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ABSTRACT

The work described herein uses information about the effects
on sea otters of the Exxon Valdez oil spill in Prince WIIliam
Sound, Al aska to enhance assessnent of the risks of oil spills to
the threatened southern sea otter population in California.
Previ ous nodels of oil spills and otter popul ations are descri bed
briefly. Data on sea otters captured during rescue operations in
Prince WIliamsound are used to build a sinple nodel of otter
nortality as a function of distance fromspill origin. The node
al l ows assessnment of the relative risk of an 11 million gallon
spill occurring at different |ocations along the California
coast, and identifies the tip of the Monterey Peninsula as the
point of origin of a spill that would have the greatest effect on
t he popul ation. Such a spill would expose 90% of the popul ation
to oil and result in a mninumrange-wide nortality of 50% The
data is further analyzed in a life-table to arrive at estinmates
of the daily nortality rates of otters exposed to oil. These
survival rates may be used to predict the nortality of otters
exposed to oil at different tines and for different |engths of
time during an oil spill. It is hoped that these rates can be
linked with explicit nodels of oil spill dynamcs to construct
nmechani stic nodel s of the potential inpact of oil on the southern
sea otter population. Limtations of the anal yses are discussed,
and direction for further research suggested.
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Pur pose.
The introduction to this report is brief. It is assuned

that persons interested in this analysis are already famliar
with the history of sea otter managenent in California and

Al aska, and are famliar with the work of the various governnent
agencies and universities involved in sea otter research,
particularly those studies ained at assessing the inpact of the
Exxon Val dez oil spill (EVOS) on the sea otter popul ation of
Prince WIIliam Sound and the Kenai Peninsula. The purpose of the
present work is to use data about the inpact of EVOS to inprove
understanding of the risk of oil spills to the southern sea otter
popul ati on.

Previ ous work.

In the fifteen years since the Endangered Species Act
provi ded the inpetus for assessing the potential inpacts of oi
on the southern sea otter popul ation, such assessnents have
revol ved around three central questions: 1) what is the chance of
oil contam nating the environnment inhabited by sea otters?, 2)
how does oil behave in the environnent?, and 3) how do otters
react to oil? Conplete risk assessnment nust address all of these
guestions and link the answers in a realistic fashion. As it is
i npossible to study the effects of oil on a sea otter popul ation
experinmental |y, assessnent of the risks of a spill to the
sout hern popul ati on have been based on anal ysis of conputer
nodel s constructed to sinulate the dynam cs of both oil spills
and the sea otter popul ation.

The principal nodel of oil spill dynamcs is the OSRAM of
USGS (Smith et al 1982), which nodels oil novenent in detail but
provides only a “yes or no” answer in regards to spills
contacting specific geographic targets. Ford and Bonnell (1986)
used this nodel to assess the risks of oil contacting sea otters
in California. The najority of their analysis focused on
predicting the probability of oil spills occurring and
contami nating sea otter range; sea otter nortality in
relationship to oil contam nation was incorporated in only a
general , del phic, fashion.

Bodkin and Udevitz (1991) linked a detailed oil spil
novenment nodel wi th known geographic distribution of sea otters
al ong the Kenai Peninsula, and were able to estimate differences
in potential exposure to otters during EVOS. Currently their
nodel does not include specific relationships between exposure
and nortality.

Brody (1988) devel oped a nodel of the dynam cs of the
California sea otter popul ation that enphasized denographic
detail but |acked any enpirically-based incorporation of the
effect of oil. The boundaries of any spill were static, and the
probability of an individual otter dying wwthin a spill zone was
nodel ed as a function of 3 paraneters describing the nortality
associated with oiling, the ability of an aninmal to find | ocal
refuge within a spill zone, and the probability of an ani ma
surviving a spill by leaving the spill zone entirely. Wile this
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seened theoretically sound, there were no data with which to
estimate these paraneters; thus they were incorporated into the
nodel as purely del phic paranmeters, where the user nust specul ate
as to what the values of these paranmeters m ght be.

In review ng previous work, it is obvious that, of the 3
guestions nentioned earlier, the third one, “how do otters behave
inoil? is the one for which the answer is | east devel oped.

Data on behavi or of individual otters inside a spill zone would
obvi ously be very useful for estimating the effect of oil on a
popul ati on. Though Bodkin and Weltz (1990) give anecdot al
descriptions of the behavior of animals observed in oil during
capture efforts, quantitative data was inpossible to coll ect
during the EVOS. The best estimates of potential oil spill
nortality will come when we can relate oil exposure and sea otter
nortality in a mechanistic fashion. Describing such a

rel ati onshi p, based on information fromEVCS, is the focus of
this report.

Gener al approach.

To be able to nodel the effects of oil spills on a sea otter
popul ation in a nechanistic fashion, we would |ike to have a
“dose-response” curve that gives sea otter survival as a function
of oil exposure. QI exposure m ght be neasured by sonething
like gallons of oil in the hone range or decreased insulating
ability of fur. There are ongoing efforts at elucidating what
the rel ati onship between exposure and nortality m ght be (Ml cahy
and Bal | achey 1991, Rebar 1991), but at present there is not
enough data to describe the relationship in sufficient detail to
include in a nodel. Until we can put oil exposure “on the x
axi s”, then, we nust be satisfied with using paraneters which we
assume to parallel oil exposure as predictors of nortality. The
nost obvi ous of these paraneters are tine and di stance fromthe

spill origin. 1In general, as tine el apses after the spill, oi
weat hers, aromatics evaporate, hydrocarbons degrade. Wth
i ncreasing distance fromthe spill origin, oil is diluted,

stabilizes, and settles out of the habitat. Local weather
events, currents, and mechanical properties of oil wll,
i nfluence how well tinme and/or distance m ght reflect actual
exposure of otters to oil after a given spill.

At this point we should consider how information fromthe
Al askan popul ation m ght be applicable to otters in California.
Per haps the nost obvious differences between Al aska and
California that would pertain to an oil spill are in habitat
physi ognony. The nultitude of islands, arns, sheltered bays, and
tide-influenced shallows of Prince WIIliam Sound are in sharp
contrast to the open coast, high surf, and narrow zone of shall ow
water in central California. The geography of Prince WIIliam
Sound provided refugia of oil-free habitat within the spill zone
that would certainly be rmuch rarer during a simlar-sized spill
in California. It is also likely that oil would nove faster and
probably weather faster in California. Thus the relationships
between tinme, distance, and oil exposure after a spill wll be
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different. It is unlikely, however, that there are any nmjor
differences in the nechanistic, physiologic relationship between
i ndi vi dual animal s’ exposure to oil and nortality between the 2
popul ations. A given-sized spill wll affect otters differently
in Alaska than in California, but the difference is better

t hought of as a difference in the interaction of habitat and oil,
not of otters and oil. This may seema mnor point, but it gives
a conceptual framework around which we can apply information from
Al aska to California. Again, the purpose here is not to build
anot her nodel of oil spill dynam cs, but to provide a nore
realistic link between such nodels and otter nortality, to
concentrate on the third question raised in the introduction.

Dat a.

Since EVOS there has been nonunental effort directed at
guantifying the effect of the spill on the southcentral Al askan
sea otter population. Prior to the analysis described herein, a
general survey of data that were and were not avail abl e was
conducted by USFWS personnel (Table 1). Counts of |ocal
popul ati ons that woul d have all owed conparison of pre- and post-
spil | popul ation sizes and direct calculation of spill-related
nortality were not available. As nentioned earlier, information
on the behavior of individual aninmals exposed to oil during EVOS
woul d have been extrenely useful, but, for various reasons, was
not coll ect ed.

Maps of degree of oil-contam nation of beaches were
avai l abl e, as were maps of |ocations of recovered carcasses.
Attenpts to correlate the degree of |ocal contam nation to nunber
of carcasses recovered were stymed by an inability to relate
nunber of |ocal carcasses to local nortality rate (i.e., no

information on pre-spill popul ation size) and uncertainties about
carcass novenent and recovery rates. Wile there have been sone
estimates of carcass recovery rates (DeGange et al, in

preparation, Wendell et al 1986), the applicability of these
estimates to actual nortality rates is not well established.

In attenpt to acutely mtigate the effects of EVGOS, over 400

sea otters fromPrince WIIliam Sound, Kodiak Island, and the
Kenai Peninsul a, were captured between March and August 1989.
Mich of the capture effort was directed at rescui ng obviously
stressed animals, but sonme of the effort was preenptive.
Detailed records of the fate of captured aninmals were avail abl e,
and, after considering the information above, it appeared that
nortality rates of captured aninmals woul d provide the best
insight into actual field nortality rates. The analysis in this
report, then, focuses on the survival rates of these captured
otters. This information was available in the N R D. A

rel ational data base (as it existed on 15 May 1992) nmintai ned at
the U S.F.WS. Research Center in Anchorage. Aspects of this
data base that were relevant for the follow ng anal yses incl uded
the date and | ocation of capture and the final disposition and
date of disposition of each captured animal. Animals for which
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any of this information was m ssing, or whose recorded | ocation
was not able to be | ocated on a navigational chart, were excluded
fromanalysis. A listing of the raw data extracted fromthe
N. R D. A. data base is appended.

The maj or assunption nade about these data is that there is
a direct relationship between the ability of an animal to survive
after capture and the inpact suffered from exposure to oil prior
to capture; that those animals that died after capture or needed
to be euthani zed woul d have died fromexposure to oil (though not
necessarily on the day they were captured) and those that
survived captivity would have survived in the wild. To be sure,
there is nmuch debate about this relationship, with some arguing
that capture increased overall nortality (e.g. Ames 1990) and
others believing in the efficacy of rehabilitation (e.g.
VanBl ari com 1990). Perhaps in retrospect we can hope that any
true rehabilitation was exactly bal anced by the stresses of
capture and captivity.

A second assunption is that animals did not change their
general location during the course of the spill; that animals
captured at a particular |ocation had been resident there since
t he beginning of the spill. There is anecdotal evidence that
capture operations, and the spill itself, did indeed cause sone
| ong range novenents of animals, but there is no explicit
information avail abl e on such novenents. \Wile such novenents
may have indeed influenced observed survival rates, it is not
clear that they introduce a definite bias to |ovsl survival
rates.

A sinple nodel of oil spill nortality based on distance.

Gait and Payton (1990) describe how the character of EVOS
changed with tine. Wth the idea that acute and sub-acute
toxicity fromoil will decrease with distance fromthe spill
origin, the effect of distance fromEVCS origin on survival was
i nvestigated. Most of the capture effort occurred in 7 general
| ocations; fates of individual animals captured in each general
| ocation were tallied to give an average survival rate for that
| ocation. Results are plotted in Figure 1. It nust be
remenbered that capture operations did not begin until 30 March
1989, 6 days after the Exxon Val dez ran aground, and at |east 4
days after oil reached the islands of western Prince WIIliam
Sound where capture operations started. Aninmals that died in the
4 days before capture operations began, when the oil was
undoubtedly nost toxic, were not available for capture and thus
woul d not be included in the calculations of |ocal survival
rates. Overall nortality was alnost certainly greater than the
nortality of captured animals would indicate. For this reason,
survival rates calculated fromthe fates of captured ani mals nust
be considered as maxi munms. A linear regression of these | ocal
survival rates on distance fromthe spill origin was significant
(RP=0.73, F=17.5, p=0.009), but as the plot suggested a
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curvilinear relationship, log and reciprocal transforns were
performed and tested. The best fit was the reciprocal
transformation (R=0.97, F=192.0, p=0.0001), which yiel ded:

1/s = 0.88 + 137.97/d

where s and d are survival and distance fromspill origin,
respectively. This equation can be rearranged to give a
“Mchaelis - Menton” equation:

s = (1.13 x d) / (156.6 + d)

which is illustrated in Figure 1. Equations of this form have
been used to describe many relationships in biology (for instance
popul ati on growth, enzyme kinetics, and response of predators to
prey abundance...), and are attractive because the paraneter
estimates represent easily understandabl e quantities: the
paraneter in the nunerator (1.13) represents the asynptotic val ue
of the dependent variable (survival), and the paraneter in the
denom nator (156.6) represents the value of the independent

vari abl e (distance) at which the dependent variable is at 1/2 of
its maxi numvalue. Note that this formnulation forces the

rel ati onship between distance and nortality through the origin,
that is, there is no survival, at the point of origin of the
spill. This may in part conpensate for the overestimte of
survival that mght result from nmeasuring survival rates nore
than 4 days after the spill began.

Application of sinple distance-based nodel to California.

W now have a sinple relationship between distance from
spill and otter nortality, and are in a position to see what the
inplications of the enpirical relationship fromPrince WIIliam
Sound are for the southern sea otter population. To do this, we

need an idea of howa simlarly sized spill would affect the
California coast. Ford (1985), studied the relationship between
spill size, location, wind speed, wave hei ght, water tenperature

and the length of coast affected by 39 near-shore oil spills. He
found that the best predictor of the length of coastline inpacted
by a spill was given by:

| 0g( COAST) = -0.8357 + 0.4525 | og(VOL) + 0.0128( LAT)

where COAST = length of coastline affected in kiloneters, VOL =
volume of spill in barrels, and LAT = latitude of the spill
origin in degrees; the standard deviation of the |Iog of |ength of
coast affected was 0.384. Gven this relationship, an 11
mllion gallon (349,206 bbl) spill in Prince WIIiam Sound
(latitude = 60 degrees) woul d be expected to inpact 276 km of
coast; +/- 1 standard devi ati on woul d bracket the estinmate
between 114 and 668 km To determ ne the | ength of coast
actually affected by EVOS invites discussion as to how exactly
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that m ght be nmeasured, but all would agree that it was nuch nore
than the 275 km predicted by Ford's regression equation. @it
and Payton (1990) describe oil from EVOS being found on the shore
at Chirokof Island, approximately 660 kmfromBligh Reef. This is
about 1 standard devi ati on above the expected | ength of coast
affected, falling on the 84th percentile of expected | ength of
coast affected. _

According to Ford’'s (1985) relationship, a spill of 11
mllion gallons occurring off of central California (latitude =
37 degrees) would be expected to affect 140 km of coast. An 11
mllion gallon spill affecting a |l ength of coast 1 standard
devi ati on above the expected I ength would affect 334 km of coast,
or about three quarters of the current range of the southern sea
otter. The ninety-fifth percentile of the | ength of coast
affected is 597 km a distance | onger than the current sea otter
range.

Assumi ng that an oil spill will spread with the prevailing
wi nds and current fromnorth to south along the California coast,
t he nunbers of otters that would be killed by a spill the size of

the EVCOS can be predicted by a sinple determnistic sinulation
nodel that applies the relationship between di stance and survi val
indicated in Figure 1 to the distribution of sea otters along the
coast. In this nodel the spill noves down the coast fromthe
point of origin and kills otters in the proportion predicted.

For exanple, at 10 kmfromthe point of origin,
(1.135x10)/(156.6+10) = 6.8% of the aninmals at that |ocation wll

survive the spill, while at 50 kmfromthe point of origin
(1.135x50)/(156.6+50) = 27.5% of the aninals at that |ocation
will survive the spill.

In this nodel, the 5-fathom|ine ordinate system devel oped
by USFW5 and CDFG in their census activities is used to represent
di stance, and the npbst recent census data available (spring 1992,
total count = 2101) is used to represent otter distribution. To
deternmne the relative risks to the southern sea otter popul ation
of a spill the size of EVOS occurring at given points along the
coast, spills affecting 334 km of coast were introduced
successively every 5 kmalong the 5—+athom|line, and the nunbers
of animals that would be killed by spills at each successive
| ocation totaled. Results are depicted in Figure 2, which may be
interpreted as a graphic representation of the risk to the
popul ation as a function of the point of origin of an 11 mllion
gal lon spill.

The nodel predicts that the nost damage woul d be done by a
spill introduced near the tip of the Monterey Peninsula (5-fathom
line ordinate 386), killing 1041 of the 2101 otters that were
counted, or 49.5% of the population. The nodel was then run
introducing spills affecting 140 and 597 kilonmeters of coast to
reflect the probability distribution determ ned by Ford's (1985)
anal ysis. These predictions are sumarized in Table 2. Note
that predicted nortality fromspills affecting 343 and 597
kil oneters of coast are the sane. This is because the southern
boundary of sea otter range in California is approximately 340 km

C-8



south of the Monterey Peninsula, so oil spreading nore than 340
kmwould kill very few additional otters.

The pattern of nortality predicted froma spill introduced
near the tip of the Monterey Peninsula and affecting 334 km of
coast is shown graphically in Figure 3. Note that this analysis
inplies that the spill originates on the 5-fathomline, and thus
affects otters at distance O kmfromthe origin. This would be
possible if the spill resulted froma disabled tanker drifting
into shallow water, but if the spill is presuned to result from
an of fshore source the distances used in the nodel would have to
be adj usted accordingly.

A nodel of survival based on tine of exposure.

The above di stance-based nodel is independent of tinme. Tine
and distance fromspill origin are intimately related, and in
fact the processes that determne how far a spill will spread,
such as wind and current, and how toxic or persistent a quantity
of oil will be, such as dilution and evaporation, are all time-
driven. The di stance-based nodel was constructed first because
di stance was nuch easier to neasure in retrospect, but to
construct nore useful mechanistic nodels of the relationship
between oil spills and otters it will be necessary to nodel
nortality as a function of tine of exposure and age of the spill.
Exi sting nodels of oil spill dynamics (e.g.the USGS OSRAM (Smith
et al 1982)) iterate on a tinme basis, and integration of a nodel
of sea otter nortality in relation to oil exposure into such a
nodel will be facilitated if nortality is in sone fashion driven
by the age of oil.

Bodkjn and Weltz (1990) note that the ultimte survival of
otters captured during and i medi ately after EVOS increased with
el apsed tine fromthe spill origin. Presumably this resulted in
| arge part froma decrease in the toxicity of oil over tinme. |If
indeed this is the case we m ght think of each day of the spil
bei ng associated with a particular daily survival rate for otters
exposed to oil on that day, and that the daily survival rate
increases with time. The probability of an animal surviving a
given tinme interval would then be given by the product of the
daily rates, and the overall survival of animals will be a
function of not only how old the spill is, but also how nany days
the animal is exposed to oil. For instance, an aninmal first
exposed on the second day of the spill would have | ess chance of
surviving the spill than one first exposed on the 10th day of the
spill, and an ani mal exposed on days 10 through 12 woul d have a
better chance of survival than one exposed on days 10 through 20.

To see if such a relationship is borne out in the data, it
was assuned that captured animals were resident at their capture
| ocations throughout the duration of the spill, and were first
exposed to oil on the day that oil noved into the capture
| ocation. Using the description of oil novenent in Gait and
Payton (1990), the day that each captured aninmal was likely to
have been first exposed to oil was determi ned on the basis of its
capture location. Animals could then be grouped into “cohorts”
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of animals that were first exposed to oil on day E of the spil
and exposed for L days, where L = C- E and Cis the day the
ani mal was captured. Note that this assunes that animls were
exposed continuously fromthe tinme of first exposure until
capture. Analysis of variance of the effect of length of tine
exposed (L) and day first exposed (E) on survival, weighted by
t he nunber of animals, conducted with the SAS General Linear
Model procedure (SAS 1982) showed significant effects of both E
and L:

Sour ce VBE F P<F
E 12. 97 47. 4 0. 001
L 1.84 6.7 0. 011
ExL 0.98 3.6 0. 062

and subsequent regression gave significantly positive estinmates
for the effects of E and L (0.021 and 0. 007, respectively,
p<0. 0001 for each), suggesting that observed survival actually
increased with the length of tinme an ani mal was exposed to oil.
This result inplies that aninmals captured later in the spil
and after |onger periods of exposure had already survived the
worst effects of oiling -- many of the animals that were not to
survive the spill had died prior to the commencenent of capture
operations, and were then not available for capture. That this
was i ndeed the case was alluded to earlier, in the discussion of
t he di stance-based nodel of survival. The fact that many ani mal s
may have died prior to being avail able for capture does not,
however, affect calculations of daily nortality rates for the
period of time during which capture operations were occurring, as
|l ong as the assunption that the effect of oil on an aninal 's

survival is not affected by capture holds. Thus a “life-table”
type of analysis, where the popul ati on consi dered was the total
nunber of animals captured during the spill, was conducted for 2

areas where sanple sizes were |arge enough to do such an
analysis. One area was the Eleanor Island - Geen Island -

Kni ght Island - Evans Island area of western Prince WIIliam
Sound, which, according to Gait and Payton (1990), was first
exposed to oil on days 4-6 of EVOS and fromwhich the majority of
captured ani mals were captured between about days 10 and 28 of

the spill. The other was the western Kenai Peninsula, where
animals were first exposed to oil on approxi mately days 18-20 of
the spill and were captured between about days 40 and 110 of the
spill.

Animal s captured fromthese areas were subdivided by day of
capture, grouping ani mals where necessary to provide sanple sizes
of at least 8 animals per group. None of these capture day
groups enconpassed nore than a 5 day period of capture days for
the western Prince WIlIliam Sound animals or a 10 day period for
the Kenai animals. Captured animals that could not be fit into a
group were excluded fromanalysis, so that total sanple sizes for
western Price WIliam Sound and the Kenai Peninsula were 105 and
109 animal s respectively. The data thus organi zed is presented



graphically in Figures 4 and 6. Tables 3 and 4 outline the
calculations that this manipulation allows. Were there was

nore than 1 day between successive capture days the daily rate
bet ween capture dates was assuned to be constant and estinmated by
taking the nth root of the crude rate for the interval, where n =
nunber of days between capture days (Heisey and Fuller 1985). As
expected, the daily survival rates are greater for the Kenai

Peni nsul a, as otters here were exposed to “older” oil.

Figure 5 plots the daily survival rates agai nst the day
after first exposure to oil for otters in western Prince WIIliam
Sound. Daily survival rate increases with time, indicating again
that nortality decreases with the age of oil. Regression |lines
of daily survival against time after first exposure are shown for
I inear regression and the M chaelis-Menton (reciprocal)
regression. Again, the non-linear nodel provides a better fit on
the basis of sum of squares, although the difference is not
dramatic (R=0.43, F=6.419, p=0.0445 for the |linear nodel vs.

RP=0. 48, F=7.352, p=0.0350 for the non-linear nodel). Note that
there is little difference between |inear and non-linear nodels
in predicted nortality over the range of tinmes for which data was
coll ected, but that the 2 nodels have drastically different
inplications for the nortality in the days inmmediately after a
spill.

Figure 7 plots the daily survival rates agai nst the day
after first exposure on the Kenai Peninsula. While the plot does
i ndicate an upwards trend, the regression is only marginally
significant (R=0.27, F=13.33, p=0.07), indicating that the daily
survival rate 20 days after the spill has leveled off. The mean
and standard error of the calculated daily rates for the tinme
period in Figure 7 is 0.9936 +/- 0.0086, which is not
significantly lower than 1.0 (p=0.27). Either the daily survival
rate is in fact still influenced by oil 20 days after the spill,
but to a degree not detectable in our small sanple, and/or the
nortality observed at this point is in fact capture—+el ated.

This uncertainty notw thstandi ng, having made the above
cal cul ati ons we can conbine data fromboth areas to arrive at a
general relationship between exposure of an aninmal to oil of a
given age and nortality. To do this we translate the x—axis so
that it represents the day after the spill started rather than
the tinme after first exposure. For instance, the daily survival
rate of 0.8764 calculated in the western Prince WIIiam Sound
otters 4 days after exposure applies to oil 4+5 = 9 days ol d.
Simlarly, the daily survival rate of 0.9970 cal cul ated for 25
days after exposure off the Kenai Peninsula applies to oil 25+20
= 45 days old. Conmbining data fromthe 2 areas, then, gives the
plot in Figure 8. Finally, reciprocal and | og-transforned
regression analysis were perforned on the conbi ned data. Again,
the reciprocal transformation fit slightly better (R=0.465,

F=11. 43, p=0.006) than the logarithnmic transformation (R = 0.416,
F=9.58, p=0.010). The M chaelis-Menton representation of the
reci procal equation is:
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s = (1.023 x d) / (1.288 + d)

Standard errors of the paraneter estimates are 1.023 +/-
0.014 and 1.288 +/- 0.267 (Figure 9). Caution is necessary when
usi ng regression equations to extrapol ate outside the range of
original data, but the inplications of the above relationship for
sea otter nortality in the first few days of a spill cannot be
ignored. Animals exposed on day 1 of a spill have only a 45%
(95% confidence interval = 35% - 59% chance of survival; animals
exposed continuously fromday 1 through day 3 have only a 20%
(95% confidence interval = 11% - 38% chance of survival

Reliability of the nodels.

In exam ning information on survival of sea otters captured
during EVOS we have constructed 2 nodels of sea otter nortality
as a function of oil exposure. Formal validation of these nodels
i s inmpossible because of obvious constraints on experinmentation
and data collection. Speculating on what the effects of
viol ations of the major assunptions used in building the nodels
woul d be on nodel predictions can serve as a neasure of how
reliable the nodels m ght be.

The nost inportant assunption in the nodels is that observed
nortality of captured sea otters represents actual field
nortality due to oil exposure. |[If capturing animals did in fact
lead to significant rehabilitation, field survival estinates are
bi ased high. It should be renenbered, however, that the mgjority
of capture effort early in the spill was directed at obviously
stressed animals, and that there was undoubtedly a bias toward
capturing animals that were nore likely to die if left in the
field. In a nore general sense, effects of acute mtigation,
i.e., oil clean-up, are not taken into account.

The fact that there was undoubtedly a | arge anmount of
nortality before mtigation efforts even began is discussed
earlier in this report. Wile this tends to overestimte
survival as a function of distance fromspill origin, the life-
tabl e approach to estimating daily survival rates escapes this
probl em by estimating daily rates during the tine that capture
operations were occurring. Again, however, since early capture
efforts were not at all random the calculated daily rates m ght
underestimate actual survival rates. The extrapol ation of
survival rates to the inmedi ate post spill period (i.e., days
before capture operations began) is obviously highly dependent on
the form of nodel chosen. The “M chael i s—Menton” nodel is
intuitively appealing and easy to apply, and the small sanple
si zes involved do not justify fitting nodels of nore than 2
paranmeters, but it is undoubtedly an oversinplification that
could potentially lead to large errors in estimtes of the

survival rates imediately after a spill. Furthernore, the
anal ysis assunes that daily survival rates are independent of the
nunber of days exposed. |[If, as mght very well be the case,

exposure on a previous day reduces an ani mal 's chance of survival
i f exposed on the next day, the probability of surviving
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conti nuous exposure during the first few days of a spill would be
even smal l er than the nodel predicts.

The second maj or assunption used in constructing the nodel s
is that animals did not change | ocation during the spill. Since
bot h nodel s depend on survival calculated for specific areas,
violations in this assunption affect the reliability of-the
estimates. It is very likely that both the oil itself, and the
associ ated human activity, including, obviously, capture
operations, increased otter novenents during the 4 nonth period
considered in the analyses. |If otters actively avoided oil and
human activity successfully, survival estinates based strictly on
t he geographic proximty of otters and oil are biased high. This
poi nt becomes nore inportant when the differences in habitat
between California and Al aska are considered; the relative |ack
of local refugia and the linearity of the coast in California
woul d make bot h chance and purposeful avoidance of oil nore
difficult there, and thus decrease |ocal survival.

Finally, both nodels address only the acute and subacute
effects of oil on sea otter popul ati on dynam cs. Evidence of
chronic effects of oil on the habitat is accunul ating, and those
effects mght ultimately prove to be just as inportant as
i medi ate nortality in regards to the |long-termhealth and
survival of sea otter popul ations exposed to oil.

Concl usi on.

Despite the caveats outlined in the precedi ng di scussion,

t he nodel s presented herein can go far towards answering the
guestion posed in the introduction, “how do otters react to oil?”
An inability to formally validate the nodel s does not render them
usel ess as long as the resolution and purpose of the nodels are
kept in mnd. The very fact that recogni zabl e patterns present
thensel ves in the face of such uncertainty about the

data collection is reassuring.

The di st ance-based nodel gives us an idea of the magnitude
of the effect that a spill the size of EVOS m ght have on the
sout hern sea otter popul ation. The amount of coast affected by
EVCS fell well within the range predicted by Ford's (1985) sinple
nodel of oil spill dynam cs, providing sone support for the
reliability of that nodel, and indicates that the entire range of
t he southern sea otter could very easily be affected by a spil
the size of EVOS. A popul ation-wi de survival rate of 50% shoul d

be considered a best-case scenario should such a spill occur.
The di stance-based nodel also allows, for the first tinme, an
enpirically based analysis of the risk of a spill in relation to

the |l ocation of origin.

The tine-based nodel describes the chance of an otter
surviving a day of exposure to oil of a given age. It can be
used to cal cul ate the expected survival of animals exposed to oi
at different times and for different time intervals during a
spill, and thus can be conmbined with explicit nodels of spil
novenent to arrive at nore realistic predictions of nortality.
The exact paraneter estimates are only a starting point for



maki ng such predictions, and any linking of this nodel with spill
dynam ¢ nodel s nust include sensitivity anal yses that explore the
effect of liberal variation around these estinates. Perhaps nore
i mportant than the paraneter estimates thenselves is the fact
that a sinple relationship between nortality and exposure

preci pitated. The Mchaelis-Menton fornulation is a

t heoretically sound, and now enpirically supported, framework
within which to further refine estimates of the effect of oil on
sea otters.

Finally, these analyses indicate what future work wl|
nost increase our understanding of the relationship between
otters and oil. On the theoretical side, it is tine to link
detail ed nodels of oil spill dynamics with nodels of sea otter
popul ati on dynamcs. On the enpirical side, we nust be prepared
with research objectives for the next oil spill in sea otter
habitat, and these objectives nust include maki ng unbi ased
observations of otter behavior and nortality in oil.
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Table 1. Summary of avail able types of data about the inpact of
EVCS on the southcentral Al askan sea otter popul ati on. Conpil ed
by U S F.WS. personnel in May 1992.

Avai | abl e dat a.

1. Boat survey data (1984/85) of sea otter popul ation
in Prince WIIiam Sound.

2. Boat survey data (1989, post-spill) of Prince
W1 liam Sound sea otter popul ation.

3. Hel i copter surveys (1989, post—spill) of Kenai

Peni nsul a, Kodi ak |sland, and Al aska Peni nsul a
popul ati ons.

HAZ- MAT nodel -- video of oil novenent in 3 hour
i ncrenents.

Map of beaches contam nated by oil in categories of
heavy, nedium I|ight, and no contact.

Nunber of otters captured by area and their fates.
Nunber of beached carcasses recovered, by area.
Bodki n and Udevitz's | NTERCEPT nodel
Estinmates of nortality rates of otters occupying 2
areas of known | evel of oil exposure.
10. Estimates of carcass recovery rates from California
and Kodi ak I sl and.

woNe O bk

No data avail abl e.
1. Abundance of otters by specific area prior to
exposure to oil.

2. Behavi or of otters exposed to oil.

3. Movenent of otters during period of exposure to oil.
4, Change in actual nortality rates of otters relative
to age of oil (i.e., time since spillage) at tine of

cont am nati on
5. Percent of total nortality of oiled otters in the

field represented by nunber of beached caraasses found.
6. Movenent of otter carcasses from point of oi
contam nation or death to site of collection.
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Figure 1. Crude survival
spill

rate as a function of distance from
origin (at Bligh Reef) for 297 sea otters captured in

rescue efforts during the Exxon Valdez oil spill. “Mchaelis-
Menton “ regression line is plotted.
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Figure 2. Relative risk of an 11 million gallon oil spil
affecting 140 kil oneters of coast as a function of |ocation al ong
the 5-fathomline. Y-axis is the predicted nunber of deaths,

assum ng a range-w de popul ati on of 2101 ani mal s.
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Table 2. Summary of predicted effect of an 11 million gallon oi
spill occurring near the tip of the Monterey Peninsula, according
to the sinple nodel of nortality as a function of distance from
spill origin. Based on Ford’'s (1985) relationship between spill
vol une and |l ength of coast affected, the relationship between

di stance fromspill origin and otter nortality observed in EVOS
as described in text, and the Spring 1992 census of the southern
sea otter popul ation.

Length of coast affected by spill: 140km  334km 597km
Percentil e of expected

di stribution of length affected: 50 84 95
Nunmber of otters in spill zone: 1172 1883 1883
(Per cent of total population): (56) (90) (90)
Number of otters killed: 778 1041 1041
(Per cent of total population): (38) (50) (50)

Percent of otters in the spill
zone that are kill ed: 66 55 55
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Figure 3. Graphic representation of the distribution of sea
otters along the California coast, and the proportion that would
be killed by a 11 million gallon oil spill affecting 343

kil oneters of coastline fromPt. Pinos south. Each bar
represents the population in a 10 kil oneter section of coast.
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Figure 4. “Survivorship curve” for 105 sea otters first exposed
to oil on approximately day 5 of EVOS in western Prince WIIliam
Sound and subsequently capt ured.
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Table 3. Calculations used in estimating daily survival rates for
105 captured sea otters that were first exposed to oil on
approximately day 5 of EVOS in western Prince WIIiam Sound.

N><+l — gx_(_cx)— §i , X §x )—(
89 1 16 (20) . 8476 . 8476 4
78 1 11 (14) .8764 . 8764 5
72 1 6 (10) . 9231 . 9231 6
64 2 8 (11) .8889 . 9428 7
55 1 9 (13) . 8594 . 8594 9
51 2 4 (10) .9273 . 9630 10
50 5 1 (8) . 9804 . 9951 13
47 6 3 (10) .9400 . 9900 19
45 1 2 (9 . 9575 . 9785 23

COLUMN DEFI NI TI ONS:

X Nunber of days exposed to oil.

N, Nunber of aninmals alive on day x.

N.,; Nunber of aninmals alive on day x+l.

[ Nunber of days in interval between successive capture dates.
C, Nunber of aninmals captured on day X.

d, Nunber of aninmals captured on day x that will die.

Sy Survival rate for interval i, beginning on day x.

S, Daily survival rate in interval 1 (s"").

X Day at which s, applies (mdpoint of interval i).
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Figure 5. Calculated daily survival rates for 105 sea otters
first exposed to oil on approximately day 5 of EVOS in western
Prince WIIliam Sound and subsequently captured. See text for
expl anation of regression |lines.

g 0.8

e |

<

=

2 oa

-

N

—

=

<L

=

a 07 F

=

<

= |

-

2

@ 0

aR I I i | |
0 5 10 15 20 25

DAY AFTER FIRST EXPOSED TO OIL

C-24



Figure 6. “Survivorship curve” for 109 sea otters first exposed
to oil on approximtely day 18-20 of EVOS off the Kenai Peninsul a
and subsequent|y captured.
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Table 4. Calculations used in estimating daily survival rates for
109 captured sea otters that were first exposed to oil on
approxi mately day 20 of EVOS on Kenai Peninsul a.

x N Ny L odi(c) Si x S« X

23 109 108 1 1 (13) . 9907 . 9907 23
27 108 105 4 3 (16) . 9722 . 9929 25
29 105 100 2 5 (27) . 9523 . 9759 28
35 100 100 6 0 (14) 1.0 1.0 32
46 100 96 11 4 (13) . 9600 . 9963 41
64 96 95 18 1 (15) . 9895 . 9994 55
73 95 95 9 0 (11) 1.0 1.0 68

COLUMN DEFI NI TI ONS:

X Nunber of days exposed to oil.

N, Nunber of aninmals alive on day x.

N.,, Nunber of aninmals alive on day x+l.

i Nunber of days in interval between successive capture dates.
C, Nunber of animals captured on day X.

d, Nunber of aninmals captured on day x that will die.

Si « Survival rate for interval i, beginning on day x.

S, Daily survival rate in interval 1 (s"").

X

Day at which s, applies (mdpoint of interval i).
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Figure 7. Calculated daily survival rates for 109 sea otters
first exposed to oil on approximately day 18-20 of EVCS off the
Kenai Peni nsul a and subsequently captured. Linear regression is
not significant.
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Figure 8. Calculated daily survival rates for 214 sea otters
captured in rescue efforts after EVOS as a function of the age of
the oil they were exposed to. Solid regression line is the
“Mchaelis Menton” relationship, dashed line is the |og

t ransformati on.
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Figure 9. “Mchaelis-Menton” regression relationship for daily
survival rates of 214 sea otters captured in rescue efforts after
EVCS as a function of the age of the oil they were exposed to.
Dotted line is nedian estinmate, dashed lines are +/- 1 standard
error, solid lines are +/- 2 standard errors.
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APPENDI X

Listing of raw data fromN.R D. A. relational data base
of sea otters captured in rescue operations after EVCS,
used in the analysis of nortality due to the oil spill.
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KEY:
Gl = Light, Medium Heavy, or None ... anount of oil
on pelt at capture.

Fate = Died, Euthanized; RV, X H Z ... survived.

Seri al Dat e of

Nunber Sex Capture Locati on of Capture Ol Fate Age
VZ-126 F 04 15 89 2 M N Horseshoe Bay Latouche M Z ADT
VZ- 013 M 04 01 89 APPLEGATE H D Juw
VZ-012 04 01 89 APPLEGATE H D
VZ- 003 U 03 31 89 Appl egat e Rocks H D
VZ- 015 M 04 01 89 Appl egat e Rocks H D
VZ- 005 F 03 31 89 Appl egat e Rocks H Z
VZ- 004 F 03 31 89 Appl egat e Rocks H Z
VZ- 016 M 04 01 89 Appl egat e Rocks H D
VZ- 014 04 01 89 Appl egat e Rocks H D
VZ- 007 F 03 31 89 APPLEGTE H D :
VZ- 148 M 04 29 89 Bai nbridge Is L R ADT
VZ- 075 F 04 06 89 Bay of Isles, Knight Is. L D Juw
VZ- 122 M 04 13 89 Bay of Isles KNI GHT | N R ADT
VZ- 091 F 04 08 89 BAY OF | SLES Kni ght Is. L Z :
VZ- 152 M 04 29 89 Ber ger Bay H R ADT
SW 020 F 05 05 89 BOOT LEG BAY U H
SWO016 M 05 04 89 Boot | eg Bay M X
SW Ol 4 M 05 04 89 Boot | eg Bay M X
SW 024 F 05 05 89 BOOTLEG BAY Uu H
SW 013 F 05 04 89 Boot | eg Bay M H
SW 017 F 05 04 89 Boot | eg Bay L R
SW 015 F 05 04 89 Boot | eg Bay L R :
SW 172 M 07 23 89 Chi gni k N Z PUP
VZ -123 M 04 15 89 Chiswell Natoa Is L R ADT
VZ- 111 F 04 09 89 CRAB BAY H D ADT
VZ- 140 M 04 20 89 CRAB BAY, Evans Is L R ADT
VZ- 137 M 04 20 89 CRAB BAY, Evans Is L R :
VZ- 141 F 04 20 89 CRAB BAY, Evans Is L D ADT
VZ- 138 M 04 20 89 CRAB BAY, Evans Is L R ADT
VZ- 139 M 04 20 89 CRAB BAY, Evans Is L R ADT
VZ- 006 F 03 31 89 El i nore Island H D .
VZ- 143 F 04 22 89 Elrington |I., Elrington Pass M R JW
VZ-100 F 04 08 89 EVANS IS, Sawm || Bay M D ADT
VZ- 120 F 04 13 89 Ewan Bay, Delenia Is L R ADT
VZ- 047 F 04 04 89 FLEM NG L D Juw
VZ- 046 M 04 04 89 FLEM NG L R ADT
VZ- 048 M 04 04 89 FLEM NG L R ADT
VZ- 045 F 04 04 89 FLEM NG M D ADT
VZ- 044 F 04 02 89 Fl emi ng Island L Z PUP
VZ- 049 F 04 04 89 Fl emi ng OR Evans Is. M D ADT
VZ- 050 F 04 04 89 Fl em ng OR Evans Is. L D ADT
SW 102 F 05 10 89 From Honer, Flat Island Of En N Z PUP
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SW 163
VZ- 057
SW 103
VZ- 023
VZ- 035
VZ- 043
VZ- 010
VZ- 024
VZ- 032
VZ- 036
VZ- 008
VZ- 033
VZ- 011
VZ- 019
VZ- 029
VZ- 026
VZ- 034
VZ- 041
VZ- 018
VZ- 030
VZ- 028
VZ- 022
VZ- 017
VZ- 020
VZ- 021
VZ- 027
VZ- 031
VZ- 038
VZ- 009
VZ- 025
VZ-131
VZ- 040
VZ- 132
VZ- 042
SW 160
VZ- 146
VZ- 071
VZ- 064
VZ- Q70
VZ- 063
VZ- 072
VZ- 068
VZ- 073
VZ- 069
VZ-112
VZ- 066
VZ- 062
VZ- 055
VZ- 054
VZ- 056
VZ- 092
VZ- 037

Frount Pt.

G bbon Anchor age
Granite Passage

GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN
GREEN

GREEN.

GREEN

S

S

VDT OnuLLLOLOLLLLOLOLOOLOLLLOOLOuLuunnom

(Tonsi na Bay)

GREEN | S, G bbon Anch
GREEN | S, G bbon Anch

GREEN | S, Cutside G bbon Anch
Green |Island, G bbon Anch

Har dover Pt

Har dover

Herri
Rerri
Herri
Herri
Herri
Herri
Herri
Herri
Herri
Herri

Hogan Bay,
Hogan Bay,
Hogan Bay,
Hogan Bay,
Hor shoeBay

ng
ng
ng
ng

ng

Bay
Bay
Bay
Bay
Bay 1
Bay ’
Bay 1
Bay ’
Bay 1
Bay ’

| kt ua Bay
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Kni ght
Kni ght
Kni ght
Kni ght
Lat ouche Is

Pt Nuka |I.

Kni ght
Kni ght
Kni ght
Kni ght
Kni ght
Kni ght

(7]

I
l.s
I
I
I
I

nuunuunon

| s.

| sl and
| sl and
| sl and

mMrIrIrmr<I<rI<IIITCrZITIITrN I I IITIIIITIITIIIIITIIFPCIIIIIZITIICZ

OXV000OXTOMUMAONOMOOXUTOUONDOXUOOOUONDODOOUOOXUDOUOUONXTNOOOUONZDOOOMNGOMmMM

JuV

ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT
JW

ADT
ADT

ADT
ADT
ADT
ADT

JWw
ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT
Jwv
ADT
ADT
JWw



VZ- 058
VZ-119
VZ- 106
VZ- 114
VZ-118
VZ- 116
VZ- 104
VZ- 115
VZ- 105
VZ-121
SW 158
SW 124
VZ- 002
VZ- 128
VZ- 135
VZ- 129
VZ-076
VZ- 082
VZ- 094
SW 174
SW 138
SW 137
SW131
SW 149
SW177
SW 176
SW114
SW 116
SW120
SW 115
SW119
SW 113
SW 122
SW 123
SW112
SW121
VZ- 124
VZ- 125
VZ- 108
VZ- 117
VZ- 097
VZ- 156
SW 164
SW 162
SW161
VZ- 107
VZ- 052
VZ- 053
VZ- 051
VZ- 081
VZ- 039
VZP154

| kt ua Bay

| KTUA Bay, Evans Is
| KTUA Bay, Evans i
| KTUA Bay, Evans |
| KTUA Bay, Evans |
| KTUA Bay, Evans |
| KTUA Bay, Evans |
| KTUA Bay, Evans |
| ktua Bay Evans Is
I ngot I's, PWs

| sl and #1, Rocky Bay
| sl and #1, Rocky Bay
KNI GHT |

nuununnmuunuon

KNI GHT |, Herring Bay
KNI GHT |, Marsha Bay

KNI GHT |, SE Herring Bay
KNI GHT |, South end

KNI GHT |, SW

Kni ght Is.

Kodi ak (Larson Bay)
Kodi ak, Foul Bay
Kodi ak, Foul Bay
Kodi ak, Larson Bay
Kodi ak, Quzi nki e
Kodi ak, Quzi nki e
KODI AK, Summer Strait
Kodi ak, Uyak Bay
Kupr eanoff Strai ght
Kupreanoff Straights
Kupreanoff Straights
Kupreanoff Straights
Kupreanoff Straights
Kupreanoff Straights
Kupreanoff Straights
Kupreanoff Straights
Kupreanoff Straights
LATOUCHE

LATOUCHE |s, Horseshoe Bay

LATOUCHE |'s, Nontgonery
LATOUCHE |'s, SW

Lat ouche Is.

Little Bay, Knight Is
Long | sl and (Tonsi na Bay)
Long I sl and (Tonsi na Bay)
Long | sl and (Tonsi na Bay)
Mai n Bay Kenai Pen;

Munmy Bay

Mummy Bay

Munmy Bay

N. Chenega Bay

NW tip Geen Island

N A
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ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT
ADT

ADT
ADT
ADT
ADT
ADT
JWw

PUP

PUP
PUP

ADT
ADT
ADT
ADT
ADT
ADT

ADT
ADT
ADT
Jwv
ADT
ADT
PUP



VZP142
VZ-134
VZ- 130
VZ- 133
VZ- 144
SW 167
SW 105
SW 109
SW 165
SW 166
VZ-127
SW 173
VZ- 136
VZ- 083
SW 153
SW 045
VZ- 147
VZ- 086
VZ-102
VZ- 085
VZ- 087
VZ-101
VZ- 088
VZ- 096
VZ-103
SW 175
SW 152
SW 067
SW 061
SW 076
SW 039
SW 028
SW 155
SWI 59
SW 070
SW 026
SW 027
SW 093
SW 037
SW 036
SWI 07
SW 068
SW 156
SW101
SW 080
SW 062
SW 154
SW 079
SW 096
SW 069
SW 029
SW 104

N A

NATOA | S

NATQA | S

NATOA | S

New Chenega Hbr
NUKA BAY

Nuka bay

Nuka Bay, East Arm
NUKA BAY, East Arm
NUKA BAY, East Arm
NW SQUI RE |

QO zi nki e, Kodi ak
ORCA | NL

PERRY |'S, N

Pi cni c Bay

Pi cni ¢ Har bor

Port GRAHAM

Powder Pt. NW Lat ouche Is.

Pr \Wal es

Pr Wal es Evans |Is.
Pr Wal es Evans | s.
Prince Wal es

PRI NCE Wal es |s.
Pri nce Wal es Pass

Pri nce Wal es Evans |s.

PYE | SLAND

Rock entrance of Rocky River

Rocky Bay
Rocky Bay
Rocky Bay
Rocky Bay
ROCKY BAY
Rocky Bay
Rocky Bay
Rocky Bay
ROCKY BAY
ROCKY BAY
Rocky Bay
ROCKY BAY
ROCKY BAY
Rocky Bay
Rocky Bay
Rocky Bay
Rocky Bay
Rocky Bay
Rocky Bay
Rocky Bay
Rocky Bay
Rocky Bay
Rocky Bay
ROCKY BAY
Rocky Bay
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PUP
ADT
ADT
ADT
ADT.



SW 100 F 05 19 89 Rocky Bay U H

SW 097 F 05 18 89 Rocky Bay L H

SW 094 M 05 18 89 Rocky Bay L H

SW 099 M 05 18 89 Rocky Bay L H

SW 091 F 05 18 89 Rocky Bay L H

SW 095 M 05 18 89 Rocky Bay L H

SW 063 F 05 11 89 Rocky Bay U H

SW 098 F 05 18 89 Rocky Bay M H

SW 150 F 06 19 89 Rocky Bay Island #1 L H

SW 126 M 06 05 89 Rocky Bay, |sland #1 L H

SW 135 M 06 13 89 Rocky Bay, |sland #1 L D

SW 125 F 06 05 89 Rocky Bay, |sland #1 L D

SW 134 F 06 13 89 Rocky Bay, |sland #1 L H

SW 128 F 06 06 89 Rocky Bay, |sland #14 L R

SW 127 F 06 05 89 Rocky Bay, |sland #3 L D

SW 130 M 06 06 89 Rocky Bay, |sland #4 L H

SW 129 F 06 06 89 Rocky Bay, |sland #4 L H

SW 092 F 05 18 89 Rocky Bay L H

SW 157 F 06 23 89 Rocky River L R .
VZ- 090 M 04 08 89 Sawm || Bay Lat ouche Is. L R ADT
SW117 F 05 25 89 Seal Island N H.

SW 118 M 05 25 89 Seal Island N H :
VZ- 099 M 04 08 89 Shel ter Bay, Knight Is. L D ADT
SW 008 F 05 02 89 SKAXUNDS L D

VZ- 001 M 03 30 89 SMTH IS H D :
VZ- 077 F 04 06 89 Snug Hbr, Knight Is. H D ADT
VZ- 079 F 04 06 89 Snug Hor, Knight Is L D ADT
VZ- 109 M 04 09 89 Snug Hbr KNI GHT | M D ADT
VZ- 110 04 09 89 Snug Hor KNI GHT | H E

SW 057 F 05 11 89 Sout h Bay Natoa Island M H

SW 110 F 05 22 89 Spi ri don Bay, Kodiak I U H

SW 044 M 05 07 89 TAYLOR BAY L H

SW 043 F 05 07 89 TAYLOR BAY L H :
SW 041 F 05 07 89 Tonsi na Bay U R ADT
SW 042 M 05 07 89 TONSI NA BAY L H :
SW 034 F 05 05 89 Tonsi na Bay L R ADT
SW 032 F 05 05 89 TONSI NA BAY U H :
VZ- 145 F 04 27 89 TONSI NA BAY L R Juw
VZ- 150 F 04 29 89 TONSI NA Bay L R ADT
SW 001 F 05 01 89 TONSI NA BAY N D :
SW 170 M 07 17 89 Tonsi na Bay N E .
SW 004 F 05 01 89 Tonsi na Bay N Z PUP
SW 009 F 05 03 89 TONSI NA BAY L H :
SW 003 F 05 01 89 TONSI NA BAY N H :
VZ- 153 F 04 29 89 Tonsi na Bay L R ADT
SWO010 F 05 03 89 TONSI NA BAY L H

SW 031 F 05 05 89 TONSI NA BAY L H

SW 005 F 05 01 89 TONSI NA BAY L H :
VZ- 151 F 04 29 89 Tonsi na Bay L R ADT
SW 002 F 05 01 89 TONSI NA BAY N R :
SW 030 M 05 05 89 Tonsi na Bay L X ADT
SW 007 F 05 01 89 TONSI NA BAY L H
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SWO011
SW 169
SW 168
VZ- 149
SW 006
SW 025
SW 050
SW 089
SW171
SW 147
SW 059
SW 077
SW 048
SW 047
SW 049
SW 018
SW 065
SW 055
SW 142
SW 082
SW 040
SW 143
SW 012
SW 035
SW 019
SW 084
SW 023
SW 051
SW 021
SW 146
SW 075
SW 145
SW 033
SW 052
SW 085
SW 087
SW 139
SW 081
SW 058
SW 108
SW 064
SW 060
SW 141
SW 083
SW 148
SW 086
SW 151
SW 144
SW 053
SW 140
SW 056
SWO071

TONSI NA BAY
Tonsi na Bay
Tonsi na Bay
Tonsi na Bay
Tonsi na Bay

W NDY
W ndy
W ndy
W NDY
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W NDY
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W NDY
W ndy
W NDY
W ndy
W NDY
W ndy
W NDY
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy
W ndy

BAY
Bay
Bay
BAY
Bay
Bay
Bay
Bay
Bay
Bay
BAY
Bay
Bay
Bay
Bay
Bay
Bay
BAY
Bay
BAY
Bay
BAY
Bay
BAY
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
Bay
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ADT

ADT
ADT
ADT
ADT
ADT
ADT
ADT

ADT

PUP



SW 072
SW 106
SW 074
SW 088
SW 022
SW 066
SW 038
SW 078
SW 073
SW 054
SW 133
SW 136
SW 132
SW 090

W ndy Bay
W ndy Bay
W ndy Bay
W ndy Bay
W NDY BAY
W ndy Bay
W NDY BAY
W ndy Bay
W ndy Bay
W ndy Bay
W ndy Bay, Kelp Bed O
W ndy Bay, Kelp Bed O
W ndy Bay, Kelp Bed O
Woded | sl and, Kodi ak

C-37

ITTITINITITOIIIIINI

PUP

PUP



