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AnsTRACT

This paper presents an estimare of the toeal pumbsr of sea omers char died
a4 o direcs consequence of the oil spill thas ocourmed when the TV Exxcan Vadidez
prounded in Prince William Souncd, Alnska on 24 March 1989, We compared
sea otter counts conduoed from small bears dhroughout the Sound during che
summers of 1984 and 1985 co couns made afier che spill during the summer
of 159859, We used ratio estimaoors, corrected for sighring probabilicy, oo alole
otrer densitics and population estimares for pordons of e Sound affecred by

thee ol spill. We estimated the ormer ticw in the portion of Prince William
Lound afeaed by the ol was 6,546 ar the tme of the spall and thar the post-
spill populaion in the summer of 1959 was 3, BYB, yielding a loss espimage of

approximarcly 2,630, Boosorapping rechniques were ussd (o approximare on-
fidence limins on the loss esmmare of abour 300-3,000 oters. The wide con-
fidence limirs are & resule of the complex scheme required (o essumare losses and
limararions of vhe dara. Despite the uncerminey of the los estimace it & dear
thar a significant fraction of the oters i che spill mne surdived. We observed
oiters peresting in relagvely ceun emiba uﬂwnugnu:dmn]qﬂllm
ing thar the highly convolured coasedine of Prince William Sound produced
mrﬂhﬂdmmmhhdl:ﬁﬂ IIER 60 SAITVIVE,
Key words: boomcrapping, bnummmmd‘mmu,mhngpmhhulm,

msocralicy, popularion groweh, contaminanes, E.u&;fm dutris, imgmaces of oal spill,
CHIASS FECONEDY TaDe, Fl‘l.nl:r'ﬁ"dhn'lﬁmrld

There is general agreement thar the sea omer (Enbydra lniris) is one of dhe
most vulnerable of manne mammaks w the effecs of ol spills (Gemd and
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Williams 1990, Ralls and Siniff 1990), Omers depend on a high metbolism
and air rapped in their pelage for insulation and dhus are extremely vulnerable
to mactng of the fur by oil (Siniff o af. 1982, Gerad and Williams 1990).
The T/V Exxow Valdez oil spill in Prince Willlam Sound, Alaska, is the firse
insrance in which a sizable populacson of gea orrers has been expossd o a large-
scale oil spill, so the resules are of considerable importance in understanding the
oonsequences of such evenis,

The spill occurred when the T/V Exvon Valdez wenr aground on Bligh Reef
in Prince Willinm Sound on 24 March 1989, releasing approximarely 11 million
gallons of crude ofl. A major efforr was mounted 1o clean up che spill and o
rescue birds and sea occers from the affecced area, as well a8 o recover carcasies
of those dying in the area. We estimare che ol number of sea oeters in Prince
William Sound thar died as an immediare consequence of the il spill, and
suggest & minimum possible recovery time for the popularion. The basic dara
are counts of sea octers made in Prince William Sound 4=5 yr before the spill
(Irons et af. 1988), and a similar survey conducted several months after the

spall,

Sunver Area

Prince William Sound is a large estuarine system abouc 100 km sourhease
of Anchorage, Alaska The shoreline s highly convoluted, and there are many
slands and a large area of open water. The Sound is bounded o the southeast
by two luge ilunds, Montague and Hinchinbrook (Fig. 1). The oil spill orig-
mated in the norcheastern poeticn of the area, and dhe oil moved southwest

Data amo Dara Corvecnon Procepumes

Boar swrveyr—During June through Auguse of 1984 and 1985 the entire
shoreline of Prince William Sound was surveyed for sea orters and marine birds
(Trons e af. 1988). Small power boars were used ro make visual counes af
miasine bieds and sea oorers along a series of ransecrs thar paralleled the coastdine
ar o distance of 100 m from shore, All sea omers seen inshore of the boar were
counted, wlong with those seen in a 100-m srip on the offshoce side of che
boar. The transects were convenient scgments of the lengrh of the course of che
boat, often being arcumnavigations of small islands or poines. Two summers
were required 1o cover the entire Sound. Seventy-six percene of the 1984 counes
were in the oil spill area, whereas in 1985, 82% of the counts were in portions
of the Sound that were lasgely unaffecoed by oil (Fig. 1)

In the aftermach of the oil spill a 25% mndom sample of the oransects covered
in 1984 and 1985 was resurveyed using techniques as close as possible m dhose
of the earlicr surveys (Burn 1990). Additonal surveys were also conducred in
1989 m cover offshare areas, defined as all areas outside the 200 m shoreline
strip. These open water areas were sampled by drawing a 23% random sample
of 3-minure by 5-minute blocks of larrude and longinede. Some of the blods
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owing the approximae exent of on-

selecred impinged on the shoreline and were libelled us coaszal, while ozhers fell
engirely in open water areas and were designated as pelagic. Each block was
subsampled by surveying rwo systematically placed 200-m wide serips running
the length of the block,

The 1989 survey thus contained three stmat., One ong a 200-m wide soip
along the shoreline, sampled as a 25% random sample of the 1984 and 1985
transeces, and chus covered close to 25% of the acrual shoreline area of the
Sound, A second seratum was comprised of the pelagic blocks, selected as a
25% random sample of open witer areas, bur, in consequence of the subsampling,
acrually covered about 2.6% of the warer area, The third stratum, coastal blocks,
was sampled ar essentially the same intensity bur the blocks were individunlly
of variable size, depending on how each block impinged on the coastline, The
actual sampling intensity was abour 1.9% of the area designaced as constal,
Only the shoteline seratum was surveyed in June 1989 while all chree strat were



346 MARINE MAMMAL SCIENCE, V0. 9, 80, 4, 1993

ﬂmpl-:d durmg. replicate surveys conduceed in July and Auguse. With the
exception of minor discrepancies due 1o weather and logiseic constraings, the
same transects were counted during the three replicare surveys,

Creonwil=traeely stwd'y—An auxiliary scady was conducted during che summer
of 1990 to estimaze the proportion of the oters that were not dececred during
boat surveys {Udevicz ef o, 1990). This ground-rmuth soady was parrerned afrer
similar work in California (Geibel and Miller 1984) and was smffed by biologises
with experience in those earlier studies. Shoreline observers were placed at sites
in sdvance of the arrival of the survey boars and couned oters in the survey
strip. Results were then contrasted with those from the boat survey to pligain
cosrections for sea orers missed in the main survey. Two different sources of
error were noted, One was thar some ooers immediacely lefe che shoreline serip
when they detecred the approaching boat, and the other included owers that
remained on the transect bur were not seen by the boat-based observers. Resules
of the ground-zruth study were used in the estimation of roeal loss o comec
for orrers noc sighred by the boar survey observers.

Oiling clasrification—The oiling classificacion presented in this paper (Fig.
1) was based on Alska Deparement of Environmental Conservation (ADEC)
overflight dara colleceed during che spill period, The aerial observarions were
used o creare a geographic information syseem coverage depicring the cumularive
distriburion of the oil. Since sea otters are highly mobile animals, it is possible
thae otrers nhabiting areas outside the pachway of the il could have moved
inro the aren of the shick and become oiled. For chis reason, an arbitrary buffer
zone of 5 km was added to the ADEC overflight data o represent an area
within which otters might have been affected by oil. Shoreline mmnsecrs, and
nearshore and offshere blocks with any area locared within 5 km of the oil were,
therefore, classified aa olled. The inclusion of the buffer may resule in 2 moce
conservative estimate of losses because it may include areas where orters were
ot affeceed by oil,

Esmistaming Torar Lossss

One of the complications in loss estimarions is char the 1984 and 1985
surveys covered only the shoreline area and did not provide information on the
number of sea otters in open warer areas ar thar time. Becawse sizable numbers
of orters were counted in borh che 1984 and 1985 surveys and on the shoreline
transeces of the 1989 survey, the dam provide a reasonably precise estimare of
the degree of change berween 1984—1985 and 1989. However, evidence from
a variety of sources {described below) indicared thar the populntion was increasing
dusring ehe period in question, and thus would have been larger at che ome of
the oil spill than it was in 1984=1983. We thus needed o adjuse for growth
of the population from 1984=1985 w 1989,

The difference berween the shoreline density of otters in 1989 immediately
after che oil spill, and the shoreline densicy of otcers in 1984—1983, ﬂlih-l-'il'l-‘d
for populatien growrh, provided an estimase of the relagive loss in che
rhat could h-cnmmur:d w the oil spill, However, in oeder to caloulate the toel
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number of oeters lost in the oil spill, an esrimare of the roml popalagon size
wis also needed. The only dara adequare o estimare toml population size are
those from 1989, when the encire Prince William Sound aren was sampled.

Estimating the number of oreers lose from the Prince William Sound pop-
ulation required four steps. Firse, a posc-spill population estimare was abtained
for the oil spill area, using dam from the 1989 boat surveys and the ground-
eruthing study conducred in 19940, Secondly, o 1984—1983 popularion estmare
for the oil spill area was calculared wsing shoreline otrer densities obeined from
the 1984=1985 and 1989 boat surveys and the 1989 post-spill population
estimate, Thirdly, population groweh from 1984—1983 o 1989 was estimated
using shoreline omer densities from pordons of Prince William Sound ouside
the oil spill area. This growth rare was then used o project the 1984—1985
population ro the level expected in the oil spill area in 1989, The final scep veas
to subtract che 1989 population estimate in the oil spill area from the population
expecred o be there had an il spill not ocourred, giving an estimare of the
roral loss due o the oil spill. Details of the necessary caloularions appear in the
following secions.

1989 poprlation extimate in oifed area—A population estimare for 1989 was
obtained by the usual stratified random sampling approaches. One complicarion
is that the coastal blocks vary in area acoually searched. A convenient way
deal with this difficuley is to use rario estimators, All of the shoreline mansects
were counted three rimes (in June, July, and August) of 1989, bur the coastal
and pelagic blocks were surveyed only in July and Augusc. We thus used the
3 month average counts for shoreline dam, and the average of the July and
August counts for the coastal and pelagic soram.

Cochean (1977) gives the rato estimuror as

Pp=dlx

i XK

where ¥ represents the estimate of woml number of oters in o given soramum,
¥ is the count of orers on the fth mransecr, and x; is the area of the /th mansecr,
while X is the toral area of all shoreline transecss. Since transcors weee all of dhe
same wideh (200 m), one mighr equally well wse x as length of an individual
transect and X as tol bength of available ranseces. Such an armngement is, in
fact, concepoually preferable as it permirs following Cochran’s equations exactly.
We thus szart out by considering che shoreline strarum first. The variance estimate
used here & (Cochean 1977, p. 1535, equadon 6,10k

W) -%{Eﬂ + REx - 2REyx) {n

where N is the otal number of shoreline mansects available, » & the number
sampled, drawn ar random from N, and f = »/N is the sampling frcdon, i.¢,,
the proportion of tansecrs acrually counted, For the shoreline stratum chis was
abour 25%. It may be noted thar 1 — f is the finite populadon corection,
which is imparmans if a subsmantial frction of the area s sampled. R = E 3/
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E x;, the esumared rado, and i, in this case, 2 density of ooers (per km? if
arens are used, per km if lengehs are wsed as x).

A difficulry arises in the variance estmation in thar the open warer areas were
sampled with a different armngement, as previously nored. The sampling unis
are S-minute by 5-minuee blocks with two 200-m-wide cransecs syscemarically
locared within each block, Hence, only o small fracdon (8 or 9%) of o given
block was actually surveyed for orrer abundance. In sample survey erminology,
the open water ssruta were surveyed by using cluster sampling with two system-
arically located subsampling units in esch sample unit (block). Alchough 25%
of the available blocks were included in the sample, the acrual aren searched
for owers was only abour 2.5% of the total open water asen. A different method
for calcularing variance might thus be used for the pelagic seratum as disoussed
by Cochran {1977} in chapters on duster sampling. However, the area searched
in the coasm| smrarum varied from block w block, depending on how che
parnicular block intercepred the coasdine. Hence, caloularion of vannnces becomes
more complicated for the coaseal blocks,

Whille schemes mighs be devised o caloulare variances for coastal blocks, any
complex approach will likely be unsarisfactory due 1o the high fraction of rransects
on which no omers were counced (over 705 for individunl monchs), Hence, we
have used the varinnce formuln given above for all soam, wich a small modi-
fcaton, obmined by rearranging che multplier of the quanricy in parenchesis
on the nght:

N = _ wN3(1 "ﬂ'_ w1 = f)
wle = 1} il = 1) (o= 1)*

recalling that /= » /N. With this change, we now estimare the sampling fraction,
- s the propostion of the toral area scoually surveyed. Results of these calculacdons
for the oil spill area ase presented & Table 1.

The ratio estimares given in Table 1 are for uncorrected counts from the boat
surveys. The ground truth survey yielded an esamare of 69.5% of the omers
present on transect units were acually wllied in che boar surveys (Udevicz of
al, 1990). The calbculated total can be corrected by dividing the population
estimate by the proportion of owers counted, giving a corrected 1989 population
estimate for the oil spill area of 5,393 (2,709/0.695).

I'FI'EJ—-IFEE pupmfd.ru-.r entimate in oiled area—To obeain a 19841985
population estimate in the oiled anca, we adjusted the estimated 1989 popularion
m the odled aren by the ratio of dhe shoreline density in the same area in 1984—
1985 to the shoreline density in 1989, The 1984-1985 population estimare
was caloalared ns:

il

N
where fyjgp4_1oas and oyoey represent dhe density estimaces for che shoreline
transecs counved by Irons of ol (1988) in 1984=198% and Bum (1990} in
1989 and I:hmm.,,‘ is the correcoed 1989 pose-spill popularion estimare
developed in the previous section. Irons of #f. (1988) surveyed 95% of the

HIH-I—IE'-H s
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dhoreline eransect area within the oil spill area (420.4 km?®) and counted 2,194
oerers for o density cstimare of 5.218 oters /km?, Thus the 1984—1985 pop-
ulsrion esrimate in the oilsd area was cabouloted as:

5.218,/3.502(3,898) = 5,808,

An assumprion inherenc in this caleuladon is chae the density of otrers offshose
{>200 m) changed in direct peoportion o the densiry of orters within 200 m
of the shoreline surveyed in 1984 and in 1989,

Profecting 1984=1985 popufation fn ofled area to 1989—Projecting che
1984—1985 population estimate for the oiled area o 1989 required an estimare
of the wend in the population during chis period. Since the 1950s the Prince
William Sound population has been growing and expanding its range from the
southemn porton of the Sound northward (Piccher 197 5). Eswes (19900 suggests
expanding sea otter populanons may increase ar annual mees of 17-209%. Such
high rates of growth would noe be expected in Prince William Sound since mose
af che region was recolonized by otrers by 1974 (Pircher 1973) with che luse
area of suitable habitar along the extreme northeastern edge of the Sound
reoccupied by 1980 (Garshelis and Garshelis 1984). There are no direct estimates
of trends in sea octer numbers during che period from 1984 o 1989, therefore
we used the change in shoreline otter densitics calculated from 1984—1983 and
1989 boat surveys in areas ourside the spill zone (Fig. 1), Since most porrons
of both the otled and unoiled areas of Prince William Sound had been ocoupied
for ar least a decade prior vo the boat surveys in 1984—1985, we assumed
population changes in the unailed area would be representative of those in the
oiled areas as well.

lrons ef al, {1988) counted 1,761 otters on 386.7 km? of shoreline transects
purside the oiled area for o density estimare of 4,533 oteers km?. Bum (1990)
surveyed 86,8 km? of shoreline franseces ouside the oil spill aren during the
summer of 1989, counting a mean of 445.3 orers for o density estimace of
5.130 orers /km?. Thus we assume thae the population in the ail spill area
increased approximuoeely 12.7% berween 1984=198% and 1989, indicating a
modest 2% annual groweh ree, Adjusting the 1984=1983 population estimate
to account for chis growth yields » peojected 1989 population estmate of 6,546
(5,808 x 1.127) in che oiled area.

Estimrte of etters fost from poprlation of siled area—In the previous secion
we developed an estimate of che number of sea orters thar should have been
present in the oiled area during the summer of 1989 had the oil spill not
ocourred. An esimare of the number of sea omers lost due w the oil spill can
then be obained by simply ml:ﬂu.cung the estimared acrual 1989 population
from the projected population estimate, yelding a loss estimare of 6,546 =
3,898 = 2,648, This estimate was developed through a series of calcularions
given in the preceding secrions as individual sweps. Howewver, these cun be
combined into a single u.[.gebu'njr: equarion:

Lmudm- [w][ _igmecacci ]-1] 3
dyompcited || H1984= 1983 non-cit

L Sh
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whﬁrﬁ|mmmuﬂtnwnbuufmmmiudtdlipiﬂm
durning the summer of 1989, § represents the propordon of otrers present on
transect lines char are actually seen by the survey crews, dygga- s and diogy
represent the densines of sea omers on shoreline mansecrs in arcas affeceed and
not affected by the ofl spill thar were surveyed in 1984=1985 and 1989,
respectively,

Boorsmearrine o Conmpisce Linoms

Due o the complicated form of the several ros used in che loss calouladons
above, direct variance estimates on the number loss are difficult w obain.
Comsequently, we have approximated confidence limits on the los estimare by
using the boomstrapping rechnique (Efron 1982), As used here, bootstrapping
consists of mking N random samples with replacernent from the dat and
constructing N estimates of a quanriry such as the loss estimate of Equation (3).
Tl‘tfm:p.mtydhribu:i:ru nf:iﬂNrmﬂuﬂum provides approximare con-
hdence limirs for dee esomate of main interest. Sampling with replacement
mmmdmr:hrﬂmtlrrmmnh:dmmm:dmnunminngwmnmph
Each of the separare dam sets may consist of, say, w; items, and the samples
from each such ser will consise ul’uacr]].r u, random draws I'I:"'I mp]amn:u;

Equation {3) requires sx diffesent estimaces, bur one of these !ﬂ;m}l is based
om u strarifed random sample with three sram (shoseline, coasral, and pelagic),
50 there are cight diffecent dam sets in all, The populanon esomare for the oiled
area was based on a sample of 118 shoreling ranseces, 21 in the cossml, and
19 in the pelagic scramum (these two strata were counved only in July and Auguse,
so éach entry is the average of towvo counts). The propordon seen () was estimared
from o sample of 21 ground outh checks, each including the number of omers
seen from the survey boat and the number idendfied by the shoreline observers
just before the boat reached the ground muth sire,

The two density esomaes in the olled area were based on 426 mansecos
(1984—198%) and 118 transcces (1989). The 1989 counts are based on the
same transects as the shoreline stratum above, but are now based on the avernge
of June, July and Auguse counes, whereas only the July and August counts were
used in the population estimate because only July and Auguss counts were made
in the open water areas, The counts in the non-oiled aren were bated on 296
mansects (1984—1985) and 69 rransecs (1989). Each ealculation of o boss
esgimmate required sampling eight data sees, and completing the calculations for
the estimares needed for Equarion (3).

The required daea were assembled in spreadshest sofrware and exported w
ASCII files for a BASIC language program that performed the bootstrapping.
Verificarion was accomplished by another BASIC program chat caleulated menns
from rhe ASCII fles rhar could be compared with the same values caboulueed
in the spreadsheers. Also, in nearly all coloulations the mean of ehe bootserap
samples pave essenriolly the same resulr as the above rwo sowrces.

Remiftr of bootrtrappinp—aA~A frequency disrribution (Fig. 2) of the resules of
N = 7 000 runs of the boowsorap program yields a skewed dissriburion, as would
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Figare 2, Frequency dismibuten of bootserap estimares of number of ses otvers lost
in Prince Willam Sound, A lower limir of abour 500 is csablished by the aumber of
carcasses of sea ocrers recovered in shoreline searches. Upper limins of 5,800 and 6,900
cut off 10% and 3% of cthe upper cail of che frequency dissrdsunion.

be expected when ratits are involved. Sandard ervors calculared in the program
were about 2,000 otters on the loss estimare of 2,650 sen omers (since che
dustribution is asymmetric, confidence limits from che frequency dismibudon
muay be maore satisfactory), If we assume, a8 seems reasonable, char the populaton
in the oiled area did not decrease from 1984 o 1989, and did not increase
more than 0% per year, then these limits can be inserved in che bootstrap
program to bound the variability of that ratio component. Insereing such bounds
gives an appreciably smaller standard error for che loss estimate, i.e., aboue
1,500,

Another prospect for obeaining somewhar narrower confidence limirs depends
on recent experience with the boorstrapping technique. Rao and Wu (1988, p.
234) suppest using boorstrap f-intervals instead of the percentile limits given
above. Obaaining such limis requires “"double-boosmapping™ in which each
individital bootstrap sample is submitted o the bootstrap process in order
obain a variance estimare for each of che original boomsmp samples. Wich chese
variunces available, one can then construce a f-smristic for each boorstrap sample:

By — b
4y

f=

where f; is the loss estimate from a given bootstrap sample, if s the loss estimate
based on the onginal dam set, and 5 & the square root of the vanance esimare
obained by boostrapping the boosmap sample. A frequency distriburon of
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these /-smansncs is then used o select a value ar the chosen alpha level of

Using the restriction mennoned above (growth from 1984—1985 w 1989
resericted o the mnge of O o 105 per year) the #-statistic with boorstrap samples
of 1,000 gave an upper 5% confidence limir of about 4,600 ocrers, while using
the r-stanistic in unresericred boosmpping yielded upper limirs of about 5,300
oters, We thus propose thar confidence limiss of abour 500=5,000 may be
appropriate for the loss of about 2,650 sea omers from Prince William Sound,
with che lower limir essablished by the known number of cancasses of oreers
picked up after che spill,

An approximare noton of the coneriburion of the several quantities in Equarion
{3) to overall variance can be construceed as follows. A vadance estimate from
Eqquation { 1) is available from Cochran (1977) and Udevicz ef o, {1990) provide
a varance estmare for po A varance for che product of the two ratdos was
approximated by boosmapping. Writng Equarion (3) as:

LOSS = NR/p (4)

the delea methed (Scber 1982, p. 7) can be used o obrain an approximare
cocflicient of variation as:

CVHLOSS) = CYAN) + C1Pp) + CVR(R). (%)
Covasiance terms are neglecied here, The alouladons give
CVHLOSS) = 0.17 + 0.08 + 0.634 = 0.88.

For comparison, the boosmap calolanons gave a coefficient of variaton of 0,72,
We chus see char roughly 70% of the variability is due to the product of the
W0 CACos.,

Recovemy Tisg

Many factors may affect the recovery of the Prince William Sound sea otrer
popularion, including any direcy effects of residual hydrocarbons in the Sound,
and the various possible effects on che food base (Meff 19900, Mozt such factoes
apparently are not well-documented. As indicared above, we estimate abour
half of the ocrers in the il spill area were lost, Replacements may come from
population growth within the oil spill aren or from the immediately adjacent
areas ourside the oil spill area. Because we have little basis foe judging relative
contriburions from these several sources, it seems advisable to make any pro-
jections into the furure on the basis of the Prince William Sound population s
2 whole, rather than trying o focus on che oil spill area only,

The present Prince William Sound sea otrer population is believed o have
originated from one or mare remnant populations thar survived the exploitation
era in the southern portions of the Sound and perhaps ar Kayak Island (Lensink
1962, Rotrerman and Simon-Jackson 1988). By abour 1980, the area covered
by the boar surveys bad largely been repopulared (Pircher 1975, Garshelis nnd
Garshelis 1984), Two earlier surveys provide approximare popularion esrimates

e .iIJI. -
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for the entire Prince Willinm Sound region populated by oters. In 1959, Lensink
(1962) couneed 364 omers in aeral surveys, and esamared the ol population
as being berween 825 and 1,275 orrers. In 1973 Picher (1973) conducted
helicoprer surveys along the shoreline, and counted 2,015 orters, estimating a
rotal population of 5,000, We have used the counts of [rons ef o, (1988) and
Burn (1990} o obrain rwo additona] populaton esdmares for the region covered
by the boar surveys in 1984—1985 and 1989, respectively. The boat surveys,
however, did not inclede an imposmne area ar the norchenseern edge of the
Sound in the vidniry of Cordova (Orea Inber, Hawkins Cucoll, and the Copper
River Delm area). From data provided by Garshelis and Ganshelis (1984) and
aernl surveys conduceed by Simon-Jackson (1986, 1987) we estimate thar
roughly 1,000 otters were in chis area ar the dme of the 1984—1985 surveys.
In June and August of 1988 Monnett and Roteerman (1989) conduced wo
similar aerial surveys and counted 3,473 and 3,229 otrers, With these dam,
we can expand our population estimates for 1984—1985 and 1989 o account
for the entire Prince William Sound population, and construct an approximare
growth curve for the area (Fig. 3). A log-linear regression on che four poins
suggests a rare of growth of approximarely 9% per year. This s considerably
higher than the 2% annual groweh rare estimared using the change in shoreline
oater densiries caloulated from the 1984—1985 and 1959 boar survey dam. This
difference 5 due 1o the mpid inorease in omer numbers in the Orca Inler and
Hnwldnsﬂmdfuﬂs,whiﬂlm nucmnpl:d:inr.'lm:b-numn'rrs.

A very simple approximation of a minimum recovery dme can be obained
by noting thar the overall loss (approximarely 2,650 owers) would require
approximately theee years to replace ar the rare implied by the apparent race of
growth berween 1959 and 1989 (Fig. 3). However, the 1990 and 1991 boat
surveys indicate thar no populasion growth occurred in those two years in the
area covered by the surveys, and telemenry studics conducred during dhis period
documented extremely Jow weanling survival (Bum, Rotwerman and Monnest,
unpublished dam). Given these dom, 0 more conservative estimate of recovery
time would appear o be at least five years, if recovery is defined as che ume
required m reach the populagon level existing ar the dme of the oil spill. With
the limived darn available on the impace of che oil spill on the sea oreer food
base, we cannot assume that the population is undergoing rapid recovery.

Diescussson

An unformunare comsequence of the somewhar complex scheme required o
estimate the number of sea oters loss in Prince William Sound from the T/V
Exxow Valdez oil spill is thar confidence limis on the hnal loss estimate are
larger than desired. A study involving marking of carcasses and subsequent
recovery in shoreline searches would Likely have produced estimates with much
smaller confidence limits, A small-scale study of this kind was conducted near
Kodik Island during the ol spill by DeGange ¢f o/, (personal communication),
who reported 5 of 25 mwrked sea ocer carcusses were retrieved, giving a
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proportion recovered as p = ﬁl.-"lﬁ -Hlﬂll}:ﬂmgcﬂdf pu'samlcummu
nicaion), An independent csumare of che pmpmuuu of carcasses recovered in
Pringe Willlam Sound can be calculared by using the loss estimare of 2,648
developed from the boar survey dara. A coral of 511 sea oreer carcasses were
recovered in Prince Willinm Sound thar were dassified as oil spill mormlides
{Bayha and Kormendy 198, vielding an esumare of the propomion recovered
as 511 /2,648 = 0.19, ncarly the same as the esmare derived from the Kodiak
Islund data. Applying the 20% recovery rate o the wal number of carcasses
recovered thar were classified as oil spill moralites would result in o loss estimae
of 4,600 oeeers for the endre region affected by dhe spill. The success of a carcass
recovery study to estimate the number of owers killed by an oil spill, however,
depends on mounting o very intensive carcass recovery cfforr, a3 was done
following the T/V Exxon Valdez ail spill. In other circumstances, such an effoet
might not be possible.

The analysis of sea oter lodses peesented in chis paper was complicated by
the facy thae the pre-spill survey was conducted several years before che oil spill
occurred, raising the Bsue of possible changes in the population berween the
pre-and the post-spill surveys. Estes (1991) suggests a comprehensive survey
should have been conducted immediately after dhe spill bur before the oil
dispersed throughout the Sound and the Gulf of Alaska. Given the logistics,
costs, and pressures placed on narural resource agencies during such emergencies
this recommendation would have been extremely difficult o implemens. An
aleernarive approach would be to conduce comprehensive surveys of ower pop-
ulations vulnerable to oil spills ar 2- g0 3-yr intervals as established populatons
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would not be expecred o change dramadcally over dhis short dme period. If a
recent pre-spill population estimate is not available, we believe plans for o mask-
and-recaprure survey of carcasses should be pare of spill response acrivities.
However, the success of such a survey will depend on marking a repressnrative
sample of carcasses, which may be difficult to achieve as outboard motors can
be quickly destroyed when operared in heavy oil where many of the carcasses
are found. The recaprure phase will depend on examining a sizable number of
carcasses for marks, Abouwr 500 carcasses were examined in the course of the
sty in Prince William Sound, bur this resulted from a very large efforr, Whether
such an effort would be mounted in fumere studies depends very much on a
deasion putside the scope of the present paper, 1.6, whether © arempe
“salvage™ living orrers exposed o odl.

In the immediare afvermach of an oil spill, it will noc be possible o predicc
values needed for determinadon of sample sizes as suggesred for the usual
marking experiments (described by Seber 1982: chapeer 3). Instead, o decision
as (o the proportion of carcasses 0 be marked very likely will have to be made.
Scher (1982, p. 566) suggests using an esamared coefficient of vanaton which

can be writren as:

N—m I—E
:- -
cy. m up

where N is the size of the population of dead otters, M is the number of carcasses
marked, and » is the number later examined for marks. Irmmmha.iirwillhe
virnally impossible o predice N, we suggese using the right-hand expression
where g = M/N, the proportion marked. A decsion can then be made as ro
the propottion of carcasses 1o mark, and values of » caleulated for various choices
of the coefficient of variation. If approximately 95% confidence limirs of abour
+ 50% of the toral loss are soughe and 5% of the carcasses encounrered are
marked, then the sample to be lnter examined for marks would be aloulared
as;

A 0.93
(0.2570.05

Anocher desirable fearure would be o use rdiorelemenry botch o follow the
fate of carcasses and ro monitor the stars of live omers in areas Lkely o be
affected by the subsequent movement of spilled oil. The chief problem with
such a scheme will likely be carching orcers for armchment of ransmimers belore
the oil spill reaches them. If chis can be accomplished, the use of rdiotelemerry
has the advanmge thar an sstimate of survival rates and some impostant auxiliary
informarion can be obmined concerning behavioral responses o oil and the
effecriveness of o mark-recapture scheme as described above, For example, it is
possible char some carcasses may sink and never be available for recovery, One
could also investigate the prospece by amaching cransmicters to the carcasses.

Clearly the oil spill had a significant effect on the sea omer populacgon of
Prince Willinm Sound. It s, however, also impormne o0 note thar perhaps 70—
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80% of the populadon survived the spill. Much of the surviving populution
was simply outside of the spill zone. Very likely the shoreline mansecs give the
best indication of the affected area as it concerns sea ooers. Abour 2,544 km
of shoreline were classifed o3 affecred by the oil, our of 5,138 km of shorcline
considered, Thus, abour 50% of the total sea omer habimre was affecred, while
our estimates suggest thar about 40% of the sea otter population in the ol spill
area was Josc,

Some insights into the circumsmnoes in which oters in the spill zone may
have survived are suggested by the senior aurthor's ohservadons when conducring
intensive aerinl surveys over the spill area during o two-week period just after
the spill oocurred. During dhese flighes the author noted dthat even in areas such
a5 Maked [sland, which was the firsz major land mass to be heavily oiled, orrers
were present in small bays and coves thar appeared m be relacively free of heavy
oil. Repeated flights over these areas revealed rhar otters persiseed in che 'clean”
coves for severnl weeks despite the face thar the surounding coastline and water
surface were heavily oiled. These apparent refuges were scarrered throughout
the oil spill area and appeared o be most commeon in areas char were
from the prevailing norcheast winds thar pushed the oil theough the Sound.

In contrast, Ht?rlrm:nFWuJuPnﬂagtinﬂunanmmufdm
Sound is a reladvely seraighe and narcow passage oriented with the prevailing
winds. When the author surveved the passage on 1 April 1989, the oil had
juse reached this area and all 26 otrers observed in the passage were in heavy
oil. The oaly area not heavily ailed was a small bay along the northeastern edge
of the passage which contained an addinonal 23 orers. Biologises visired chis
arca several days later and reported thar most of the orers in the bay were oiled
w0 some degree, suggestng that otters in this apparent refuge were sall exposed
m oil. These observations suggess chat the highly comvolured and complex
coastling of Prince William Sound may have been a major facroe dhat allowed
u relnrively large peopoetion of the sea otters in the oll spill aren to survive,
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