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SUMMARY OF OBJECTIVES, CONCLUSIONS, AND | MPLI CATI ONS
WTH RESPECT TO OCS O L AND GAS DEVELOPMENT

The objective of this project was to develop a procedure for ranking
areas wWith respect to the relative risk of oil spills to resident and
visiting bird populations. CQur nethods were based on the assunption that
the prospect theory of Daniel Kahneman and Amps Tversky (1979) is the nost
appropriate descriptive nodel of the way individuals respond to questions
concerning decisions about environmental risk.

We found that breeding bird populations were singled out as the most
important group to protect, and that respondents showed little inclination
to rank moulting, migratory or wintering populations separately from one another.
Birds that are about to conmence or that have begun breedi ng have a higher
reproductive value than birds that will not breed again for several nonths or
more. Thus this result focuses on the inportance of expected reproductive
val ue.

We al so conpared preferences for avoiding putting various species groups
at risk of losing some fraction of their population. W found, not surprisingly,
that respondents were least willing to risk populations of species defined as
having |ow reproductive rates, and conversely, species with high reproductive
rates were seen as of l|esser concern. Alcids were accorded high |evels of
concern, as were swans. Wile the alcids fit the category of species with
| ow reproductive rates, swans may not. Possibly small population size, true

especially of Trunmpeter Swans (Olor buccinator), was a factor, or possibly

more enotional/aesthetic considerations influenced the high degree of protection

sought for them
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We found that respondents tended not to differentiate between our bird-
groups when the local population put at risk was equal to or less than 10%
of the world population, or when the local population was equal to or greater
than 50% of the world population of the bird-groups in question. The
biological interpretation of this result is that below 10% of the world
popul ation, the risk to each species as a whole is small enough that no one
species category was singled out as of greater concern. On the other hand
when there is a potential |oss of 50% or nmore of the world population, al
species again tend to be of equal concern. A loss of that magnitude woul d
apparently makes any species inmmediately equivalent to a threatened, if not
an endangered, species. These results can be summarized as saying that our
respondents would vote to protect preferentially areas where birds breed and
areas with bird popul ati ons having | ow reproductive rates.

Qur results conplenment the King and Sanger (1979) G| Vulnerability
I ndex (OVI) in several ways. First, the high level of agreenent between the
ranki ngs obtained by our nethod and one based on the OVI is evidence that
bi ol ogi sts do conpare birds in a neasurable and consistent way. Second,
the relatively small nunber of categories used with success in our study
suggests that when risk is being evaluated, differentiation of birds into species
i s redundant because reproductive potential is the factor attended to nost.
Third, our data denonstrate the feasibility of obtaining an interval scale
of risk, a level of measurenent necessary if conparisons between conbinations
of species or groups of species are to be made. The OVI, being a ordinal
scal e, cannot be used in this way.

Qur findings that respondents’ behavior was consistent with prospect theory
(Kahneman and Tversky 1979) neans that evaluations of risk to birds may be

dependent on the manner in which questions concerning that risk are posed
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For exanple, options described in terms of saving birds may receive different
responses than options described in terms of bird losses - as in our
questionnaire - even if the expected risks are exactly the same in both
cases (Thaler 1980, Tversky and Kahneman 1981). Even if the rank orderings
were to remain constant, changes in the relative value of species mght
result , affecting the overall evaluation of several species taken together.
If synthesis neetings for |ease areas, or questionnaires are expected to
provide consistent information, the possible effects of different ways of

presenting the available options should be taken into account.

INTRODUCTION

The prospect of oil exploration, extraction and associated hazards over
much of the outer continental shelf of the United States has pronpted a program
of baseline studies of this region. Included in this program have been a
variety of studies of the distribution, abundance, reproductive biology and
food habits of marine birds. These studies have successfully identified the
pl aces where high concentrations of birds are found, and when they are likely
to be there. Wile there remains nuch to be |earned about these avian popul ations,
we now have for several regions sufficient data to allow prelimnary predictions
about where and when birds mght encounter oil

We have also made a start on addressing the question of which species are
most likely to beconme oiled if an oil spill should occur in a specific area
The G| Vulnerability Index (OVI) of King and Sanger (1979) includes 6 factors
(Marine Orientation, Roosting, Foraging, Escape, Flocking on Water, History
of Gling) out of 20 that specifically relate to the likelihood that a nenber
of a given species will become oiled. Additional field work addressing the

behavi or of marine birds when they encounter floating oil is in progress in
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southern California (Varoujean, pers. comm.).

A second question that needs to be addressed is the relative val ue of
the individual birds that mnmight becone oiled. The loss of an individual from
the popul ation of an endangered species is clearly of greater significance
to its population than is the loss of an individual of a species that has a
large, widely dispersed population. The OVI of King and Sanger (1979) addresses
this second question by including a nunber of factors related to species range,
popul ation size, productivity, nortality unrelated to oil, and seasonal changes
in distributions. Their index is designed for the northeast Pacific region as
a whole, and it is useful for assessing the relative inpact of a spill on
two or nore different species. It is nore difficult to apply their index
when conparing the risk of an oil spill in two or nore small adj acent areas.
If each area contains several species, how should the index scores for the
different species be conbined into a nmeasure which allows inter-area conparison?

A third question is therefore, how should the relevant evidence be
eval uated when choosing between alternative oil |ease-sale plans. This
question includes not only the likelihood of birds present in the area being
oiled, but also an assessnment of the seriousness of the |loss and possibly other
factors, not directly linked to biology, that nmay influence a decision. The
decisions as to how to weight the available data clearly go beyond a strictly

bi ol ogi cal context.

Ideally, one would like to have a scale, derived from biol ogical
considerations, that would allow an assessment of the overall risk to birds
within a segment of a |lease-sale and the ability to conpare this assessnent
to that of any other area. I f such a scaling method were at hand, and if
all the required data were available, then a panel of experts would have

an objective basis for decision naking. Additionally , if the decision
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procedure itself were also known, managers and others woul d have much greater
success at using the expert’s choices in their own decisions

The need for information about how to rank various options became painfully
obvious to us during the St. George Synthesis meeting (BLM 1981) held in Anchorage
in April 1981. After careful review of the available data on distribution,
abundance and status of birds throughout the area of the |ease-sale, we were
faced with maki ng recomrendati ons on a variety of |ease-sale options. These
included the extrenes of no sale, selling all nomnated tracts or recomending
del etions of tracts that would either protect the colonies on the Pribilofs
or protect the lagoons of the north side of the A aska Peninsula, inportant
mgratory rest stops and foraging areas for waterfow . Ve knew what species
were present, how long they were present and what they were doing. W did not
have an objective guideline for ranking the two internediate options and we
had to rely on intuition and experience.

These perceived needs led to the project summarized here. Wen we set
out, we had as our main objective the devel opnent of a method whereby the
choices of experts evaluating risky alternatives for avifauna could be
simul ated for the purposes of ranking oil |ease-areas. In this we have been
partially successful. W have obtained by neans of a questionnaire rankings
for several groups of bird species that agree substantially with the ranks
predicted by the OVI. However, unlike the OvI, the scale which ranks our
groups of species also provides information about the distance between groups
so that the relative value of conbinations of groups or species can be
conpared. W have been only partially successful because, within the scope of
this study, relative values for groups of species at all levels of risk could
not be obtained. Qur evaluation of the risk levels for which we have data
suggests our procedures can be used in a way beneficial to both biologists

and managers.
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METHODS

In order to obtain data about individual choices anong risky alternatives,
we designed a questionnaire patterned after past research in decision theory
(Allais 1953, Kahneman and Tversky 1979, Thaler 1980, Tversky and Kahnenan
1981). These other efforts were concerned mostly with fairly sinple situations,
so our first task was to construct simlar questions in terms of birds and
their environnents.

Questions used in this study were of two types:

1) “Wthin a specified area, assunme endangered species wll suffer %

losses with probability <50 and 100% | osses with probability .50. What

certain % loss for a species of large birds would you accept as an

equi val ent substitute?”*

2) “Wthin a specified area, assune a species with a high reproductive

rate will suffer O%losses with probability .50 and 100% | osses

with probability .50. What certain %Z loss for this species would you

accept as an equivalent substitute, if the |ocal population totaled:
a. 1% of the world popul ation?
b. 5% of the world popul ation?
c. 10% of the world popul ation?
d.  25% of the world popul ation?

e. over 50% of the world popul ation? .

Thirteen bird groups (Table 1) were conpared using 3 levels of risk (.25 .50,
.75) and 5 levels of local population (1% 5% 10% over 50% of the world
popul ation). In addition, 4 types of habitat (mgratory, wntering, breeding,

moulting) were considered. Included in each questionnaire was a glossary

*The conplete questionnaire can be found in Appendix A
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defining the bird group labels and habitat nanmes used, along with a |engthy

i ntroduction explaining ganbl es and their expected val ue. Approximately 35

i ndi vidual s and organi zations were asked to fill out a questionnaire (Table 2);
of about 15 replies, 7 were judged suitably conplete to be included in our

anal ysi s.

Ranking of Bird Groups

Rankings for the thirteen bird groups were obtained from each individual’s
responses as follows. Consider first type (1) questions. According to
prospect theory (see references cited above) nany people will over-weight a sure
loss relative to ganbles having the same expected value. For exanple, given
achoi ce between a ganble with an expected value of 50% | osses for an
endangered species and a sure lssof 50%for the sane species, nost people
prefer the ganmble, inplying the certain |oss has the greater negative value
This in turn inplies the ganble would be judged equivalent to a certain
| oss smaller than 50% say 45% It follows that if the same ganble is
judged equivalent to a certain loss for another species of only 40% then

the latter species nust be nore valuable than the species involved in the

ganbl e. Simlarly, if the same ganble is judged equivalent to a certain
loss for another species that is greater than 45% then the second species

nmust be |ess valuable than the endangered species. In this manner, using

the same ganble, equivalent sure losses for all groups of species can be
obtai ned and transforned into ranks. Ganbles involving three levels of risk
- .25, .50, .75 probability of 100% |l osses - to an endangered species were
conpared to equivalent sure |osses for the other twelve groups of birds.
Type (2) questions were used to derive rankings when world popul ations

were taken into account. If the procedures described above were repeated
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Table 1
Bird Group Codes *
0 Endangered Species
1 Large Birds
2 Small Birds
3 Gane Birds
4 Subsi stence Birds
5 Alcids

6 Shore Birds

7 @lls
8 Swans
9 Ducks

10  Tubenoses
11 Birds with high reproduction rates

12 Birds with | ow reproduction rates

* Brief explanations of these categories are in the glossary of Appendix A
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Table 2

I ndividual s and organizations contacted

Dr. Kees Vernmeer, President
Pacific Seabird G oup

Poi nt Reyes Bird Cbservatory
4990 Shoreline H ghway
Stinson Beach, CA 94970

Dr. Janmes A. Tucker, Exec. Direc.
Anerican Birding Association

P.0. Box 4335

Austin, TX 78765

Dr. Ned K Johnson,
Cooper Ornithol ogi cal
Department of Biol ogy
University of California
Los Angel es, CA 90024

Presi dent
Soci ety

Dr. Charles Walcott, Exec.
Cornell University Lab. of
159 Sapsucker Wods Road
Ithaca, NY 14850

Direc.
Orni t hol ogy

M’. Steve WIlson, Chair

National Waterfow Council
Arkansas Gane and Fish Conm ssion
Gane and Fish Building

Little Rock, AR 72201

M. WIliam D. Blair, President

The Nature Conservancy

1800 N. Kent St., Suite 800
Arlington, VA 22209

M. Mchael McCloskey, Exec. Direc,
Sierra dub

530 Bush St.

San Francisco, CA 94108

Ms. Margaret T. Donnald, Sec.
Eastern Bird Banding Association
11501 S. den Road

Pot omac, MD 20854

Ms. John Lueshen, Exec. Oficer
Inland Bird Banding Association
R.F.D. 2, Box 26
Wisner, NE 68791

Ms. Sarah B. Laughlin, Secretary

Nort heastern Bird-banding Association
c/o Vernont Inst. of Natural Science
Woodst ock, VT 05091
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Dr. R A Paynter, Jr., Editor
Nuttall Ornithol ogical Cub

c/ o Miseum of Conparative Zool ogy
Harvard University

Canbridge, MA 02138

Dr. Abbot S. Gaunt, President
Wl son Onithol ogical Society
Museum of Zool ogy

Uni versity of M chigan

Ann Arbor, M 48109

Dr. Paul G Risser, Secretary
Ecol ogi cal Society of America
Ofice of the Chief, Ill. Nat. H's. Sur.
607 E. Peabody

Champaign, IL 61820

Dr. Robert Cahn, Acting Chair
The Institute of Ecol ogy
Holcomb Research Bl dg.

Butler University

I ndi anapolis, IN 46208

Dr. Russell W Peterson, Pres.
Nat i onal Audubon Society

950 Third Ave.

New York, NY 10022

Dr. Jeffry B. Mtton, Secretary

Society for the Study of Evol.
110 Ramalex, Canpus Box B-334
University of Col orado

Boul der, CO 80309

Ms. Karla Sl ap, Executive Director
Anerican Cetacean Society

P.0.Box 4416

San Pedro, CA 90731

M. David Brewer, Founder
Friends of the Earth
1045 Sansone St,.

San Franci sco, CA 94111

& Board Chair

Chris Cook, Administrative Director
G eenpeace U S A

2007 R St., N.W.

Washi ngton, D.C. 20009

Dr. Russell E. Train, President

Wrld Widlife Fund-U. S.
1601 Connecticut Ave. , N.W.
Washi ngton, D.C. 20009



Dr. David Ainley M. Richard N. Denney, Exec. Director

Point Reyes Bird Observatory The Wldlife Society

4990 Shoreline Hwy. 5410 G osvenor Lane

Stinson Beach, CA 94970 Bet hesda, MD 20814

M. Frank Gess Dr. Dennis M Power, Secretary
Department of WIldlife and Fisheries Anerican O nithol ogists? Union
University of California, Davis National Miseum of Natural History
Room 64 Briggs Hal | Sm thsonian Institution

Davis, CA 95616 Washi ngton, D.Cc. 20560

Dr. Dan Anderson Ms. Beverly A. Bevan, Secretary
Department of Wldlife and Fisheries North Anmerican Habitat Preservation Society
University of California, Davis P.0.Box 869

Room 64 Briggs Hall Adelphi, MD 20783

Davis, CA 95616

Dr. John Wiens
University of New Mexico
Department of Bi ol ogy

Al buguer que, NM 87131

Dr. Joe Jehl

Hubbs-Sea World Research Institute
1720 South Shores Road, M ssion Bay
San Diego, CA 92109

Dr. A J. Gaston, Coordinator
Seabi rd Research

Mgratory Birds Branch
Canadian Wldlife Service
Otawa, Ontario

KI A OE7

Dr. R.G.B. Brown

Canadian Wldlife Service

Box 1006

Bedford Institute of Gceanography
Dartnmouth, Nova Scotia

Canada B2Y 482

Dr. David Nettleship

Canadian wildlife SErvice

Box 1006

Bedford Institute of Cceanography
Dartnouth, Nova Scotia

Canada ‘B2Y 482
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for all five local population levels our questionnaire would have been
prohibitively long, so we ranked each bird group by the magnitude of its
equi val ent |oss. W assumed that for any particular ganble, the nore
val uable a species, the smaller the corresponding equivalent |oss. \Wen
bird groups or habitats were judged to have the sanme rank, each was
assigned the average of the ranks they would have been assigned had

no ties occurred (Siegal 1956).

The question of how well people agree on their bird group preferences is
important for managers because strong agreement suggests a strong concensus
of opinion is possible, and it is inportant for biologists because strong
agreement suggests the concept of value may have a substantive basis. To
test the level of agreenment, individual rank-orderings of the bird groups
were conpared across risk levels and different population proportions using
to Kendall coefficient of concordance. |f this statistic was significantly
| arge, we could assune each individual had an underlying rank ordering of the
bird groups which we could estimate as suggested by Kendall (1948). Using
the same statistic, these individual rankings were conpared and tested for
a single ranking aggregated across subjects. Rankings based on the Ol
Vul nerability Index and our methods were conpared using the Kendall rank
correlation coefficient rau.

Habitats were conpared at each level of risk by counting the nunber of
subjects that ranked birds in one kind of habitat as more or |ess valuable
than birds in another. For exanple, if a subject indicated a 30% sure |oss
for birds in a breeding area was equivalent to a .25 chance at 100% | osses
in a breeding area, but the same ganble was equivalent to a 40% sure loss in
a mgratory route, then we assumed that subject valued birds in a breeding

area nmore than birds in a mgratory route
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Table 3

Equi val ent sure losses for endangered species within a breeding area.

Ganbl es*
Subj . (-100% .25) (-100% .50) (-100% 675)
A -. 85 -. 95 -.98
B** -. 10 -. 05 -. 05
c -. 75 -.85 -. 90
D -.125 -, 25 -. 50
E -. 60 -. 70 -. 80
F -.30 -. 80 -. 90
G -. 10 -. 10 -. 10
Expect ed -.25 -. 50 -*¥75

Val ue

X %= 8.33, p <0.016 (N = 6)

*(-100% X) represents the ganble; an x chance of 100% | osses and an |-x chance
at O% | osses.

**not included in the chi-square test, see text page 13.
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RESULTS

Table 3 gives our respondents' sure |osses for gambles involving endangered
species in a breeding area; subject A indicated a sure |oss of 85% was equival ent
to a .25 chance at 100% | osses. This table was derived fromthe first set
of questions asked. These questions were the |east conplex of all the questions
and were designed to both famliarize the subject with the form of the questionnaire
and to test our assunption that risk was evaluated in a manner consistent with
prospect theory. If, contrary to prospect theory, subjects conpute the expected
value of risky choices, in the present context they should tend to evaluate
a .25 chance of 100% | osses of an endangered species as close to a certain |oss
of 25% The data in Table 3 and throughout our study do not support this assunption.
Table 3 does offer evidence that our subjects understand the questions to the
extent that larger equivalent |losses are associated with greater risk ( x Z -
8.33); as the size of the expected loss (risk level) increases, nore birds would
be given up to avoid the ganble. (An exception is subject B, but this individua
does not repeat the pattern seen in Table 3 in the rest of the questionnaire.)

Table 4(A) shows that 6 of the 7 respondents valued birds in a breeding
area over each of the other three habitats when conparisons were made based
on a .25 chance at 100% | osses. At the sane level of risk, 3 subjects valued
birds in a mgratory route over birds in a moulting area, 3 subjects val ued
moulting over migratory and 1 subject was indifferent between these two habitats,
and so on. The exhibited preference of breeding to other habitats has a
nul tinominal probability of less than 0.0l of being due to chance. For the
.5 ganble, the only significant preference was breeding over moulting, and
at the .75 level of risk, no significant preferences are evident.

Table 4(B) further illustrated the honogenizing effect of increasing risk.

At each level of risk, three conparisons were made, breeding against mgratory,
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breedi ng agai nst moulting, and breeding against wintering. Each habitat could
receive a maxinmum score of 7 (i.e. 7 subjects showed a preference for one over
the other) in each conmparison for a total of 2i. The preference exhibited

by our subjects for birds in a breeding ground clearly is reduced as risk

i ncr eases.

Rank Ordering of Bird Goups

Table 5 summarizes the ranks assigned to the thirteen bird groups based
on the equivalent |osses indicated by respondant A for three different
ganbles, as in the type (1) question described earlier. The first row
corresponds to the ganble where an endangered species has a .25 probability
of suffering 100% | osses, the second row to a .50 probability of 100% losses,
and the third rowto a .75 probability of 100% | osses. For exanple, at the
.25 level of risk, Subject Aindicated bird groups coded 8 and 10 were nore
val ued than any other bird group but equal to each other, thus each received
a rank of 1.5. The Kendal | coefficient of concordance for this table is
sufficiently large (W=.874) to justify the assunption that this subject's
ranking of the bird groups is independent of the risk level, and to accept
as the best estimate of the underlying 'ranking the colum suns given in row 4
(Kendal | 1948).

Two rankings of the bird groups were obtained fromtype (1) questions
(i.e., those questions not nentioning world populations). First, a ranking
across gambles was obtained for each subject as in Table 5. Table 6 gives
these rankings with the derived overall ranking in the last row The second
ranking was obtained by deriving a ranking for each ganble across subjects
and then sunmarizing across ganbles. Table 7 gives the derivation for the
.25 ganble and Table 8 the summary rank order.

Type (2) questions were used to construct a third ranking of the bird
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Table 4(A)

Habitat Preference by Subject
The nunber of respondents ranking the row
category over the colum category

Br M Mo Wn

Br/ 6* 6* 6*

.25 M/ 1 3.5 4*5
Mo/ 1 3.5 4
Wn/ 1 2.5 3

Br M Mo Wn

Br/ 4 5* 4
, 50 M/ 3 4 4
Mo/ 2 3 3.5
N/ 3 3 3.5
Ri sk Level
(ganbl e)

Br M Mo Wn

Br/ 35 35 3.5

.15 M/ 3.5 4 3
Mo/ 3.5 3 2.5
Wa/ 3.5 4 4.5

Key Br = Breeding

M Mgratory
M = Moulting
wn = Wntering

*p <.01
**p < 05
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Table 4(B)

Habitat Preference by Subject

Breeding Area Against All
Breedi ng
Area
.25 18
Ri sk Level .50 13
(ganbl e)
75 10.5

Qthers
Qt her
Areas
10.5
10.5
10.5

p < .05, df =2 ( x 2 = 5.952)

Table 5
Subj ect A Ranki ngs

Bird Goup Code*

0 1 2 3 4 5 6 7

8 9 10 11 12

.25 3 7.5 12,5 7.5 7.5 7.5 7.5 7.5 1.5 7.5 1.5 1.2.5 7.5

. 50 1 8 12.5 8 8 8 8 8

3 8 3 12.5 3

Rsk .75 2.5 9.5 12.5 9.5 9.56 b 2.

5 2.5 6 2.5 12.5 9.5

Col
Sum 6.5 25 37.5 25 25 21.5 21.5 18

1 21.5 7 37.5 20

Rank 1 10 12.5 10 10 1 7 4

2.5 7 2.5 12.5 5

W= 874%%  T= 3145 af = 12, p < .01

*see Table 1 for explanations of bird-group codes

**Kendall coefficient of concordance
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groups. Only when the |ocal population at risk totaled 25% of the world

popul ation did subjects exhibit consistent rankings for each type of ganble

At the 25% popul ation level all subjects except F (this person inverted ranks
uni ntentional ly) gave consistent rankings so we renmoved F from this particular

anal ysis and proceeded as in Tables 7 and 8. Table 9 gives the rankings obtained.

Conparison to the O Mulnerability |ndex

Tabl e 10 conpares the rankings we obtained in Tables 6, 8 and 9 to one
based on the King and Sanger OVI (1979). This OVI based ranking was
constructed by categorizing all the species considered by King and Sanger
into our species groups, calculating the average OVI score for each species
group, and ranking the averages. The overall agreenent between the four
rankings is very high (w=,748), so an aggregate ranking was estinated as
before and placed in the last colum. Table 11 gives the same four rankings
rearranged into order of vulnerability. Notice that the two rankings having
the greatest degree of association (Kendall's rau) are w; and W(z=.929)

while the smallest tau is between the OVI ranking and Wy (r=.258).

DI SCUSSI ON

The relatively small proportion of responses obtained in this study can
be attributed not only to an inclination on the part of many biologists to
avoid value judgnents, but also to difficulties inherent in the nature of
the study.* The amount of information necessary for this kind of analysis
is best obtained by repeated interviews, but unfortunately this was not

possible. Qur only alternative was to make use of a questionnaire which

*See Appendix B for some comrents by respondents.
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Table 6
Bird Goup Ranks Across Subjects*

Bird Goup Code**

W= . 349%** "= 2930, af = 12, p< .01

*derived from type (1) questions

*%*See Table 1

*xxKendall coefficient of concordance
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SUBJECT 0 1 3 4 5 6 7 9 10 11 12

A 1 10 12.5 10 10 1 1 4 2.5 7 2.5 12.5 5
13 5 11 9.5 % 5 5 1.5 9.5 38 12 1.5

c 13 6 6 b 3 10 12 1.5 6 10 10 1.5

D 13 7 1 7 1 1 1 1 7 7 1 1

E 1 8.5 12 6.5 4 2.5 11 5 2.5 2.5 6.5 13 10

F 1 7.5 7.5 7.5 15 7.5 7.5 1.5 1.5 12 2.5 13 2.5

G 6 4 9.5 9.5 5 1 11.5 13 7 8 3 11.5 2

Sum 48 48 59.5 57.5 49 33 59 53*5 29.5 58 39.5 79 23.5

Rank 55 5.5 12 8 7 3 10 1 2 9 4 13 1



6¥¢

SUBJECT O 1

G
Sum

Rank

w = .354%* 42 =29 77 df = 12, p <.01

Bird Goup Ranks across Subjects at .25 Risk Level

Table 7

Bird Goup Codes*

2 3 4 5 6 7 8 9 10 11 12
3 7.5 12.5 7.5 7. 7.5 7.5 7.5 1.5 7.5 1.5 12.5 7.5
12 5.5 5.5 12 9. 5.5 5.5 5.5 1.5 9.5 5.5 12 1.5
10.5 6 6 6 6 T 10.5 13 2 6 10.5 10.5 2
13 7 7 7 1 1 7 7 T 7 T 7 1
1 8 11.5 8 3. 3.5 11.5 3.5 3.5 8 8 13 8
1 6.5 6.5 6.5 6. 6.5 6.5 6.5 6.5 12.5 6.5 12.5 6.5
3 3 8.5 8.5 6 3 12.8 13 8.5 8.5 3 12.5 3
43.5 43.5 57.7 55.5 46 35 61 56 30.5 59 42 80 29.5
5.5 55 12 8 7 3 10 11 2 9 4 13 1

*See Table 7

**Kendal

coefficient

of concordance
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Bird Goup Ranks across Subjects and Risk Levels

Table 8

Bird Goup Code*

RI SK 0 1 2 3 4 5 6 ! 8 9 10 11 12
.25 5.5 5.5 10 8 7 3 12 9 2 11 4 13 1
+ 50 7 6 11 8 4 3 9 11 1 11 5 13 2
15 7 5 12 9.5 8 4 11 9.5 2 6 3 13 1
Sum 19.5 16.5 33 25.5 19 10 32 29.5 5 28 12 39 4
Rank T 5 12 8 6 3 11 10 2 9 4 13 1

W= ,923** % = 3323, 4af = 12, p <.001
*See Table |

**Kendall coefficient Of CONcCordance

. 354
. 283
* 309

p( X))
<.01
<.05

<.02
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Table 9

Bird Goup Ranks at the .25 population |evel*

Bird Goup Code*

Rl SK 0 1 2 3 4 5 6 1 8 9 10 11 12
.25 9 6.5 6.5 11 11 2 6.5 3 4 11 6.5 13 1
.50 10 5 3 11.5 9 2 1 5 5 11.5 8 13 |
15 9 b 6 11 11 2 6 6 3 11 6 13 1
Sum 28 17.5 15,5 33.5 31 6 19.5 14 12 33.5  20.5 39 3
Rank 9 b 5 11.5 10 2 T 4 3 11.5 8 13 1

W= .959, x2=34.54, df = 12, p <.001
*See Table 1
**N = 6



Table 10

Conparison of Derived Ranks to Q1 Vulnerability Index

Ranking by different criteria

Jowp oW W e Rk
Endanger ed 1 5.5 7 9 5.5
Speci es
Large Birds 6 5*5 5 6 5.5
Smal | Birds 9 12 12 5 10
Game Birds 12 8 8 11.5 11
Subsi st ence 8 7 6 10 7
Birds
Alcids 2 3 3 2 2
Shore Birds 3 10 11 7 12
Qlls 11 11 10 4 8
Swans 5 2 2 3 3
Ducks 7 9 9 11.5 9
Tubenoses 4 4 4 8 4
Birds with high 10 13 13 13 13

reproduction rates

Birds with |ow 3 | 1 | 1
reproduction rates

MM* : Ranks based on O Wulnerability Index

W{*: Ranks based on table 6;

w;** : Ranks based on table 8:

*kkk

W . Ranks based on table 9.
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Table 11
Bird Goups In Oder of Vulnerability*

Ag%ﬁgat e

ovIi Wl WZ Wz
H gh 1 Endanger ed Birds with 1w Birds with low Birds with low Birds with | ow
Birds reproduction reproduction reProductlon reproduction
rates rates rates rates
2 Alcids Swans Swans Alcids Alcids
3 Birds with |ow Alcids Alcids Swans Swans
reProductlon
rates
4 Tubenoses Tubenoses Tubenoses Qills Tubenoses
5 Swans Endanger ed Large Birds Smal | Birds Endanger ed
Species Speci es
6 Large Birds Large Birds Slébsidstence Large Birds Large Birds
irds
1 Ducks Subsi stence Endanger ed Shore Birds Subsi stence
Birds Speci es Birds
8 Slébsidstence Game Birds Gane Birds Tubenoses Qlls
irds
9 Smal | Birds Ducks Ducks Endanger ed Ducks
Species
10 Birds with high Shore Birds Qlls Subsi stence Smal| Birds
reproduction Birds
rates
11 Qills Qll s Shore Birds Ducks Game Birds
12 Game Birds Smal | Birds Smal | Birds Game Birds Shore Birds
Low 13 Shore Birds Birds with high Birds with high Birds with high Birds with high

reproduction reproduction reproduction reproduction
rates rates rates rates

Wy, W) =.9 P(z=4.42)<.001
. 36?8 P(z23.70)<.003

«(OVI, W,) =
w(ovI, y%;L;,ﬁBS, P(2=2.56)<.006
T(WZQWI’ =-452, P(z=2015)<.015
(W), W3)=.429, P(2z=2.04)<.02

(OVT, H3)=0258, P(z=1.22)5.10

*Rankings defined in Table 10
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was necessarily very long and conplex, and to limt our formal analysis to

order statistics. Nevertheless, we have sone substantive results to report.

Conparing Rankings. First of all, the rankings of our bird groups were

obtained in a way very different fromthat used by King and Sanger to construct
their OV, and yet the results of both nethods are simlar (Tables 10 and 11).
This is reassuring because it is evidence that biologists evaluate risk to

birds in a reliable manner. It also suggests both ways of measuring vulnerability
are sensitive to the same factors. Qur results have shed sone light on the

nature of these factors

The data in Tables 10 and 11 support our contention that risk is eval uated
primarily on the basis of features closely related to reproduction rates
Speci es having high reproductive rates tend to be ranked as |east vulnerable
while species with low reproductive rates tend to be ranked as nost vul nerable.
The large concordance statistic associated with the four rankings (W=.748)
suggests all four have the sane underlying rank order with the observed differences
accounted for nostly by a confounding of the notions of risk and the meaning
of a species being “endangered”.

If vulnerability is mostly a function of reproductive ability, then as
nore birds are put at risk the class of endangered species will tend to contain
addi tional species so that the property of being endangered can no |onger be
used to discrimnate between species. The rank of an endangered species is
therefore likely to drop as risk increases, and this is what we see in
Tables 10 and 11.

The strongest pair-wise relationship in Table 11 is between ranki ngs
Wy and Wwhich were constructed from answers to questions that did not
draw attention to the size of the local bird population put at risk, relative

to the world population of the same species. The weakest association is
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that between the OVI derived ranking and W. The Wranking is based on

answers to questions that drew the respondents attention to the size of the

| ocal population at risk relative to the world population, increasing the

absolute level of risk. Wat is nost obvious about these different rankings

is the novement of the rank assigned to endangered species. The OVI automatically
forces any endangered species - a category defined alnost exclusively in terms

of nunbers of birds - to be ranked as nost vulnerable. Qur nethod on the other
hand, did not prejudge the relative inportance of any particular species,

whether or not it was endangered, and we have found a decreasing relative
preference for endangered species as perceived risk increases

Utilizing Ranks. The ordered rankings we have constructed and the ovI of

King and Sanger can be used for management decisions when the distance between
ranks is not inmportant. This would be the case, for instance, if all the
species in one |ease-area were ranked |lower than all the species in another
area, and the higher ranked species were in numbers at |east as great as the
| ower ranked species. It is true that population size is one of the factors
in the King and Sanger index but this does not allow one to claimthat an OvI
score of 80 is twice as large as an OVI score of 40, and this is what is
essential if conbinations of species with different size local populations
are to be conpared

If a selected group of individuals were nmade available for repeated
testing, the nethods used in this study would provide an interval scale of
vul nerability. Several estimates of the equivalent |osses used in our
analysis could be used to calculate the distance between ranks so that
any combination of ranks and popul ations could be conpared to any ot her
conbination. To illustrate, if for a given ganble the sanple estinmate of

the equivalent loss for species with a high reproduction rate was .6 and
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the sanple estimte of the equivalent loss for species with a |ow reproduction
rate was .2 then we could say the latter was rated as three tines as vul nerable
as the fornmer, i.e. are individual was equivalent to three individuals of
the other type

Several levels of conplexity are available with this procedure. W have
so far discussed rank order aggregated across subjects and the corresponding
interval scales. Managenent decisions could be nade at a |ower |evel of
aggregation by using the individual interval scales of each subject to "vote"
on alternatives. Each individual, as represented by his or her scale, would
indicate yes or no and management could then use the total vote count as an
indication of general preference

A still lower level of aggregation is also available. Qur work so far
indicates that the way individuals rank order species is fairly constant -
except for endangered species - over different ganbles, but between rank
di stances may change and this would affect the evaluation of conbinations of
species. This probl em would be reduced if several scales were constructed
for each individual, each scale corresponding to a particular |evel of risk.
If the format of our study were used, every respondent would have three scales
of vulnerability, one for each ganmble (.25, .50, .75 probability of total |oss).
Management could then take a vote on alternatives as described in the previous
paragraph, using the appropriate scale for individual voters.

Prospect Theory. If managenment chooses to solicit opinions wth questionnaires

or especially in an open forum such as a synthesis neeting, they should be aware
that “Individuals who face a decisive problem and have a definite preference
(i) mght have a different preference in a different framng of the sane probl em
(i) are normally unaware of alternate frames and their potential effects on

the relative attractiveness of options, (iii) would wish their preferences to
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be independent of frame, but (iv) are often uncertain how to resolve detected
i nconsi stenci es” (Slovic and Tversky 1974).

The followi ng generic problenms (Tversky and Kahneman 1981) illustrate
the inconsistencies which may arise when framng effects are not paid attention
to (the proportion of respondents preferring each alternative is given in
brackets).

Probl em 1. [N=152]

Imagine that the U S is preparing for the outbreak of a rare Asian disease,
which is expected to kill 600 people. Two alternative programs to conmbat the
di sease have been proposed. Assume that the exact scientific estimates of the
consequences of the program are as follows:

If program A is adopted, 200 people will be saved [72%.

|f program B is adopted, there is a 1/3 probability that 600 people wll

be saved and a 2/3 probability that no people will be saved [28%9.

Wi ch of the two programs would you favor?

Probl em 2. Sane cover story [N=155].

If program C is adopted, 400 people will die [22%.

If program D is adopted there is a 1/3 probability that nobody will die
and a 2/3 probability that 600 people will die [78%.

Notice that programs A and C have identical outcomes (400 dead) and prograns
B and D have identical expected values (400 dead). The only difference

in the two problens is the wording of the options and yet the majority

of people in the study reversed preference. People tend to value the “sure
thing” over a ganble having an expected value equal to the "sure thing”.
Program A is seen as a gain of 200 lives and is therefore preferred to

programB. Program C is seen as a loss of 400 lives and this has a nore negative

value than the preferred option program D. Frames of reference that interpret
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as gains or losses can affect preferences.

Anot her source of difficulty is the tendency to group the costs and benefits
associated with an object. “Inmagine you are about to buy a jacket for $125
and a calculator for $15. The calculator salesman tells you that the cal cul ator
you want to buy is on sale for $10 at the other branch of the store, a 20-minute
drive away. Wuld you make the drive? (Kahneman and Tversky 1982)” The ngjority
of people who answered this question said they would make the trip. However,
when another group of respondents were given a simlar problem with the cost
of the jacket changed to $15 and the cost of the cal culator changed to $125
and $120 in the other store, nost people said they would not make the trip.

In both cases the costs and benefits were the same but a reduction froms$i5to
$10 was seen as nore val uable than a reduction from $125 to $120.

The point we are nmaking with these exanples is that carefully worded
questions are mandatory if reliably consistent preferences are to be obtained.
The questionnaire used in this study was constructed with these considerations
in mnd and a nunber of individuals were able to understand the questions and
give sensible answers without pronpting from us other than the witten introduction
and directions. W woul d expect open discussions such as those conducted at
synthesis nmeetings to have little chance at producing a reliable concensus of

opinion if a conparable level of attention is not paid to the structure of options
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Appendix A. Questionnaire

PREFACE

George Hunt and 1 are working on an application of decision theory to
the problem of rank-ordering different geographical regions in terms of
their environmental sensitivity. We intend to deve op a decision rule
that incorporates both the best available guantitat- ve field work and the
subjective expertise of knowledgeable persons. The enclosed
questionnaire is our first attempt at designing a quantitative measure of
ecological risk. The answers supp ied by yourself and others will
provide data necessary for the der vation of a preference structure in
the context of bird ecology. This project, funded by the Bureau of Land
Management through the National Oceanic and Atmospheric Administration,
is primarily concerned with analyzing the risk to Alaska seabirds
associated with oil spills, but we believe our methodology can be adapted
for applications in other natural situations.

The mathematical details of our methodology will be made available to
respondents or other interested parties as requested. In brief, we
propose to derive a set of mathematical functions which approximate
individual preferences for risky situations. These functions will be
combined into a single decision rule and this, in turn, used to
rank-order potentially hazardous situations for seabirds. We acknowledge
the fact that preferences implied by a group decision are not necessarily
identical to those based on any particular individual’s preferences, and
consequently the particular method used to obtain group choices is likely

to be somewhat controversial. We would be most happy to reply to any
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comments or suggestions you might have concerning this matter. We, of
course, are solely responsible for any short-comings of our methodology
and do not presume to speak for any person generous enough to contribute

to our effort.
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INTRODUCTION

As we mentioned previously, our goal is to devise a rule whereby any
number of geographical regions can be compared and ranked in terms of
their ecological value. To do this we have selected a particular method
of quantifying your judgments of relative value that requires a series of
choices between hypothetical future events, which can occur for certain,
and alternative gambles--or lotteries as they are sometimes called--in
which the ultimate outcomes are generally uncertain. This method, as we
have interpreted it in the context of bird ecology, is based on research
done by Howard Raiffa, Duncan Lute, Amos Tversky, Daniel Kahneman, and
others, in the fields of decision theory and the psychology of choice.

To illustrate the ideas underlying our approach, consider first the
situation where each possible consequence of an oil spill within a
specified region is assigned a cost in dollars and a probability of
occurrence so that the sum of all the probabilities equals 1.0. Under
these circumstances, one way to rank-order regions is to simply compute
the expected dollar cost associated with each region (the cost of each
consequence multiplied by its probability, summed over each region) and
assign preferences based on the assumption that smaller expected costs
are more valued than larger expected costs.

One immediate objection to this scheme is the observation that
expected costs do not reflect the full range of consequences of a
choice. For example, a region with a 75% chance of a moderate oil spill

(estimated cost = $50,000.00) and a 25% chance of a small spill
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(estimated cost = $30,000.00) would have the same value as a region with
a 50% chance of little oil damage ($10,000.00) and a 50% chance of
considerable damage ($80,000.00); the expected cost in each region is
$45,000.00. It is not unreasonable to suggest some people might consider
the latter region to be more risky, especially if $80,000.00 were an
intolerable, or unrecoverable loss. Expected value schemes do not take
into account factors such as threshold conditions. In fact, when
individuals are asked to make real choices with risk involved, they
typically do not make their choice based on expected values. This result
cannot be interpreted merely as irrational or inconsistent behavior. It
is evidence that external factors are commonly taken into account when a
choice must be made between risky alternatives. This point of view has
led researchers such as those mentioned above to expend considerable
effort in perfecting methods for determining mathematical descriptions of
t he choices people actually make when ranking hypothetical risky
outcomes. Their findings (e.g., SchTaifeé3 form the basis upon which our
questionnaire is structured.

Since we are dealing in a context where money is not a direct
consideration, we have selected as the unit of analysis individual birds
rather than dollars. In an effort to capture some of the complexity of
an ecological system, we have included questions which are intended to
reveal relationships between different categories of birds and different
types of bird habitats. The particular hazardous event we had in mind
when constructing the questions is an oil spili which impacts a finite

region for a finite amount of time. The consequences of this event are
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always given as potential levels of bird mortality, in terms of either
classifications of birds or classifications of habitat. What we ask 1is
that you place a value on each of the risky sets of consequences we
describe.

The complication is that the values you indicate must be in terms of
proportions of birds lost, either when the birds are those typically
found in the region being considered or when the birds are all members of
a particular category. All the questions you will see are composed of
two parts, a description of a gamble having two possible consequences and
a request for the “sure thing” alternative consequence you judge to be an
equivalent substitute for the gamble. With consequences in terms of
proportion of birds lost, the gamble in a typical question is phrased
thusly: “Suppose within a region x there is a .25 probability of 0%
mortality for birds of Type Y and a .75 probability of 100% mortality for
birds of Type Y.” The value you place on this gamble is the *“certain”
loss--i.e., a proportional loss with probability 1.0--that you would be

willing to substitute for the gamble.
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G ven a colony/breeding ground, assune birds of an

endangered species will suffer Ok | osses with probability
.25 and 100% losses Wth probability .75.

What certain % loss for this endangered species would you
accept as an equivalent substitute for the above ganble?

answer

Given a colony/breeding ground, assume an endangered

species will suffer 0% |osses with probability .50 and
100% losses with probability .50.

What certain % loss for this endangered species would you

accept as an equivalent substitute for the above ganble?

answer

G ven a colony/breeding ground assune an endangered
species will suffer O 10sses wth probability .75 and
100% | osses with probability .25.

What certain % loss for this endangered species would you

accept as an equivalent substitute for the above ganble?

answer

Assume O% bird |losses will occur in a colony/breeding

ground with probability 1.0.
G ven the sane size population in a moulting area, what
certain_% loss for birds typical of this area would you

accept asa substitute?

answer
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Assume O% bird | osses will occur in a colony /breeding
ground with probability 1.0.

Given the sane size population in a magratory route, what

certain % loss for birds typical of this region would you
accept as a substitute?

answer

Assunme O% bird losses will occur in a colony/breeding
ground with probability 1.0.

Gven the sane size population in a wntering ground, what
certain % loss for birds typical of this area would you
accept as a substitute?

answer

Assune, at a colony/breeding ground, O% bird |osses wll
occur with probability .75 and 100% bird | osses will occur
with probability .25.

Given the sane size population in a moulting area, what

certain % bird Ioss would you accept as equivalent to the
above ganbl e?

answer

Assune, at a colony/breeding ground, O% bird |osses will
occur with probability .75 and 100% bird | osses will occur
with probability .25.

G ven the sane size population in a mgratory route , what

certain % bird loss would you accept as equivalent to the
above ganbl e?

answer
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10.

11.

Assume, at a colony/breeding ground, 0% bird |osses will
occur with probability .75 and 100% bird |osses will occur
with probability .25.

G ven the sane size population in a wintering ground, what
certain % bird loss would you accept as equivalent to the

above gamble?

answer

Assume, at a colony/breeding ground, 0% bird |osses wll
occur with probability .50 and 100% bird | osses will occur
with probability .50.

G ven the sane size bird population in a moulting ground,
what certain % |oss would you accept as equivalent to the

ganbl e?

answer

Assunme, at a colony/breeding ground, % bird |osses wl|
occur with probability .50 and 100% bird | osses will occur
with probability .50.

Gven the sane size bird population in a mgratory route,
what certain % |l oss would you accept as equivalent to the
ganbl e?

answer
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12.

13.

14.

Assune, at a colony/breeding ground , 0% bird |osses will
occur with probability .50 and 100% bird | osses will occur
with probability .50.

G ven the sane size bird population in a wntering ground,
what certain % |loss would you accept as equivalent to the
ganbl e?

answer

Assume, at a colony/breeding ground, O% bird losses will
occur with probability .25 and 100% bird | osses wll occur
with probability .75.

G ven the sane size bird population in a moulting ground,
what certain % | oss would you accept as equivalent to the
ganbl e?

answer

Assune, at a colony/breeding ground, O% bird |osses will
occur with probability .25 and 100% bird losses wll occur
with probability .75.

Gven the sane size bird population in a migratory route,
what certain % |l oss would you accept as equivalent to the
ganbl e?

answer
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15.

16.

Assune, at a colony/breeding ground, O¥b bird |osses wl|

occur with probability .25 and 100% bird losses wll occur
with probability .75.

Gven the sane size bird population in a wintering ground
what certain % |loss would you accept as equivalent to the
ganbl e?

answer

Wthin a specified area, assune Ok | osses for an
endangered species has probability 1.0.

a. Wiat certain % loss for a species of large birds would
you accept as an equivalent substitute?

answer

b. Wat certain % loss for a species of snmall birds ww 1ld
you accept as an equivalent substitute?

answer

c. Wat certain % loss for a species of game birds would
you accept as an equivalent substitute?

answer

d. Wiat certain % loss for a species of subsistence birds

woul d you accept as an equival ent substitute?

answer --

e. Wiat certain % loss for a species of Alcids would you

accept as an equivalent substitute?

answer
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What certain % loss for a species of shore birds would
you accept as an equivalent substitute?

answer

What certain % loss for a species of gulls would you
accept as an equivalent substitute?

answer

What certain_% loss for a species of swans would you
accept as an equivalent substitute?

answer

Wiat certain % loss for a species of ducks would you
accept as an equivalent substitute?

answer

What certain % loss for a species of tubenoses would
you accept as an equival ent substitute?

answer

What certain % loss for a species with a high

reproductive rate would you accept as an equival ent
Ssubstitute?

answer

What certain % loss for a species with a |ow

reproductive rate would you accept as an equival ent
substitute?

answer
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Within a specified area, assunme endangered _species w |
suffer 0% losses with probabiltiy .75 and 100% losses Wi th
probability .25.

a. Wiat certain % loss for a species of large birds would

you accept as an equival ent substitute?

answer

b. Wat certain % loss for a species of small birds would

you accept as an equival ent substitute?

answer

C. What certain % loss for a species of game birds would

you accept as an equivalent substitute?

answer

d.  What certain % laoss for a species of subsistence birds

woul d you accept as an equival ent substitute?

answer

e. Wiat certain % loss for a species of Alcids would you

accept as an equivalent substitute?

answer

f. What certain % loss for a species of shore birds would

you accept as an equivalent substitute?

answer
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9*

VWhat certain % |l oss for

accept as an equival ent

answer

What certain % |loss for
accept as an equival ent

answer

What certain % loss for

accept as an equival ent

answer

VWhat certain % | oss for

a species of gulls would vou
substitute?

a species of swans would you

substitute?

a species of ducks would you

substi tute?

a species of tubenoses wwu 14

you accept as an equivalent substitute?

answer

What certain % loss for
reproductive rate would
substitute?

answer

What certain % | oss for
reproductive rate would

substi tute?

answer
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18.

Within a specified area, assune an endangered species will
suffer O% |l osses with probability .50 and 100% losses with
probability .50.

a. What certain % loss for a species of large birds would

you accept as an equival ent substitute?

answer

b. What certain % loss for a species of small birds would

you accept as an equival ent substitute?

answer

C. What certain % loss for a species of gane birds would

you accept as an equival ent substitute?

answer

d.  Wiat certain % loss for a species of subsistence birds

woul d you accept as an equival ent substitute?

answer _ .

e. Wit certain % loss for a species of Alcids would you

accept as an equivalent substitute?

answer

f. What certain % loss for a species of shore birds would

you accept as an equival ent substitute?

answer
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What certain

% |loss for a species of gulls would you

accept as an equivalent substitute?

answer

VWhat certain

$ loss for a species of swans would you

accept as an equivalent substitute?

answer

VWhat certain

% loss for a species of ducks would you

accept as an equivalent substitute?

answer

VWhat certain

% loss for a species of tubenoses woul d

you accept as an equivalent substitute?

answer

VWhat certain

% loss for a species with a high

reproductive

rate would you accept as an equival ent

substitute?

answer

VWhat certain

% |l oss for a species with a |ow

reproducti ve

rate would you accept as an equival ent

substi tute?

answer
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19.

Within a specified area, assune an endangered species wl|

suffer O% |l osses with probability .25 and 100% |osses with
probability .75.

What certain % loss for a species of large birds would

you accept as an equivalent substitute?

answer

What certain % loss for a species of small birds would

you accept as an equival ent substitute?

answer

What certain % loss for a species of game birds would

you accept as an equival ent substitute?

answer

What certain % loss for a species of _subsistence birds

woul d you accept as an equival ent substitute?

answer

What certain % loss for a species of Alcids would you

accept as an equivalent substitute?

answer

What certain ¢ loss for a species of shore birds would
you accept as an equival ent substitute?

answer
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Wiat certain % | oss for a species of gulls would you
accept as an equivalent substitute?

answer

What certain % loss for a species of swans would you
accept as an equivalent substitute?

answer

What certain % loss for a species of ducks would you
accept as an equivalent substitute?

answer __

What certain % loss for a species of tubenoses would
you accept as an equival ent substitute?

answer

Wiat certain % loss for a species with a high

reproductive rate would you accept as an equival ent
substitute?

answer

What certain % loss for a species with a low

reproductive rate would you accept as an equival ent
substitute?

answer
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20.

21.

Within a specified area, assunme Large birds Wll suffer O%
| osses with probability .75 and 100% | osses wth
probability .25.

What certain % loss for this species would you accept as
an equival ent substitute, if the local population total ed:

a. 12 of the world popul ation?

b. 5%

C. 10% ———

d. 25%

e. over 50%

Wthin a specified area, assune large birds will suffer O%

| osses with probability .50 and 100% | osses with
probability .50.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5% - -
C. 10%

d. 25% e
e. over 50%
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22.

23.

Wthin a specified area, assune large birds will suffer 0%
| osses with probability .25 and 100% | osses wth
probability .75.

What certain % loss for this species would you accept as

an equivalent substitute, if the |ocal population totaled:

a. 1% of the world population? _

b. 5% .
C. 10%

d. 25% L
e. over 50%

Wthin a specified area, assune small birds will suffer O%
| osses with probability .75 and 100% | osses with
probability .25.

What certain % loss for this species wuld you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5% R
C. 10%

d. 25%

e. over 50%
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24,

25.

Wthin a specified area, assume small birds will suffer 0%

| osses with probability .50 and 100% | osses with
probability .50.

What certain % loss for this species would you accept as

an equivalent substitute, if the |ocal population totaled:

a. 1% of the world popul ation? L

b. 5%

c. 10%

d. 25%

e. over 50%

Wthin a specified area, assunme small birds wll suffer O%

| osses with probability .25 and 100% | osses wth
probability .75.

What certain % loss for this species would you accept as
an equivalent substitute, if the local popul ation totaled:

a 1% of the world popul ation?

b. 5%

C. 10% —_ - -
d 25%

e over 50%
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26.

27.

Wthin a specified area, assune ganme birds will suffer O%
| osses with probability .75 and 100% | osses with
probability .25.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5%

C. 10%

d. 25% .
e. over 50%

Wthin a specified area, assunme game birds will suffer 0%

| osses with probability .50 and 100% | osses w th
probability .50.

What certain % loss for this species would you accept as
an equivalent substitute, if the |ocal population totaled:

a. 1% of the world popul ati on?

b. 5% L
C. 10%

d  25%

e. over 50%
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28.

29.

Wthin a specified area, assune game birds wll suffer Q%

| osses with probability .25 and 100% | osses with
probability .75.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5% o
C. 10%

d. 25% e
e. over 50%

Wthin a specified area, assune subsisten_ce.hj__rgﬁ wi |

suffer O |l osses wth probability .75 and 100% | osses with
probability .25.

VWhat certain % loss for this species would you accept as
an equivalent substitute, if the l|local population totaled:

a. 1% of the world popul ation?

b. 5%

c. 10%

g. 2%
e, over 50%
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30.

31.

Within a specified area, assune subsistence hirds will
suffer O% losses with probability .50 and 100% | osses with
probability .50.

What certain % loss for this species wuld you accept as
an equival ent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5%

C. 10%

d. 25% _—
e. over 50% )

Within a specified area, assune subsistence birds will
suffer O% losses with probability .25 and 100% losses with
probability .75.

What certain % loss for this species would you accept as
an equivalent substitute, if the |ocal population totaled:

1% of the world popul ation?
5%

10%

25%

e. over 50%

e o o e

583



33.

Wthin a specified area, assune Alcids will suffer 0%
| osses with probability .75 and 100% |osses wth
probability .25.

What certain % loss for this species would you accept as

an equivalent substitute, if the l|local population totaled:

a. 1% of the world popul ati on?

b. 5% I

C. 10%

d.  25%

e. over 50% e

Wthin a specified area, assume Alcids wll suffer O%

|l osses with probability .50 and 100% | osses wth
probability .50.

What certain % loss for this species would you accept as
an equivalent substitute, if the local popul ation totaled:

a. 1%wof the world population? __

b. 5% L
C. 10%

d. 25% — -
e. over 50%
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34.

35.

Wthin a specified area, assune Alcids will suffer .0%
| osses with probability .25 and 100% losses with
probability .75.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a 1% of the world popul ation?

b. 5% .

C  10%

d 25%

e over 50%

Wthin a specified area, assune shore birds will suffer 0%

| osses with probability .75 and 100% | osses with
probability .25.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation?
b. 5%

C. 10%

d  25%

e. over 50%
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Wthin a specified area, assune shore birds wll suffer O%
| osses with probability .50 and 100% | osses with
probability .50.

What certain % loss for this species would you accept as
an equival ent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5%

C. 10%

d. 25%

e. over 50%

Wthin a specified area, assune shore birds wll suffer 0%

| osses with probability .25 and 100% | osses with
probability .75.

What certain _% loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world population? __

b. 5%

C. 10% —

d. 25% .
e. over 50%
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38.

39.

Within a specified area, assune gqulls will suffer O
| osses with probability .75 and 100% | osses with
probability .25.

What certain % loss for this species would you accept as
an equivalent substitute, if the local popul ation totaled:

. 1% of the world popul ation?
b. 5%

¢t 10% L
d.  25%

e. over 50%

Wthin a specified area, assune gulls will suffer 0%
| osses with probability .50 and 100% | osses with
probability .50.

What certain % loss for this species wuld you accept as
an equival ent substitute, if the local population totaled:

a. 1% of the world popul ation?
b. 5%

C. 10%

d. 25%

e. over 50%
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40.

41.

Wthin a specified area, assune gulls wll suffer O%
|l osses with probability .25 and 100% | osses with
probability .75.

What certain % loss for this species would you accept as
an equival ent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5% _—

C. 10%

d. 25%

e. over 50% -

Wthin a specified area, assune swans will suffer O%

| osses with probability .75 and 100% | osses w th
probability .25.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5%

C. 10%

d. 25% _
e. over 50% —
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42.

43.

Wthin a specified area, assune swans wll suffer 0%

| osses with probability .50 and 100% | osses with
probability .50.

What certain % loss for this species would you accept as
an equival ent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5% L

C 10%

d 2% ..

e. over 50% L

Wthin a specified area, assume swans W ll suffer O%

| osses with probability .25 and 100% | osses with
probability .75.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ati on?

b. 5%

c. 10%

d. 25% —
e. over 50%
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44,

45,

Wthin a specified area, assune ducks wll suffer 0%
| osses with probability .75 and 100% | osses with
probability .25.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation? _

b. 5%

C. 10% o

d. 25%

e. over 50%

Wthin a specified area, assune ducks wll suffer O%

| osses with probability .50 and 100% |osses wth
probability .50.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5% R
C. 10%

d. 25% e
e. over 50%
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46.

47.

Wthin a specified area, assume ducks will suffer O%
|l osses with probability .25 and 100% | osses with
probability .75.

What certain % loss for this species would you accept as
an equi val ent substitute, if the local population totaled:

a. 1% of the world popul ation? o

b. 5% .

C. 10%

d  25% L

e. over 50% _

Wthin a specified area, assunme tubenoses wll suffer O%

| osses with probability .75 and 100% | osses with
probability .25,

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ation?

b. 5%
C. 10%
de 25%

e. over 50%
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48.

49.

Wthin a specified area, assune tubenoses will suffer O%
| osses with probability .50 and 100% | osses with
probability ,50.

What certain % loss for this species would you accept as
an equival ent substitute, if the local population totaled:

a. 1% of the world popul ation?
b. 5%
C. 10%
d. 25%

e. over 50%

Wthin a specified area, assume tubenoses wll suffer O%
losses with probability .25 and 100% | osses with
probability .75.

What certain % loss for this species wuld you accept as
an equival ent substitute, if the local popul ation totaled:

a 1% of the world popul ation? e

b. 5%

c. 10% —

d.  25% e
over 50%
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50.

51,

Wthin a specified area, assunme a species with a high
reproductive rate will suffer O% |l osses with probability
.75 and 100% | osses with probability .25.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world population? . __
b. 5% .
C 10% ——

d  25% —
e. over 50%

Wthin a specified area, assune a species with a high
reproductive rate will suffer 0% losses with probability
.50 and 100% | osses with probability .50.

What certain % loss for this species would you accept as
an equivalent substitute, if the |local population totaled:

a. 1%of the world population?

b. 5% e
C. 10%

d.  25% —
e. over 50%
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52.

53.

Wthin a specified area, assunme a species with a high
reproductive rate will suffer O% |l osses with probability
.25 and 100% |osses with probability .75.

Wiat certain % loss for this species would you accept as
an equivalent substitute, if the local popul ation totaled:

a. 1% of the world popul ation?
b. 5%

C. 10%

d. 25%

e. over 50%

Wthin a specified area, assunme a species with a [ow
reproductive rate will suffer O |l osses with probability
.75 and 100% | osses with probability .25.

What certain % loss for this species wuld you accept as
an equival ent substitute? if the |ocal population totaled:

a 1% of the world popul ation?

b 5%

C. 10% -

d. 25% - i
e over 50%
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54,

55.

Wthin a specified area, assune a species with a |ow
reproductive rate will suffer O¥% |l osses with probability
.50 and 100% | osses with probability .50.

What certain % loss for this species would you accept as
an equival ent substitute, if the |ocal population totaled:

a. 1% of the world popul ati on?

b. 5% — e
C. 10%

d. 25%

e. over 50%

Wthin a specified area, assume a species with a low
reproductive rate will suffer O¥ |l osses wth probability
.25 and 100% | osses with probability .75.

What certain % loss for this species would you accept as
an equivalent substitute, if the local population totaled:

a. 1% of the world popul ati on?

b. 5% .
C. 10%

d. 25% .
e. over 50%
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Appendi x B

Sel ect ed comments of respondents

“Al though | hate to make value judgnments in these hypothetical situations,
| agree with you that it is better to make the value judgments on biol ogica

bases rather than et devel opers and oil conpanies make them em Ot her bases.”

“Sorry - | just don't have time to do this justice - if that is, indeed
possible. I'd be happy to conment on specific cases but | can’t deal with
these questions biologically - there are too many uncertainties. I would
suggest, however, that our concern, as a nation, with ‘endangered species'

hasn't done us or wldlife nuch good.’

*'| feel very uneasy about my responses . . . . Are you asking which species
are more highly valued - large, small, alcids, swans, etc.? If one believes

in equality of species, no such judgnents are appropriate.”

“. ..Also, transfixation of attention on large oil spills is a totally
unrealistic view of reality, when the chronic, low |level pollution is far
more inportant. The questionnaire cannot be generalized; it would be easier

if the real situation was presented and nore valid, too.”

"My experience in real |life has been that survival of any individual bird
I's secondary to the protection of habitat and salmonid habitat in particular...
1 accepted a much nore dangerous ganble for expanding species (Trumpeter Swans,
Brandts, Cornorants, @ aucous-wi nged Qulls) and for boom bust reproductive
strategi sts such as game birds and shore birds . ..theoretical speciesidentity
changed as I progressed through the |ists of increasing percent of the werld's

popul ation.”
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“’| accept that these are the questions you have to ask yourself when

the crunch cones, but | don't see much point in asking them ir the abstract,

in advance. Theyhave to be asked about an actual situation, even if they

have to be asked in a hurry. I'malways saying this to people who draw up

el aborate contingency plans for energency oil spill operations - they're

of very little use in practice because no oil spill yet, to my know edge,

has ever been quite |ike any preceding one."
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