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ABSTRACT: From an aesthetic and damage assessment standpoint,
the loss of seabirds mav be one of the more important resulis of a
marine oil spill. Assessmeni of the actual numbers of seabirds killed is
difficult because the bodies of dead or incapacitated seabirds are often
never found or recorded. We present ¢ compuier methodology that
estirnates the muimber of birds that come in cortact with an oif spul and
partitions these birds among fowr possible fates: (1} swimming or flving
ashore under their own power; (2)-carried out to sea by winds and
currents; (3) carried inshore. but lost before being beached: and (4}
beached by winds and currents. Beached birds are further divided into
those that are recovered and those thar are not. The accuracy of the
methodology is examined using data for two recent spills in central
Californiu, each of which resulted in the beachings of large numbers of
birds. The methodology also has potential application 1o real-1ime
emergency response by prediciing when and where the greatest nuim-
bers of bird beachings will occur.

Death and injury to seabirds are visible and well-documenied ef-
fecis of marine oil spiis.™> > ¥ 3% A frequent immediate response
to spills is an intensive. coneentrated effort to rescue stricken birds.
Later. federal and state agencies may attempt to assess damages to
those resources under their trusteeship: estimating the total mortality
of seabirds 1s 2 major component of this procedure. For example. the
damage assessment carried out for the 1984 TYV Puerro Rican oil spili
assigned 77% of the estimated monctary damages to seabird losses. "

We describe a procedure for assessing seabird losses in this article.
together with its appiication to two incidents in central California: the
1984 77V Puerio Rican (TVPR) incident. and a spill of San Joaguin
Valley Crude (SIVC) in 1986."%% The procedure estimates the
number of birds potentially contacting an oil slick and classifies them
into [our categories: (1} those oiled, debilitated. and beached alive;
(2) those oiled. killed, and beached after death; (3) those oiled,
killed. and lost at sea: and (4) those remaining at sea. whether oiled
or not. and surviving bevond the period of the spill’s peak impact. The
number of beached birds, the abundance and distribution of birds at
sea at the time of the spill, and the size and path of the slick are
entered into a computer model that then classifies birds into the
appropriate category. A protorype of this model 15 described in Ford
et al '

The modeling procedure provides data for the quantification com-
ponent of the Type B Natural Resource Damage Assessment pro-
cedure under the Comprehensive Environmental Response, Com-
pensation and Liability Act of 1980 (CERCLA}. Within CERCLA,
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the proposed Natural Resource Damage Assessment Model for
Coastal and Marine Environments (NRDAM/CME: CERCL.A Type
A) is inappropriate for damage assessments involving seabirds. be-
cause seabirds are not inciuded in the model’s biological data base.
The NRIDAM/CME modet also uses resource densities averaged over
large geographic regions. an inappropriaie approach for seabirds.
which are variable and often tightly clumped in their distribution. The
Type A damage assessment procedure is specified only for oil spills of
less than 10.000 gailons.™

{stimating the number of beached birds

Live oiled birds. Information on the numbers of beached birds is
critical for assessing seabird mortality following an oil spill. The most
obvious method of obtaining this information is to count the oiled
birds on beaches at the time of an incident.™ However. beached bird
counts typically exclude many live, oiled birds that already have been
removed and sent 1o rehabilitation centers. In populated areas. many
people volunteer to collect live oiled birds following a spill. While
these volunteers speed up the rescue of birds, the accurate informa-
tion obtainable from beached bird counts is decreased. Under such
conditions, the most practical method of obtaining counts is for the
cotiection and rchabilitation centers to maintain accurate records.
These records should include recovery date. recovery location, and
identification of species.

During the TVPR incident. an organized beached bird survey effort
enabled us to tabulate numbers of live ciled birds as they were col-
lected. In contrast, the only sources of information on live oiled birds
during the SIVC spill were collection and rchabilitation center
records.

Dead oiled birds. Ideally, carcasses of oiled birds should be counted
daily for the duration of an oil spill incident, after high tide, along the
entire stretch of coastline potentially affected by the spill. Carcasses
shouid be identified to the nearest recognizable taxon. the pattern of
oiling on the plumage described, and the degree of body decom-
position noted. They should be either marked or removed from the
beach to avoid their inclusion in future counts. This level of organized
effort is often impractical. Even adequate personnel cannot census
inaccessible coastal areas. For example. during the TVPR incident.
our analysis predicted that as many as one-third of the carcasses could
have come ashore along stretches of coastline consisting of steep
rocky cliffs that could not be searched.”

Failure to search beaches on a regufar basis usuaily will lead to an
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underestimation because carcasses do not remain indefinitely on the
beach face. Carcasses may wash back out to sea on the rising tide,
become covered with sand. or be caten by scavengers.™* For the
SIVC spill, we determined how long carcasses remained on the heach
face. The toes of 336 beached carcasses were clipped characteristically
and the beaches rechecked daily for the presence of marked bodies.
Day-to-day persistence varied from 38% to 72% and averaged 39%
over two areas and two days.” Thus. a delay of twa days in carrying
out a beach census could result in the loss of many beached carcasses.

There are two approaches to maximizing the use of limited person-
nel when estimating the numbers of dead beached birds over a large
coastal area. One is 10 census only areas where the density of car-
casses is likely to be greatest. Selection is made according to physical
characteristics of the beaches™ ™ or is based on carly reporis of ob-
servers. [f data are collected in this way. intervening uncensused
coastal areas must be ignored in the final assessment and the esti-
mated number of beached carcasses will inevitably be downwardly
biased. This approach has the advantage of simpficity and permits
workers to concentrate on doing a thorough job of censusing over a
limited area.

A better method for making the most of hmited manpower is to
census carcasses on a stratified random sample of beaches along the
entire length of coasiline affected by the spill. Care must be taken to
avoid the inclination 1o go where the greatest number of carcasses are
reported. Censused beach segments should be 1 to 3 km in length,
aithough the nature of the shereline often determines the length. For
very long beaches, it is better to sample several widely spaced beach
segments instead of few long ones. Carcass deposition rates vary with
different coastal segmenis and different types of beaches. and cen-
suses should include every possible combination of these categories.
An estimate of the total number of carcasses zlong the entire affected
coastline is obtained by estimating the average carcass density for
cach segment/beach type combination, multiplying by the length of
that combination in the affected area. and summing the resulting
values.

Duaring the SIVC spill. we estimated the density of carcasses or six
coastal segments and {ive beach tvpes over 355 km of coasiline. Major
geographical features were used 1o define coastal segments. Beaches
were classified as rocky, dune-backed, bluff-backed, protected har-
bor. or pocket based on experience with colleciing beached sea-
birds.™ Estimated carcass densities (birds/km) varied by a factor of
554 tmes among coastal segments and 6.7 times among beach
types.

Limited manpower may prevent regular rechecking of affected
beaches. Since not all carcasses arce likely 1o beach on the same day,
and their deposition varies from day to day (usually peaking rapidly
and then tapering off), and since carcasses can disappear at a rela-
tively rapid ratc, a singie count of a given stretch of beach provides a
poor estimate of the total number of carcasses. If used without correc-
tion, 2 single count will always underestimate the actual number of
carcasses reaching shore. A daily count on a representative sample of
beaches 1o estimate the daily carcass deposition rate is the best way
to compensate for this bias.

An alternative is 1o assume that the daily deposition rate for car-
casses follows that for live birds. If this is assumed and the daily
persistence of carcasses {5) is known, the total number of carcasses
deposited on a given stretch of beach (V) can be extrapotated from
those found in a single census () on day { by using the formula:

¢
N=0/2 (SR
T3
Where: [ = the number of days afier birds begin to be deposited
£ = the proportion of the total expccted to be deposited on
day { based on the deposition rate of live birds

Daily live and dead bird deposition rates were similar during the
TVPR spill and could not be shown 1o be dissimilar in the SIVC spill.
In another incident. the beaching of dead birds lagged behind that of
live ones;' in this case the lag must be factored into the calculations.

Overestimation of the numbers of dead and injured birds is most
likely to occur when birds that died from causes other than the oil spill
in question arc attributed to the spill. Dead seabirds are found on
beaches throughout the year, and sometimes natural processes such as
severe weather. diminished food supply, or outbreaks of disease lead

to sudden large scale die-offs.* This can cause confusion during o))
spilis, especially if birds dving of natura) causes become oiled near op
after death.” During the VPR incident. for examplie. relatively large
numbers of dead and dying surf scoters { Melanita perspicillata ) and
white-winged scoters ( Melanitta fusca ) were found along centrai Ca)-
ifornia beaches in the area affected by the spill. Although many of
these birds were oifed and their deaths initially attributed to the si;iu_
further examination showed them to be emaciated. Biologists famitiar
with the area knew that dic-offs of both species had occurred at this
season in the past, and that an unusually high mortaiity of scoters hag
been reported immediately before this spill. It was therefore cop.
cluded that oil from the TVPR spill was not necessarity the primary
cause of mortality for these species.’ ’

Another factor that can lead to overestimation of the numbers of
beached birds is the assumption that all ciled birds in an area can be
attributed to the same source. In fact. oiled birds are common in some
areas due to chronic oil discharge from heavy vessel traffic or indusiri-
al activity.™ ™ It is even possible that a ship might choose to discharge
oily waste near a known spill site believing that the added discharge
wouid go unnoticed.

This problem should be dealt with by taking oil samples from birds
to determine if the chemical fingerprint of the oil matches the known
fingerprint of the spilled oid. Since fingerprinting oil is expensive. ap
efficient practice is to store a large number of samples. Samples can
be preserved by removing and refrigerating oil-soaked plumage in
clean, air-tight containers that will not contaminate the sample.? ¥f
the source of oiled birds for a particular time or area is uncertain, the
samples can be analyzed as required.

Estimating the number of birds lost at sea

Even when the number of carcasses beached during an incident is
known oz can be estimated. a large fraction of the total mortality may
remain unmeasured, Winds and currents may carry floating carcasses
away from shore so that they are never observed.”' Many carcasses
that arc propelled towards shore may not beach because they sink or
are scavenged.” ™ Calculating the extent of at-sca carcass loss for a
specific incident requires four pieces of information: (1) a description
of the trajectory of the oil; (2} a description of the trajectories of bird
carcasses; (3} a rate for at-sea carcass loss; and {4) a description of the
distribution of birds at sea in the area affected by the spill. The
relationship between this information and the computer model we use
for calculations is shown in Figure 1.

Trajectory of the ofl. The path and arca of an oil slick may be
asscmbled from overflight data from the time of the incident. or by a
post hoc modeling effort, When overflight data are extensive. a com-
posite picture of the area and path of the slick can be constructed by
extrapolating between successive cbservations. as illustrated for the
TVPR incident {Figure 2). An alternative approach was used during
the SIVC spill in which an oil spill trajectory model simuiated the path
of the slick using real time, wind, and current data. Either trajectary
analysis ultimately provides a description of the position of the slick
through time.

Trajectory of carcasses. The trajectories of dead birds can be mod-
eled either by assuming that they followed the same course as the
spilled oil, or by carrying out a separate trajectory analysis. Dead
birds float passively in the direction dictated by winds and currents,
as do oil slicks. The primary difference is that carcasses are subject to
more drag than surface slicks. Slicks are typicaily assumed to move at
3.0% 10 3.5% of the wind speed. whereas carcasses have been found
to move at 2.2% to +.0%.>"** The percentage may vary with the type
of seabird; more neutrally buovant diving birds probably float lower
in the water and move at a slower rate than do Hghser soaring birds,
such as gulls, which may also float with one wing extended upwards
in a sail-like fashion.**

Rate of at-sea carcass loss. The loss of birds at sea probably is
caused by the sinking of water-logged carcasses.’™* or their con-
sumption by scavengers such as gulls and albatrosses. Carcass recov-
ery rates of from 10% to 100% have been recorded in experiments
using gulls (Larws spp.). where trajectories seemed to be directed
toward shore and where potential beaching areas were searched.™”
At-sea loss rates may vary among species, with more neutrally buoy-
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Figure 1. Fiow diagram showing the relationships among the four
sections of the computer model used o parition seabird mortality
during the T/V Puerto Rican incident

ant birds such as toons. alcids, and cormorants sinking more quickly
than birds such as guils that float higher in the water. ™= Also. smaller
species may be more susceptible to scavengers than larger ones.

For analyzing the case histories discussed in this paper. the best
available information on at-sea loss is derived from Hope Jones eral. ¥
Twenty percent of 410 oiled aleid carcasses dropped at varying posi-
tions offshare were subsequently recovered on beaches. The majority
beached eight to 14 days after release. We assume that 20% were still
afloat after 10 days and the other 80% were lost by then. Further, we
assume the rate of loss to be constant at 15% per day. Applying this
rate to the TVPR and SIVC incidenis. we calculated at-sea losses for
common murres { Uria aalge ) st 60% {TVPR) and 30% (SIVC) of
the birds kilied.

At-sea carcass loss may not be constant. [nstead it may increase
between the time of oiling and landfall because of carcass deterio-
ration. We are unaware of empirical studies bearing on this subject.
The assumed relationship is important when cstimating mortality. If
there is a lag between oiling and carcass loss. beached carcass counis
of nearshore species such as scoters and grebes could provide a rea-
sonable estimate of dead oiled birds (given trajectories directed
toward shore) since most carcasses would reach shore quickly: how-
ever, if the loss rate is constant, beached carcass counts would under-
estimate mortality because carcasses would begin disappearing imme-
diately after the birds’ deaths.

Distribution of birds at sea. Liitle is known about the attraction and
avoidanee behavior of seabirds toward an oil slick: thus the expected
number of contacts between birds and oil can be estimated only by the
abundance of birds in the path of the slick.

Since marine birds tend to aggregate in arcas where prey are

clumped,”® aerial surveys are the oniy feasible method to describe such

“patchy” bird distributions over large arcas. Over the narrow con-
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Figure 2. Observed and interpolated positions of the T/V Puerto
Rican oil slick, November 3—11, 1984—Solid argas are slick obser-
vations; stippled areas are interpolated areas where the slick is as-
sumed 1o have passed. The dashed region shows the 100 to 200
meter depth zone corresponding (G the continental shelf break. (From
Ford and Page'®)

tinental sheif where both the TVPR and the SIVC spilis occusred, the
surveys were [lown using fixed-width transecis perpendicular to
shore.”*® Many narrowly spaced transects were {lown on the same
day, providing a “snapshot” of seabird distribution and abundance.
Transects used in our studies were flown at 50--100 m altitude, at
150-200 kmihe, and covered a 50-m-wide belt.

Drawbacks of the method are: Flight speed causes inconspicuous
and underwater birds to be missed; tight aggregations of birds be-
tween transects can be totally missed; flying birds cannot be associ-
ated with a specific area of sea surface; birds roosting on land are
exctuded. even though later when foraging they could contact a siick;
and birds aggregating near shore, for example in bays ot by promon-
tories. are not effectively sampled. Despite these drawbacks. aerial
surveys are the most effective method for quickly covering the spill
region.

Acrial surveys should be conducted as soon as possible after the
spill. What little is known about the temporal stability of seabird
abundance and distribution at sea suggests it may vary among hab-
itats. Aggregations of alcids at shelf fronts may persist from five to 30
days.” and those close to shore may persist for months,™ Given what
is known, we suggesl aerial censuses should be completed no later
than three weeks after an incident. Aerial surveys were made on four
dates from eight to 17 days after the TVPR spill and on one date about
eight days after the SIVC spill.*~

Considering all the sources of error listed above, we expect the
reliability of survey data varies from species to species. Reliability
may be highest for loons and alcids because their aggregations tend o
be looser and more persistent than those of other sheif species, This
trait is expected because loons and aleids exploit less temporally and
spatially patchy prey than surface feeders such as pelicans and gulls.
Loons and alcids aiso spend less time flving and oaly visit land in
connection with breeding activities.

Whilc better techniques are needed for surveying nearshore species
such as grebes and scoters, estimates of at-sea loss are less critical for
them than for offshore species. The degree of at-sea loss. which is
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proportional to the distance between where the bird is oiled and
share. is Hkely to be relatively low for nearshore, compared with
offshore. species.

Overriding all other factors is the fact that at-sea bird abundance is
likelv atways underestimated by post-incident surveys. The degree to
whick at-sea densities are reduced could vary considerably among
incidents. In some instances, large aggregations of birds couid be hit
s0 severely that by survey time the aggregations would no longer be
detectable. However. at present we know of no cost-effective meth-
odology to overcome this problem.

Model estimation of mortality and survival

The modeling procedure estimates the mortality and survivorship
of birds in the path of a slick. based on the assumption that all birds
contacting the region of the slick can be categorized as either dead.
debilitated, ot non-debilitated immediately after the encouater. Inte-
gration of the slick path with the distribution of at-sea bird densities
identifies the locations and the potential number of contacts berween
seabirds and the slick. These are put into a carcass trajectory model
along with the assumed at-sea carcass loss rate (15% per day} to
determine the proportion of birds fost at sea relative to the number of
dead oiled birds that beached along a given coastal segment. Working
backwards from the number of these beachings, we estimate the
proportion of the contacts that were fatal.

As an example. suppose we recover 1,000 oiled seabird carcasses
and 750 live ailed birds on a segment of coast. If we determine that
60% of the dead birds were lost at sea, then 2,500 birds actually died
and were directed toward that coastal segment. Suppose further that
the oil trajectory analyses and bird distribution data indicate that
5.000 birds couid have contacted the slick and been direcred toward
the coastal segment. Then we assume that about 2.500/5,000 or 30%
of the contacts between the birds and the slick were fatal and
T50/5.000 or 15% were debilitating.

Continuing with the preceding example. suppose we estimate there
were an additional 1,500 potential slick/seabird contacts that would
have resuited in birds being casried offshore by winds and currents.
We would then estimate that 50% or 750 of these birds actually made
fatal coniact and 15% or 225 were debilitated. We assume these
debilitated birds are passively transported out to sea. where they
eventually die. Therefore. 975 of 1,500 (65%) of the potential con-
tacts are fatal, Thus. in this hypothetical example, 1.000 seabird car-
casses were recovered on the beach. 1,500 carcasses were directed
roward the beach but Jost at sea. 975 carcasses were carried out to sea,
750 debilitated birds beached and went to rehabilitation centers. and
2275 birds contacted the siick region and survived.

TIV Puerte Rican incident

On October 31, 1984, two explosions severely damaged the T/V
Puerte Rican as it was leaving San Francisco Bay. After being towed
i8 km southwest of Southeast Farallon Island. it broke in half and
released about 35,000 barrels of petroleum hvdrocarbons. ™ Following
the spill, 1.300 live and dead oiled birds of at least 30 species. includ-
ing 470 common murres, were recovered on beaches from San Fran-
cisco 1o Mendocino counties, ™™ Most beachings occurred within an
eight-day period.

This incident was characterized by a highly organized response, and
the effects were much better documented than is often the casc.
Personnel from the Point Reyves Bird Observatory were able to com-
pile beached bird data for about 35% of the accessible coastline. in-
cluding all of the beaches reporied w0 have large numbers of beached
birds. It was possible to census many beaches morc than once, and to
determine accurately the identity and location of live and dead oiled
birds. The U.S. Coast Guard carried out extensive overflights during
the incident, and their records produced a compiete description of the
path of the slick {Figure 2). Aerial censuses of seabirds were carried
out on four scparate occasions by observers from the University of
Caiifornia. Santa Cruz. Bird carcass trajectories were computed by
the Hazardous Materials Response Branch of the National Oceanic
and Atmospheric Administration using the On-Scene Spill Model.™

We concentrated our modeting efforts on estimatiag the numbers of
common musres lost at sea of washed up atong inaccessible streiches
of coastline. and calculated that about 27% had been recovered aliv;;
or dead. 219 had beached along inaccessible portions of the coagg
and 32% had been lost at sea.” The data base for the TVPR incidenE
was complete enough to test the validity of our methodology. The
model was able 1o accurately predict the numbers of murres on 4
particular stretch of coastline. accounting for 81% of the variation in
the numbers of musres found along a coastal segment,

San Joaquin Valley crude incident

During the first week of February 1986, a spill of San Joaquin
Valley crude (SVIC) oil poiluted beaches in centrai California, Be-
tween February | and 8, 3,364 living and 834 dead oiled seabirds were
recovered. The State of California Regional Water Quality Control
Board, San Francisco Region. after reviewing the available informa.
tion, concluded that the evidence pointed strongly to a tank barge
loaded with SJVC oil en route from Martinez. California, to Long
Beach. As pari of an assessment of the damage resulting from the
spill. we estimated the total seabird mortality based on the assump-
tion that the barge identified by the water quality board was the
source of the ail spill.

The amount of information available for this incident was much less
than for the TVPR incident because the loss of oil oceurred during
heavy seas. and because the USCG was not alerted to look for the
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Figure 3. Model simulation of the heavy-weather scenario in which a
vessel released San Joaquin Valley crude ofl continuously, starting
off Pigeon Point—The heavy line shows the presurned track of the
vessel. The section of the route that is shaded with horizontal cross-
hatching indicates the time when the vessel speed was slowed due
to weather conditions. Thin ines are model oil trajectories launched
at three-hour intervals along the vessel route, Dots show the posi-
tions of simulated groups of bird carcasses at three-hour intervals.
Groups of simulated bird carcasses were launched at three-hour
intervals along the path of each oil spill trajectory.




slick until oif and birds already had begun to come ashore. As there
were few at-sea observations of the slick. modeling efforts were ham-

ered by uncertainty as to exacily where the oil was relcased. Because
the incident went unreported for some time. and because the total
lengih of affected coastline was at least 350 km. many beaches were
notvscarchcd for carcasses until late in the incident and much of the
accessible coastline was not covered, However. we were able to sam-
plea representative set of beach types throughout the atfected area at
lcast ance and lo measure carcass persistence on beaches. Addi-
tionally, rehabilitation centers kept adequate records on arrivals of
live oiled birds.

We corrected the observed numbers of oiled carcasses for un-
censused areas and for carcasses missed because beaches were cen-
sused only once. For common murres. the species most severely
affected by this spill, we esumated that in addition to the 1.924 live
oiled birds and 554 beached carcasses vecovered, 3,041 carcasses were
beached but not counted.

We used real-time wind daia from two coastal weather stations and
ihree offshore buoys, combined with a surface-current vector field
(Oil Spill Risk Analysis Model developed for the Minerals Manage-
ment Service by Dianalysis of Princetony, to model trajectorics of
hoth birds and oil (Figure 3). Trajectory analyses indicated that ol
relcased along the track of the barge identified by the water quality
poard could have resulted in the observed spatial and temporal pat-
tern of beaching of both birds and oil. Model bird carcass trajectorics
were directed inshore, and few birds beached along stretches of coast-
line that were not sampled by Point Reyes Bird Observatory person-
uel. We therefore corrected the beached carcass estimates assuming
that at-sea loss occurred on the way to fandfall. Our final calculations
indicated that 38% of the oiled murres reaching shore were recov-
ered, 419 beached but were not recovered. and 21% were lost o
natura} processes on the way to shore.

Conclusion

The proceduse described in this paper provides a more sound basis
for estimating the mortality of seabirds (rom «il spills than have pre-
vious procedures that cither guessed st or ignored at-sea losses, or
derived them without empirical data.'®™ Qur procedure reduces the
assumptions inherent in models by incorporating data collected at the
sime of the spill. For the first ume. we provide estimates of total
mortality and survival. Such estimates are central to determining the
potential impact of oil spills on seabird breeding populations over
time. ™
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