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1.0 INTRODUCTION

On 24 March 1989, the "xon ™" ""r1z§) ™2 "Lk ~50,0007 els of Pn ~.0e Bay
crude oil into some of the most densely occupied marine bird habitats in the world (Piatt et
al., 0). " l d as___ce illii _ Sound, where hundreds of thousands of
loons, grebes, sea ducks, and murrelets were wintering in sheltered coastal waters (Forsell and
Gould, 1981; DeGange and Sanger, 1986). Driven by prevailing winds, the oil moved in a
southwesterly direction, contaminating the shorelines of Knight, Green, and LaTo “e Islands
and parts of the mainland shore. Although much of the 011 bcachcd in Prince William Sound,
a large quantity was moved by winds out of the Sound through Montague Strait and was
eventually deposited onto beaches of the Kenai Peninsula, the B :n Islands, the Kodiak
Archipelago, and the Alaska Peninsula. These waters support more than a million alcids,
cormorants, kittiwakes, petrels, and fulmars, which have major colonies along the coast (e.g.,
Sowls et al., 1978). The area is also part of a major migratory pathway for the many million
birds that summer in the Bering, Chuckchi, and Beaufort Seas. Most of the mortality of

seabirds occurred in these waters (Piatt et al., 1990).

Two methods can be used to determine total mortality of seabirds following an oil spill:
(1) comparisons can be made between populations present in an area before and after the
spill, and (2) estimates of total mortality can be made based on the actual number of seabirds
recovered following the spill. The first approach is practical for colonies that are known to
be hard hit and where accurate prespill estimates of colony size are available. To the extent
that mortality is spread out over a large number of colonies or that colony size is either
poorly known or fluctuates significantly due to natural causes, the second method of
assessment is the only alternative. This approach does not require an estimate of the size of
the population at risk, but it does require estimates of the rate at which bird carcasses are lost
due to factors such as sinking or scavenging at sea, scavenging on land, and insufficient

search efforts.
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We began this study by addressing some identified data gaps related to these sources of

ﬁndercounting. These gaps included rates of loss of carcasses at sea and on land and

variations in the effectiveness of the beach search effort. We also considered it important to

reassess the adequacy of counts of oiled carcasses by examining a portion of the carcasses -
collected following the spill. Information from these studies was then used in a general 91

damage assessment model to estimate total mortality. The model for the Exxon Valdez spill <
was similar to models we have constructed for other oil spills (e.g., Dobbin et al., 1986; Ford ;
et al,, 1987, 1991; Page and Carter, 1986; and Page et al,, 1990), but its application was

improved by having more precise values of input parameters. We used the National Oceanic

and Atmospheric Administration’s (NOAA) Hazardous Material (HAZMAT) On Scene Spill
Model (OSSM) to describe the extent of the spread of oil, and Outer Continental Shelf
Environmental Assessment Program (OCSEAP) data on the pelagic population of birds in the Y
affected area.

The work discussed in sections to follow constitutes Bird Study Number 1, conducted
for the U.S. Fish and Wildlife Service (USFWS) by Ecological Consulting, Inc., Portland,
Oregon. The work began in the spring of 1990 with field studies in Prince William Sound
and the Gulf of Alaska, which were completed in August 1990. Subsequently, we conducted a8
a further examination of the carcasses, analyzcd records of the beach search effort, mapped
the beach search effort against the distribution of shoreline types, described pelagic
distribution of birds from OCSEAP data, and conducted simulation model runs. The results
of each of these study components are discussed in sections 3 through 5. The findings have
been used to develop estimates of the rates of various processes affecting carcass loss, to
correct for variation in beach search efforts, and to describe more fully the area where oil
contacted foraging or migrating seabirds. Once values were determined, they were used in a
synthesis model to generate estimates of mortality and to examine sensitivity of modeling

procedures to uncertainty in values of input parameters.
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FIGURE 2-1. Organization of damage assessment model showing processes and information
sources. Natural processes occur in order from bottom to top, model reconstruction proceeds
from top to bottom.

north-south x 28.6 km east-west. The OSSM uses a gridded version of land in which each
grid cell is either land or water. Lagrangian elements were tracked by OSSM beached along
the borders of these grid cells, which are 5.4 km north-south x 3.0 km east-west. For
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comparability with distributi- .al data, v so bin:»d these data from the OSSM model into
30° latitude/longitude blocks. Finally, an.  stal information and interviews tended to refer to
regions of human jurisdiction, such as National Parks and Wildlife Refuges, of which the

scales are relatively large compared to other data sources.

Because the starting point of the analysis was the morgue data base, our approach was
to take the position specified in a morgue record and to look it up in other data sets as
needed. Thus, a morgue record would be characterized as occurring in a region characterized
by the surrounding 157 latitude/longitude biock. The morgue record would be linked to oil-
spill trajectories arriving within the surrounding 30° latitude/longitude block. Data relating to
the search effort would be based on the human jurisdiction in which the morgue record

occurred.

2.3 The Morgue Data Base

Model computations build upon the information provided by the morgue data base.
This data base consists of the records kept by personnel at four bird collection centers as
recovered carcasses were logged into their custody. Four centers operated at various times
during the recovery effort, in Valdez, Seward, Homer, and Kodiak. Although each center
generally collected carcasses from the surrounding local area, some overlap occurred because
the centers were in operation for different periods of time. Through the USFWS (John Piatt),
we received digital copies of the data bases as compiled by the centers. Some files were in
dBASE format, and some were in Lotus format. The information collected differed somewhat
from center to center. A comparison of the information collected is provided in table 2-1. In
all four data bases, many birds were collected from unknown locations, and specificity of
location data varied greatly. The date of collection was also frequently missing. In some
cases, fields were provided that were rarely or never used, such as sex, oiling, and old versus
recently dead. Species, count, and processing date proved to be most consistently available.
Number scavenged was consistently provided by the Kodiak records. More complete records

may be enclosed with individual frozen bird carcasses in the morgue freezer vans.
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Because of the uncertainty about the completeness of morgue records and to provide
information on the degree of oiling and of decomposition, we reexamined a subsample of the

carcasses. The results of this examination are presented in section 3.0.
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3.0 REEXAMINATION OF CARCASSES RECOVERED

3.1 ln_troduction

Following the oil spill, dead birds were retrieved from shorelines and open waters in
Prince William Sound and along the Kenai Peninsula, Kodiak Island, and Alaska Peninsula by
fishermen under contract to the Exxon Oil Company and by personnel from several
Government agencies. The birds were transported to morgues where they were examined,
placed in plastic bags, and then stored in freezer vans. antt et al. (1990) reported that about
36,000 dead birds were recovered between 24 March and mid-September. The lack of
discernible oil on the plumage of some birds, temporal changes in the species composition,
and reports of natural dieoffs (Sanger, 1989) indicated that not all collected birds were
necessarily victims of the spill. Piatt et al. (1990) hypothesized that most birds retrieved after
1 August were unoiled individuals of surface-feeding species that probably died of starvation
rather than from effects of the oil. Because the data collected when carcasses were logged
into morgues did not include information on the degree of carcass oiling, Piatt et al. (ibid)
established a cutoff date of 31 July to divide probably oiled birds from unoiled birds. They
assumed that all birds collected before this date were killed by oil, while those collected

afterwards died of other causes.

In fact, the time periods in which oiled and unoiled birds appeared at the morgues
probably overlapped with unoiled birds becoming relatively more abundant over time. In
order to examine the validity of the 31 July cutoff date, we examined 3,000 frozen carcasses
stored in two freezer vans in Anchorage, Alaska. Additionally, about 8 percent of the
carcasses logged into the morgue before 1 August were not identified to taxa (Piatt et al,,
1990); they were simply listed as birds. Some of these specimens were identified more
precisely by reexamining carcasses. Carcass reexamination was also used to refine the
identdty of other carcasses currently listed in the morgue logs, to record information on the

degree of decomposition and completeness of logged carcasses, and to obtain information on
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carcass condition. This information provided clues for interpreting how long carcasses had

been floating in the water or cast up on the beach before being collected.

3.2 Disposition of Carcasses in Freezer Vans

Carcasses collected after the spill are stored in five freezer vans according to the area
from which they were collected: carcasses from Prince William Sound in one van (Valdez
van), carcasses from the Seward Peninsula in one van, carcasses from the Barren Islands in
one van (Homer van), and carcasses from the Kodiak Island and Alaska Peninsula regions in
two vans. The bags of carcasses are stored and labeled differently in the five vans. The bags
in the Homer and Seward freezers are stored in totes (4 feet (ft) by 4 ft by 3 ft) that are
stacked two totes high. Because bags are sometimes frozen together, their removal is
difficult. Also, totes are not labeled; determining whether they contain marine mammals or
birds is not easy. Bags of birds in the other freezer vans are piled on the floor. Bags on the
bottom of the pile tend to be frozen together and to the floor of the van; they must be pried
apart before they can be removed. Bags from Prince William Sound are labeled only with the
date on which the birds were logged into the Valdez morgue. Often, several bags have the
same date because of the large number of birds coming into the morgue. The bags in the
Kodiak morgues are labeled with a number and, usually, a date. Frequently, the number and
kinds of birds contained in the bag are also on the label. A log from the Kodiak morgues has
a record of the bag numbers, the date the carcasses were placed in the freezer van, the
number of each species in the bag, the number of carcasses that were scavenged, and usually
the collection date and location. Based on the numbers reported in the morgue daia base, the
following numbers of birds (approximately) are stored in each van: about 3,358 in the Prince
William Sound (Valdez) van; 3,503 in the Kenai Peninsula (Seward) van; 5,480 in the Homer
van; and 22,636 in the Kodiak-Alaska Peninsula vans.
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3.3 Sampling . arcasses

We examined carcasses from 193 b in " :two K« ™ ° °° ° Peninsula vans. We
limited our reexamination of carcasses to this region for the following reasons: (1) a sample
es : K Al ‘ 3 _ in the

other vans; (2) the amount of information available on the contents of each Kodiak-Alaska
Peninsula bag was greater than for the other regions; and (3) these two vans contained the
majority of the t¢ * carcasses from the entire spill region. ~ fore removing bags for
examination, we reviewed the log of the contents of each l_;_gg. Based on this review, we
selected a set of bags for possible examination. Selections were made to ensure that bags
were scattered geographically over the Alaska Peninsula and Kodiak Island regions and
temporally over the period from late April to mid-September. Almost every bag with the
earlier dates was filled primarily with murres. We selected bags that also contained at least
one other taxon, knowing that we would also sample murres in the process. Other taxa that
we targeted in the selection process included ur: ‘=ntified murrelets, unidentified cormorants,
unidendfied birds, shearwaters, gulls, storm-peu. ., and puffins. Natural dieoffs were
suspected for gulls, shearwaters, storm-petrels, and puffins (Piatt et al., 1990) later in the spill
period when these species tended to dominate the samples and murres became relatively rare.
Consequently, we found it necessary to look for bags that contained at least one murre in
samples from mid-July onward to obtain a sufficient sample of murres for the later spill
period. In all cases, we tried to select bags with 40 or fewer carcasses to minimize the time
required for thawing the carcasses. Because carcasses were almost never individually bagged,
they tended to be frozen in a solid block. We targeted about three times as many bags as we
had time to examine. Locating all specified bags, whatever their number, would have been
too time consuming because their arrangement in the vans had no organization. Any bag on
the target list for sampling was set aside for examination when it was encountered during a
search of the vans. We searched through the length, breadth, and width of the piles of bags
in the vans to ensure that the sample of bags we actually obtained was scattered throughout

the list. The bags were then taken to a warehouse where the contents were thawed for

examinaton.
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3.4 Defining a Carcass

While some carcasses were whole, many were missing heads, wings, or legs. Bags also
contained miscellaneous legs, heads, sterna, and other body parts. As we spread partial
carcasses out on the examination table, we placed any loose wings, legs, or heads from the
bag with the partial carcasses to make them as "complete" as possible. In placing carcass
fragments together, we had no way to determine if the fragments were actually from the same
individual. Some carcasses were pieced together with up to seven parts. At the other
extreme, some were represented by a single part such as a wing, a leg and foot, a head, and
(in many cases) only a sternum. The piecing together of carcasses produced the minimum
number of specimens that we could easily ascertain to be represented by the carcass
fragments in a bag. After 2 days of examination, we recognized the necessity of listing all

the parts used to construct a carcass and began consistently recording this information.

3.5 Data Recorded

Before examining carcasses, we recorded the contents that were logged for each bag on
our data sheets. We then tried to match the contents of the bag with the logged contents.
Each "carcass" was identified as closely to species as our ability permitted. Degree of
decomposition, extent and location of oiled plumage, and carcass completeness were also
recorded. Carcasses were categorized as follows: fresh and intact; rotting but with some
flesh; skin, bones, and feathers only; or bones only. Carcasses were recorded as having some
oil on their plumage, having no oiled plumage, or as being unknown regarding oiled plumage.
The latter applied to all carcasses represented only by bones whether or not the bones were
coated with oil. A small proportion of the carcasses, which had small amounts of oil on their
plumage where they touched other oiled carcasses in the bag, may have not been killed by the
oil. We noted all carcasses that we thought might have been oiled only by contact with other
carcasses. Degree of oiling was coded: code O for no oiled plumage; code 1 for less than 2
percent of the plumage oiled; code 2 for 2 to 33 percent of the plumage oiled; code 3 for 33
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- to 66 percent of the plumage oiled; and code 4 for 66 percent or more of the plumage oiled.
The location of the oil was described by codes that indicated general body regions, such as -
dorsally only, wings only, dorsally and ventrally, entire body, etc. We also recorded all dates

and locations of carcass collection indicated in logs and on data sheets on the bags.
3.6 Results of the Examination of Bag Contents

Although 3,378 carcasses were logged for the 193 bags we examined, we found only
3,243 carcasses; discrepancies in numbers of carcasses occurrcd for 123 of the 193 bags. We
found 97 carcasses that were not reported, but failed to ﬁnd an additional 232 carcasses that
were recorded in the log (table 3-1). About one-half the carcasses that we failed to find were
logged as unidentified birds, which were probably represented originally only by feathers, and
therefore would not register as a carcass using our methods. The differences in numbers were
also probably caused by the pooling of carcass fragments (over which we had no control)
from more than one location or collection date for storage in the same bag. When we pieced
carcasses together, we had no way of determining whether all the parts came from the same
location or date. At least 62 of the 123 bags with differing numbers contained carcasses from
two or more locations or collection dates. However, the pooling of carcass fragments from
multiple collection locations or dates would not be expected to produce any of the extra 97
carcasses not reported in the original examination but detected in our reexamination. Many
additions were murres (table 3-1), the predominate species in a majority of the bags we

examined.

Murres were the predominate taxa affected by the spill (Piatt et al., 1990). We
accounted for 1,788 murres in bags that reportedly contained 1,780 murres. Although we
failed 1o find 68 murres that were reported to be in the bags, we found 37 that were not
reported (table 3-1). Other changes, when combined, resulted in the revised murre total: 18
carcasses initially listed as murres were changed to other taxa, and 1 carcass listed as a
Parakeet Auklet was changed to a murre (table 3-2); 15 carcasses originally identified as

alcids were murres (table 3-3); 45 carcasses identified as birds were changed to murres
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TABLE 3-1. Number of additions and deletions to the logged carcasses resulting from the
post-spill carcass examination. Parentheses indicate cases for which we were not certain of

the identity of a carcass.

ADDITIONS

P R A
Ww-.:] =,

Loon .
Sooty Shearwater '
Short-tailed Shearwater

Shearwater

Fork-tailed Storm-Petrel

o e

Storm-Petrel
Cormorant
White-winged Scoter
Duck

Black Oystercatcher

Glaucous-winged Gull
Black-legged Kittiwake
Gull

Murre

Pigeon Guillemot

Kittlitz’s Murrelet &
Brachyramphus sp. ‘

Ancient Murrelet

Least Auklet

Tufted Puffin

Puffin

Alcid

Eagle

Peregrine Falcon
Willow Ptarmigan

Northwestern Crow

Passerine
Bird

TOTAL
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TABLE 3-2. Number of taxa changes resulting from the post-spill examination of carcasses.
Parentheses indicate errors in the original classification of a carcass for which we could
assign only a probable new identification.

TAXA CHANGE

Yellow-billed Loon to Common Loon

Loon to Alcid

Sooty Shearwater to Short-tailed Shearwater

Short-tailed Shearwater to Sooty Shearwater

Shearwater to Black-legged Kittiwake '
. Shearwater to Gull

Storm-Petrel to Dowitcher

Storm-Petrel to Ancient Murrelet

Double-crested Cormorant to Red-faced Cormorant

Pelagic Cormorant to Red-faced Cormorant

Cormorant to Loon

Cormorant to Gull

Common Eider to King Eider

Scoter to Common Eider

HOD—‘.—‘Q&)H.—‘HONO\:D—!H

Merganser to Cormorant

Shorn-billed Dowitcher to Wandering Tattler
Mew Gull to Cormorant

Mew Gull to Black-legged Kimiwake
Mew Gull to Red-legged Kiniwake
Glaucous-winged Gull to Mew Gull
Gull to Northem Fulmar

Aleutian Temn to Arctic Tem

Murre to Cormorant

Murre to Shearwater

Murre to Duck

Murre to Black-legged Kitdwake
Murre to Gull

Murre to Pigeon Guillemot

G bt bt O L) bt bk ot ek () bt e i D)

Murre to Ancient Murrelet

Murre to Rhinoceros Auklet

Murre to Puffin

Pigeon Guillemot to Brachyramphus Murrelet
Marbled Murrelet to Ancient Murrelet
Ancient Murrelet to Marbled Murrelet
Parakeet Auklet to Murre

Alcid to Shearwater

Alcid to Storm-Petrel

Alcid to Black-legged Kittiwake
Northwest Crow to Cormorant
Northwest Crow to Shearwater

lHHNA.&Hb—AHHA»—-H

TOTAL
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TABLE 3-3. Number of taxa refinements resulting from the post-spill examination of alcids.

TAXA CHANGE

Alcid to Murre : C
Alcid to Pigeon Guillemot - i;é
Alcid to Homed Puffin -
Alcid to Puffin o
Small Alcid to Marbled Murrelet
Small Alcid to Kittlitz’s Murrelet

Small Alcid to Brachyramphus Murrelet
Small Alcid to Ancient Murrelet

Small Alcid to Cassin’s Auklet

Small Alcid to Parakeet Auklet

Small Alcid to Least Auklet

Puffin to Tufted Puffin

TOTAL

(table 3-4); and 4 carcasses originally called murres were changed to alcids (table 3-5). In
many cases, we refrained from identifying murres to species because of the degree of
decomposition and the large amount of oil coating the carcasses. Common Murres
predominated over Thick-billed Murres in the sample of murres that were identified to
species. We combined all murres in the following analyses to eliminate the problem of

dealing with large numbers of murre carcasses that could not be identified to species.

3.7 Taxa Changes Resulting From Carcass Reexamination

3.7.1 Erroneous ldentifications

We found 82 instances where we believed the original identification of carcasses had
been erroneous. These cases represent only 2.5 percent of the carcasses recorded in our
examination, a good level of accuracy considering the overwhelming numbers of birds that

were processed at the morgues Guring the height of the oil spill. The most common source of
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TABLE 3-4. Number of taxa refinements resulting from the post-spill examination of
carcasses initially listed only as bird.
| | N

|
I TAXA NUMBER

Loon

Northern Fulmar

Sooty Shearwater
Short-tailed Shearwater
Shearwater

Fork-tailed Storm-Petrel
Storm Petrel
Cormorant

Mallard

Duck

Western Sandpiper
Mew Gull
Glaucous-winged Gull
Black-legged Kirtiwake
Gull

Murre

Pigeon Guillemot
Marbled Murrelet

Kittlitz’s Murrelet
Brachyramphus Murrelet
Ancient Murrelet
Cassin’s Auklet
Parakeet Auklet
Homed Puffin
Tufied Puffin
Puffin

Alcid
Northwestern Crow
Common Raven
Varied Thrush
Wilson’s Warbler
Crossbill

Passerine

o~ wmrPvLa =~ RO L

p—
O
~J

TOTAL
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TABLE 3-5. Number of taxa generalizations resulting from the post-spill examination of
carcasses.

TAXA GENERALIZATIONS

vater to Shea iter
Short-tailed Shearwater to Shearwater
Fork-tailed Storm-Petrel to Storm-Petrel
Harlequin Duck to Duck

Common Eider to Duck

King Eider to Duck

Mew Gull to Gull

Murre to Alcid

Marbled Murrelet to Alcid

Ancient Murrelet to Alcid

Marbled Murrelet to Brachyramphus Murrelet
Tufted Puffin to Puffin

Alcid to Bird

b P ek ek ped [0 bt Bk pmd ek e OO

TOTAL

N
[o.]

confusion was between Sooty and Short-tailed Shearwaters. Overall, we identified 40 types
of misidentified taxa (table 3-2).

3.7.2 Refining Identifications

We were able to improve the identifications of 360 (11 percent) of the carcasses we
examined (tables 3-3, 3-4, and 3-6). These reclassifications included 99 changes to alcids, the
most common of which were from small alcid to either Ancient Murrelet or Brachyramphus
Murrelet and from alcid to murre (table 3-3). Forty changes were possible for miscellaneous
taxa. By far the most important change was from unidentified shearwater to Short-tailed
Shearwater (table 3-6). We were able to improve the identifications of 197 carcasses
originally listed only as bird. Murres, shearwaters, storm-petrels, cormorants, Pigeon
Guillemots, and Black-legged Kittiwakes collectively accounted for the majority of these
changes (table 3-4).
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feathers and all traces of oil had been lost through scavenging or decomposition. The
proportion of carcasses categorized as unknown ranged from 2 percent of the total for puffins
to 16 percent for miscellaneous species and 14 percent for murres (table 3-7). Some
carcasses with feathering had only small amounts of oil where they were in contact with other
oiled carcasses in the bag. They may have become secondarily oiled after death through
contact with other carcasses. The proportion of carcasses in this category were relatively low.
They ranged from 1 percent for alcids (other than puffins) to 7 percent for gulls (table 3-7),
The majority of oiled birds were completely coated with oil, leaving little doubt that they
were oiled directly in the spill. We excluded all carcasses of birds that we considered to have
been only possibly oiled or to have been of unknown oil condition (table 3-7) from all

calculations on oiling rates.

TABLE 3-7. Number (n) and percent (%) of samples with no visibly oiled plumage (not
oiled), with visibly oiled plumage (oiled), with visible oil that was possibly from other
carcasses in bags (possibly oiled), and for which only skeletons remained (unknown oil
condition). Other Alcids category excludes murres, puffins, or any carcasses that could have
been murres or puffins. Other Swimmers category includes loons, grebes, cormorants, and
ducks. Other Species includes mainly passerines, shorebirds, raptors, and galliforms.

UNKNOWN
: POSSIBLY OIL
TOTAL NOT OILED OILED OILED CONDITION

N (%) N (%) N (%) N (%)

Tubenoses 641 486 (76) 127 (20) 18 (3) 10 (2
Gulls 328 230 (70) 55 a1y 24 (1) 19  (6)
Murres 1788 41  (2) 1489 (83) 10 (1) 248 (14)
Puffins 119 97 (82) 13 (11) 7 (6) 2 (2
Other Alcids 192 47 (24) 131 (68) 2 1) 12 (6)
Other Swimmers 87 24 (28) 53 (61) 2 (2 g8 O
Other Species 88 41 @47 28 (32) 5 (6) 14 (16)
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FIGURE 3-1. Number of carcasses (bottom) and percent of oiled carcasses (top) of murres
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oiled. The late July sample was comparable in size to the May and June samples; 9 of the
20 carcasses from late July were oiled. Only 1 of 10 carcasses from early August was oiled.
None of the 21 carcasses from after early August were oiled.

Hi ~ oiling rates  re apparent for tu ses ( mars, iters, and m  strels)
from mid May until early June (figure 3-4). Oiling rates declined moderately in June and
sharply between late June and early July. Only about 15 percent of the tubenoses in early
July were oiled. After early July the oiling rate for tubenoses was always less than 10

percent (figure 3-4).

The sample sizes available for examining oiling rates in gulls (primarily Black-legged
Kittiwakes, Glaucous-winged Gulls and Mew Gulls) were low through May and June (figure
3-5). All 19 carcasses available for the period from early May to early June were oiled.
Nearly 60 percent of the 14 carcasses from the remainder of June were oiled. Less than 20
percent of the substantial number of carcasses from July were oiled, and the oiling rate for

August was practically zero.

Oiling rates for the remaining swimming aquatic birds (cormorants, grebes, ducks, and
loons) declined steadily from May through August (figure 3-6). Although nearly 100 percent
of the May carcasses were oiled, the oiling rate fell to under 70 percent in June and to about

40 percent in July. None of the eight carcasses from August were oiled.

The remaining species are represented by a broad mix of birds including shorebirds,
passerines, raptors, and galliformes. The oiling rate for these birds compared fairly closely to

that of the swimming aquatic birds (compare figures 3-6 and 3-7).

Our examination of the carcasses supports the hypothesis of Piatt et al. (1990) regarding
the inclusion in the sample of birds that died of natural causes. However, the rate and timing

at which these birds entered the sample is more accurately defined by our graphs of oiling

Confidential Report: Direct Seabird Mortality Ecological Consulting, Inc.
Page 25 June 7, 1991






GULLS

o

[FY)

=

o

-

z

[FY]

O

@

[FY]

[+ W
w 120
-

o

=

- 100 -

=z

wn 80 -

w

[72]

2

© 60+ ofele

3 3

— 5

@) 0:0:0

o %

g = APl

0:0:0
2 o&@@a@@@w.,..@.
MAY JUNE JULY AUGUST

FIGURE 3-5. Number of carcasses (bottom) and percent of oiled carcasses (top) of gulls
during monthly periods. In the bottom graph cross-hatched bars indicate carcasses of known
oil status, and open bars indicate carcasses of unknown or uncertain oil status. Calculations
of the percentage of oiling are based only on carcasses of certain oil status; samples sizes are
atop bars. :
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FIGURE 3-6. Number of carcasses (bottom) and percent of oiled carcasses (top) of
cormorants, ducks, grebes, and loons during monthly periods. In the bottom graph
cross-hatched bars indicate carcasses of known oil status, and open bars indicate carcasses of
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rates than by the 31 July cutoff point of Piatt et al. (1990). The timing and rate at which
unoilcd birds entered the sample differ among broad taxonomic groups. High oiling rates
persisted longer for murres than for any other group. Apparcnt]y most of the puffins and i
gulls in the sample appeared late in the spill period and did not have oiled plumage. Piatt et

al. (1990) hypothesized that these two taxonomic groups v e suffering from late-season i
natural dieoffs. For tubenoses, the other group with a hypothesized natural dieoff, the oiling
pattern fell intermediately between that of the murres and those of the gulls and puffins.
Oiling rates for tubenoses, while high early in the spill pcnod, had declined sharply by cafly
July rather than at the 31 July cutoff point used by Piatt et al. (1990). The patterns for other

birds were difficult to determine because of low sample sizes.

3.10 Conclusion

Our examination of a sample of carcasses from the Kodiak-Alaska Peninsula vans
provided an opportunity to improve the level of carcass identification and to ascertain the
relative proportions of oiled and unoiled birds in the sample. Only about 2.5 percent of the
carcasses had been incorrectly identified. Another 11 percent of the carcasses could have
been identified more precisely than was reported. However, reconciling the number of 555
carcasses logged into the morgues precisely with the numbers of carcasses in the bags is not
possible because carcass parts from several locations or time periods were placed together in
bags after being recorded in the morgue log. Up to 7 percent of the carcasses of some groups
of birds could be classified only as "possibly oiled" because the small amount of oil on their
plumage could have been derived secondarily from contact with other oiled birds in the bags.
Up to 16 percent of some species groups could not be classified regarding oiling because the
carcasses consisted only of bones. Temporal patterns of oiling supported the contention that
natural deaths of some species of birds occurred during the latter part of the spill period.
Temporal patterns of oiling varied among species groups. High oiling rates persisted longer
for murres than for any other group. Most of the puffins and gulls in the sample appeared
late in the spill period and did not have oiled plumage. The pattern for tubenoses fell
intermediately between that of the murres and those of the gulls and puffins. Puffins, gulls,
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4.0 EXTERNAL DATA SOURCES

Data from several sources v used to provide input for model calculations. Described
below are the sources of data used to analyze the time course of oil movement, distribution of

marine birds, and the characteristics of the affected shoreline.
4.1 Time Course of Oil Movement

The number of seabird carcasses that are lost before being beached depends on the
length of time that the carcasses are at sea before reaching land. To calculate this number, an
approximation of the time course and geographic extent of the oil slick is necessary.
Information on the movement of the oil serves a dual purpose: (1) when overlaid with the
distribution of birds, the rate at which birds encountered the slick can be approximated, and
(2) by assuming that the oil and the bird carcasses move together, the time and location at
which the carcasses would make landfall can be estimated. The data of Hope-Jones et al.
(1970) generally supports the latter assumption, as well as the observation that during most
oil spills, including the Exxon Valdez, incident birds and oil tended to come ashore together.
The length of time spent drifting at sea and the iate of disappearance at sea can be used to
generate estimates of the proportion of carcasses enroute to a particular stretch of coastline

that were lost before landfall.

The best source of U'ajéctory data for this type of analysis is the NOAA-HAZMAT-
OSSM (Torgrimson, 1981). As output, this model estimates the position of a particle of oil
(a Lagrangian element) at successive time intervals, forming an overall picture of the
progression of the slick. The NOAA hindcast of the spill extends from the beginning of April
to the beginning of May, after which time it was felt that the quantity of oil remaining and
the available observations of the extent of the slick did not make it worthwhile to continue

the simulation. To characterize oil movement during and after May, we used data from
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overflights that NOAA compiled and mapped as part of its response to the incident. Copies
of these overflight maps were obtained from Bill Lehr (NOAA HAZMAT, Seattle).

Oil began flowing from the damaged Exxon Valdez at Bligh Reef on 24 March 1989.
Pushed by northeast winds and the prevailing anticlockwise current flow in Prince William
Sound, the slick moved south through Knight Island Passage and Montague Strait, coating the
shorelines primarily along the western side of the Sound. By 29 March, oil entered the Gulf
of Alaska and began moving to the southwest past Resurrection Bay and along the Kenai
Peninsula. Data generated by the NOAA hindcast of the oil spill indicate that about 13
percent of the total spill volume, or about 33,000 barrels, entered the Gulf; the remainder of
the oil ultimately evaporated or was beached within Prince William Sound. On 13 April, a
U.S. Coast Guard overflight found sheen and mousse out to the tip of the Kenai Peninsula, in

£

. ]
ep el

the vicinity of the Barren Islands, and as far south as the northern end of Shuyak Island. The i
hindcast shows that the main mass of the slick gyred for several days in the vicinity of the

Barren Islands before moving up into Cook Inlet and down Shelikof Strait. A part of the

slick began moving southward at this time, passing down Kodiak Island on the seaward side

(figure 4-1). Based on the hindcast of the spill, less than 2 percent of the original volume of .
the oil remained floating by late April; however, given the original volume of the spill, this “ 0\%
percentage still represented a substantial quantity of oil. The NOAA hindcast ends in May

and does not model trajectories south of the northern end of Kodiak Island.

Based on NOAA overflight data, the leading edge of the Shelikof Strait portion of the
slick proceeded southwest at about 10 km per day, reaching Sutwik Island on the Alaska
Peninsula by 6 May (figure 4-2). Coast Guard and NOAA observers found no heavy
concentrations of oil at this time but noted widespread sheen throughout the Strait. Qil
proceeded more slowly along the eastern side of Afognak and Kodiak Islands, moving at a
rate of about 4 km per day. Along this side of Kodiak, NOAA overflights did not reveal
signs of oil south of about 58° N, somewhat north of the latitude of the town of Kodiak. The
fact that large numbers of birds were recovered along the entire Shelikof side of Kodiak
Island during April and May but not along the southeastern side indicates that the dead birds
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Movement of Randomly
Selected Lagrangian
Elements from the
HAZMAT Simulation

of the Exxon Valdez Spill
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FIGURE 4-1. The movement of Lagrangian elements simulated by the NOAA/HAZMAT On-
Scene Spill Model for April 1989. The movement of these elements provides a way of
simulating where and when seabirds would have encountered the oil slick and how long
carcasses would have drifted. For clarity, this map contains a randomly selected subset of the
Lagrangian elements simulated by the model. Lines connect the positions of each element at
3-day intervals; the model actually resolves down to 3-hour intervals. Circles denote the
position at each 3-day interval.

recovered in the Trinity Islands just south of Kodiak originated on the Shelikof side of the

Strait.

In spite of the fact that the slick became difficult to trace as it moved southward, dead
birds continued to come ashore along both sides of Kodiak Island and the Alaska Peninsula as
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FIGURE 4-2. Southward movement of oil.

far south as Perryville, more than 200 km southeast of Kodiak Island. Morgue records

show that birds were logged in through September, but shifts in species composition and a
decline in the frequency of oiling of the dead birds suggest that, at some point, oil-induced
mortality dropped off and natural mortality became the primary source of dead birds.
Interpretation of the timing of the arrival of beached birds is complicated by the time lag
between when the birds were logged in at the morgues and when they actually arrived
onshore. Nonetheless, it is clear that oiled birds continued to arrive for months after the
leading edge of the slick had passed. Our examination of murre carcasses from Kodiak Island

and the Alaska Peninsula (see section 3) showed that about 70 percent of the beached murres
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were oiled as late as the beginning of August. Carcass drift data from the Kodiak area during

July and August of 1990 also showed that the likelihood of a carcass persisting in these

waters for more than 3 weeks is very low, implying that actual mortality must have continued
at least well into June to account for birds recovered during August. It is impossible to
model trajectories during this latter part of the spill, when the oil had become very difficult to
see and had already affected most of the shoreline that would be affected. It is likely that
some of the late-summer mortality resulted from numerous light slicks, some of them
probably originating from rewash, which remained in the area at this time. It is also possible

that some of the carcasses recovered later in the year were burials that were later uncovered.

Bird carcasses began coming ashore soon after the spill began, and beachings continued
for several months. As the oil moved out of Prince William Sound and moved southward
through the Gulf of Alaska, bird carcasses were spread over a larger and larger area.
Numbers peaked in May, but murre carcasses were arriving at processing centers well into

September. Figure 4-3 illustrates this progression for murre carcasses. Processing dates were

., used in creating these figures. Beaching dates would be somewhat earlier, because of the

' time lags between beaching and collection, and between collection and processing.

4.2 Distribution of Marine Birds

4.2.1 Introduction

As the slick moved through Prince William Sound and south along the western margin
of the Gulf of Alaska, thousands of marine birds came into contact with the oil. The
abundance of each species, which varies within the affected area, in part determines the
composition of the population of beachcast birds. Differences in proportions of species of
beachcast birds from place to place was discussed by Piatt et al. (1990), who noted that the
species composition of beachcast birds was often different from that of the local seabird

fauna. This difference was atmibuted to differences in the vulnerability of species and the
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MURRES PROCESSED i
March 24 - April 30
TOTAL: 2,886 T

o 1-4
@ 549

MURRES PROCESSED
May 1 - 31
TOTAL: 12,590

FIGURE 4-3. Reported collection locations of murre carcasses processed during sequential
time intervals. This figure illustrates the change in pattern and magnitude of bird beachings
though time.
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FIGURE 4-3. (Cont’d.)
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MURRES PROCESSED
August 1 - 31 I
TOTAL: 333

o Cook Inlet

MURRES PROCESSED
September 1 -~ 21
TOTAL: 163
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FIGURE 4-3. (Cont’d.)
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~ fact that many birds probably drifted substantial distances. Species that have the greatest
representation among collected oiled birds include alcids, sea ducks, cormorants, loons, and
grebes. These birds are especially vulnerable because they spend much time on the surface
and form large flocks. Because of their high local densities and vulnerability to oil, Common
Murres were the most frequently recovered species. Gulls and procellariids, while often very
abundant, account for only a small proportion of collected oiled birds. Once oiled, birds
apparently drifted with the oil mass until beaching. During this time, some carcasses were
lost due to sinking and/or scavenging. Given both the length of time that the carcasses were
found to have floated in Prince William Sound and the tendency of both oil and bird
carcasses to beach within the Sound, it is likely that most birds oiled in the confines of Prince
William Sound beached before they had time to sink. In other parts of the affected area, dead
birds were probably carmried substantial distances before being beached. Because sinking is a
function of time (section 5.1), carcasses that were at sea for longer periods of time were more

likely to be lost; these carcasses therefore are underrepresented among beachcast birds

collected after the spill.

To estimate total mortality from beachcast carcasses, numbers of birds lost at sea must
be considered. Knowing the location of concentrations of birds of various species relative to
the course of the oil movement helps in determining how long carcasses found on a given
beach were floating before coming ashore. This information, in turn, provides a means for

estimating how much loss occurred along the way.

To estimate the number of birds, we used density distributions of three groups of birds:
(1) murres, (2) small alcids (auklets and murrelets), and (3) sea ducks, cormorants, loons, and
grebes (combined). These marine bird species are the most valnerable to oil spills and are
most commonly represented among oiled birds collected on the beach. For modeling
purposes, we used 30° blocks of latitude and longitude for the periods April through May and
June through July. Distributions were mapped using effort-corrected observations recorded
during OCSEAP and USFWS surveys and archived in the National Oceanographic Data
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found offshore later in the spring, had not yet arrived in the area in large numbers at the time
of the spill. Sowls et al. (1978) estimate that about 116,000 seabirds are found at colony sites
along the southeastern Kenai in the summer. Common Murres have major colonies totaling
more than 28,000 birds at sites near Resurrection Bay and Chiswell Island (USFWS colony
data base). For the southwestern Kenai coast, precontact aerial surveys showed that at least
21,000 ducks, gulls, and murres, and more than 123,000 birds were present on or near the
Barren Islands (79 percent of these were murres, and 20 percent were gulls). USFWS colony
data indicate that 150,000 Fork-tailed Storm-Petrels, 135,400 puffins, 118,000 Common
Murres, 11,500 Thick-billed Murres, and 46,600 kittiwakes breed on the Barren Islands. On a
ship survey following the path of the oil, Piatt (1989) found densities of 14.6 birds/km? in
Shelikof Strait and 28.4 birds/km?® along the Alaska Peninsula. Density of 65.4 birds/km? was
found near the Semidi Islands. Murres were the most abundant at sea (65 percent of all
observations), followed by procellariids (15.4 percent) and gulls (4.4 percent). The total
population in Shelikof Strait is estimated at about 295,000 birds. Populations of murres on
the Semidi Islands total about 1.133 million birds (USFWS colony data base). Sowls et al.
(1978) estimate populations at colonies along the Alaska Peninsula to total 308,000 birds and
colonies on Afognak Island to total about 39,000 birds. Predominant colonial species include
murres, puffins, gulls, and kittiwakes. More recent counts indicate that populations of murres
on the Alaska Peninsula total about 340,000 birds; the largest colonies are located near Cape
Kekurnoi, Atkulik Island, Spitz Island, and Karpa Island (USFWS colony data base). Several
hundred thousand sea ducks are also present in coastal waters of Kodiak and Afognak Islands
and the Alaska Peninsula (Forsell and Gould, 1981). '

4.2.3 Pelagic Distribution from OCSEAP/USFWS Survey Data
4.2.3.1 Murres
Both Common Murres and Thick-billed Murres are found in waters of the western Gulf

of Alaska. Common Murres have an Alaska nesting population of about 5 million birds, with
the largest colonies located in Bristol Bay, the eastern Aleutians, the Shumagins, Kodiak
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Island, and the Kenai Peninsula (Sowls et al., 1978). Gould et al. (1982) and OCSEAP ship
surveys in the winter found Common Murres only near Kodiak Island. In the spring,
numbers increase dramatically, and Common Murres become abundant throughout the western
Gulf of Alaska. The distribution at sea is mostly confined to shelf waters (< 200 m depth);
beyond the shelf break, numbers decline to low density (< 5 birds/km?). Thick-billed Murres
are also present in the western Gulf of Alaska, but the center of their nesting abundance is the
Bering Sea. They reach their greatest numbers in the western Gulf of Alaska from November
through March. During the spring, they are most numerous near the Shumagin Islands. In
spring, Common Murres may outnumber Thick-billed Murres in the Gulf of Alaska by a
factor of 5. OCSEAP and USFWS surveys show that murre density in Prince William Sound
is low in the spring (< 5 birds/km?), while somewhat greater numbers are found 30 to 50 km
west of Middleton Island. Along the Kenai, high densities (20 to 25 birds/km?) are found in
Blying Sound and moderate to high densities (10-25 birds/km?) are found in the vicinity of
Resurrection Bay, Aialik Bay, and Harris Bay. Low-moderate and moderate densities (5 to
15 birds/km?) are present near the Barren Islands and in lower Cook Inlet, increasing to
high-moderate densities (15 to 20 birds/km?) 20 to 40 km east of Afognak Island over
Portlock Bank. From Kodiak southwest to Chirikof and Semidi Islands, murre densities are
moderate to high. Densities tend to be low to moderate in the Shelikof Strait. Very high
densities (up to 111 birds/km?) have been mcordcd in coastal waters of the Alaska Peninsula
off Chignik Bay, Castle Cape, and the vicinity of Mitrofania Island. The distribution of
murres in April and May is shown in figure 4-4.

A similar pattern occurs in the summer, although the population is lower than in the
spring. In June and July, low to low-moderate densities (< 10 birds/km?) are found
throughout shelf waters off the Kenai Peninsula, around the Barrens, and in Shelikof Strait.
Density of murres in coastal waters of the Kenai Peninsula in summer is much reduced from
spring levels. Moderate densities (5 to 15 birds/km?) occur 30 to 50 km east of Afognak over
Portlock Bank. In this same area in the spring, densities were substantially greater. High to
very high densities have been recorded near the Semidi Islands and along the Alaska
Peninsula from Chignik Bay to Mitrofania Island (figure 4-5).
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4.3.2 Use and Limitations of ESI Shoreline Type Data

Shoreline type data were used to provide an indication of probable carcass deposition
and persistence patterns and of accessibility to bird recovery crews. Based on definitions of
ESI shoreline types and a personal communication with Jeff Dahlin (RPI), shoreline types
were rated for deposition potential, burial potential, scavenging potential, and accessibility
(see table 4-2). Generally, vertical rock (exposed or sheltered) and ice were assumed to
deflect carcasses so that deposition was not possible. Sheltered tidal flat and marsh were
considered essentially unsearchable because of sensitivity to intrusion or safety concerns.
Wave-cut platforms and gravel beaches presented rating problems because each type
encompasses both accessible and inaccessible portions. Small gravel is accessible and some

wave-cut platfform areas are accessible. However, gravel beaches also include large cobble, a
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5.0 SOURCES OF CARCASS UNDERCOUNTS

5.1 At-Sea Loss Rates for Seabird Carcasses

5.1.1 Background and Study Design

A question central to the estimation of the total number of seabirds that die as a result
of the Exxon Valde:z or other oil spills is the probability of a carcass floating long enough to
make landfall or, on the other hand, being lost at sea. Few data addressing this question have
been available in the past, making it difficult to assess the true effect of oil spills or natural
mortality on seabird populations. Carcass recovery rates varying from 10 percent to 100
percent have been found in experiments using gull carcasses where trajectories seemed to be
directed toward shore and where potential beaching areas were searched (Hope-Jones et al.,
1970; Bibby, 1981). Anecdotal accounts and our own experience indicate that, under some

conditions, carcasses may float for well over a month. In other words, the carcasses that

' wash ashore following an oil spill or a natural death represent a fraction of the original
mortality, but the size of that fraction is not known. The purpose of this portion of the study
was to determine as accurately as possible the rate at which at-sea loss occurs and some of

the factors that may influence that rate.

Our basic technique was to attach small floating radio transmitters to carcasses and to
track the carcasses from an aircraft or boat until they either beached or sank. Freshly killed
birds were necessary for these experiments so that the carcasses’ age and history were known:
carcasses recovered on beaches either during or following the spill would inevitably be of
unknown age and condition, invalidating any results that could be obtained from the study.
Also, our prior experience indicated that carcasses that had been frozen and thawed floated
lower in the water and were likely to sink more rapidly than fresh carcasses. In addition to
freely drifting carcasses, we also tracked radio-tagged drift buoys (referred to as "dummies"),

which were weighted to drift like bird carcasses. The dummies served as controls on the
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carved foam float disk sinker
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FIGURE 5-1. Barge containing transmitter for radio tracking. Barges were attached to
carcasses by a stainless steel tow wire and were designed to ride low in the water to minimize
any effect on drift characteristics of carcasses.

size and buoyancy of the carcasses they were designed to simulate. The smaller floats,
measuring 125 mm in length with a 115 g (4 oz) lead weight, were used to simulate Crested
Auklets. Larger floats measuring 140 mm in length with 115 to 170 g (4 to 6 oz) lead
weights were used to simulate Common Murres, ducks, and cormorants (figure 5-2). Inidally,
dummies drifted along with carcasses in a given release. However, as carcasses began to sink

lower in the water, distance between the two groups sometimes increased.
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5.1.2.3 Releases

Four releases (AK1 through AK4) were made in Prince William Sound, and four
releases (AKS through AK8) were made in the Gulf of Alaska off Kodiak Island (see figure
5-3). Data on releases are summarized in table 5-2. In each release, carcasses were oiled to
varying degrees (unoiled, moderately oiled, or hcavﬂy oiled). The numbers of carcasses and
degree of oiling are summarized in table 5-3.

Releases of carcasses and dummies in Prince William Sound (AK1 through AK4) were
made by a boat team operating out of a base camp on Naked Island. Because our focus was
on the loss of carcasses due to sinking or scavenging at sea, release sites were chosen on the
basis of the drift conditions at the time of the release to maximize the time that a carcass
would drift before beaching. Releases in Prince William Sound were made between 25 May
and 17 June 1990. Release AK]1 consisted of 20 Crested Auklets and 5 dummies, while
release AK2 consisted of 16 Crested Auklets and 4 durnmies. In these releases, one-half of
the carcasses received moderate oiling, and the other half were unoiled. The third release

(AK3) consisted of 20 Common Murre carcasses and 5 dummies. In this release, one-half of
the carcasses were unoiled, and the other half were heavily oiled. The last release in Prince
William Sound (AK4) consisted of 15 sea ducks, 5 cormorants, and 4 dummies. Eight sea
ducks and one cormorant were heavily oiled, and the remainder were unoiled. (In this
release, two of the four dummies were weighted to float like the smaller ducks, and two were
weighted to float like larger ducks and cormorants). In all, a total of 94 radio tags, placed on

76 carcasses and 18 dummies, were released in Prince William Sound.

Four releases (AKS5 through AK8) were made during the Gulf of Alaska phase of the
study off the northeast end of Kodiak Island between 18 July and 12 August 1990. Three of
the four releases were made from a boat, and, due to heavy seas, the fourth release was made
from a helicopter. As in Prince William Sound, release sites were chosen to maximize the
time that a carcass would float before beaching. Each of the four Gulf of Alaska releases

consisted of 18 Common Murre carcasses, 9 Crested Auklet carcasses, and 9 dummies (6
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TABLE 5-2. Releases of bird carcasses and dummies for at-sea loss rate studies,

spring-summer 1990.

I 7 ZASE
NUMBER DATE

NUMBER OF BIRD NUMBER OF LOCATION OF
CARCASSES SPECIES DUMMIES RELEASE

AK1 25 May

28 May

12 June

17 June

20 CRAU S 60° 30.29° N/
147° 14.60° W

16 CRAU 60° 30.04° N/
147° 19.30° W

20 60° 08.30° N/
- 147° 39.20° W

60° 9.50° N/
147° 10.50° W

N W o e

57° 39.80° N/
151° 28.00° W

57° 46.20° N/
151°43.10°' W

57° 32.00° N/
151°47.50° W

57° 00.00° N/
152° 22.00° W

Dok Db [ Dok
00 Voo o O

2l

nowounn

Crested Auklet HARL Harlequin Duck

Common Murre PECO Pelagic Cormorant
White-winged Scoter DCCO Double-crested Carmarant
Surf Scoter
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. increasing distances from the transmitters to collect data on the relationship of amplitude

. (signal strength) to distance. The relationship was basically linear, with amplitude declnung
as the distance increased in a straight line. The results of a regression analysis were used as
a basis for constructing tables of distance as a function of amplitude for two aircraft altitudes,
500 and 1,500 ft above sea level (ASL). Close correspondence was found between the actual
distances (known from LORAN fixes) and estimates obtained from the regression equation
(table 5-4). '

TABLE 5-4. Agreement of the estimated distance derived from signal amplitude with the
actual distance from calibration trials run in May 1990. The measure of the fit of regression
equation to data is expressed as a coefficient of determination (r square; n = number of trials).

ALTITUDE LOW-GAIN ANTENNAS  HIGH-GAIN ANTENNAS

500 ft ASL r square = 0.91 1 square = 0.93

n=42 n=>56

1,500 ft ASL 1 square = 0.86 1 square = 0.91
n =56 n = 68

To fix the position of a telemetry target, the bearing of the target from the aircraft must
be known. From a slow-moving ship or a land station, the antenna array is turned in a
direction to obtain maximum signal strength. .In an aircraft, this bearing is always assumed to
be 90° from the aircraft’s heading, which is the point of closest approach of the aircraft to the
transmitter (the right-angle distance). At this bearing, the signal amplitude reaches its peak
value. In our study, the operator who monitored right- and left-side antenna arrays through a
head-set clearly knew which side of the aircraft was receiving signals. (Signal strength from
the opposite antenna array was very weak because of shielding caused by the aircraft
fuselage). For a given frequency and pulse rate (which identified a transmitter), signal
amplitude was monitored continuously and recorded through an analog-to-digital interface

board into an onboard computer. Records were made every 10 seconds that included, among
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TABLE 5-5. Summary of aerial tracking effort in Prince William Sound and the Gulf of
Alaska.

OPERATION AREA MONTH NUMBER OF FLIGHTS HOURS IN AIR

Prince William Sound May 15
(25 May to 3 July) June 70
July

Kodiak/Gulf of Alaska  July

(11 July to 31 August) August

Totals:

various switch settings, to receive a signal from cither the high- or low-gain antennas and
from one or both sides of the aircraft. The telemetry-receiving equipment consisted of a
Telonics TR-2 receiver with a 2 MHz frequency band width (148 to 150 MHz), a TS-1
scanner/programmer, and a TDP-2 digital data processor. This receiving equipment was
modified to feed output data directly to an onboard computer to permit viewing of amplitude
curves in real time. Output from the aircraft LORAN-C (periodically adjusted using a
VLF-Omega navigation system) was also logged directly into the onboard computer. Two
technicians were present on each flight, one to select and monitor signals via the rcceivér and

the other to monitor data entry into the onboard computer.

The high-gain antennas had a useful listening range of about 20 nautical miles (nmi) at
500 ft and 25 nmi at 1,500 ft. The higher aldtude (ceiling permitting) was typically used for
inital signal acquisition, while the lower alttude was used to determine the location of a
carcass or dummy if it was believed to be on or near land. The low-gain antennas had a
useful range of about 7 nmi. The location of free-drifting radio-tagged carcasses and

dummies was determined either by making runs along a straight-line course (i.e., using the
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5.1.3 Findings

5.1.38.1 Signal Acquisition and Tracking Results
- - 1'1 Pl'il - - vl:u:-_n !\.)und

Position fixes were made more than 1,000 times for the 94 radio-tagged carcasses and
dummies released in Prince William Sound. Here, the boat tcam also obtained numerous
position fixes, of which some resulted from revisiting waters near release sites in days
following a release and some resulted from special scarchc’; of beaches or nearshore waters
after signals from these areas were acquired by the tracking aircraft. All dummies were
tracked until beaching or termination of the Prince William Sound phase of the study. No
transmitter failures were encountered, nor did any dummy drift beyond range; although
several carcasses and dummies did actually drift out of Prince William Sound, they were still
tracked. Our results therefore reflect only the loss of carcasses due to sinking or scavenging

at sea, rather than to other factors.

The Prince William Sound phase of the project extended from late May into early July,
and, during this time, four releases were made and radio tags tracked on 20 flights. Release
AK1 was tracked for the entire period, while later releases were tracked shorter periods of
time. Table 5-6 presents the number of tracking days and median persistence times for
releases in Prince William Sound. The median persistence time (number of days after release
when 50 percent of the total carcasses had been lost at sea) was calculated from a dataset
that, for a given day, included only those carcasses that were floating or had beached after the
last carcass sinking occurred. Releases AK1 and AK2 remained floating somewhat longer
than releases AK3 and AK4, probably due to very calm wind conditions and sea states of
Beaufort 0 and 1, which prevailed during this period. Releases AK3 and AK4 were at sea

during periods with greater wind and wave action and disappeared more rapidly.
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TABLE 5-7. Assignment of the fates of carcasses for figures 5-4 through 5-7. Letters in the
body of this fate-transition matrix give the fates of carcasses on day between sampling dates
(t and t+n) or after the last i " ‘e for that carcass (last column). Fates were Floating,
. Sunk, Ashore, Removed (retrieved or scavenged), and Indeterminate. A and R were
combined in figures 5-4 to 5-7.

A S —

Q0 [ Yt+n “ATE
UNKNOWN!
F S A R
Fate F F I I 1 I
on
Day t S n/P? S n/P n/P S
A 1 n/P A/l A A/l
R n/P n/P n/P R R

'This column gives the fates when t was the last day on which data were obtained for the given
carcass.

In/P = not permitted

3Carcasse« that had been ashore more than 3 days prior to day t, where classified as Ashore, and
Indeterminate otherwise,

70 percent, only one (5%) was floating after day 23, and by day 32, this carcass had beached
or moved into the surf zone. Median persistence time for AK1 carcasses was 20 days. The
release sitc for AK1 was east of Smith Island in the center of Prince William Sound. Over
the tracking period, most of the carcasses and dummies drifted in a northeasterly direction
toward the Valdez Arm (see figure 5-8).

Release AK2 differed from AKI1 in that the decline in carcasses afloat began between
day 3 and day 6 and all but one had sunk or beached by day 16 (figure 5-5). Twenty-five .
percent of the total were lost due to sinking or scavenging at sea by day 20. Median
persistence time was 18 days. Release AK2, which also consisted of Crested Auklets, was
released south of Smith Island near the release site of AK1. Even though only 3 days had
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FIGURE 5-4. Fate of dummies and carcasses in Prince William Sound, Release #1. The width
of each band indicates the number of carcasses or dummies in each state. The indeterminate
state applies to carcasses or dummies between dates on which their status was known to have
changed (table 5-7). The tag that was still floating on day 32 had been ashore for several
days, and the transmitter was probably no longer attached to the carcass.
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FIGURE 5-5. Fate of dummies and carcasses in Prince William Sound, Release #2. The width
of each band indicates the number of carcasses or dummies in each state. The indeterminate
state applies to carcasses or dummies between dates on which their status was known to have
changed (table 5-7).
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FIGURE 5-7. Fate of dummies and carcasses in Prince William Sound, Release #4. The width
of each band indicates the number of carcasses or dummies in each state. The indeterminate
state applies to carcasses or dummies between dates on which their status was known to have
changed (table 5-7). Reflotation of both dummies and carcasses occurred frequently with this
release. One of the tags still floating at the end of this release apparently never beached, and
was probably attached to an intact carcass. The other had been ashore and was probably no
longer attached to a carcass.
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elapsed between releases AK1 and AK2, nearly all carcasses and dummies remained close

together and driftedhwcst to beach or float near Eleanor, Ingot, and northern Knig':: Island
(figure 5-9).

Release AK3, consisting of Common Murres, was tracked for 21 days, at which time
the number that had sunk or been scavenged at sea represented only 10 percent of the total
(figure 5-6). AK3 was released in Montague Strait, and most carcasses and dummies drifted
in a northeasterly direction where many beached on Green Island (figure 5-10). Release
AK4, consisting of ducks and cormorants, was tracked for 17 days, at which time sinking or
scavenging at sea had taken about one-fourth of the total, and less than 12 percent of the
number released were still afloat (figure 5-7). Release AK4 was made near Glacier Island in
the northernmost part of the Sound to provide a maximum expanse of open water in which
they could drift. However, almost all carcasses and dummies were rapidly carried southwest
into Knight Island Passage where most beached (figure 5-11). Combined, releases AK3 and
AK4 had a median persistence time of 15-18 days.

5.1.3.1.2 Kodiak and the Gulf of Alaska

Completion of work in the Guif of Alaska was more straightforward because the
carcasses were released in a greater expanse of open water and only a few radio tags beached.
Here, each release consisted of the same number of birds (18 Common Murres and 9 Crested
Auklets), and all four releases were made in the same general area north and east of Kodiak
Island. On 20 tracking flights conducted from 11 July through 31 August 1990, we recorded
more than 900 position fixes of free-drifting carcasses and dummies. Only two carcasses and
cight dummies beached during this phase of the study. The difference in the beaching rate
suggested that, as carcasses began to sink, they were less subject to onshore winds than
dummies. The results clearly indicated that conditions in the Gulf of Alaska, probably higher
winds and seas, shortened the persistence time relative to the more sheltered waters of Prince
William Sound. Of the 108 radio-tagged carcasses released in the Gulf of Alaska, 5 drifted

out of range and 10 were still afloat when we terminated the field work. None of the 36
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PRINCE WILLIAM SOUND
Release 2
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FIGURE 5-9. The movement of individual radio-tagged carcasses and dummies from Release
#2. Each filled circle represents one fix; sequential fixes are connected by fine solid lines.
These lines are meant to provide only a means to visualize the movement patterns and do not
imply the actual route of the transmitter. The initial release point, located southeast of Smith
Island near the center of the map, is marked by a star.
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PRINCE WILLIAM SOUND
Release §#3
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FIGURE 5-10. The movement of individual radio-tagged carcasses and dummies from Release
#3. Each filled circle represents one fix; sequential fixes are connected by fine solid lines.
These lines provide only a means to visnalize the movement patterns and do not imply the
actual route of the transmitter. The initdal release point, located southwest of Green Island, is
marked by a star.
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PRINCE WILLIAM SOUND
Release #4
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FIGURE 5-11. The movement of individual radio-tagged carcasses and dummies from Release
#4. Each filled circle represents one fix; sequential fixes are connected by fine solid lines.
These lines provide only means to visualize the movement patterns and do not imply the
actual route of the transmitter. The initial release point, located south of Glacier Island near
the north end of the map, is marked by a star.
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dummies was lost. Th: duration of the tracking period and median persistence time for each
Gulf of Alaska release is shown in table 5-6. Median persistence time was only 7 to 11 days
on the first three releases (AKS5 through AK7), while that of the last release was similar to
that found in Prince William Sound. Few carcasses from release AKS were lost during the
first week but, subsequently, numbers declined rapidly and all were sunk by day 16 (figure
5-12). Median persistence time for AKS was 11 days. During the first week, conditions in
the Gulf were fairly mild with 15 to 20 knot (kn) winds. However, during the second week
following release AKS as the seas increased under 20 to 30 kn winds, the most sinking
occurred. Release AK6 carcasses also floated for the first week, but within a day or two, 80
percent were lost to sinking (dummies wérc still floating). “This loss occurred during the
same period of 20 to 30 kn winds to which the AK5 carcasses were subject. A few Common
Murre carcasses from AK6 continued to float for another week (figure 5-13). Median
persistence time for AK6 was only 7 days. For AK7, some loss due to sinking was recorded
within 2 to 3 days following release despite relatively mild sea conditions. The rate of
decline was quite uniform for this release, with about one-third of the carcasses gone by the
end of the first week and another one-third gone in the second week (figure 5-14). Winds
gradually increased over the tracking period from 15 to 30 kn. Median persistence time for
AK7 was 9 days. Winds were somewhat calmer for release AKS8, with winds of 15 to 20 kn
increasing to 20 to 25 kn over the duration of the tracking period. These carcasses were all
accounted for until day 10, after which 63 percent were lost in the next week due to sinking;
some were still afloat when we terminated the field phase of work in the Gulf (figure 5-15).
Median persistence time for AK8 was 18 days.

5.1.3.2 Statistical Differences Among Releases

The statistical treatment of data collected in Prince William Sound differed from that of
the Gulf of Alaska because the beaching rate was so great. This beaching rate was simply
due to the presence of many islands, coves, and points of land in Prince William Sound that
snared drifting carcasses and dummies. Of the 76 carcasses released in the Sound, only 4 (18

percent) were known to have sunk (most of the rest beached, but a few from later releases
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FIGURE 5-12. The proportion of carcasses and durnmies that were still floating for release
AKS through time. Proportion floating is defined as the number floating divided by the
number sunk plus the number floating. Beached birds and dummies are not considered. The
first two graphs show the data for Common Murres and Crested Auklets, respectively, broken
down by degrees of oiling. The second two graphs show the data for dummies and a
breakdown of the entire release by species. Data points indicate days on which flights were
made to check for transmitter signals.
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FIGURE 5-13. The proportion of carcasses and dummies that were still floating for release
AKG6 through time. Proportion floating is defined as the number floating divided by the
number sunk plus the number floating. Beached birds and dummies are not considered. The
first two graphs show the data for Common Murres and Crested Auklets, respectively, broken
down by degrees of oiling. The second two graphs show the data for dummies and a
breakdown of the entire release by species. Data points indicate days on which flights were
made to check for ransmitter signals.
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between the last signal acquisition and the next day of unsuccessful search. Examination of
the data showed that a signiﬁcéint degree of non-normality (P<.001, Kolmogorov-Smirnov
Test) could not be corrected for all samples by transformation. Also, the data were
heteroscedastic (P = .004, Bartlett’s Test). Although Bartlett’s Test is sensitive to non-
normality, we obtained the same results when we tested only those samples that were
approximately normal. Thus, in a two-way analysis of variance (ANOVA), we used the ranks
of persistence time, a technique known to give robust results when the assumptions of
ANOVA are not met (Conover, 1980). Howevcr, the same results were obtained when we
performed an ANOVA with the raw data. We chose to treat Release as a fixed factor
because of the way release times and locations were selectéd; however, treating it as a
random factor would not have significantly changed the results of the ANOVA. As expected,
we found that the length of time carcasses remained afloat did differ significantly from
release to release (P<.001; table 5-8). Releases AKS and AK7 were similar in regard to
persistence time, but release AK6 was significantly shorter and AK8 was significantly longer.
(Tukey, multiple comparison test with alpha = 0.05). However, the presence of oil (moderate
or heavy) did not have a significant effect on the length of time carcasses remained afloat
(P>0.5; table 5-8). Even for the data showing the greatest tendency for persistence time to
increase with degree of oiling (releases AKS and AKS), the effect of oiling was not
significant. Using a two-way ANOVA, we theh tested for any species differences in
pergisten'ce time for Common Murres and Crested Auklets in Gulf of Alaska releases (AKS5
through AK8). Release was included in this model because it was shown in the first analysis
to be significant. Persistence times of the different species were not significantly different
(P>0.90; table 5-9). A three-way ANOVA examining release, species, and degree of oiling

gave identical results, and no additonal interactions were significant.

5.2 Bird Carcass Search Effort

A key determinant of the proportion of oiled birds retrieved is the level and distribution
of the search effort. In the weeks after 24 March 1989, an effort was made to collect oiled
birds along the coastline of Prince William Sound and the Gulf of Alaska. This effort was
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This section attempts to quantify, from the limited data that are available, the more
significant components of the bird search effort: the proportion of shoreline searched, the
interval between arrival of oiled bird carcasses on shorelines and the search, and the

frequency of searches.
5.2.1 Sources of Information

The information used in this section is derived from personal accounts of individuals
who were involved in 1989 in the cleanup or wildlife damage assessment along different

sections of oil-affected coast from Prince William Sound to the Alaska Peninsula.

Microfilmed records of field notes, ship logs, radio dispatches, instructions to search
and rescue crews, trip reports of Department of the Interior personnel to oil-impacted areas,
and reports of agency biological investigations were provided by USFWS. Follow-up
interviews were conducted in January 1991 with individuals to whom the microfilm records
refer and with individuals known to have been in the field in 1989 (mostly National Park or
USFWS personnel, but including one Veco catcher boat coordinator). Those interviewed
were asked to provide the following information, based on their personal knowledge of the
bird search and rescue effort along the section of coast in which they worked: the amount of
shoreline that was sandy and walkable or rocky and difficult to search; the proportion of
coastline searched, either by agency personnel or catcher boats under contract to Exxon; the
frequency of searches by type of shoreline; and, if observers were present when carcasses
began to arrive, the interval between the arrival of oil and oiled birds on a section of
shoreline and the time the shoreline was first searched. Accounts were obtained from
representative sectors of affected coastline: Prince William Sound, the Kenai coast, the
Barren Islands, Katmai National Park, Becharof National Wildlife Refuge, Aniakchak
National Monument, Kodiak Island, and other parts of the Alaska Peninsula National Wildlife

Refuge (NWR) (sectors are shown in figure 4-6).
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Tszble 5-10. Summary of search effort data derived from microfilm and other < cumentary

m:terials, unpublished reports, and telephone interviews.

Shoreline Type
Szndy or Walksble Rocky or Difficult 1o
Walk
Time Lag of Mem
Section of Initial Percent  Percent Mesn Scarch Percent  Percent Search
Coasnt Secarch of Total  Searched Interval of Total  Scarched Interval
(Da2ys) (Dz2ys) (Days)
Prince’ v
Willism Sound ~ 6-16? 85-95 70-100° s 5-15 50-95° 33
Kenai® Fjords
Arca 6-20¢ 10-20 100 7117 ) 80-90 10 ?
Cook Inlet 7 ? ? ? ? ? ?
Barren! Islands 2 13 100*° 752 87 0 0
Katmal NP g-15" 251 70-90" 794 75" 10-20" 0-30"!
Becharof™
NWR 7-15% 30 90 3045 70 0-15 Once per
{Puale summer”
Bay] 6 75 100 2 25 100 2
) Aniakchak™
NM ? 50 100 610" 50 100 7
Kodiak™
Island Ares 6 (Min.) ? 75 (Max.) Varizble ? 25-50" Varnable
Alaska®
Peninsula Midsummer 45 10 Once 55 0 0
NWR Area ’

_ Foowmotes: See Appendix C for mos references.

1. Al dau for Ponce William Sound fram telephone interview with Kelly Weaverling, 1/9], unless otherwise poted.

2" Avcnage is closer o 6 than 16, Snyder-Conn and Scannell, Microfitm 469-0583.

3.  Lower values fram telepbone interview with David Nysewander, 191.

4. Our eruimate - 1 o 3 tmes per week through 15 hane.

5. Mox daic for Kenai Fjords from telepbane interview with Bud Rice, 151, inless otherwise noted.

6. Lowcr values fram Micrafibm 005-1216. Our baa estimate 8-10.

7. Microfilm 005-1058 10 005-1216, and Karen Jeamar toip repart

8. Microfilm 003-0004, 003-0017.

9.  Daic far Barren Itlands fram Ed Bailey trip reporns.

10, Acmal imeval, pot estimate.

11.  Telephooe interview with Jay Wells, 151, end Micrafilm 001-0892,00]-0898, 001-0905, 001-0912, 001-1065, 00]-1448, 003-0547, 003-
120).

12 Telephane interview with Janice Meldrum, 1/91.

13. Telepbone interview with Jay Wells, 151, -

14.  Telephooc interview with Janice Meldrum, 191, snd Microfikm 001-1231.

15. Data for Becharof Nmional Wildlife Refuge, including Puale Bay, from telephone fmczview with Roo Hood, 151,

16 Most daus for Aniakchak National Mooumen from telephone imerview with Jery Bronson, 181,

17. Telephone interview with Jay Wells, 1/91, and Microfikm 003-0998.

18. Dau for Kodiak fram telephone interview with Jay Belinger, 181

19.  Microfilm 003-0004, 003-0017, 003-0998. Estumiic based oo weather conditions.

20. Moa dau for Alesks Peninsuls Nationd] Wildlife Refuge from telephane interview with Doma Dewhurst, Jay Bellinger 18],
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not receive the attention that protected sandy bays would receive because of the hazards
involved. Instructions to catcher boat crews were, "Above all else, safety first. . . . Avoid
dangerous beaches" (Veco instructions to catcher boats, Microfilm 469-0419). Such safety
precautions included not walking on tidal flats, not searching away from the beaches (because
of bears), and not putting ashore in Zodiac inflatable boats when seas wcré higher than 3 feet.
References to catcher boats “going sightseeing” or "hiding out” in bays without oil (e.g.,
Microfilm 003-0004; 003-0017) lend further credence to low estimates of the search effort

along the Kenai coast.

On the Barren Islands, all sandy beaches were searched, most of them several times;
however, rocky shorelines were not searched at all (Ed Bailey, Alaska Maritime NWR
Biologist, trip reports to the Barren Islands). Rocky shorelines constituted 87 percent of the
total shoreline present (109 km). Of the total number of dead birds, over 2,000 or 6 percent

were retrieved from the sandy beaches that were searched on the Barren Islands.

On the Katmai coast, Jay Wells, an NPS employee who accompanied the Veco catcher
boats, estimates that approximately 70 percent of the sandy beaches were searched for oiled
birds. Brown bears on beaches interrupted 30 percent of their searches. The inhibiting factor
that brown bears presented is corroborated by Heidi Herenden, Katmai National Park, in her
statement, "We do not land on bear beaches" (Microfilm 003-1154), and by fishermen who
indicated a fear of brown bears. Wells stated that "some" rocky shorelines were searched, but
few oiled birds were found, and searches concentrated elsewhere. A figure of 10 to 20
percent seems a reasonable estimate for the proportion of rocky shorelines se:rched. The
portion of Katmai shoreline from the Kamishak River to Cape Douglas was not searched at
all (Janice Meldrum, NPS, Kodiak).

Throughout May, the Becharof NWR coastline received considerably less search effort
from the Veco catcher boats than did the Katmai coast (Donna Dewhurst, Refuge Biologist,
Becharof NWR; Janice Meldrum, NPS, Operations Section Chief for Katmai coast, Kodiak).
In fact, this problem gave cause for agency complaint (Jay Bellinger, Kodiak NWR Manager

Confidential Report: Direct Seabird Mortality Ecological Consuling, Inc.
Page 103 June 7, 1991






The search effort on Kodiak and Afognak Islands was apparently highly variable (Jay
Bellinger) and difficult to quantify. Our impression is that a maximum of 75 percent of the
sandy beaches and a maximum of 50 percent of the rocky coastline may have been searched
in this area, and that a more reasonable estimate for rocky shoreline is less than these

percentages.

One or two reports were made of oiled birds from Bristol Bay, presumably of birds that
entered that body of water through Unimak Pass. The search effort along the Bering Sea
coastline was almost nonexistent. It is surprising that any recoveries were obtained from that

arca.

The search effort is reflected in the number of seabird catcher boats employed in the
areas coordinated by the various oil response command centers. Seward (responsible for the
Kenai coast) had 40 boats under contract, Prince William Sound had 31, and Kodiak
(responsible for Kodiak, Afognak, and the Alaska Peninsula) had 16 (Microfilm 469-0409 to
0413). (See table 5-11.)

TABLE 5-11. Number of catcher boats employed.

Prince William Sound
Seward
Homer
Kodiak

TOTAL

Dead oiled birds were also retrieved during the beach cleanup stage. However, due to
the slow pace of that work, the areas covered were limited, and the number of birds was

relatively small. During the cleanup stage, apparently due to confusion, some oiled birds

Confidential Report: Direct Seabird Mortality Ecological Consulting, Inc.
Page 105 June 7, 1991






In summary, it appears that the search effort was greater in Prince William Sound,
where a relatively high proportion of the shoreline was searched, than along the Kenai coast,
the Barren Islands, or the Alaska Peninsula. The latter e more d, with a greater
proportion of difficult-to-walk shoreline, and are more remote. The lowest number of oiled
" ad birds was retrieved from Prince William Sound despite its relatively greater accessibility.
aud .ighest number was retrieved from the Alaska Peninsula, despite
(measured in spatial terms as the proportion of the coastline searched) in that area. Rocky,
difficult-to-walk shorelines were not searched with the same intensity as easily walked, sandy
beaches, and much of the search effort was apparently conducted from skiffs rather than by
walking over boulders (Jay Bellinger). Dead birds in crevices would not be visible from
boats, nor would they be visible even by walking over the rocks, unless the path of the

observer came close to the bird.
5.2.2.2 Temporal Considerations

Two temporal components of the search effort influence the proportion of birds
recovered: (1) the interval between the arrival of oiled birds or 1 particular beach and the
first bird search and pickup on that beach and (2) the interval between searches of a given

beach.

In most areas, the arrival of the first oil and oiled birds on particular shores is not
known precisely. However, the administrative delay in mobilizing for the emergency is well
known. The interval between the arrival of oil and the first bird collections is given by many
observers as a minimum of 6 days for those beaches that were searched first. For reasons
discussed below, the interval was longer than that for those shorelines searched later. Table
5-10 presents data for a sample of shorelines for which the dates of arrival of oil/oiled birds

and the dates of first rcspofxsc are known.

For Prince William Sound, mobilization of the "full complement" of catcher boats took

6 days (Kelly Weaverling, Bird Rescue Coordinator, Cordova), but one shoreline did not seem
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the Gulf of Alaska. Cleanup efforts have been hampered considerably by stormy weather and
rough seas. Today was no exception" (Trip report, April 27, 1989). At Aniakchak, Jerry
Bronson stated that on only 2 of 10 days was weather safe enough to patrol remote beaches
(Microfilm 003-0998), and he further noted that bears patrolled the beaches after storms,
whereas Veco crews were inhibited from landing on beaches until seas subsided. Weather in
the Gulf of Alaska undoubtedly interfered with the ability of the bird search and rescue crews

to conduct searches.

At Kenai Fjords, actual diaries of catcher boat crews indicate that Two Arm Bay was
searched again after an interval of 11 days (Microfilm 005-1058 to 005-1216). These
accounts indicate that an estimate of 4 to 6 days would be unrealistically low and that 7 to 11
days is a more reasonable estimate. Sandy beaches at the Barren Islands were searched on a
weekly basis by USFWS refuge personnel. Trip reports are available that give the results of
weekly beached bird retrievals. Sandy or walkable beaches along the Katmai coast were

apparently searched at the same frequency as the Kenai coast, or once per week.

Sandy beaches along much of the rest of the Alaska Peninsula under USFWS
administration were searched much less often, from a minimum of once to a maximum of
three times during the summer (Donna Dewhurst, Biologist; Ron Hood, Refuge Manager,
Becharof and Alaska Peninsula NWRs, King Salmon; Jay Bellinger, Kodiak), except at Puale
Bay, where Wildlife Service personnel at a field camp established June 15 searched the
shoreline every 2 days.

Eye-witness accounts are unavailable for Kodiak. One can conclude from data on the
number of boats active in the Kodiak zone that the search coverage there was perhaps
comparable to the Alaska Peninsula. It may, in fact, have been less because of search
priorities directed elsewhere (e.g., to NPS-administered coastline) and because of the
extensive Kodiak-Afognak coastline to be searched.
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All observers noted that rocky shorelines were searched less frequently than sandy
beaches. At the Barren Islands, rocky shorelines were not searched; oiled birds were
retrieved only from sandy beaches, which compose 13 percent of the coastline. Along the
Kenai coast and much of the Alaska Peninsula, including shoreline under both NPS and
USFWS administration, rocky shorelines were searched infrequently, once per month or once
during oo, 1 e searched . InPr e William Sound, B
sheltered shoreline, accessibility, and larger number of boats, rocky shorelines may have been
searched up to two to three times per week (Kelly Weaverling). At Kodiak, data are lacking
on search frequency on rocky shoreline, but it was probably comparable to the frequencies
along the Kenai and Alaska Peninsula coastlines.

The search effort was much reduced in Prince William Sound by 15 June (Kelly
Weaverling; Brian Sharp) and along the Alaska Peninsula by 1 June, after which the Veco
emphasis switched to cleanup (Janice Meldrum). The search did continue, as evidenced by
the number of catcher boats employed, although by July it was at one-third of former levels
and at the end of July it was at one-sixth of the earlier levels (see table 5-11). On 30 August
1989 reports appeared of fresh oiling at Aniakchak National Monument, and of fresh bird
kills on 3 September. Autopsies of these birds showed evidence of internal oil (Microfilm
003-0539, 003-0540). Two bags of oiled shearwater carcasses were on the catcher boat
Columbia at the end of August and the beginning of September 1989 (Microfilm 003-0848).
At the Shakun Islets along the Katmai coast, oil and oiled birds were observed on 1 August
(Microfilm 003-0848). At Katmai Bay, Chris Martin observed oil and "bird parts
everywhere” on 13 August 1989. During surveys to determine whether catcher boats should
be decommissioned, Jay Bellinger found oiled bird parts in August along the Alaska
Peninsula. Oil, mousse, and sheen were o_bscrvcd by refuge personnel on Becharof NWR
beaches in November 1989 (Microfilm 469-0599). Evidently, at least some of the mortalities
later in the summer were due to the Exxon Valdez oil spill.

The purpose of this discussion has been to quantify the search effort to the extent
possible from the data available at this time. We have recognized from the beginning that,
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without records of the logbooks of the catcher boats, the degree and distribution of search
efforts would be difficult to characterize. Our review of the microfilm records indicates that,
while examination of the logbooks would be of assistance, we would still have gaps in our
understanding of the process. Because no systematic procedures were used for recording  ta
on the allocation of effort relative to the type of beaches, most of this information is probably
irretrievable. Of greater concern is the fact that the search methodology was definitely
"pseudo-random.” That is, searchers were more likely to concentrate on beaches where they
believed carcasses were deposited in large numbers, but we have no way to determine the
efficiency with which they selected those beaches. Although it is clear at this point that a
significant portion of the vast coastline involved was never searched or was searched very

sporadically, the quantification of the search effort remains one of the most difficult to study

aspects of the incident.

5.3 Effects of Carcass Burial

Observations in Alaska following the oil spill leave little doubt that burial is an
important source of carcass loss on beaches, presumably resulting in undercounts of beached
birds. Many carcasses were partially buried at the time of their collection. The implication is
that others were completely buried -and thus not seen at all. The only information at all on
this subject comes from beached bird studies done following oil spills or from baseline
surveys to find out typical numbers of beached birds along stretches of coast that might later
be subject to oil spills. One such study was done on beaches in southern California from
1975 through 1978 to document densities of beachcast birds. It was found that approximately
one-third of all carcasses encountered were partially buried (D. B. Lewis, pers. comm.). In
another study following an oil spill in central California, marked carcasses were placed on a
sand beach and monitored for loss over time. From the first to second day, 28 to 31 percent
of carcasses were lost, and by the end of the third day, more than 70 percent were gone.
Although some scavenging by crows occurred, the investigators believed carcass burial and

reclamation by the sea to be the major contributing factors (Page et al., 1986).
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On 3 May, Edgar Bailey at Ushagat on the Barren Islands reported "Rising tides and
offshore winds removed all but about 30 of 111 oiled birds . . . on the northeast beach . . .
counted 3 days earlier.” On 5 May, he noted "new _ el _ sited by surf . . ." and on 21
May that "on the north and west facing beaches many bird carcasses were partially covered
by sand and gravel because of heavy surf. . . ." From 26 May to 16 June, he obscrved, "The
remains of many old carcasses buried by gravel deposition reappeared with changing tides
and wind directions" (notes taken from Bailey, Edgar: Beached bird surveys in the Barren
Islands, April 6-June 16, 1989).

Bud Rice, Kenai Fjords National Park, Seward, noted birds being buried by sand and
dead birds among boulders at Black Bay on 14 April. His impression was that Veco searched
walkable beaches once per week. Walkable beaches were estimated at 10 to 20 percent of
Kenai Fjords National Park coast (410 total miles of coastline) (telephone interview).

Jay Bellinger, the Refuge Manager at Kodiak, also found carcasses buried in the sand
and believed that, in the interval between the arrival of csrcasses on the beach and Veco’s
arrival (first birds collected on 15 April), some carcasses :.d been buried. He found that

erosion of sand late in the season uncovered carcasses that had been buried earlier.

Jay Wells, who directed the search effort for NPS, focused collection efforts on the
southwest corner of bays, where sandy beaches became rocky; these parts of bays seemed to
catch the birds in greatest numbers. He estimated the loss of carcasses due to burial at

around 10 percent.

5.3.2 Conclusions

Clearly, at least a portion of the carcasses arriving on a beach will be lost through
burial unless they are quickly collected. The rate at which this loss occurs certainly varies
from beach to beach according to the substrate and exposure to wind and waves. Rates of

burial probably also vary at any given site with weather and sea conditions and tide.
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Providing that beaches are searched at frequent intervals (every 1 or 2 days), some estimates
might be made by tallying the numbers of partially buried carcasses. This tally was not done
following the spill, but on some iches the numbers of partially = ried carcasses r be as

high as 10 to 30 percent over a se  al-day period.

5.4 Scavenging Rates of Beachcast wirds

Following the oil spill, many instances of scavenging of beachcast birds were noted by
workers on the scene. These observations produced a tremendous body of anecdotal
information demonstrating beyond question that scavenging was a common and widespread
occurrence and might seriously affect the capability to obtain accurate estimates of carcass
numbers. Carcasses often appeared to be removed by scavengers almost as fast as they were
deposited on beaches. Some carcasses were scavenged in place, while others were carried
away into the woods. Many of those that were recovered from the beach and taken to

collection centers consisted only of plastic bags of feathers and bones.

5.4.1 Anecdotal Information

From observatons and comments recorded on nearly 30,000 frames in Department of
the Interior microfilm archives, a great deal of information is available to characterize the
magnitude of scavenging and to identify scavengers and their habits. Sources of the
information include boat logs from bird search/rescue boats under contract to Exxon, records
of radio communications from boats to field-command headquarters on the deployment and
daily activities of boats, field notes of agency personnel, trip reports of surveys of oil-
impacted areas, and reports of long-term studies conducted in oil-impacted areas. We
examined about 11,300 microfilm frames and conducted follow-up interviews with individuals
to whom the microfilm records referred and with agency personnel that directed the beach-
search effort. Representative eye-witmess accounts were obtained from all sections of affected
coastline: Prince William Sound, Kenai coast, Katmai National Park, Becharof NWR,
Aniakchak National Monument, Kodiak Island, and other parts of the Alaska Maritime NWR.
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All observations are in relatively close agreement as to the overall magnitude of scavenging

and its effect on the recovery effort.

Records indicate that several species were active in scavenging. At least nine different
species were seen to scavenge on beachcast carcasses, and workers reported scavenging by
these species in all sections of the coastline from Prince William Sound to the Alaska
Peninsula. Bears and eagles were the most commonly reported scavengers, at least in part
due to their conspicuousness and diurnal habits. In some instances, workers used the _
presence of bears or eagles to locate dead birds hidden between rocks on rocky shorelines
(Aniakchak: Jerry Bronson, Biotech). Intertidal foraging by these animals is a common
strategy under normal circumstances, and the increased incidence of available bird carcasses
as a result of the spill probably resulted in a greater than normal activity of these species on
oil-contaminated beaches. It was noted that bears were observed more frequently on oiled
beaches immediately after storms that brought new carcasses ashore (Aniakchak: Jerry
Bronson). Significant scavengers included both black and brown bears, especially along the
Kenai, Katmai, and Kodiak coasts. Brown bears were found at densities of 0.55 per km? on
the Katmai and Kodiak coasts (Calkins and Lewis, 1990), and black bears were found at
average densities of 3.8 per km? on the Kenai coast (Calkins, 1990).

Foxes may have been important scavengers, but their involvement in scavenging is still
unclear. They were seen to forage in areas under logs where carcasses were lodged (M.
Yurick, Katmai National Park), but they were believed to avoid oiled carcasses (D. Payer,
Katmai National Park). Wolverines, although less abundant than bears and foxes, are known
for their scavenging habits and were reported from Aniakchak beaches (D. Houston, NPS).
River otters, which are known to forage actively in the intertidal zone, were seen at several
locations including Aniakchak (D. Houston, NPS) and Paguna Arm of Kenai Fjords National
Park (Bud Rice, NPS).

Among avian scavengers, Bald Eagles, gulls, and corvids were apparently the most

actve. Bald Eagles are abundant throughout the region; e.g., in Prince William Sound, the
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number of eagles was estimated at 5,124 (Schempf, 1990). Numerous reports are found of
oiled-bird remains in eagle nests and roosts, e.g., on the Aniakchak coast (J. Bronson,
Biotech) and on Green and Knight Islands (E. Snyder-Conn and P. Scannel). Scavenging
may have been an important source of food for some eagles, and workers "regularly found
scavenged remains of oiled birds at eagle roosts, which were removed, only to find new oiled i
carcasses on a later visit" (one roost was visited ... times (J. ...onson, —.otech)). Scavenging
by various species of gulls was often observed. The most frequently noted species was the
Glaucous-winged Gull, which is common throughout the area. Sowls et al. (1978) report at
least 160,000 in the affected area and estimate that the actual total may be twice that amount.
Corvids, including Northwestern Crows, Common Ravens, and Black-billed Magpies, were
seen to forage predominantly in the intertidal zone throughout the region. Of the intertidal
invertebrates, crabs are probably the most efficient and active scavenger, although one of our

radio-tagged carcasses was taken and partially consumed by a sea star (see below).

The observations clearly show that not all carcasses were scavenged in place. Many
were carried into the adjacent dunes or woods to be consumed and were discovered only
accidentally. One of the radio-tagged carcasses that we tracked to the Bay of Isles in Prince
William Sound was later recovered by cleanup volunteers. It was in the woods, well back 5
from the beach, surrounded by other bird remains. Bears cached birds as far as 2.5 miles “
inland for later consumption (Katmai National Park: D. Payer, NPS), and Green and Knight
Islands biologists noted that most dead oiled birds found were above the supralittoral zone or
in the woods (E. Snyder-Conn and P. Scannel, USFWS). Bears, foxes, and eagles all
retrieved carcasses wedged between rocks on rocky coastlines. Oiled carcasses were found
repeatedly at eagle nests or roosts (e.g., Aniakchak: Jerry Bronson; Sukoi Bay: Department
of the Interior reel-frame 001-1412). In Prince William Sound, at least one and possibly
more radio-tagged beached carcasses were tracked to eagle nests. Gulls and eagles also
apparently scavenged oiled birds at sea (J. Meldrum, NPS).

Estimates of scavenging rates based solely on incidental field observatons vary

considerably, but all workers agreed that scavenging represented a significant source of
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carcass loss, especially on beaches where bears and foxes were present. Scavenging in some
areas was apparently so intense that ". . . carcasses of birds may last only a few hours . . ."
(Aniakchak: Judy Alderson, NPS). On Green and Knight Islands, almost "all oiled birds
collected had been scavenged by gulls or eagles, and frequently only pieces or feather balls
remained" (E. Snyder-Conn and P. Scannel, USFWS). Yet the degree of scavenging incidents
was quite variable, possibly due to the variation in the length of time that carcasses were
present on beaches before searchers arrived. Of 34 carcasses found at Alinchak Bay on one
occasion, all were fully scavenged (Ron Hood, USFWS). However, on another date, workers
estimated that only 15 percent of the birds had been at least partially scavenged. At Katmai
National Park and Preserve, Jay Wells (NPS) estimated that 25 percent of carcasses found had
been scavenged, but for other places along the Alaska Peninsula and on Kodiak, morgue

workers reported that about 78 percent of the carcasses had been scavenged.

The real question is what proportion of the carcasses deposited on a beach are lost
through scavenging. Jay Wells (NPS) at Katmai, estimated that about 10 percent of the total
number were carried into the dunes by scavengers, but this proportion would be expected to
be much higher in areas where the proportion of carcasses scavenged was higher. Clearly, it
is only by a diligent search that these carcasses were discovered at all. The proportion of
carcasses removed may be quite variable from location to location. On the Barren Islands,
whéﬁ: there are no mammalian scavengers, Edgar Bailey (USFWS) found ". . . no evidence of

carcasses being removed from beaches by scavengers."

5.4.2 Quantitative Studies

Although this information clearly shows that scavenging was a significant cause of
carcass loss, in this case anecdotal information alone does not provide a quantitative basis for
estimating the number of carcasses not enumerated due to scavenging. Ideally, we would
wish to know the rate at which carcasses were lost on each day following carcass deposition
(expressed as a percentage of the numbers originally present) and the factors affecting that

rate. To date, four studies have provided values of carcass loss due to scavenging, over time,
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in Alaska or in similar coastal environments (some additional work done in Europe is of
limited application). Incidental to our radio-tracking work in Prince William Sound, we
conducted a study focusing on the fate of freely drifting radio-tagged carcasses that beached
at locations that could be safely visited. We ° o conducted a more structured study using 23
Crested Auklets that were placed above the tide line on beaches of Naked Island and
monitored for scavenging. In January of this year, we independently conducted a third study
of scavenging along the outer coast of Washington State. A fourth study, recently conducted
by A. E. Burger of University of Victoria, collected information on the rate of scavenging

Y21 o

along the coast of Vancouver Island, British Columbia.
5.4.2.1 Studies in Prince William Sound

During the course of the radio-tracking study, we released a total of 76 carcasses in
Prince William Sound; of these, 41 carcasses ultimately were beachcast. Through search by
the boat team, 9 beached carcasses were located, and they were checked every 24 hours until
they had been removed through scavenging or refloating. The known history of each carcass
after it beached was used to calculate the likelihood that a carcass, once beached, would
disappear (due to scavenging) after a given number of days on a particular beach. Carcasses .
that refloated and were cast up again on another beach were treated as separate trials; this
treatment resulted in 14 instances of beaching for the 9 carcasses. In figure 5-16, Time O is
defined as the first arrival of a given carcass on a given beach regardless of whether that
carcass had been previously beached. We found that these carcasses disappeared at a rate of
about 50 percent per day, with no carcass lasting more than 4 days on any beach. In two
instances, the scavenger had carried away the body but had left the legs and radio tags behind
on the beach. It is likely that the scavengers would have removed the entire carcass if not for
the presence of the radio tag. Two other carcasses had been entirely removed from the beach

and were believed to have been taken by mammalian scavengers (a black bear was seen only
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FIGURE 5-16. The persistence of beached carcasses in the Naked Island complex and the
northern end of the Knight Island complex in Prince William Sound during late May and
early June 1990. The carcasses were considered to be missing either after they had been
removed from the beachface or when only small quantities of feathers and bones remained.
The stipled area in the upper figure reflects uncertainty in the exact time of removal.
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200 meters (m) from the remains). These carcasses would not typically have been recovered
by workers searching the beaches. Most other carcasses were taken by birds that carried a
carcass back from the beach where the carcass was opened, and the pectoralis and organs
were eaten. In one case, a carcass was claimed by a sea star (Solaster). Although unusually
calm conditions may have allowed the sea star time to grasp the carcass, the scavenging
abilities of these and other invertebrates (particularly crabs) should not be underestimated.

Another experiment was conducted using 23 Crested Auklets that were unsuitable for
the drift studies. In this work, conducted in June of 1990 at six sites on the Naked Island
complex, groups of carcasses were placed on two different shoreline substrates: steep, rocky
intertidal beach and gradually sloping cobble beach. One carcass on each beach was radio
tagged to aid the observers in determining if carcasses had rewashed. Within the first 2 days,
21 of the 23 carcasses had been carried off by scavengers (figure 5-17).

5.4.2.2 Studies in Washington State and Vancouver Island, Canada

In January of 1991, we conducted an independent study of scavenging rates at Kayostla
and Cedar Creek beaches on the outer coast of the Olympic Peninsula in Washington. For
this study, we used carcasses of Common Munés that had been recovered after the Nestucca
oil spill; all were cleaned and free of oil. Three lines of 27 carcasses each were used (A, B,
and C). Lines A and B were placed on a gently sloping sand beach protected by offshore
rocks. At higher elevations, the beach had accumulated large numbers of drift logs extending
to the edge of the forest. Four additional carcasses were placed on this beach between the
higher high-tide and lower high-tide lines. Line C was placed on an adjacent steeply sloping
cobble beach with two or three berms in which drift logs were buried. This beach had Little
protection from reefs and was probably subject to greater wave action. Carcasses were
provided with a leg band and positioned over a cork float. If a carcass were removed by
scavenging, only the float would remain. If the carcass were rewashed by the surf, both the
carcass and the float would be missing. Over a S-day period, each line was examined

morning and afternoon. Carcasses were scored as present, removed by scavenging,
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FIGURE 5-17. Results of a scavenging study carried out in Olympic National Park in January
1991. Lines A, B, and C represent three groups of 27 bird carcasses placed on three different
beaches. The width of each stipled band represents the percentage of carcasses in each state
as time progressed. A removal level of 0.99 indicates that only feathers or a fraction of a leg
remained. A removal level of 1.0 indicates that no trace of the carcass remained on the
beach.
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FIGURE 5-17. (cont’d.)

scavenged in place (with the percentage of the carcass that was eaten), or removed due to

rewashing.

Carcasses persisted on the beach face before being scavenged for a mean of 2.55, 1.08,
and 3.00 days (Standard Deviation (S.D.) = 1.66, 0.65, 0.80) for lines A, B, and C,
respectively. The distribution of first scavenging events over time varied significantly from
line to line (G test, 0.05,8, = 62.63). Line B was scavenged immediately, line A was
untouched for 0.5 days, and line C was untouched for 1.5 days. After scavenging began, it
proceeded rapidly with 50 percent of all carcasses removed after 1.5 days, 1.2 days, and 3.7
days for lines A, B, and C, respectively. Some carcasses were scavenged as many as four or

five times through the 5-day monitoring period, but the calculation of means showed only
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slightly more than one scavenging event per carcass (1.26, 1.48, and 1.11 for the three lines).
That is, scavenging was typically a discrete event, with the carcass being completely removed
or eaten. All but two of the carcasses were scavenged to some degree over the course of the
study. Figure 5-17 shows the portion of the total number (expressed as a percentage) that
remained on any day. For line A on the sandy beach, more than 60 percent of the carcasses
had been removed or almost completely consumed within 2 days and, after 5 days, about 77
percent had been removed or almost completely consumed. For line B on the same beach,
the degree of scavenging was even more dramatic. Here, 77 percent were removed or almost
completely eaten after only 1.5 days, and more than 95 percent were eaten or gone after 5
days. For line C on the steep cobbled beach, no scavenging occurred in the first 1.5 days but,
once the carcasses were discovered, 95 percent were removed or eaten in place within 4 days.
From sightings or tracks, we believe the predominant avian scavengers were eagles, ospreys,
gulls, and crows and the predominant mammalian scavengers were raccoons (tracks only),
river otters, and bears (tracks only). Of the four carcasses placed between the higher high—
tide and lower high-tide lines, all were scavenged by gulls within the first 7 hours. Although
these carcasses were not completely consumed, they were all dragged below the high-tide
line, where the remains were carried away by the surf. Gulls did not seem to play any role

whatsoever in scavenging carcasses at higher locations on the beach than where drift logs

accumulated.

Between 30 December 1990 and 4 January 1991, A. E. Burger conducted a similar
experiment at Pachena Beach on Vancouver Island, British Columbia. In this study, 12
seabird carcasses from a local oil spill were placed along the high-tide line and monitored
daily. After 1 day, four had been taken (33 percent). After 3 days, eight had been taken (67
percent), and three of the remaining carcasses had been partially eaten. All carcasses were

missing after 5 days.
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6.0 MODEL COMPUTATIONS

Using the records of bird carcasses logged in at the various bird processing centers as
a base, the model projects these nuchrs back through the processes that affect the recovery
of seabird carcasses. These processes include loss from the beachface due to scavenging
before the beach is searched, failure to search certain beaches at all, and sinking before
making landfall. In the following sections, we discuss the method for determining which part
of the morgue data base to use in the analysis, the computation of scavenging loss, the
estimation of the number of carcasses unrecorded due to la_c‘k of search effort, and the

computation of loss at sea.

6.1 Interpretation of the Morgue Data Base

Not all collected birds were necessarily victims of the spill. Because the morgue data
base is the starting point for all model calculations, it was important that the records to be
included be determined very carefully. Piatt et al. (1990) used 1 August as a general cutoff
date in making their estimate of total bird mortality, based on their general assessment of
species composition, degree of oiling, and other potential sources of mortality. In
determining which morgue records to include as our model base, we have relied heavily on
our reexamination of the sample of birds in the Kodiak morgue vans. On the basis of our
analysis of this sample, we have selected a subset of the morgue data for use in the model
projections. We have also determined that it is appropriate to treat murres separately from

other taxa.

As is common in North Pacific oil spill incidents, murres (Common and Thick-billed) -
account for a large proportion of bird mortality in the Exxon Valdez spill. The 19,799
carcasses identified as murres in the morgue data base consttute 56.6 percent of the birds
(see table 6-1). These deep-diving seabirds have behavioral characteristics, such as spending

much of their time resting on the surface of the water and diving when startled or distressed,
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It is known that certain carcasses were never delivered to the morgues and are thus not
included in the morgue data base. These include carcasses inadvertently discarded with other
oily debris and carcasses burned because of safety concerns and other circumstances. We
have added to our carcass counts those carcasses known to be in these categories: 631
burned at Gore Point, 500 burned at Afognak, 100 burned at Hallo Bay, and 2,000 discarded
in oily waste in the Kodiak sector. (See table 6-2.)

TABLE 6-2. A summary of the numbers and proportions of murres and non-murres used as a
best estimate base for model calculations. Mortality of non-murres from 1 July is presumed
to result from natural causes. Murres include carcasses coded as Common Murre,
Thick-billed Murre, or Unidentified Murre, as well as an allocated proportion of carcasses
coded as Unidentified Alcid or Unidentified Bird. Non-murres include all other taxa.

Murres Non-murres Total Birds
Morgue Number (%) Number (%) Number (%)

Valdez 437  (13.07%) 2,907 (86.93%) 3,344 (100.0%)
Seward 1,869 (54.75%) 1,545  (45.25%) 3,414 (100.0%)
Homer 1,546  (67.08%) 1,740  (32.92%) 5,286 (100.0%)
Kodiak 15,752 (88.47%) 2,052 (11.53%) 17,804 (100.0%)

. Total 21,604 (72.38%) 8244 (27.62%) 29,848 (100.0%)

6.2 Scavenging Model

The process of scavenging on beachcast birds leads not only to the reduction of
carcasses to piles of bones and feathers that are still recognizable as scavenged carcasses, but
also often results in the removal of the entire carcass or in the reduction of the carcass to
minuscule, unrecognizable fragments. In general, scavenging on a collection of beachcast
carcasses proceeds until the remaining fragments are of no interest to scavengers. These

fragments probably persist until physical factors such as storms or exceptionally high ndes

Confidental Report: Direct Seabird Mortality Ecological Consultng, Inc.
Page 127 June 7, 1991



clean the beaches of the debris. When the proportion of carcasses remaining (either whole or
partially scavenged) on the beach is plotted against time, the process is seen to be
approximately exponential: Carcasses disappear rapidly at first, and more slowly as time goes

on.

Studies from Prince William Sound, Vancouver Island, and the Olympic Peninsula
consistently show that enumeration of entirely or partially scavenged carcasses substantally
underestimates the number of carcasses originally on the beach. The time course of the
process was found to be very rapid, with one-half or more of the carcasses disappearing
within one to two days. By comparison, we found that the time elapsing between visits to the
same beach by bird recovery personnel was typically more then a week everywhere except
Prince William Sound and Cook Inlet. Because carcasses could come ashore at any time
within that interval, it is clear that most of them had been on the beach long enough for a
significant decrease in "countable” carcasses to have taken place. That significant scavenging
had occurred by the time carcasses were recovered is shown by the Kodiak morgue data base,
which includes counts of the number of carcasses scavenged as well as the number of
carcasses recovered. In this data base, 78 percent of the carcasses were recorded as having
been partially scavenged. This was corroborated by our examination of birds from the
Kodiak freezer vans, where many carcasses were represented only as wings, legs, feathers, or
sterna. In this part of the model, we use experimentally derived estimates of the loss rate due
to beach scavenging to correct the number of carcasses remaining on the beaches to the

number of carcasses actually deposited.

Our basic information is an empirical function describing the proportion of carcasses
remaining on a beach as a function of the number of days on the beach. Let Cb, represent the
number of carcasses arriving on a given beach on day i, m be the number of days between
searches of that beach, Cr be the number of carcasses recovered on day m, and Ss; be the
likelihood that a carcass will survive j days on the beach. Then the number of carcasses

recovered on day m will be:
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¢)) Cr=_}:1 (Cb; Ss@g)

i=

In practice, it is not possible to tell how many carcasses arrived on a given day on a given
beach because beaches were visited only sporadically. Depending on wind and tide
conditions, the carcasses might have been deposited in a single clump at any time during the
m days between searches, or they might have been deposited in about equal numbers each
day. If we assume that the deposition rate is constant, however, the expected value of Cr,
when computed over many beaches, remains the same as if the number arriving on a given

day were a random variable (see appendix D).

Let Cb* be the sum of the Cb, (in other words all carcasses coming ashore between 1

and m), and assume that the rate of deposition is constant. Then:

m
2 Cr =_Zl (Cb* / m) Ssg.y)
i=
m
(3) Cr=(Cb*/m) 'Zl (Ss-p))
i=

m
(4) Cb*=m Cr/ 21 (S5
1=

This holds as long as the number of carcasses deposited on day i, Cb, is independent of i and
therefore of Ss;, in which case the expectation of Cb* is equal to the expectation of the sum
of the Cb,.

Two observations suggest that non-independence between Ss; and Cb; may have
sometimes occurred. (1) Because carcasses appeared to be beachcast following storm events,

a weather-induced lag tended to occur in some areas between deposition of carcasses and
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carcasses, although one observer suggested that foxes appeared to be inhibited by the presence
of oil. Satiation of the scavenger community may have occurred in some instances, but we
doubt that this was a frequent occurrence given the ubiquity 6f scavengers and the enormous
length of coastline over which the carcasses were deposited. Bird recovery personnel
typically noted densities of about one carcass every 10 m or more, which are the same
densities at which the studies on the Olympic Peninsula and Vancouver Island were carried
out. On the other hand, at Hallo Bay personnel recorded 800 birds at densities of several per
meter. Such a concentration of birds, however, would have extended only about 400 m and
would have been accessible to many scavengers. In fact, it was unusual for recovery
personnel to turn in groups of more than 50 birds from a given location at any one time.
About 93 percent of the groups of carcasses logged into the morgues consisted of 50 or fewer

€arcasses.

We looked for evidence of a sadation effect by plotting the number of scavenged
carcasses turned in from a given location on a single day against the total number of birds
turned in from that location on that day (figure 6-1). One would expect that a strong satiation
effect would result in a proportional decrease in the number of scavenged carcasses as the
number of birds recovered from a given location increases. This relationship is not evident

even when very large numbers of birds were collected at one time.
6.3 Search Effort Model

Beaches that were never searched represent a potentially significant source of tﬁe
undercount of carcasses. Based on the digital ESI data, the total length of coastline where
carcasses might have come ashore encompasses about 10,000 - 16,000 km of some of the
most rugged shoreline in North America. A significant portion of this shoreline consists of

substrates that are difficult or impossible to search, but where carcasses would nonetheless

have been deposited.
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Figure 6-1. The number of scavenged carcasses collected from a given location and
processed on a given day plotted as a function of the total number of carcasses from that
place and processing date. The data points cluster along the 1:1 line because more carcasses
could not be scavenged than were in the group. The relationship shows no indication that the
proporton of scavenged carcasses declined when very large groups of carcasses were
recovered at the same time and place.

Determining how much of this coastline actually was searched is difficult because
consistent records apparently were not kept regarding the extent and nature of the search
effort. Searchers went where they believed carcasses to have been deposited, but to our
knowledge there was no attempt to direct their efforts in a systematic way. The pattern of the
cffort appears to have sometimes been relatively predictable, with boats sequentially working
their way down the coastline. At other ﬁmcs the boats appeared to have returned frequently
to areas where they had once found large quantities of carcasses. The lack of consistent

record keeping and the lack of a sampling methodology makes the analysis of the search
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effort difficult. Some important information, notably which general areas were searched and
how often, can probably be recovered from the logbooks of the vessels engaged in the search
if they become available in the future. We have inspected some of these, which are included
in the records of the case. If these logs are typical, this information can be reacquired. Other
kinds of information, such as what type of beaches were searched (e.g., sand, large cobble,
rocky intertidal, etc.) and the actual length of beach searched, may be permanently lost in

many cases except for the recollections of the people involved in the search effort.

In spite of these difficulties, it is not appropriate to ignore the effect of unsearched
beaches entirely, and to assume that every mile of the Gulf of Alaska where birds were
deposited was checked by bird recovery personnel. At this point, we can only use existing
shoreline typing information and interviews to make a rough estimate of the undercount
resulting from unsearched areas. This estimate can probably be refined using information
contained in the vessel logs and some additional information on the walkability of certain

types of shoreline.

Shorelines vary greatly in terms of their walkability and the effectiveness of searching.
Sand and small gravel beaches are generally easy to walk on, and carcasses are easy to see
unless they are partally buried in the sand, covcfed in the wrack line, or covered with
mousse. In corowst, large cobble or boulder beaches, consisting of rounded stones 6 inches
in diameter or larger, can be traversed only slowly and with difficulty. On this substrate,
carcasses can be very difficult to detect because they often resemble the surrounding rocks in
size and shape, especially if both are coated with oil. Similarly, wave cut platforms, expanses
of bedrock sometimes more than a kilometer wide and containing both boulders and tidepools,
can be very difficult to cross. Carcasses may be partially submerged in tidepools or in
crevices under rocks and not be detectable except from a short distance. Other types of
shorelines, notably steep rocky walls, are known to reflect oil, and we assume that bird
carcasses would for the most part be reflected. It should be noted, however, that there are
observations of moussed carcasses stuck onto rock walls and of carcasses lodged in cracks in

the rocks.
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We estimate the proportion of coastline which was searched by looking at the 15~

latitude/longitude cell where the birds were recovered. We assume that carcasses were

deposited with equal frequency on any non-reflective substrate within that cell proportional to
the frequency with which that substrate occurred within that cell. We use ESI shoreline
typing data to divide the cell into searchable, unsearchable, and reflective portions. Exposed
and sheltered rocky shorelines, and unclassified (mostly offshqrc rocks) are assumed to be
reflective. Sand, mixed sand, and gravel beaches and exposed (sandy) tidal flats are assumed
to be fully searchable. Gravel beaches, exposed wavecut platforms, and marsh are assumed to
be partially searchable, and sheltered tidal flats (mud) are assumed to be unsearchable. We
assume that all the carcasses on depositable but unsearchable beaches were missed, and that a
fraction of the carcasses on searchable beaches were missed. Estimates of the proportion of
the carcasses on searchable beaches that were missed were made based on conversations with

NPS and USFWS personnel familiar with the various areas.

The following method is used to estimate the number of birds not enumerated due to a
less than complete search effort. Let k be one of 12 ESI shoreline classifications. Let L, be
the length of coastline of type k within a 15° cell, R, be a variable that assumes the values of
0 or 1 depending on whether the substrate is reflective or depositable, Pw, 'be the proportion £
of substrate k that was accessible, and Ps, be the proportion of accessible substrate k that
actually was searched. Then the proportion of the depositable fraction of the entire cell that

was searched, P¥, is
12 1)%
(1) P =k§1 (R, Pw, Ps; L) 1:—-1 R L)

If Cb* is the number of carcasses deposited on searchable beaches between searches,
those carcasses represent a subset of the larger number of carcasses deposited on all beaches,
Cs. We assume that some of these carcasses were not found because they beached in areas
that were never searched, and that within a 15" cell the likelihood of beaching is independent

of the substrate. Then:
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2) Cb*=P*(Cs

3) Cs=Cb*/Pp*

The assumption that substrate and likelihood of beaching are independent needs to be
tested. If the assumption does not hold, then the method used to compute Cs must be
modified. We will test this assumption by analyzing the overlap between substrates and
oiling when the digital version of the oiling data becomes available from the State of Alaska.

6.4 At-Sea Loss Model

The bodies of seabirds that die at sea may float for days or weeks without reaching
shore. Some of these bodies will become waterlogged and sink or be scavenged enroute to
shore, and thus never be enumerated as beached birds. Carcass drift experiments in the Gulf
of Alaska show that the rate at which this attrition takes place changes with the age of the
bodies. Relatively few carcasses sink until they have been floating for a week to two weeks,
after which time they begin to disappear rapidly, and by the end of the third week few remain
afloat. Under these circumstances, it is clear that if seabirds die near the coast, with wind
and sea conditions conducive to their being pushed onto shore, most of the bodies would be
cast up on the beach. On the other hand, if the birds are killed far offshore or if wind and
current conditions are not conducive to the bodies being beached, few of them may ever come

ashore.

In the Exxon Valdez incident, oil continued to move southward along the Kenai and
Alaska Peninsulas and to come ashore in ncw areas at least through the middle of May.
Because oil slicks and bird carcasses tend to drift together, we can conclude that a bird killed
back at the beginning of April, when oil was flowing from Prince William Sound out into the
Gulf of Alaska, might not have come ashore for as much as 6 weeks or longer — a time span
that would result in the loss of a large proportion of the carcasses before they ever made

landfall. Obviously, there was the potential for large numbers of birds to be lost at sea
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to the number of birds D,, killed by the oil, represented by the Lagrangian element on day i.
Then:

1) D, =rB,

If a Lagrangian element is released on day 1 and beaches on day n, the total mortality,
T, attributed to that element is:

n
) T=r) B,
i=1

If some of the carcasses have been lost at sea, the number of carcasses beached will be
less than T. To compute how many carcasses were lost, let §; be the probability that the
carcass of a bird killed j days ago will stll be afloat, and let Cb, be the number of carcasses
beached on day n. Then:

n
€)) Cb, =Y rB,S,.,
i=1

The essence of the damage assessment problem relating to beachcast birds is to
compute T given Cb, B, S, and n. The ratio of recovered carcasses, Cb*, to total mortality,

T, can be represented as:

r (B, S(M.))
T n
r E B,
i=1
Confidendal Report: Direct Seabird Monality Ecological Consuldng, Inc.

Page 137 June 7, 1991



) T = Cb,
n
Y. B Sei)
i=1

If multiple Lagrangian elements arrive in the same beaching area on the same day, the

n n
2 B, and the 2 B, S, ,, arecomputed over all Lagrangian clements. This is
i=1 i=1

equivalent to the assumption that r is invariant over the Lagrangian elements — i.e., that each

clement represents the same quantity of oil.

This expresses the total kill represented by a group of carcasses arriving on a given
beach on a given day in terms of at least potentially knowable parameters: (1) the number of
carcasses recovered, (2) the probability that a carcass of a given age will still be floating,

(3) the trajectory followed by the oil between the point of release and the beach, and (4) the
density of birds intersected by the oil along its path.

One difficulty encountered in applying this model to the Valdez incident is that the
Lagrangian element model developed by NOAA HAZMAT terminates at the end of April as
the oil was moving down Shelikof Strait and the eastern side of Kodiak. Based on their
overflights and observations, HAZMAT personnel indicated that oil had remained in these
areas for several months, beaching periodically with shifts in the winds. Recoveries of bird
carcasses show a similar pattern. If we assume birds are evenly distributed in the Shelikof
Straits area and in the area east of Kodiak (but at different densities in the two general areas),
and that birds in the Gulf of Alaska north of Kodiak are also evenly distributed with a density
equal to the mean density of this area, it is possible to use the model described above for

estimating carcass loss at sca. We assume that each of the Lagrangian elements beached in
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these areas intersected birds during the month of April based on the average of all elements
remaining in the Gulf of Alaska or passing either to the east or west of Kodiak Island, or
remaining north of Kodiak Island. Afier the end of April, elements are assumed to have
remained in these general areas encountering constant densities of birds until they were

beached.

Development of equations 6.4 (1) through 6.4 (5) requires two assumptions that may or
may not always be met. First, it is assumed that the proportionality between the density of
birds and the mortality resulting from a given quantity of oil is constant. Although this
assumption is probably met over relatively short time spans, over periods of weeks or months
it is likely that the lethality per unit volume diminishes as the oil decreases in volume and
viscosity and progressively weathers. Violation of this assumption would mean that in fact,
the birds recovered on a given beach would be older than the model predicted. Suppose, for
example, that a patch of oil passing through a region of constant density of birds was lethal
for the first 10 days, but had no effect after the tenth day. If we assumed that the oil was
equally lethal from the first through the twentieth days, we would estimate that half of the
birds had been at sea 1-10 days, and half for 11-20 days. Because the hypothetical oil patch
had only killed birds for the first 10 days, however, all the birds would actually be 11-20
days old, and none would be 1-10 days old. Bc‘cause the proportion of carcasses lost at sea
increases with the length of time at sea, we would underestimate the actual loss of carcasses

as a result of not taking into account the declining lethality of the oil.

A second assumption that is likely to be violated in a very large-scale spill such as the
Exxon Valdez is that the distribution of birds is static and does not change with the passage of
the slick. Given the numbers of birds killed by the slick, this assumption was probably
violated. Systematic pre- and post-spill offshore censuses are not available to define the
changes in distribution in such a way that they could be modeled as a time varying function.
As an alternative, we examined the effect, of assuming an even distribution of murres
throughout the area affected by the spill rather than the characteristically patchy distribution
indicated by the OCSEAP data base, and of assuming that the density of murres in the
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program proceeds by reading one record from the morgue data base, and sequentially

estimating the number of birds not counted due to scavenging, the number of birds not

counted to due to incomplete coverage by searchers, and the number of birds lost at sea.

Because these computations are dependent on knowing the location where the birds were
recovered, the total number of birds without location data are summed for each morgue, but

no attempt is made to estimate the loss associated with these records. When the entire data

base has been processed, an overall correction factor is calculated for records from each

morgue and applied to those records without specific locations. The computer analysis
designed to generate the best estimate of overall mortality proceeds as follows:

ey

)

(3)

4)

Compute the proportion of depositable coastline searched, P*, for each 15° cell
using equation 6.3 (1). These calculations are made on a cell-by-cell basis and

remain fixed throughout the model run.

Read a record from the morgue data base. Data fields are "date of processing,"”
"species code," "number of carcasses recovered,” "15° cell identifier,” "sector
identifier," "latitude,” "longitude," “"logical flag for recovery from the water rather
than the beach," and "morgue idcnﬁﬁcr." If latitude and longitude are undefined,
add the number of carcasses recovered to the running total of such carcasses for

the current morgue and go back to (2).

If the species is not a murre species, and the date of processing minus the
estimated lag time between recovery and processing is later than the cutoff date
for oil-induced mortality, go to (2).

For the Barren Islands, or for carcasses recovered in the water, ignore this step.
Use equation 6.2 (4) to estimate the number of carcasses that would have been

recovered were it not for loss due to scavenging. Cr is the number of carcasses
recovered from the database record read in (2), m is the esimated intersearch

interval for a given sector, and Ss is the empirically estimateqd likelihood that a
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carcass will persist a given number of days on the beach in spite of scavenging.

The result of this calculation is the number of carcasses deposited on the beach
prior to scavenging, Cb. '

(5) For carcasses recovered in the water, ignore this step. Use equation 6.3 (3) to
estimate the number of carcasses that were beached taking, into account
incomplete search effort. The value of P* specific to the current 15° cell
computed in (1), and Cb*, the number of carcasses deposited on the beach before
scavenging computed in (4), are used as inputs. The result is Cs, the number of
carcasses deposited on the beach after taking into account the effects of both

scavenging and search effort.

(6) For species with inshore distributions, or if the carcasses were recovered inside
Prince William Sound, this section is ignored. Use equation 6.4 (5) to estimate
the number of carcasses that would have come ashore were it not for loss at sea.
Use Cs from (5) as the estimate of Cb*; S is an empirically derived funcion =~ -
based on the Kodiak drift experiments (releases 5-8) fitted using the methodology |
in appendix E. The variable B is estimated as follows: @

(A) If the date of beaching — estimated as the date of processing minus the lag
time between recovery and the date of proccssin\g — is during April, and
the species is a murre species, B is calculated using the OCSEAP |
distribution of murres for April and May intersected with the paths of
Lagrangian elements from the HAZMAT model that beached in the current
30 cell on that date. If the date is later, then it is assumed that all
Lagrangian elements beaching in the current 30" cell intersected a constant
density of murres on each day from 1 May onward. The constant density
encountered is assumed to be different depending on whether the beaching
site from (2) was located on the eastern or western side of Kodiak Island or
the area north of Kodiak Island.
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(B) If the species is an auklet species, the method of (6A) is used except that
the OCSEAP distribution of auklets is used.

(C) If the species is not a small auklet or a murre species, a constant density is
assumed to have been encountered from 30 March to the time of beaching.

(7) Collect sums of numbers of birds missing due to scavenging, search effort, and

loss at sea. Sums are collected scparately for each sector and morgue.

(8) If all the records in the morgue data base havc' not been read, return to (2) and
repeat (2)-(8).

(9) For each of the different morgues, divide the number of carcasses missing (the
sum from (7)) by the number of carcasses recovered with locations. Multiply this
by the number of carcasses in the current morgue that were not associated with a

location.

(10) Output results.

6.6 Other Factors Affecting Carcass Loss

Several factors known to result in undercount of carcasses were not taken into account
explicitly because necessary data were lacking. These factors are (1) rewash of carcasses,
(2) burial of carcasses, (3) carcasses missed by searchers, and (4) carcasses drifting out to sea.
Factors (1), (2), and (3) relate to processes that would occur on the beach face as alternatives
to scavenging. Taking these factors int6 account would have a major effect on the results
only to the extent that the rates of these processes greatly exceed that of scavenging. At this

point we do not know if this is the case, and we opt for the simplicity of considering only the
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one factor. It is possible that one of these factors could significantly increase the estimated
mortality if appropriate data were available for Alaska. Additionally, some of the carcasses
that had drifted as far south as Tugidak Island or Perryville on the Alaska Peninsula may

have been been directed back out to sea. It may be possible to determine this in the future

based on results of oceanographic studies or further trajectory analysis.
6.7 Sensitivity Analysis and Model Inputs

Model calculations require a large number of input variables, some of which can only
be estimated with a good deal of uncertainty. To evaluate the variability in model results
occurring as a consequence of this uncertainty, we used a Monte Carlo procedure to simulate
the effects of uncertainty on model outcomes. The model was run 1,250 times; for each run a
value was randomly selected from an appropriate probability distribution for each of the
parameters considered to be a source of significant unccrtziinry. Repeated measurements of
these variables are not available for most input parameters. In these cases, we model the
probability density function of parameter values as a triangular distribution where the vertices
of the triangle are defined by the minimum estimate of the parameter value, the best estimate,
and the maximum estimate (Ford et al., 1982). This methodology was not used to model the
probability density of the parameters defining the Weibull distribution, b, and b, (see
appendix E), which are known to be normally distributed. In the case of the scavenging rate
function, there is minimum, best, and maximum estimate of Ssj for all j, but the Ssj cannot be
considered to be independent. In this case, we sample from the probability density function
for each j using the same uniform random deviate so that all the Ss; will tend to be high or
low simultaneously. Table 6-3 contains a summary of model input values, including best

estimates and ranges.

We used an additional method of examining model sensitivity that shows the variation

in model results based on extreme values of each parameter or set of parameters. For this
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TABLE 6-3. Summary of model input values. Best-estimate values and ranges are given,
where appropriate. Sources of values are given in brackets. Variable names are given in
parentheses.

MORGUE DATA RECORDS [USFWS]

COLLECTION DATE CUTOFF FOR NON-MURRES

Best Estimate: 1 July 1989 [This Study]

MEAN INTERVAL BETWEEN COLLECTION AND PROCESSING

Best Estimate: 14 days [Piatt et al. 1990] Range: 7-14 days

PERSISTENCE ON THE BEACHFACE (Ssj)l

Best Estimate of
Minimum and
Maximum
Proportion ' Proportion
Remaining Remaining

1.000
0.759
0.381
0.301
0.198
0.178
0.083
0.000
0.000

1.000-1.000
0.544-0.833
0.087-0.519
0.087-0.417
0.044-0.333
0.000-0.333
0.000-0.250
0.000-0.163
0.000-0.000

VWAULEEAEWN—~O
VWAL B WN—O

O w
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TABLE 6-3. (Cont’d.)

SHORELINE TYPE CHARACTERISTICS [ESL, Interviews]

Proportion Walkable (Pw)?

Reflective (R,) Best Est.

Range

Exposed Rocky Shores Yes
Sheltered Rocky Shores Yes
Exposed Wavecut Platform No
Fine/Medium Grain Sand No
Coarse Grain Sand No
Mixed Sand/Gravel No
Gravel No
Exposed Tidal Flat No
Sheltered Tidal Flat No
Marsh No
Ice Yes
Unclassified Yes

0.00
0.00
0.50
1.00
1.00
1.00
0.50
1.00
0.00
0.50
0.50
0.00

0.20-0.80

0.20-0.80

0.00-1.00 .
0.00-1.00

SEARCH EFFORT CHARACTERISTICS [Interviews]

Proportion of Walkable
Beach Searched (Ps)*

Frequency of
Search (Days) (m)*

Best Est.

Prince William Sound 0.85
Kenai Peninsula 1.00
Cook Inlet 1.00
Barren Islands 1.00
Katmai NP 0.80
Becharof NWR 0.95
Aniakchak NM 1.00
Kodiak Island 0.75
Alaska Pen. NWR 0.52

Range Best Est.

0.70-1.00 3.0
9.0

3.0

7.5

8.0

37.5

8.0

9.0

37.5

Range

2-4
7-11
2-4
7-9
30-45
6-10
7-9
30-45
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TABLE 6-3. (Cont’d.)

OCSEAP DISTRIBUTIONAL DATA [NODC, USFWS]

Used for Murres and Auklets Only

LOSS AT SEA FUNCTION [This Study]

Expectation

Estimate of Scale Parameter, A, :
of Weibull Distribution (b) -7.67 .0409

Estimate of Shape Parameter, ¥,
of Weibull Distribution (b,) 3.09 0075

! Minimum and maximum ranges of the four studies discussed in section 5.4. The
best estimate is the mean over all studies for a given number of days on the beach.

? Estimates derived from interviews with agency personnel and others familiar with
the various areas and knowledgeable with regard to the search effort (see section 5.2).
For Prince William Sound, gravel beaches and sheltered rocky shores were considered
walkable (this assumption is based on interview responses). Very little information
was available on walkability of ice or marsh.

3 Estimates derived from interviews with agency personnel and others familiar with
the various areas and knowledgeable with regard to the search effort (see section 5.2).
The values for the Kodiak and Alaska Peninsula sectors are the least well known.
Cook Inlet was considered similar to Prince William Sound in the search effort. It
might be possible to refine our knowledge of this parameter for all sectors from the
logbooks.

“ Estimates derived from interviews with agency personnel and others familiar with
the various areas and knowledgeable with regard to the search effort (see section 5.2).
The values for the Kodiak and Alaska Peninsula sectors are the least well known.
Cook Inlet was considered similar to Prince William Sound, Kodiak was considered
similar to Katmai, and the Alaska Peninsula area was considered similar to Becharof in
search frequency. It might be possible to refine our knowledge of this parameter for
all sectors from the logbooks.

Confidenual Report: Direct Seabird Mortality Ecological Consultng, Inc.
Page 147 June 7, 1991



analysis, all model inputs were held at their best estimates except for one that was set at
either its maximum or minimum value. We used the parameter ranges from table 6-3 except
for the parameters of the fitted Weibull distribution. In that case, we used the relatively rapid
sinking rates observed for release AK-8.
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7.0 RESULTS AND CONCLUSIONS

7.1 Results
For a carcass to have been logged into a morgue, three events must have occurred:

(1) The carcass must have drified ashore before it decomposed to the point where it

sank or was consumed by scavengers at sea.

(2) The carcass must not have been consumed or carried away by scavengers on the

beach where it was cast up.

(3) Searchers must have come to the beach where the carcass was deposited and seen

and collected it.

The basic structure of the model is therefore essentially multplicative. The probability of
recovering a carcass would be the probability that all three events occurred — the product of
the probabilities of the three events. For example, if there were a 50 percent chance of a
carcass persisting through each of the three processes, then the likelihood of persisting
through all three would be 0.50 x 0.50 x 0.50 = 0.125. In other words, 1 out of 8 carcasses

would have been recovered.

Using our best estimates of the input parameters, we found that the probability of a
carcass beaching before it sank was 42 percent, that the probability it would not have been
scavenged beyond recognition or removed from the beach before searchers arrived was 31
percent, and that the probability searchers would have actually encountered and recognized
the remains was 59 percent. The joint probability of all of these events would be 8 percent,
implying that about 375,000 seabirds died as a result of the Exxon Valdez oil spill.
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Results of the sensitivity analysis (figure 7-1) show that taking uncertainty in parameter
values into account tends to skew model results toward higher estimates of mortality. This
skew occurs partly because the eractions of the model pi-occsscs are multiplicative, and
partly because uncertainty in some parameters is skewed in a direction thati  :ases i’
estimate of mortality. The mean estimate of mortality based on the Monte Carlo version of

= model is about 435,0__ bi __. Thei . percentile of : ) (
version of the model, i.e., the 5 percent lower limit on model results, is 300,000, and the
ninety-fifth percentile is 645,000. These are not true confidence limits, but rather are based

on our estimates of the nature of the variability in model inputs.

The results of varying one set of input parameters at a time are presented in table 7-1.
These results are useful in determining the relative contributions of various model inputs to
overall model uncertainty but we consider these extreme parameter values to be unlikely.

The factor most strongly influencing the estimate of direct mortality was the rate of
scavenging of beached carcasses that determined persistence on the beach face. Use of the
lower or upper bounds on this parameter resulted in a decrease of 38.1% or an increase of
105.4% in the estimate of direct mornality. In terms of increasing the mortality estimate, the
next most important source of uncertainty was the proportion of the walkable beaches
searched (9.7%), and the lag in the time between carcass retrieval and processing. In terms
of decreasing the mortality estimate, the next most important source of uncertainty was the
loss rate at sea (24.3%), the proportion of the walkable beaches that were search (15.6%), the
proporton of beaches that were walkable (13.4%), the frequency at which beaches were
searched (10.3%), and the lag in the time between carcass retrieval and processing (8.7%).
These results indicate that further study of processes that occur on the beach face would be of

use in refining estimates of direct mortality.

Estimates of the degree of undercounting vary widely among the geographic regions
affected by the spill. Based on the best estimates of the input parameters, the highest
recovery rates would have occurred in Prince William Sound (35 percent) and at the Barren

Islands (49 percent). These relatively high recovery rates resulted because most of the birds
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TABLE 7-1. Effects on model results due to varying one input parz te1  a time while
‘holding other parameters at their best estimate values.

LOW ESTIMATE HIGH ESTIMATE
PARAMNL.TER OF MORTALITY OF MORTALITY
Collection/Processing 343,963 (91.3%) 395,016 (104.8%)

I Interval

Persistence on the 233,441 (61.9%) 773,857 (205.4%)
Beachface
Proportion Walkable 326,191 (86.6%) 472,167 (125.3%)
Walkable Proportion 318,192 (84.4%) 515,877 (136.9%)
Searched '
Frequency of Beach 337,840 (89.7%) - 413,444 (109.7%)
Searches
Loss at Sea Function 285,073 (75.7%) 432,491 (114.8%)

in these areas beached relatively early, with relatively little time for loss at sea. In addition,
we assumed that the absence of mammalian scavengers on the beaches of the Barren Islands
would have resulted in little loss due to scavenging, although avian scavenging certainly
occurred. Cook Inlet (21 percent) and Kenai Fjords National Park (14 percent) had
intermediate recovery rates, and Kodiak Island (6 percent) and the Alaska Peninsula (2
percent) had the lowest recovery rates. The low recovery rates on Kodiak Island and the
Alaska Peninsula result from the long periods of time that carcasses would have been at sea

before beaching, and the relatively low level of search effort.

7.2 Conclusions

Piatt et al. (1990) estimated that the total direct mortality of seabirds resulting from the
Exxon Valdez was in the 100,000-300,000 range. This estimate was based on preliminary
data and on comparison with mortality estimates for several other spills. The recovery, rate

for birds killed by the Exxon Valdez spill was probably unusually low for several reasons.
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Pchinsula. To recover dead birds, searchers had to cover vast stretches of coastline, most of
. which was accessible only from the sea. Under more typical conditions, bird rccovéry
workers gain access to beaches by road or often even live adjacent to the affected beaches.
Second, oil from the Valdez continued to wash ashore for months, and dead seabirds
continued to wash ashore with it. Bccagsc the spill was unusually long by comparison with
mbst spills, carcasses of seabirds were at sea longer and were more likely to dccomposé to
the point where they sank. Finally, the density of scavengers in coastal Alaska is far higher
than on most beaches where oil spills have occurred, and must have resulted in an unusually
large number of carcasses being removed from the beach face before recovery personnel
could reach them. Based on our analysis, we would place the mortality from the Exxon
Valdez in the range of 300,000-645,000, with a best approximation of 375,000-435,000 total
mortality. This estimate reflects only direct mortality occurring in the months following the

spill, and does not address chronic effects or loss of reproductive output.
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APPENDIX A:
LOCATIONS OF BIRD CARCASS COLLECTIONS AND THEIR
LATITUDE/LONGITUDE COORDINATES



The following list is a compilation of place names and latitude/longitude coordinates used in the

construction of the final morgue data base to indicate the locations of bird carcass collections.

Variations in spellings have been retained.

Place Name

3-Hole B
ANDERSON B
AYAKULIK R
Afognak
Afognak B

Afognak I
Afognak I (N)
Afognak T (NW)
Afognak Strait
Afognak Village

. Agnes
Agnes C
Aguliak 1
Aialik
Aialik B

Aialik Cape
Aicallisto
Akhiok
Akliak B
Aleut Village

Alexander P
Aligo Pt
Alinchak
Alinchak B
Alinchik B

Latitude

59.7500
53.7000
57.2000
582598
58.0360

582598
58.4541
58.4039
57.9855
58.0098

59.7785
59.7785
60.3705
59.9411
59.7961

59.7080
59.8250
56.9417
59.7961
58.0279

55.8833
59.6440
57.8094
57.8094
57.80%4

Longitude

149.6333
166.8500
154.5333
152.5642
152.6647

152.5642
152.5614
152.8354
152.8040
152.7700

149.5873
149.5873
147.8661
149.7569
149.7171

149.5319
149.6309
154.1524
149.7171
152.7566

159.1667
149.7488
1552184
1552184
1552184

Place Name

Alitak

Alitak B

Aliulik Peninsula
Alligator 1
Alnichak

Amalik B
Amatuli C
Amatuli Is
Amber B
Anchor B

Anchor P
Anchor Pt
Anchor R
Anchorage B
Anchorcoal

Andreon
Anges C
Aniackchak
Aniakchak
Aniakchak B

Aniakshak
Anianchak
Anilchik B
Anisom Pi
Anton Larsen B

Latitude

56.8421
56.8810
56.8322
58.4667
57.8094

58.0804
589187
58.9166
56.8122
59.7904

59.7904
59.7770
59.7904
56.3098
59.6791

58.5170
59.7785
56.7135
56.7135
56.7135

56.7135
56.7135
57.8094
59.5333
57.8724

Longjtudé

1542932
154.1251
153.9445
152.7833
1552184

154.5300
152.0100
152.0021
157.3583
151.8728

151.8728
151.8837
151.8728
158.3909
151.7334

152.4148
149.5873
157.5128
157.5128
157.5128

1575128
157.5128
1552184
151.4500
152.6291
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