetween percent cover
of algaeon the twosides of therocks. The
paired t-Test had the lowest p value
(0.001). For the unpaired t-Test, p was
0.029, and for the nonparametric tests
(Wilcoxon Matched Pairs Test and Mann-
Whitney U Test), probabilities were 0.005
and 0.046 respectively. It was not appro-
priate to conduct a 2-way ANOVA (with
site origin and presence of o1l as main
effects) because one of the sites had zero
variance in percent cover on the oiled
sides (i.e., there was no algal settlement
on the oiled sides of the Smith Island
rocks).

The inhibition of algal colonization
on oiled sides was very pronounced
which probably explains why all of our
analyses produced significant results.
Our paired design, however, did achieve
agreater ability to demonstrate the effect
of the residual oil and has been used in
subsequent studies.
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The Alaska Heritage Stewardship Program

Debra Corbett’ and Douglas R. Reger’
'L §. Fish and Wildlife Service
?Alaska Department of Natural Resources

The Exxon Valdez oil spill brought
hundreds of people to the relatively re-
mote beaches of southcentral Alaska for
cleanup activities. One effect of this in-
flux was increased awareness of, and
access to, archaeological sites which had
been protected by their isolation. This
awareness prompted an increase in van-
dalism and damage to sites which has
continued since cleanup.

Vandalism is often caused by indi-
viduals interested in archaeology but
unaware of the damage caused by dis-
turbing sites. Information lost from ar-
chaeological sites is irretrievable, and
darmaged sites cannot berestored to their
original condition. Mitigation of such
damage generally involves excavation
torecoverinformation before furtherloss
occurs. This approach is expensive and
time consuming and does not address
the ultimate cause of the damage.

Successful archaeological steward-
ship programs in Arizona, Texas, and
Arkansas prevent vandalism through
public education and regular patrols of
threatened sites (Arizona Site Steward
Program, 1992; Texas Archeological
Stewardship Network, 1992; Arkansas
Archeological Survey, 1992). The Alaska
program, focusing on the spill area, is
being developed by the U. S. Fish and
Wildlife Service and the State Office of
History and Archaeology, withhelp from
the Forest Service, National Park Service
and the Aluutiq Cultural Center on
Kodiak Island.

The program is intended to be self
sustaining and locally based. Interested

individuals and organizations will vol-
unteer with participating land managers
or owners and receive training. The vol-
unteers will patrol sites, reporting any
disturbance and engage in other preser-
vationactivities. Governmental involve-
ment will be limited to necessary admin-
istrative and record keeping functions,
advisory and technical assistance and, if
necessary, law enforcement activities.

Public reception has been positive
and enthusiastic with interest through-
out thespill area as well as the Aleutians,
Ketchikan and the Seward Peninsula.
Pilot programs are being organized in
Kodiak, Homer and Prince William
Sound villages and stewards will be ac-
tive in summer 1993.

The poster shows examples of site
vandalism with abrief explanationof the
importance of archaeclogical context.
Copies of the Steward Handbook and
Fieldbook will be available to illustrate
the duties and goals of the program.
Photographs of the types of activities
stewards will engage in follow. These
include site monitoring, collecting oral
histories, documenting private artifact
collections, and contributing to public
education during events like Alaska Ar-
chaeology Week.
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Instrumental Neutron Activation Analysisof Nestling Peregrine Falcon
Feathers Collected From Prince William Sound and Norton Sound,
Alaska, Breeding Populations in 1990

Jimmie R. Parrish
Parrish Associates, Inc.

Secondary remex feathers were col-
lected from nestling Peregrine Falcons
(Falco peregrinus pealei) in Prince William
Sound (n = 32} and Norton Sound (n =
13), Alaska, in 1990. Feather samples
were analyzed for trace element content
using Instrumental Neutron Activation
Analysis.

Concentrations of Sodium, Magne-
sium, Aluminum, Sulfur, Chlorine, Cal-
cium, Titanjum, Vanadium, Manganese,
Copper, Iodine, and Nickel were quanti-
fied and compared between the two lo-
cales and with known concentrations for
peregrine breeding populations on
Langara Island, British Columbia.

Of primary concern were Vanadium
and Nickel concentrations. Both Vana-
dium and Nickel are considered “signa-
ture elements” for Prudhoe Bay crude
oil, and concentrations in peregrinefeath-
ers may indicate exposure as a result of

the Exxon Valdez oil spill.

Concentrations of Nickel were not
presentinsuffidentquantities tobequan-
tified in the feather samples analyzed
from both locales. Concentrations of
Vanadium wereapproximately 1.5 times
greater in Prince William Sound samples
than in those representing Norton Sound.
Owverall, trace element concentrations
quantified for Prince William Sound were
higher than those for Norton Sound and
other regions in Alaska.

Concentrations of Chlorine in Prince
William Sound feather samples, for in-
stance, were almost 4 times greater than
Norton Sound samples, and substantially
higheraswell than concentrationsknown
for other regions in Alaska. Variation in
trace element concentrations was also
noted for areas sampled within Prince
William Sound as well as Norton Sound.
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Hydrocarbons in Intertidal Sediments and Mussels from Prince
William Sound, Alaska, 1977-1980: Characterization and Probable

Sources

John F. Karinen, Malin M. Babcock, Donald W. Brown, William D. MacLeod Jr.,

L. Scott Ramos, and Jeffrey W. Short
National Oceanic and Atmospheric Administration

We collected and analyzed samples
of sediments and mussels (Mytilus
trossulus) for alkane and aromatic hydro-
carbons from eight sampling stations
adjacent to the oil tanker vessel transpor-
tation corridor through Prince William
Sound, Alaska, during the period 1977 to
1980, to determine baseline concentra-
tions of these analytes prior to any pollu-
tion that might result from oil tanker
traffic through the Sound. We evaluated
inter-annual (between years) variability
of these analytes in sediments and in
mussels using two-factoranalysis of vari-
ance (ANOVA) of logarithm-trans-
formed hydrocarbon concentrations de-
termined in duplicate samples collected
inJune, 1977 and in June, 1978 at six of the
sampling stations.

Intra-annual (within the year) vari-
ability was similarly evaluated using
ANOVA onresults of chemical analyses
of duplicate samples collected in May,
june, and August, 1978 at seven of the
sampling stations. Tofacilitate compari-
son with future work, total organic car-
bon and grain size distribution was de-
termined in the sediment samples, the
lipid content was determined in the
mussel samples, and the surface seawa-
ter temperature and salinity was deter-
mined ateach sampling station and time.

Theresults of the hydrocarbon analy-
ses indicate chronic, low-level hydrocar-
bon contamination that probably origi-
nates from small fuel spills, ballast water
discharges, and fuel-combustion exhaust

emissions of occasional vessel activity
adjacent to three of the sampling sta-
tions: Constantine Harbor, Rocky Bay,
and Mineral Flats, in decreasing order of
contamination, respectively. Contami-
nation at these three stations is indicated
by the diversity of aromatic hydrocar-
bons found in sediments at concentra-
tions that are generally less than 10 ng/
g dry sediment weight, but above detec-
tion limits (< 1.0 ng/g) of these analytes
in sediments.

In contrast, the remaining five sam-
pling stations showed no indication of
petroleum hydrocarbon contamination,
primarily because few aromatic hydro-
carbons were detected at these stations,
and detected aromatic hydrocarbons
were present only sporadically and at
concentrations that were generally near
detectionlimits. Exceptions are perylene,
which was found at concentrations well
above detection limits at all sampling
stations outside Port Valdez, and which
probably has natural sources; and
phenanthrene, which was found sporadi-
cally at ali sampling stations and which
may also have natural sources, in addi-
tion to the hydrocarbon contamination
sources indicated at the three polluted
stations. Concentrations of aromatic
hydrocarbons are too frequently below
detection limits at most of the sampling
stations to evaluate intra- and inter-an-
nual variability using ANOVA.

Concentrations of individual n-al-
kanes vary substantially in sediments



and in mussels. The most abundant n-
alkanes in sediments include odd car-
bon-numbered alkanes of molecular
weight greater than tetradecane (C-14).
Concentrations of these n-alkanes are
generally in the range of 10 to 100 ng/g
dry sediment weight, and exceed
1000 ng/g at Constantine Harbor. The
most abundant n-alkanes in mussels in-
cludedecane(C-10) through heptadecane
{C-17), and pristane, at concentrations
generallyranging from 10to several hun-
dred ng/g dry tissue weight.

Sources of alkanes in sediments in-
clude terrigenous plant waxes, marine
plankton, and possibly marine macro-
phytic algae at all the sampling stations,
and petroleum-derived alkanes in addi-
tion at Constantine Harbor. Terrigenous
plant waxes in sediments are indicated
by high abundances of odd carbon-num-
bered n-alkanes of molecular weight
greater than nonadecane (C-19) com-
pared with even carbon-numbered n-
alkanes in these sediments, and by slight
but significant intra-annual variability
of these odd carbon-numbered alkanes
insediments, which probably arises from
seasonal deposition of senescent leaves.
Marine planktonic and algal sources of
pristane and normal alkanes is indicated
by the presence of these alkanes in sedi-

ments and in mussels, and by the rela-
tively high abundances of pristane,
pentadecane(C-15), and heptadecane (C-
17} in sediments and in mussels.

Pristane, pentadecane (C-15), and
heptadecane (C-17) vary significantly
(P < 0.001) in sediments, or in mussels,
or in both, intra-annually or inter-annu-
ally. Pristane variability in sediments
and inmusselsis significantly correlated,
andis probably due to variability of popu-
lations of calanoid copepods within and
among years in Prince William Sound.
Neither pentadecane variability nor
heptadecane variability are correlated in
sediments and mussels, suggesting mul-
tiple biological sources of these alkanes.

These results indicate that, except in
areas affected by localized vessel traffic,
intertidal sediments and mussels in
Prince William Sound are remarkably
free of petroleum-contaminant hydro-
carbons during the period of this study.
The hydrocarbons found in sediments
and mussels unaffected by vessel traffic
can be adequately explained by known,
natural sources. As a result, sediments
and mussels contaminated by crude oil
from the Exxon Valdez oil spill should be
particularly apparent, due to the general
absence of other confounding sources of
petroleum hydrocarbons.
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Meiofaunal Recolonization Experiment with Oiled Sediments: Major

Meiofauna Taxa

T. C. Shirley’, M. Carls?, ].W. Fleeger® and N. Schizas’

niversity of Alaska Fairbanks
*National Oceanic and Atmospheric Administration
‘Louisiana State University

Aninsituexperiment wasinitiated in
1990 in Herring Bay, Prince William
Sound, to study the effects of the Exxon
Valdez oil spill on recolonization by
meiobenthos (small, bottom-dwelling
organisms). The study site (60°28'0"N
latitude, 147°41"12"W longitude) was on
a section of shoreline designated as
heavily oiled by the Alaska Department
of Environmental Conservation; oil re-
maining from the Exxon Valdez spill was
obviously present. Temperature and
salinity were measured with a self-con-
tained sensing device mounted on a tri-
pod at an elevation of -0.1 m; both re-
mained relatively constant over the first
28 days of the experiment at 8.040.1°C
and 29.1*0.1 ppt.

Exxon Valdez crude oil was added
and mixed into azoic sediments result-
ing in two concentrations, 0.5% and 1.7%
crude oil, and the resulting mixture was
added to triplicate colonization trays (all
13 x 28 x 33 cm). In addition, non-oiled
azoic sediments treated similarly were
added to triplicate trays, and samples
were also collected from untreated sur-
rounding sediments to examine treat-
ment effects and the ambient meiofauna
community which would probably be
the origin of colonizers.

Trays were placed flush with the sedi-
ment surface on beaches along a transect
paralleling the -0.6 m tidal level, along
the upper margins of an eel grass bed.
Triplicate samples were collected with

hand-held corers (modified 60 ml plastic
syringes) at random locations along X
and Y axes within each tray during aerial
exposure atlow ideondays0,1,2,29,90
and 443 after initiation on April 25, 1990.
Cores for meiofauna analysis were
preserved in 10% buffered formalin and
returned to the laboratory., Hydrocar-
bon samples were collected with a 3-cm-
diameter chrome plated brass tube and
placed into hydrocarbon-free glass jars
with Teflon lids and frozen until analy-
sis. In the laboratory, meiofauna passing
through a 0.500 mesh sieve but retained
on a 0.063 mesh sieve were separated
from detritus with a sucrose flotation/
centrifugation technique (Fleeger, 1979).
All organisms were identified to ma-
jor taxon with a stereo dissection micro-
scope and enumerated with ruled trays.
Predominant taxa {(mainly nematodes)
were subsampled when they occurred in
high densities using a technique which
employs a triply-balanced square design
(Sherman et al., 1984). Here, we report
on the predominant meiofaunataxa from
these collections, particularly the nema-
todes, harpacticoid copepods, copepod
nauplii, ostracods and bivalve larvae.
Other meiofauna taxa that occurred in
substantial numbers on some dates in-
clude turbellarians, halocarid mites, gas-
tropod larvae and polychaetes.
Hydrocarbon concentrations in the
sediments correlated well with the per-
centoil added to the treatments. Hydro-
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carbon, aromatic and alkane concenira-
tions declined rapidly during the first 30
days of the experiment and became as-
ymptotic. The unoiled sediment treat-
ments were contaminated with very smail
quantities of hydrocarbons, which also
declined over time. Hydrocarbon con-
centrations in ambient sediments were
similar to thosein the unoiled treatments.

The experiment was initiated during
the late spring, which generally is a pe-
riod of active meiofauna recruitment in
Alaska (Fleeger et al., 1989; Fleeger and
Shirley, 1990; McGregor, 1990). Coloni-
zation was rapid for many true
meiofaunal taxa (but not macrebenthic
larvae) which occur in the surface sedi-
ments, as densities in trays were not sig-
nificantly different from surrounding
sediment collections by day two, except
in the high oil sediments. Generally,
high oil treatments had a reduced den-
sity compared to low and control sedi-
ments until day 29.

Afterinitial colonization, experimen-
tal effectsindependent of treatment were
apparent for most taxa. The effects re-
sulted in densities (for most meiofauna
taxa) higher in the experimental treat-
ments than densities measured synopti-
cally in the surrounding sediments.
Modifications of biotic interactions gen-
erated by colonization of an azoic habitat,
oremigration/immigration phenomena,
may be responsible for the experimental
effects.

The type of competitive, agonistic or
predator-prey interaction which were
altered may explain thevariationinmag-
nitude and timing of experimental ef-
fects among taxa. The azoic colonization
trays may have decreased competition
for some taxa, provided others an escape
from predation, or influenced both inter-
actions for some taxa. Some predatory
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meiofauna may have had altered prey
availability, whilebactivorous meiofauna
may have experienced increased prey in
the oiled sediments.

Harpacticoid copepods areimportant
food items for the early life history stages
of many marine fish and crustaceans;
because of their importance in marine
food webs, they are treated in detail in a
separate presentation (Fleeger et al.,
1993). In our study, harpacticoids were
diverse with > 40 species encountered.
Species analysis of the harpacticoid com-
munity indicated that sediments and
colonization trays were inhabited pri-
marily by phytal copepods associated
with the adjacenteel grass and algal mats
habitats. We assume the same relation-
ship may have occurred with other sur-
face meiofauna taxa, although they were
not identified to species.

Theaverage density of combined live
copepods and copepodites were similar
in all treatments by day 29, but averaged
two to three times higher in experimen-
tal treatments than in surrounding natu-
ral sediments by day 90. The elevated
densities in the experimental treatments
persisted on day 443 the following year.
The biotic mechanism(s) responsible for
the increased densities cannot be deter-
mined by our single-factorial experiment.
Copepods may have actively selected
the experimental trays, or may have had
enhanced survival and production after
immigration.

Copepods which were assumed to be
dead (as determined by deterioration or
missing appendages) at the time of col-
lection were counted separately. Dead
copepods were present in the sediments
used in the experiments as a result of the
repeated freezing and thawing technique
used to render the sediments azoic, and
created some methodological problems.
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Dead copepods were present in all
samples through day 90, but were higher
in experimental trays and rare in ambi-
ent sediments. The highest density of
dead copepods were found in the high
oil treatment on day 29, but few signifi-
cant differences existed among the treat-
ments throughout theexperiment due to
high variance.

Decreased availability or active se-
lection against immigration into the ex-
perimental trays by copepod nauplii was
evident early in the experiment. Nauplit
occurred in highest density in the ambi-
ent sediments on day 2 (124*79.core-1),
while at the same time nauplii densities
in the treatments were extremely low
(4.8%5.8, 7.4*5.2 and 22.3*18.9 in high o1,
low oil and unoiled sediments, respec-
tively). Higher densities in the experi-
mental treatments were not found until
day 29, when no significant differences
occurred among the treatments (142136,
103*80, 84*73 and 74*75.core-1 for high
oil, low oil, unoiled and ambient sedi-
ments, respectively).

Nematodes were thenumerically pre-
dominant taxon on most sampling dates
in all treatments, with average densities
varying from a minimum of not signifi-
cantly more than zero at the beginning of
the experiment, to a maximum average
of 698.core-1 on day 443 in the unoiled
trays. As with many other taxa, nema-
todes had higher average densities in
experimental trays in comparison to
ambient sediments after day 90, with
lowest values in the high oil and highest
values in the unoiled treatments.

Ostracods occurred in low average
densities in all treatments and colonized
rapidly. By day 2, no significant differ-
ences occurred among the treatments or
ambient sediments. Densities remained
lowin the high oil treatment through day

443, The highest densities encountered
were an order of magnitude higher, in
the low oil treatment on day 443, which
was also the date of highest density of
ostracodsin the unoiled treatmentand in
ambient sediments. Lower densities of
ostracods have also been found in some
heavily oiled bays in Prince William
Sound the year following the oil spill
(Shirley et al., 1993).

Halocarid mites, which are often
predatory and sometimes predominate
in meiofaunal communities in the high
intertidal among algae, responded al-
most identically as the ostracods. They
colonized rapidly, had higher densities
in the experimental pans than in the
ambient sediments, but never attained
high densities in any treatment.

Pronounced seasonal changesinden-
sity occurred for all taxa in the ambient
natural sediments and in the experimen-
tal treatments. The seasonal changes
varied among taxa in timing and magni-
tude and reflect seasonal recruitmentand
mortality events. Natural seasonal and
interannual (between years) variation in
meiofaunal community compositionand
density, as is common for most marine
metazoans, confound analysis of treat-
ment effects.

Changes in density of temporary
meiofauna (the larvae of macrobenthic
invertebrates, e.g., bivalves, gastropods
and polychaets) occur in pulses related
to planktonic settlement in the intertidal
zone in Alaska (McGregor, 1990). Bi-
valve larvae were rare in our cores until
day 90, when they were abundant in all
treatments and in ambient sediments.
Average density of bivalve larvae was 3-
4 times higher in the experimental trays
than in ambient sediments, suggesting
active selection by the larvae or higher
post-settlement survival rates.



Our data demonstrate thatover small
spatial scales, meiofauna recolonize azoic
sediments in the intertidal rapidly fol-
lowing an oil spill, but highly oiled sedi-
ments reduce recolonization rates of
major meiofauna taxa and have effects
that are persistent for more than a year
for some taxa.
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The effects of oil spills on meiofauna
(small animals on the ocean floor) are
poorly known, even though they are pri-
mary food items formany newly settling
or postmetamorphic fish and macroin-
vertebrates. We examined the responses
of intertidal (0 m tidal level) and subtidal
(-6 m tidal level) meiofauna in Prince
William Sound to the Exxon Valdez oil
spill by comparing community composi-
tion and density in oiled and unoiled
bays.

Meiofauna were quantitatively
sampled in 10 bays within Prince Will-
iam Sound on five dates in 1989-1990,
beginning approximately six weeks after
the initial spill. Five bays were unoiled
and five received varying amounts of
oiling. Samples were collected from five
bays on all sampling dates and four bays
were sampled on all but one date. Eight
samples were collected with hand-held
piston corers (modified syringes) to ap-
proximately the same sediment depth
(2.5 cm) at each tidal level and study site
on each date. All subtidal samples and
most (72%) of theintertidal samples were
collected by SCUBA divers; other samples
were collected during low tide exposure.
Samples were collected at randomly de-
termined intervals along transects paral-
leling the shoreline at the selected tidal
heights. Divers collected samplesin front
of their swim path to avoid disturbing
surface sediments. A totalof 380 cores in
1989 and 304 cores in 1990 were collected

for analysis of meiofauna; an additional
288 cores collected in 1991 are partially
analyzed. Additional cores from the
transects were collected synoptically for
sediment and hydrocarbon analysis.
Hydrocarbon samples were collected
with a 3 cm-diameter chrome-plated
brass tube, placed into hydrocarbon-free
glass jars with Teflon lids and frozen
until analysis. Cores collected for bacte-
rial activity and abundance along our
transects at some sites on selected dates
during 1989 for a separate study provide
additional correlative information.

Cores for meiofauna analysis were
preserved in 10% buffered formalin and
returned to the laboratory. Meiofauna
passing through a 0.500 mesh sieve but
retained on a 0.063 mesh sieve were sepa-
rated from detritus with a sucrose flota-
tion-centrifugation technique (Fleeger,
1979) and stained with rose bengal. All
organisms were identified to major taxon
with a stereo dissection microscope and
enumerated within ruled trays. Predomi-
nant taxa (mainly nematodes) were
subsampled when they occurred in high
densities using a technique which em-
ploys a triply-balanced square design
(Sherman et al., 1984).

Here, we report on seasonal changes
in density of the predominant meiofauna
taxa from oiled and unoiled bays, par
ticularly the nematodes, harpacticoid
copepods, copepod nauplii, ostracods
and bivalve larvae. Other meiofaund
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taxa that occurred in substantial num-
bers on some dates included turbellar-
ians, halocarid mites, gastropod larvae
and polychaets.

Pronounced seasonal changesinden-
sity occurred for all taxa, particularly
among the temporary meiofauna(larvae
of macrobenthic species) reflecting sea-
sonal recruitment patterns which varied
among the taxa. Changes in density of
temporary meiofauna (the larvae of
macrobenthic invertebrates, e.g.,
bivalves, gastropods and polychaets)
occur in pulses related to planktonic
settlementin theintertidal zonein Alaska.
Their densities often decline markedly
over short time intervals due to preda-
tion and rapid growth which excludes
them from being members of the
meiofauna (McGregor, 1990). Our infre-
quent sampling intervals hinder com-
parative use of their densities.

Nematodes were consistently the
numerically predominant taxon at all
sites; their density varied significantly
between bays, sampling dates and tidal
heights. No consistent trends were obvi-
ous in the density of nematodes between
oiled and unoiled bays in the intertidal
or subtidal. One of the heavily oiled
bays, Herring Bay, had the lowest nema-
tode densities in the intertidal zone
throughout 1989 in comparison to other
bays. Intertidal nematode density in
Herring Bay increased to levels not sig-
nificantly different from other bays by
September 1989 and remained at levels
comparable to other bays in 1990 and
1991.

Harpacticoid copepods (the sum of
adults and copepodites) generally had
higher densities in the intertidal than in
the subtidal zone for all bays. Our mea-
surements of densities of the entire
harpacticoid community are simplistic,
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as the harpacticoid community of Prince
William Sound is diverse. In related
meiofauna recolonization studies con-
ducted in Herring Bay, more than 40
species were identified (Fleeger et al.,
1993). Most oiled bays had declines in
average copepod density in June, 198%in
comparison to samples collected at the
same locationsin May; however, the same
seasonal decline was evident in several
unoiled bays. The lowest densities of
harpacticoids measured during the study
were in oiled bays, however, some of the
highest densities were found in other
oiled bays. Most bays, ciled and unoiled,
had a trend of declining densities of
harpacticoids from April through Sep-
tember in the intertidal, with generally
the opposite trend for the subtidal
harpacticoids. Similar seasonal cycles
havebeen reported for harpacticoid cope-
pods in both the intertidal (McGregor,
1990) and subtidal in southeastern Alaska
(Fleeger et al., 1989; Fleeger and Shirley,
1990).

We know from field experiments in
Prince William Sound that some
harpacticoid species can recolonize azoic
oiled and unoiled sediments quickly (<30
days) over small spatial scales, and that
their densities may become higher in
oiled sediments thaninadjacent, unoiled
sediments (Fleeger et al., 1993; Shirley et
al., 1993). Similar, but also varying, re-
sponses of harpacticoidstooil spillshave
been reported from other habitats
(Fleeger and Chandler, 1983; Decker and
Fleeger, 1984).

Ostracods responses were similar to
harpacticoid copepods. Several oiled
bays (Herring, Iktua, Sleepy) had lower
ostracod densities in the intertidal zone
than unoiled bays (Eshamy, Ewan,
Paddy) during the initial sampling se-
ries, while subtidal ostracod densities




were not significantly different among
oiled and unoiled bays. A midsummer
depression in density was present in all
bays in both the intertidal and subtidal;
however, increases in ostracod densities
occurred in the unoiled bays in the Sep-
tember samples, but generally did not
occur in the oiled bays. The same phe-
nomenon was observed for ostracods in
recolonization insituexperiments, where
their densities remained depressed the
subsequent year.

In summary, it is probable that the
initial depression of the meiofauna com-
munity in response to oiling were not
measured because of the time lapse (six
weeks) between the spill and sampling.
The oil spill in Prince William Sound
occurred at a time of annual recruitment
for many meiofauna species in Alaska
(Fleeger et al., 1989; Fleeger and Shirley,
1990; McGregor, 1990) and concentra-
tion of many volatile hydrocarbon com-
ponents decrease rapidly (Shirley et al.
1993). Putative oil effects may have been
evident in the initial samples following
the spill in some bays, primarily in inter-
tidal samples. Nematode densities were
relatively unaffected, although the low-
est densities recorded were in oiled bays.
Harpacticoid copepods generally had
lower densities (with a notable excep-
tion) in the intertidal zone in oiled bays
on the initial sampling date after the
spill. Thesame relationship was not true
in the subtidal, which appeared to have
decreased densities of harpacticoids in
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some oiled bays on the subsequent sam-
pling date.
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