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PREFACE 

In the  summer of 1984, Robert 0. Mendelsohn of Yale University spent 2 
months a t  the Southwest Fisheries Center Honolulu Laboratory, National 
Marine Fisheries Service (NMFS), as a vis i t ing econmist. The purpose of 
his  v i s i t  was t o  examine theoretical and methodological questions concerning 
the eaonmic valuation of species preservation i n  the context of Hawaii's 
endangered monk seal and humpback whale populations. 
which is included here i n  its original form, was released i n  September 
1984. 
and marine mammal ecology were asked t o  prepare anonymous ccnnments on his  
report. 
sufficiently interesting and provocative that  a wr i t t en  discussion would 
make a considerable contribution t o  research and management of endangered 
marine mammals. 

Mendelsohn's report, 

A t  that t i m e ,  a nwnber of people i n  the  f ie lds  of economic valuation 

The idea was tha t  the issues raised i n  t h i s  report manuscript were 

Eleven people chose t o  respond formally t o  Mendelsohn's manuscript. 
They are listed alphabeti- 

He has chosen t o  make a succinct reply which le ts  the  

(A number of others made informal comments.) 
cally on the page following t h i s  preface. 
are presented i n  random order, were sent  t o  Mendelsohn without attr ibution 
for h i s  response. 
reader join the discussion.. 

The reviewers' comments, which 

Mendelsohn's response leads off t h i s  revised report, followed by t h e  
11 reviews and the  original text  (page numbers intact) .  
reviewers are combined a t  the end of the report. 

References from 

The span of reviews was rather large and many sent personal camments 
concerning the applicability of econamic assessment of enviromental issues 
or the appropriateness of Mendelsohn's criticisms of empirical research i n  
endangered species valuation. One reviewer recommended tha t  Mendelsohn's 
report be thoroughly revised before release, but t h i s  is not an "official" 
W S  handbook on valuation methodologies. Another reviewer, Jack Knetsch 
of Simn Fraser University, asked specifically not t o  be anonymous i n  the 
f inal  compilation. 
empirical differences between willingness-to-pay and willingness-to-accept 
compensation estimates of nonmarket valuation and believes that the 
theoretical findings suggested by Willig' s seminal article (Willig 1976) 
fa i l  t o  represent the deeper psychological differences i n  people's 
a t t i t u d e s  tcrward public resources. 

A t  the time of the original release of Mendelsohn's report, I 
expressed the hope tha t  h i s  work would provide the basis for developing 
more rigorous criteria for  evaluating preservation benefits. 
h o w  that the Honolulu Laboratory would be able t o  contribute t o  the 
empirical measurement of such values. The latter did not come t o  pass, but 
Dr. Karl Samples of the University of Hawaii's College of Tropical Agricul- 
ture (Department of Agricultural and Resource Econmics), has j u s t  begun a 
Sea Grant funded research project on the economic benefits and costs of 
marine mammal preservation i n  Hawaii. 
Samples is aware of the problesns cited by Knetsch and he is also w a r y  of 
the conceptual problans posed by Mendelsohn. Therefore, the u t i l i t y  of 

Knetsch has been investigating problems of large 

Knetsch's review is No. 4. 

I had also 

Fran recent experimental work, 
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Mendelsohn's and the reviewers' work may be realized indirectly. The need 
for  an interplay between empirical investigation and conceptual clarifica- 
t ion is indicated not only by findings such as those by Knetsch and Samples, 
but a l so  by questions concerning t h e  foundation of econmic valuation. Of 
this,  I w i l l  only cite t h e  recent article appropriately ent i t led "Were the 
ordinalists wrong about welfare econmics?" (Cooter and Rappoport 1984) as 
an example of the issues reaching currency. 

Mendelsohn's research was part of a Southwest Fisheries Center econmics 
fellowship which is designed t o  give university faculty mgnbers the freedom 
t o  explore issues of relevance t o  our econmics program. As such, it empha- 
s izes  t h e  academic freedom of its participating scholars. 
report and response received minimal editing. 
reviewers of Mendelsohn's original report. 

Mendelsohn's 
The same holds t rue  for  the 

Each reviewer deserves substantial thanks f o r  the serious nature of 
the i r  comments and the  attention he o r  she applied t o  the topic. 
Mendelsohn a l so  deserves thanks fo r  extending t h e  range of his fellowship 
fran a brief stay i n  Hawaii t o  responding cheerfully t o  t h e  "slings and 
arrows" of the reviewers. 

Because t h i s  work was prepared by independent researchers, t he i r  
statements, findings, conclusions, and recommendations are those of the 
authors and do not necessarily reflect the view of the National Marine 
Fisheries Service. 

Samuel G. Pooley 
Industry Econanist 
September 1985 
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Several anonymous reviewers have made a series of comments on the  
manuscript. 
factual errors and provide a broader perspective. 
that the original manuscript is sanetimes misleading, leading t o  sane 
c o m n  misunderstandings. The ideal response is simply t o  revise the  
manuscript, correct the errors, and more carefully explain the areas of 
grayness. 
clarify t h e  errors and remaining points of contention. 

endangered species. W e  define the  to ta l  value of maintaining a species on 
Earth as its preservation value. 
components, use and nonuse value. 
actions with the species. 
nonconsumptive interactions between man and the target species. 
quently, i f  a hiker or  birdwatcher l iked  an area he v i s i t s  because the area 
harbors an endangered species he values, t ha t  aesthetic o r  even religious 
value w i l l  be reflected i n  use value. U s e  value is not l i m i t e d  t o  hunters 
and trappers and it most certainly is not l i m i t e d  t o  narraw definitions of 
econmic value (the market value of t he  meat, fu r ,  or other parts of the 
species) . 

Several of t he  camments a re  well taken, designed t o  correct 
Other comments suggest 

Short of an entire revision, however, a few responses may 

F i r s t  of a l l ,  let  u s  clarify what a r e  the benefits of preserving 

This preservation value has two major 

Conse- 

Use value comes from a l l  direct inter- 
Thus, use value includes both consmptive and 

Nonuse values are so labeled because the values do not involve ary 
interaction between the species and the holder of t he  value. 
nonuse values argue that these values must be added t o  use values i n  order 
t o  determine to t a l  preservation values. Consequently, in  order t o  avoid 
double counting use values, it is important that nonuse values be narrowly 
defined not t o  include use values a t  all.  For example, one use  value of a 
species is that it w i l l  provide a flow of aesthetic and recreational values 
indefinitely i n t o  the future. 
today's enjoyment, but also for the expected flow of enjoyment in to  the  
future. In contrast, sane authors argue t h a t  bequest value is a nonuse 
value because it involves an  interaction between the species and genera- 
tions which do not ye t  exis t .  
species, haw much they would pay t o  keep the species around for  f u t u r e  
generations, however, is te r r ib ly  close t o  asking what is the pres- value 
of t h e m  flow of enjoyment from the species. 
is currently asked, must surely include use values and consequently, is not 
a pure nonuser value. Similar complaints can be lodged against measures of 
existence and option value. As these questions are currently worded, it is 
highly l ikely tha t  they include user values. That is not t o  say tha t  
researchers i n  t h i s  area are necessarily dishonest. The purpose i n  s ta t ing  
these criticisms was t o  alert readers that t h i s  methodology is deceptively 
difficult t o  inplement, that  published results are not necessarily reliable, 
and that these same results are probably biased upards. Whether or  not 
nonuse values are t ruly small remains an o p n  empirical question. 

Proponents of 

One keeps a species a l ive not only for 

Asking people the bequest value of a 

Such a question, as it 

Another interesting misunderstanding surrounds the value of a species 
under uncertainty. Same authors, for example, suggest t h a t  one should not 
develop large jungle areas because there might be a valuable species i n  
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there which w e  have not ye t  discovered. 
argue, is equal t o  the value of a l l  the species i n  it as though w e  have 
costlessly gained perfect information about  each species. 
we know very l i t t l e  especially about the lower order species tha t  a re  
destroyed i n  jungle clearing. What society loses when a jungle  is cleared 
is not the certain value of a l l  t h e  information i n  t h a t  jungle, bu t  rather 
t h e  opportunity t o  gather tha t  information. 
research scientists ccxnbing the  world looking for  an acre of jungle  t o  
study, t h i s  l o s t  o p r t u n i t y  may be great. Cn the  other hand, i f  vast  
acreages of jungle are ignored because there is an overabundance of oppor- 
tunities t o  study jungles, then the  actual loss when the j u n g l e  is cleared 
is mall. ?he expected value of the information is the difference between 
what one is l ike ly  t o  find i n  a particular acre and what it costs t o  find 
it. ?he vastness of o p r t u n i t i e s  t o  study jungles  and the low expected 
return frm such studies implies tha t  the information i n  an average jungle 
acre is not great. 

The value of the  jungle, they 

In fact, hcwever, 

Thus, i f  there were team of 

C)ne reviewer questions whether it is more appropriate t o  a s k  
willingness-to-pay t o  protect a species or compensation for  t h e  loss of a 
species. It is not clear who owns the  property rights t o  a species or  
habitat. Do the  developers own the  rights and require compensation for  
species protection or, do t h e  proponents fo r  the  species o r  the species 
itself own the rights? Luckily, the valuation question is largely inde- 
pendent of t h i s  equity issue. Because the protection of an individual 
species is l ike ly  t o  represent only a small fraction of t h e  incomes of most 
people, willingness-to-pay should be within a few percentage points of 
willingnessto-sell. The fact that contingent valuation surveys have been 
unable t o  arrive a t  this result is a reminder of j u s t  haw d i f f icu l t  it is 
t o  ask a t t i t u d i n a l  survey questions which reflect true values. 

Another general response by reviewers is t h a t  they can't see why one 
should bother measuring the benefits of preservation. 
are tautological: 
so that  i f  they did, it wouldn't m a k e  any difference; and (2) Current mea- 
sures are not w e l l  developed so  t h a t  measurement is fruitless. 
purpose of benefit measurement is not that it is mandated by law, but, that  
it could lead t o  more effective management. 
resources for  preservation and i n  allocating those scarce resources across 
species, measures of benefits would help lead t o  more rational decisions. 
C%viously, i f  one does not t ry  t o  measure benefits, one w i l l  not have good 
measures of benefits. That is not t o  say tha t  good measurements could not  
be developed once sane e f fo r t  is devoted t o  the subject. 

than t o  the valuation methods themselves. 
whether it is appropriate t o  single out species a t  a l l ,  or whether instead, 
the target u n i t  should be a local ecosystem. This is clearly an important 
empirical issue. 
visible species on the top of a food chain, most people may have stronger 
preferences for  ecosystems than for  individual species. Rather than having 
laws which protect lower order species, it may be more effective t o  attgnpt 
t o  protect certain types of habitats. M o t  only may t h i s  conform t o  

The reasons cited 
(1) Decision makers don't have t o  measure benefits nm 

However, the 

Both i n  terms of obtaining more 

* 

Finally, sane comments were oriented more t o  the underlying ecology 
One worthwhile comment is 

Ekcept i n  rare circumstances where there is a highly 
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people's values more closely, but it w i l l  often sinplify the management 
task of preservation significantly. 

Another c m n t  on the ecology which is worth emphasizing concerns the 
valuation of migratory species. 
sum of the  values it provides t o  users throughout its route. 
example, the value users place upon the  wintering home of t h e  whooping 
crane is j u s t  a par t  of the to ta l  value of the species, 

for the value these species add t o  several disparate locations. 

The value of a migratory species is the 
%us, for 

Cbviously with 
t birds and whales which have such large ranges, it is important t o  account 

Mbert 0. Mendelsohn 
May 1985 
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Dr. Mendelsohn's report on the  subject is thought-provoking. 
however, have reservations as t o  t h e  worthwhileness and practicali ty of 
undertaking empirical research i n  an attempt t o  actually measure econmic 
benefits associated with preserving the  endangered humpback whale and 
Hawaiian monk seal. konanic values are not considered t o  be relevant by 
U.S. law when it comes t o  making judgments for  preserving endangered spcies. 
The irqlementing guidelines of the  Endangered Species A c t  unequivocably 
require tha t  endangered species should be spred frm extinction 
regardless of t h e  relative econanic values t h a t  society may place on them. 
In fact, I seem t o  recall that  t h e  implementing guidelines expressly 
prohibit consideration of economic factors from entering in to  decisions for  
l i s t i n g  of species as being endangered i n  the f i rs t  place. 
right of existence of species is the  criteria t h a t  cmes in to  play i n  the 
l i s t ing  process. 

I do, 

1 

Rather, the 

I do not believe tha t  a derivation of re la t ive eaonmic values ass* 
ciated with humpback whales and monk seals would make any difference i n  the  
funding o r  the nature of preservation programs fo r  these two species. 
Factors other than econanics would continue t o  shape agency programs for  
these two species. 

I personally believe that there should be more social value attached 
t o  humpback whales than there is attached t o  Hawaiian monk seals. 
the  way it should be since very few individuals have omrtunities t o  inter- 
act (directly or  indirectly) with the monk seal of the Northwestern Hawaiian 
Islands. 
seals. But  that is not t he  way it plays when it comes t o  funding priorit ies.  
I would hazard t o  guess t h a t  when a l l  is added up, more money has been spent 
t o  date on monk seal preservation programs than on preservation e f for t s  for  
humpback whales. This is so not because monk seals a re  socially worth more 
than humpback whales but simply because monk seals are of t h e  right s ize  
for different preservation "treatments" thought up  by biologists. The monk 
seal recovery plan includes a whole shopping list of things t o  do t o  preserve 
the animals, while I have ye t  t o  see any comparable effor ts  undertaken on 
thewelfare behalf of the hum-ck whales--other than a n  ill-conceived 
national humpback whale sanctuary proposal off Maui t h a t  recently got shot 
down by the  Hawaii Governor's office. 

That is 

The adage "out of sight, out of mind" should ring true for monk 

It might be possible t o  empirically measure econmic values that 
society might place on whales and monk seals but  for  w h a t  end? 
that a more rational allocation of scarce resources for endangered species 
preservation would happen as a result. 

I doubt 

REVIEW 2 

As a concise taxonamic report on perceptions of use and on valuation 
alternatives, Mendelsohn's report w i l l  be very useful, particularly t o  the 
noneconmist. 
foot, concerning the principal focus of the analysis. 

However, I am concerned tha t  it finds itself on the  wrong 



While my empirical findings tend t o  support t h e  author's position that 
ind i r ec t  marine values may not loom large i n  the to t a l  value scheme, 
dismissal of existence value on the same basis is not as  persuasive. 
fact, close reading of endangered species legislation reveals l i t t le of t h e  
strict ut i l izat ion bias of the author-quite the opposite. Thus, the 
econanist may believe that  endangered species legislation should be there 
principally so we  can build s t o c k s  back for future use, but  "preservation" 
s e a ,  i n  fact, t o  stand by itself, with use,  o r  nonuse, a decision t o  be 
considered later. With respect t o  preservation (existence) values, the 
author may find it easy t o  be skeptical about the empirical results he 
presents, and similar work elsewhere, but provides neither contrary 
empirical evidence nor logical construct t o  support relegation of existence 
values t o  the  back burner. 
associated with endangered species relatively highly placed i n  the food 
chain may be found significant i n  most cases. 

In 

Conversely, it is l ike ly  that  existence values 

In endangered species valuation, typically an evaluation of potential/ 
r e a  econanic loss  or of the benefits of s t o c k  maintainence a t  minimum 
levels, suggestion of willingness-tc-pay as  an appropriate contingent value 
tool is simply wrong-contravening both economic and legal principles 
(Desvousges e t  al. 1983; Huppert 1983; Knetsch 1983). Utilization of such 
a willingness-to-pay approach provides the types of values identified for 
whooping cranes on pages 5-6 of the  author's paper. These values represent 
a major undersestimate of t h e  value of the endangered species being analyzed, 
(Kahneman and Tuersky 1979; Meyer 1979; Schulze e t  al. 1981) relative t o  a 
mre comprehensive compensatory approach t o  payment received or t o  price. In  
short, t h i s  means that  use of direct willingness-to-pay or indirect travel 
expense oriented market s imla t ion  techniques such as travel cost or hedonic 
travel cost w i l l  result i n  significant underevaluation t o  endangered species. 
Thus, the author's paper provides a useful taxonamy of value categories, 
but stops short of providing a theoretically and legally appropriate and 
procedurally sound approach t o  valuation of the humpback whale. 

It should be made clear tha t  where "endangerment" may be overstated, 
and the real issue is one of alternative use (i.e., a group of people don't 
l i k e  t o  see fishing boats i n  areas where whales are present and believe 
they can use the Ehdangered Species A c t  t o  keep the fishing group out), 
then the willingness-to-pay contingent valuation approach suggested by the  
author applies fully. 
times found i n  Hawaii  and that  gear or season restrictions, or other manage- 
ment controls may sametimes be more appropriate t o  avoiding whale mortality 
than use of the Ehdangered Species Act .  Alternatively, use of compensatory 
analysis seems clearly required for  endangered species analysis, and use of 
willingness-to-pay w i l l  not only substantially understate the endangered 
case, but w i l l  also establish an adverse precedent concerning undervaluation 
of any western Pacific fishery where compensation may subsequently be 
sought from foreign fleets or otherwise. It is suggested, then, that one 
must i n i t i a l l y  decide whether the fisheries-related or other action under 
consideration, i n  fact, endangers a species tha t  is on the endangered 
species list. If it does not, the procedures suggested by the author w i l l  
be appropriate. If it is a case of real endangerment, then a valuation 
approach more consistent with compensatory principles w i l l  be required. 

It is possible that  t h i s  latter situation is some- 
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REVIEW 3 

The Sto l l  and Johnson (1984) study of whooping cranes w a s  t h e  f i rs t  t o  

Iheir approach, a contingent valuation survey, 
el icit  benefit valuations from both nonconsumptive users and nonusers for  
an endangered animal species. 
can be applied t o  the problem of valuing societal benefi ts  associated with 
marine mammal populations. However, the whooping crane s t u e  looks a t  one 
isolated bird species which is very endangered and which imposes no percep 
tible direct  costs on human activity. Furthermore, respondents were aware 
of the exact location of t h e  whooping cranes i f  non-consumptive use  
(observation) was desired. Some of these circumstances w i l l  be t r u e  for  
same marine mammals; however, accessibility t o  marine species i n  the  wild 
may be limited. Indirect  exposure through television and books may differ 
frm that experienced w i t h  whooping cranes. Thus, the willingness-to-pay 
measures obtained i n  t h e  whooping crane survey cannot be expected g m  
t o  apply t o  marine mammals. 

Mendelsohn has canpiled an appropriate list of relevant benefits 
(Table I) . After a generally persuasive discussion of each, Mendelsohn 
argues tha t  only use values are relevant for  measurement of the benefits of 
preserving endangered species. Ihe u t i l i t a r ian  argument is that a l l  other 
values, such as option value or  existence value, a re  i n  fact use  values 
captured i n  benefits elsewhere. For example, the  argument is posited tha t  
existence value does 
information on the  animal s t o c k  (precluding of course v i s i t s  i n  the wild, 
but  also media information) , then willingnessto-pay for  blind f a i t h  i n  t h e  
animals' continued existence would be zero. 

ex i s t ,  and that i f  people were allowed m 

W e  take issue with the s t r i c t l y  u t i l i t a r ian  approach t o  value measure 
ment. It 
defined t o  preclude a l l  direct and indirect exposure t o  the animal o r  
information about the animal, but this is conjecture. 
the conjecture, the question arises as t o  haw, then, are nonuse values t o  
be measured? Mendelsohn argues that these values are captured i n  payments 
for movies, television documentaries, l ive  zoo and aquarium exhibi ts ,  and 
books. 
for any particular animal and then ascertain the to ta l  willingness-to-pay 
for t h a t  species would generally be such an  e n o m u s  t a s k  as t o  render it 
an impossible endeavor . Furthermore, casual conversation with individuals 
concerned about wi ld l i fe  protection w i l l  reveal t h a t  there are those people 
who adamantly claim their values are a tied t o  U t i l i t a r i a n  concerns. 
Even i f  w e  concede that such individuals actually value animal species 
because of w h a t  might be defined broadly as a u t i l i t a r i an  concern for  
ecological integrity which is required for  t he i r  own species' long-term 
survival, we would argue that the i ssue  is one of semantics. 

W e  define existence value as the maximum willingnessto-pay for those 
benefits which are not tied t o  direct  use. 
we a r e  referring t o  current or f u t u r e  onsite observation of animal species. 
The distinction is important because it allows individuals t o  indicate 
their demand for  t h e  public good even though current or f u t u r e  uses are not 
intended. In t h i s  way, benefit estimates for  species preservation need not 

be true tha t  existence value is zero when it is narrowly 

men i f  w e  accept 

However, any e f fo r t  t o  enumerate the  large nunber of media exposures 

By direct nonconsumptive use, 
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be tied necessarily t o  recreational use. 
tha t  up t o  two-thirds of  reported willingnessto-pay estimates for  marine 
mammals were a tied t o  onsite use. 

Some empirical work has sham 

REVIEW 4 

Mendelsohn's report uses willingnessto-pay as the basis for  evaluating 
the economic value of species. However, the main issue would seem t o  be an 
evaluation of the loss tha t  would occur i f  a species were t o  disappear. 
The policy trade off is how much effor t  should be put into preservation, or 
i n  not allowing the demise of the species. It is, then, the potential loss 
tha t  would appear t o  be i n  need of assessnent. 

t 

The measure of a loss is generally agreed t o  be the m i n i m  compensa- 
t ion needed t o  leave people as w e l l  off as they are without the change ( in  
t h i s  case, the loss of a species) . The willingnessto-pay measure has 
often been used a substitute for  the more appropriate compensation demanded 
measure, but this has been done on grounds of convenience and not on ones 
of better measures. 

The assumption of equivalence, tha t  j u s t i f i e d  the easy substitution of 
the payment measure for  the compensation measure, naw appears t o  have l i t t le  
or no empirical support. A f a i r ly  large number of studies have tested t h i s  
and a large d i s p r i t y  is t h e  c m n  finding. 
s tud ie s  suggest that i f  you were t o  ask  people their  minimum compensation 
needed t o  accept the loss, the answers are not l ike ly  t o  be "near zero or 
irrelevant" even for nonuse values. 

The results from these 

REVIEW 5 

Although Mendelsohn's report presents and discusses a number of 
interesting points, it does not provide a clear description of the purpose 
of the  study or the potential u t i l i t y  of additional studies tha t  might be 
undertaken t o  provide quantitative assessnent or  measures of the variables 
described therein. As an example, although the t i t l e  of the report indi- 
cates that special attention w a s  paid t o t h e  benefits of preserving hump- 
back whales, there only are a number of references to, and no substantive 
discussion of,  such benefits i n  t h e  report. 

I think tha t  there are a nunber of factors which the report does not, 
but  perhaps should, consider. As examples: 

1. The Endangered Species A c t ,  the  Marine Mammal Protection A c t ,  and 
other authorities, s t a t e  a s  w e l l  as federal, reflect, i n  sane respects the 
value which Congress, special interest  groups, and the general public 
attribute t o  protection of marine mammals  and endangered species, but this 
is not recognized o r  reflected i n  the report; 

2. Whether a potential voter is interested and l ikely t o  vote for  or  
against a candidate or a referendum because of a t t i t u d e  or  possible impact 
on endangered species or  the aformentioned types of statutes may be a 
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better indicator of perceived value than sane of the econanic indicators 
described i n  the report; 

conhinations thereof and it would be reasonable t o  apply different standards 
t o  assess the  possible costs  and benefits of preserving species which are 
endangered as a result of natural processes versus man's act ivi t ies ,  e.g., 
i f  a species o r  population is i n  danger of extinction as a result of over- 
harvesting, a different standard arguably should be used t o  assess cost 
than for a species that is i n  danger of extinction because of natural 
envirormental change; and 

4. In many ,  i f  not most cases, it w i l l  be impractical or  impossible 
t o  obtain reliable measures of nonuse values so t h a t  attempts t o  quantify 
the possible costs  and benefits of preserving endangered species m a y  w e l l  
introduce a bias which, because of the lack of data, w i l l  tend t o  under- 
estimate and devalue nonuse and nonconsumptive values. 

3. Extinction can result from natural  processes, human act ivi t ies ,  or 

Pages 2-3. 

As noted here, there are two types of direct use-consumptive and 
nonconsumptive. However, there also are two types of consumptive use: (1) 
for subsistence purposes, and (2) for commercial o r  econmic purposes. 
%us, while it generally is true that  endangered species are not suited t o  
provide consumptive eoonmic benefits, sane, l i k e  the bowhead whale, 
provide important subsistence and cultural benefits. 

Page 4, carryover paragraph. 

?he las t  three sentences i n  t h i s  paragraph state tha t  "Except i n  
unusual circumstances where man has mismanaged a species terribly,  the 
forces which drove a population near t o  extinction also l i m i t  the species 
potential for consmptive use.... Most endangered species consequently w i l l  
have low consumptive direct  use benefits." Virtually all endangered marine 
marmnal species and populations are endangered as a result of unregulated o r  
poorly regulated commercial hunting. Thus, while it may be true that  most 
endangered species have l i t t l e  potential for  f u t u r e  consumptive direct  use 
benefits, m a n y  or most marine manrmals may be an exception t o  t h e  general 
rule. In  t h i s  regard, it would be helpful t o  indicate what is meant by t h e  
adjective "low." Does it mean, for example, t ha t  the potential f u t u r e  
yield w i l l  be substantially less than the potential sustainable yield prior 
t o  overhamesting, or that it w i l l  be 10, 20, or more years before the 
species or  population i n  question has recovered t o  t h e  point where hunting 
might again be considered, etc. 

Page 4, paragraph 2. 

As noted i n  t h i s  paragraph, individuals clearly are willing t o  pay 
substantial fees t o  be able t o  view certain species a t  close range. 
willingness may w e l l  be due, a t  least i n  part, t o  the ra r i ty  of the  species 
and may decline i f  the species becomes more cammon. 

"his 
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Pages 6-7. 

The paragraph beginning on the bottom of page 6 and continuing on the 
top of page 7 indicates tha t  the contingent valuation approach could be used 
t o  measure the user value of humpback whales i n  Hawaii. 
doubt is true, a measure of the  user value of humpback whales i n  Hawaii 
would be of l i t t l e  value without similar measures of t h e  value of t h e  
whales when they are present i n  areas outside of Hawaii. 
purpose of the  valuation is t o  provide a basis for deciding between poten- 
t ia l  competing uses for  a given area, the inpact on uses and values outside, 
as w e l l  as inside, the area i n  question should be determined and considered, 
e.g., i f  impacting humpback whales i n  Hawaii impacts potential user value 
i n  Alaska, t h i s  should be determined and considered i n  the cost/benefit 
analyses. 

Although this no 

?hat is, i f  the 

Page 7, paragraph 5. 

This paragraph states tha t  "...it is an open empirical question 
whether o r  not indirect use is a sizable component of the benefits of 
maintaining an endangered species, and the presumption must be tha t  they 
are not." The presumption is just i f iable  on the grounds tha t  a species' 
impact upon the ecosystem of which it is a par t  is a function of population 
s ize  and does not take account of the potential consequences o r  cost  of 
being wrong. Similarly, the  presumption does not appear t o  take account of 
the possible benefits from recovery, rather than maintenance, of endangered 
species, or steps tha t  possibly could be taken t o  encourage o r  facilitate 
recovery. Available information suggests, for example, t h a t  sea o t t e r  
predation on sea urchins and other herbivores enhances kelp production and 
that kelp production, as well as recovery of t he  southern sea o t t e r  popula- 
tion, could be expedited by establishing sea o t t e r  colonies outside their 
present range i n  California. Available information also suggests that 
commercial abalone and other she l l f i sh  fisheries have developed i n  certain 
areas because sea ot ters  were hunted t o  extinction i n  the areas and t h a t  
reestablishment of sea dtters w i l l  eliminate commercial fisheries for  
certain she l l f i sh  species. 

Pages 9-10, existence value. 

It probably is correct t o  conclude tha t  true existence value, as 
described i n  t h i s  section would be different i f  the concept were defined 
smewhat more broadly. As an example, relatively few people have the 
financial resources t o  v i s i t  remote areas, such a s  the Antarctic, ye t  many, 
i f  not most, people probably attach great value t o  such places because they 
would l i k e  t o  v i s i t  them and, no matter haw small, the opportunity ex is t s  
as long as t h e  place exists. 

Pages 10-11, bequest value. 

Che of the often stated objectives of conservation is t o  assure the 
greatest possible range of management options for  f u t u r e  generations. 
objective is reflected, i n  part, i n  the bequest value discussed i n  t h i s  
section. 

?his 

me principal. difference seas  t o  be t h a t  the bequest value, as 
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described, is determined by haw much an individual is willing (voluntarily) 
t o  pay t o  provide management options for  h i s  o r  her children whereas 
conservation, as described, includes a nonvoluntary obligation t o  provide 
such options. It is possible, therefore, tha t  methods used t o  estimate 
bequest value do not provide a meaningful o r  accurate measure of bequest or 
obligation value. 

Pages 11-12, scient i f ic  values. 

Endangered species have educational as w e l l  as scient i f ic  values. 
an example, in  cases where species o r  populations are endangered as a 
result of man's act ivi t ies ,  the study of the  harvest practices or other 
factors responsible for  the  endangered s t a t u s  of t h e  species or  population 
can, and should be, used t o  determine haw such consequences can be avoided 
i n  the future.  

As 

Page 12, paragraph 4. 

This paragraph indicates that a cursory screening probably would be 
This sufficient t o  identify species with chmical values worth keeping. 

conclusion is based upon an assunption tha t  w e  presently knaw a l l  chemical 
compounds that ultimately m q  be of sane use. 
not valid. 
In this same context, the cost of protecting thousands m q  be outweighed by 
the  benefits derived frm but one. 

The assumption probably is 
Consequently, the validity of t h e  conclusion is questionable. 

Page 18, paragraph 3. 

Bie penultimate sentence i n  t h i s  paragraph states that: 
conclusion of the paper is that nonuse values of erdangered species are 
near zero and irrelevant." 
conceptualizing and measuring nonuse value, and may not  be valid. 
over, focusing empirical work upon measuring the  use  values of endangered 
plants and animals could introduce bias which w i l l  tend t o  undervalue these 
species t o  an extent which is neither predictable nor measurable. 

"The major 

More- 
Bie conclusion may reflect difficulty i n  

Page 19, paragraph 2. 

The last  sentence i n  this paragraph indicates that: "...if the  
benefits of a species are i n  viewing rather than scientific information, 
tour boats should be given preference of access over scientific experi- 
menters." This statment  obviously is correct. In practice, hcwever, it 
probably w i l l  be possible t o  determine t h e  benefits l ike ly  t o  be derived 
fran viewing, but much more difficult  t o  determine the  benefits that  might 
be derived from research, In  addition, the former w i l l  benefit  relatively 
few people, whereas the latter can benefit  many. Therefore, while true, 
this s ta tment  may be of l i t t l e  practical u t i l i t y .  

issues. Most of the conclusions seem reasonable and conceptually sound. 
However, it appears t o  m e  that  there is l i t t l e  practical u t i l i t y  i n  
attempting t o  quantitatively assess the benefits of preserving endangered 

In summary, t h i s  paper presents and discusses a nunber of interesting 



14 

species, except on a case-by-case basis, since there are a nunber of poterr- 
t i a l  sources of error and bias and no way, i n  most cases, t o  accurately 
predict or measure the significance of the possible error or  bias. 
fore, from the information provided i n  the report, I can see l i t t l e  t o  be 
gained from undertaking empirical research "in an attgnpt t o  measure t h e  
public's perception of the benefits fran preserving endangered marine 
mammals i n  t h e  western Pacific. " 

There- 

REVIEW 6 

While Mendelsohn's paper is a n  interesting discussion of a l l  the  
possible values, fran an econcanist's viewpoint, t h a t  an endangered species 
could havef I have serious doubts that these values could be empirically 
measured i n  a meaningful way. Consequently, while such measurements might 
still be undertaken, to  accept the value derived from such an exercise as a 
realistic measure of the to t a l  value of marine mammals  and t o  use such a 
value as a basis for marine mammal management decisions would be a mistake. 

The value of 
a spxies is not due only t o  its usefulness t o  man. Mendelsohn is frank t o  
acknawledge that h i s  paper adopts a u t i l i t a r i an  viewpoint, and he makes 
only brief mention of w h a t  he  calls an alternative "altruistic" view--that 
a species should have a r ight  t o  exist independent of any u t i l i t y  t o  man. 
I think t h i s  alternative viewpoint deserves more serious consideration; 
however, t h i s  is a basic philosophical difference about which l i t t l e  more 
can be said here. men as measured by the benefits  t o  man, though there 
are many intangible (and probably unmeasurable, though I hold open t h i s  
possibility) values not captured within the types of values discussed i n  
the paper. To see this,  a sk  what t h e  value of t h e  Bible is. 
measured by knowing the  price of all copies of the Bible sold throughout 
history? Could it be measured by asking people how much they would be 
willing t o  pay t o  keep it from going extinct? Obviously not. 
that  there are mental (inspirational, spiritual) values which can pro- 
foundly affect people's behavior, outlook, and quality of l i fe  and which 
are not measured i n  economic terms. 
of endangered species i n  terms of such intangible factors. 

tary terms, I am s k e p t i c a l  tha t  they could be measured i n  any meaningful 
way. (be issue is haw any proposed system of measurment w i l l  weight 
individual differences between people i n  haw they value endangered species. 
Clearly such  differences may be large, but  it is not clear what weighting 
of t h e  differences would be best. Another issue, an important and funda- 
mental one, concerns huw f u t u r e  values are weighted against present ones. 
The econmist 's standard tool for dealing with t h i s  is t o  discount f u t u r e  
values. The first is t h a t  it does not seem 
appropriate t o  apply concepts of discounting t o  sanething l i k e  existence 
valuef which does not graw l i k e  a biological stock or  a bank account. 
Because the  growth rate of existence value is zero, any nonzero f u t u r e  
discounting rate w i l l  tend t o  make the  present value of the resource seem 
more i q o r t a n t  than f u t u r e  value. In strictly econanic terms, the best 
strategy would be t o  "cash in" on the present value of the resource and 

A t  the  outset, I object t o  the  u t i l i t a r i an  perspective. 

Could it be 

The point is 

Many people would describe t h e  value 

Even i f  resources l i k e  endangered species could be expressed i n  mone- 

I have two ccanments here. 
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invest the  money elsewhere where it w i l l  generate a higher rate of return. 
The second camnent is t h a t  any choice of a f u t u r e  discount rate presunes 
knowledge of people's f u t u r e  beliefs and attitudes. This is a n  extremely 
risky proposition even i n  the  near term. To predict hux people w i l l  value 
humpback whales 50 years frm n w  is very diff icul t ,  t o  say the  least. 
Certainly attitudes hme changed dramatically i n  t h e  last  50 years. 

A number of arguments i n  the paper use t h e  fact of a species' rar i ty  
as an argument against it. 
scient i f ic  value or  low chenical mining value because it is not abundant 
enough t o  conduct scientific experiments on it or t o  produce a sufficient 
quantity of useful chmical. ?his argument can lead t o  a vicious circle, 
because i f  a species has low scient i f ic  value, it does not need t o  be pre- 
served; hence w i l l  become even rarer, hence hming even lower scient i f ic  
value, etc. We should separate arguments fo r  conserving species i n  
general, before they become rare, from those arguments for  conserving 
species which are already rare. The fact that  a species is already rare 
should not be used t o  discount its importance further. 

Finally, by focusing on the  value of an endangered species isolated 
fran the ecosystem of which it forms a part, the paper misses important 
biological phenanena atthe.cammunity level. An analogous situation i n  
fisheries is management based on the  dynamics of a single f i s h  stock, 
isolated fran the effects of predation and interspecific ccmpetition, as 
opposed t o  a management outlook which considers t he  health and s t ab i l i t y  
of t h e  whole marine easystem. There are whole cammunity and ecosystem 
effects (e.g-r global (3 balance) not addressed i n  a species-by-species 
approach. In addition, 8y analyzing single spcies, many types of value 
appear low, while i n  the aggregrate, they may be high. 
consider a single swcies of plant, and a s k  what the probability of finding 
useful genetic and/or chemical material is, the answer is that it is low. 
B u t  i f  w e  ask what the  probability of finding use fu l  genetic and/or 
chenical material is amng the plants i n  a whole emsystem, such as the  
Iknazon basin, the anwer is that it is certain. 
species singly, w e  could dismiss each one, but  taken as an whole, the 
picture is q u i t e  different. 
c m n i t y  level (for strong biological reasons also) .  

Thus, an endangered species is seen t o  hme low 

For example, i f  we 

If w e  considered each 

The proper focus should be the habitat  or 

The net result of these comments is t h a t  I do not beleve tha t  any 
method of measurement of the existence value of an endangered species could 
produce a number which is meaningful i n  a n  abolute sense. A t  most, it 
could produce a number useful as a relative index of the value people put 
on one species as against another. 
based on this index of relative value would still involve the asswnption 
that p p l e ' s  a t t i t u d e s  tmard the relative importance of the two species 
would not change i n  the  future.  

Even here, though, any management action 

I summarize my objections t o  the  approach i n  Mendelsohn's paper by 
d&laperem , the  disease considering t h e  f ie ld  i n  Mexico i n  which 

resistant, perennial species of wild corn, was recently found. What value 
would w e  have put on tha t  f ie ld  before &a Jaiploperenus ' w a s  discovered? 
Hasn't our idea of the value of that  f ie ld  greatly changed since the 



discovery? Could I, as a scientist ,  have predicted that such useful 
genetic material would be found there? And i f  they could have been polled, 
what value would t h e  starving people of the  world, who are t h e  potential 
beneficiaries of t h i s  discovery, have put on that ranote and seemingly 
insignificant location i n  Mexico? Fortunately, t h e  discovery of t h i s  wild 
corn occurred before sune mangement decision based on existence valuation 
allowed it t o  became extinct. 

REVIEW 7 

Fbbert Mendelsohn's view of t h e  benefits of endangered species is 
based on erroneous inferences of t he  empirical work on option and existence 
value, and h i s  views are not representative of most of the researchers 
working i n  t h i s  area. To l i m i t  benefit estimation t o  direct onsite users 
represents a serious step backward in  the evolution of enviromental 
econcanics and benefit cost analysis. 
Stol l  and Johnson's (1984) paper on whooping cranes before establishing a 
survey research agenda. Whereas one should certainly measure onsite, non- 
consumptive recreation use, as Mendelsohn has suggested, t o  stop there 
would result i n  serious underestimation of the  econmic benefits. Several 
other Federal agencies, most notable the Ehvirornnental Protection Agency, 
have enbraced the concepts of option and existence values as possible 
ccanpnents i n  a benefit cost  analysis. 

I would strongly suggest reviewing 

%ere are several literature sources tha t  could provide a rigorous 
description of existence value tha t  have not been cited by Mendelsohn 
(Desvousges e t  al. 1983; McConnell 1983; Randall and Sto l l  1983). An 
intuit ive understanding of existence value is qui te  easy, however. 

and is protected without any expectation of fu tu re  use. 
does not rule out the possibility tha t  existence of something may enter a 
person's u t i l i t y  function directly as a specific argument. ?his notion 
seems hard for  Mendelsohn t o  swa l low,  although Thurow (1971) made this 
exact point w i t h  regard t o  income distribution entering an individual's 
u t i l i t y  function and generating a demand for  greater q u a l i t y  of income. 
His argument is t h a t  t he  income distribution takes on the characteristics 
of a pure public good i n  the u t i l i t y  function. The benefits of national 
defense would appear t o  arise as u t i l i t y  gained frcnn knawing t h a t  missiles 
and radar are inplace without ever having seen either. Clearly existence 
value is also a public good i n  which millions of individuals can sirnulta- 
neously derive satisfaction fram knawing species exists. %ere is nothing 
in  econcanic theory that requires a good t o  be tangible fo r  consumers t o  
gain u t i l i ty .  And yes, dishonest entreprenueurs could have taken advantage 
of consumers i n  such cases as medicines, etc. , because u t i l i t y  can be 
gained fran j u s t  believing t h a t  sanething w i l l  occur even i f  the consumer 
does not have tangible firsthand proof. Papers by McConnell and Randall- 
Stoll would have provided Mendelsohn with a rigorous presentation on how 
existence value would enter into t h e  u t i l i t y  function. 

of existence value can vary with t he  s t o c k  of a particular species. 

A person may derive benefits frm knowing a natural resource exis ts  
Econmic theory 

In sane cases, as Miller and Menz (1979) hme pointed out, the level 
As the  
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population rises, the to t a l  existence value goes up but the marginal 
existence value of an additional animal would l ike ly  fa l l ,  once a self-  
sustaining population were reached. Thus, the n&r of animals could 
enter t h e  u t i l i t y  function. 
provide u t i l i t y  frcan j u s t  knowledge tha t  the population exis ts  and from 
increasing t h e  u t i l i t y  associated with onsite use. 

This argument i n  the u t i l i t y  function would 

Nendelsohn also ignores the evidence for  existence value contained i n  
non-game checkoff contributions. 
receiving refunds contributed t o  Non-Ga~ne Checkoff Newsletter (1982). W i t h  
such a large percentage of the  population contributing t o  unusual species 
(such a s  endangered fish, lizards, and the  black-footed ferret) , it is 
unlikely all of their  contribution was made solely t o  provide onsite 
recreation opportunities. ?he fact that millions of dollars are contrib- 
uted each year t o  non-game checkoffs by a broad cross section of the 
he r i can  public certainly raises the  possibility tha t  existence value is 
present and could be substantial. 

tions of empirical work and on benefits of secondary use: 

hedonic travel cost, market demand, and contingent valuation is probably 
misleading t o  anyone not familiar with the literature. Hedonic t ravel  cost 
is a special variant of the  basic travel cost method. While Mendelsohn has 
made a contribution w i t h  h i s  hedonic travel cost method, the  basic travel 
cost method was developed i n  1959 and had been modified t o  include site 
characteristics as demand shifters i n  1976. 

In several s ta tes ,  8-14$ of taxpayers 

Ihe following reflect spcific ccnunents on Mendelsohn's misinterpreta- 

1. Page 5, paragraph 2. The statement that the three techniques are  

2. Page 8, discussion on secondary use. While I strongly support 
Mendelsohn's notion that what wi ld l i fe  contributes is the net contribution 
over and above the  other costs  of the book or movie, he misses an important 
point i n  t h i s  section of h i s  paper. H e  is too worried that we  w i l l  double 
count the professional photographer or  writer or tha t  the main benefit of 
mvies  o r  books is that it stimlates f u t u r e  onsite use. Mendelsohn seem 
t o  ignore the benefits t o  people f ram the enjoyment of the book o r  movie 
itself. The "audience" for the book o r  movie receives a consuner surplus 
as w e l l .  Specifically, the  net willingness-to-pay of the "audience" is 
their additional willingness-to-pay for viewing t h i s  movie or  reading t h i s  
book o r  magazine with this particular w i l d l i f e  species as ccanpared t o  the 
next best alternative movie, book, or magazine. 
and his  conclusion of the third paragraph are  very hard t o  support without 
sane evidence. 
national p a r k s  are testimony t h a t  the  secondary benefi ts  are large t o  the  
intended audience ( i f  not t o  the  photographer as w e l l ) .  

H i s  ex^qle  of Ansel Adams 

The large nunber of posters depicting scenes from our 

3. Page 10. Eaendelsohn's discussion of the Walsh e t  al. (1984) 
wilderness paper is i n  error. The article referenced stated t h a t  the 
respondent was asked 'I. . .allocate the highest amount reported among the 
four categories of value: recreation use, option, existence and bequest 
demands." 
questionnaire for recording benefits of recreation use t h i s  year and the 

(Walsh e t  al. 1984: p. 17) . Since there were spaces on the 
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option t o  maintain possibility for  f u t u r e  visi tation, why would anyone put 
onsite recreation benefits i n to  the existence category? Had Mendelsohn 
looked a t  the complete survey, he would have seen the  follawing preface t o  
the existence value space: 
reasons other than your own personal use." Thus, consumers, were told that 
the percentage going i n  t h a t  spce was not related t o  personal use  which 
would include not vis i t ing t h e  site. 
found i n  S to l l  and Johnson's questionnaire on whooping cranes. 

"Payment t o  preserve wilderness areas for  

Even more explicit wording can be 

I feel tha t  Mendelsohn should rethink h i s  conclusions about existence 
value based on t h i s  clarification t o  the Walsh e t  al. (1984) survey's 
existence value question and t h e  work of S to l l  and Johnson. 

careless reading of Walsh e t  al. (1984) or a very skeptical mind. The point 
about separating t h e  expected value of fu ture  recreation use is dealt w i t h  
extensively i n  that article. An empirical "proof" showed that  expected con- 
sumer surplus was $75 and t h e  measure of option value was $9 (both per year 
figures). In addition, a canparison of option value wording is displayed 
which indicates tha t  option value, not option price, was what is measured. 

option price and option value. The option price of a park is not usually 
regarded as t h e  person's tax payment for it but rather as  the sum of 
expected consumer surplus and option value premium. It is usually assmed 
t h a t  respondents calculate the expected consumer surplus and then determine 
if they a re  wi l l ing  t o  pay anything beyond that. 
the  option price but  t he  individual's cost of t h e  project. Failure t o  see 
t h i s  leads Mendelsohn tomake the statement that "If consumer surplus 
exceeds option price the public conservation projects should be assigned a 
r i s k  premium cost." If the  consumer surplus exceeds the tax payment, then 
t h i s  is added benefits and not a cost. 
larger than the  recreationist i n i t i a l l y  expected. 

4. Pages 14 and 15, discussion of option value, represents either a 

Mendelsohn also has a very different discussion of the  relationship of 

The tax payment is not 

!?&e consumer surplus is actually 

REVIEW 8 

I see l i t t l e  with which t o  disagree i n  either t h e  way Mendelsohn has 
approached the topic or i n  most of the detail i n  h i s  arguments. 
with h i s  recognition of two kinds of perspectives i n  evaluating the  
benefits of assuring the continuing existence of an endangered species, and 
w i t h  h i s  conclusion t h a t  the f i r s t  of these perspectives, the "uti l i tarian" 

one, may generally be given the greater weight i n  public policy determina- 
tion. 
be given t o  the  second perspective, a t  least i n  our society, is not implied 
by the  t i t le  he  uses for  it, "altruistic," or the definition h e  provides 
for it (page 1, paragraph I) . I w i l l  present my bases for  t h i s  argument 
later i n  t h i s  letter. 

I agree 

However, I would argue tha t  the fu l l  weight that should appropriately 

Mendelsoh defines h is  second, "altruistic" perception concerning the 
saving of an endangered species on a possible r ight  of every species t o  its 
perpetuation (page 1, paragraph 1) . I would claim: 
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1. That whether species have "rights" t o  perpetuation is a matter of 
personal philoso@ical religious belief; 

2. According t o  evolutionary theory backed up by ample paleontological 
evidence, innumerable species once existing have ceased t o  exist;  

3. If there were i n  a species an inherent r ight  t o  ex is t ,  that  right 
would be one granted by man not by nature; 

4. In granting a species a right t o  perpetuation, man would be 
putting himself i n  the  position of being responsible for  defending that 
right against other species and against the inanimate forces of nature. 
I believe t h i s  would be both hubristic and quite inpractical; 

failed t o  grant existence rights t o  species generally, but has caused the 
extinction of species; b) t h a t  although the extinction has, i n  most cases, 
been careless, deliberate attempts have been made t o  extinguish sane 
species; and c) tha t  there is perhaps one case i n  which a deliberate 
attmpt a t  extinction i n  nature has been successful. 

5. History provides evidence: a) tha t  the human race has not  only 

The ef for t s  t o  extinguish mosquito species serving as vectors of human 
disease are examples i n  support of claim 5b. Whether claim 5c is valid 
depends mainly on the swant ic  question whether t h e  smallpox virus is a 
species or  not. 
deliberate, worldwide, public health policy and practice, the smallpox 
virus has been rendered extinct i n  nature, and preserved only i n  frozen 
state i n  the laboratory. 
demonstrable ut i l i tar ian,  nonaltruistic motive.) 

perspective. However, this perspective, l i k e  the f i r s t  is, i n  my opinion, 
based on the values t o  humans of continuing the existence of species. It 
differs from the first only t o  t h e  extent  that, whereas t h e  values i n  the 
"uti l i tarian" perspective are essentially tangible, those i n  the second 
perspective, which I w i l l  refer t o  simply as nonutilitarian (as Mendelsohn 
does on page 17) are essentially intangible, although they may be expressed 
i n  tangible ways. 
examples. 

!there seems now t o  be no question that, as  the result of 

(Its preservation i n  t h i s  state has a 

As indicated earlier, I believe there is a valid alternative second 

Aesthetic values and ethical values are pertinent 

That aesthetic values may be tangibly expressible; and i n  sane cases 
substantial, may be indicated by referring t o  the  enormous suns that  
individuals and museums are willing t o  pay for  certain paintings. 
they are of f ic ia l ly  regarded as real may be indicated by referring t o  their 
treatment by the  Internal Revenue Service. 
the aesthetic values of paintings, although not u t i l i t a r ian ,  are nonethe- 
less attributed t o  the paintings by people, and not inherent i n  the  canvas 
and paint of which the paintings a re  composed. It seems t o  m e  unquestiow 
able t h a t  aesthetic values are attributed by people t o  both inanimate 
natural features, such as waterfalls, and t o  creatures and t o  species of 
creatures, such as b e a u t i f u l  birds or birds t h a t  have beautiful songs. 
These values may be estimated i n  terms of the  prices people are willing t o  

That 

It is important t o  note that  
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pay t o  preserve the  aesthetic qualities. 
essentially the  same as sane Mendelsohn refers t o  i n  the evaluation of 
recreational values (utilitarian) , "existence" values (whether partly 
potential-use or  not) , "bequest" values (whether potential-use o r  not) , etc. 
I get  the sense tha t  Mendelsohn is skeptical as t o  the  significance of the 
results of such analyses. It must  be recognized a t  least that different 
people would a t t r ibu te  very different values t o  the  same feature or  crea- 
ture or species. When, however, a value has been attributed through the 
pol i t ical  process t o  a feature, creature, or species, i n  t h e  establishment 
and funding of a program t o  save it, there can be no doubt about the offi- 
cial real i ty  of t he  value. 
public agency t o  assune t h a t  no aesthetic value attached t o  the saving of 
feature, creature, or species, and t o  fa i l  t o  put sane tentative value t o  
the test of public acceptance. 

The evaluation methodologies are 

I would think it q u i t e  inappropriate for  a 

Most of my comments regarding aesthetic values apply t o  ethical values 
as w e l l ,  but I wish t o  discuss i n  addition how the  attr ibution of an ethical 
value t o  an endangered species differs fran the assumption of a right t o  its 
persistence. 

No one has demonstrated t h a t  humpback whales, for example, no matter 
how intelligent, have perceived tha t  they have a r ight  t o  the perpetuation 
of their spcies. 
such a r igh t  is human. Such a perception is ethical (philosophic and/or 
religious) . In a nation with an of f ic ia l  religion, it may be appropriate 
t o  transfer the concept of a r ight  t o  species perpetuation fran religious 
doctrine t o  l a w  and official policy. In a democracy such as ours, however, 
although the religious beliefs of the majority may w e l l  be reflected i n  law 
and public policy; religious doctrine i n  itself cannot be accepted a s  the 
basis for  law or public policy. 

Except as a matter of f a i th ,  then, t h e  perception of 

I can perhaps elucidate the matter by reference t o  personal opinion. 
I do not believe the humpback whales perceive a right t o  t h e  persistence of 
the i r  species nor even perceive the threat t o  t h e i r  species. I could not 
rationally grant t o  any species (other than the human species) an inherent 
right t o  its perpetuation i n  the  l i gh t  of my opinion concerning t h e  smallpox 
virus and the ano@eles mosquitoes. However, I would attach a high value 
t o  off ic idl  actions t o  perpetuate the humpback whales, even i f  their per- 
petuation had no u t i l i t a r ian  value, simply because I l i k e  the whales. Fran 
ethical, philosophic, and religous beliefs, I derive a desire t o  avoid being 
a party t o  kil l ing them off,  and I would vote i n  favor *of public actions t o  
save the whales i n  the hope that  the majority would vote with me. 

To summarize the thrust  of my argument, it is that it is inappropriate 
i n  a society such as ours t o  base the nonutilitarian part of the rationale 
for  assuring the  perpetuation of the humpback whales o r  any other species 
on an assmed right  of perpetuation, but that the nonutilitarian part of 
the rationale m a y  be based appropriately, and with greater force, on 
aesthetic and ethical values attributed t o  the  species by t he  majority of 
the society. 
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REVIEW 9 

1. Mendelsohn's report suffers fran a fuzzy definition of categories 
(Table 1) . "Mining" for chemicals and genes is certainly "direct" and 
l ikely consumptive, as are most "experiments." The organization of cate- 
gories seems upside dawn; "consmptive" and "nonconsmptive" higher-level 
categories and "recreation" and "nonrecreation" should be lower-level . In 
any case, Table 1 does not follow the organization of categories on page 1; 
th i s  is very confusing t o  the  reader. 

2. Pages 3-4. me argument about the low consunptive value of 
endangered species is overly simplistic and ignores the interactions of 
direct uses and socioeconanic factors. 
endangered. It may be possible, however, t ha t  the present limited take by 
United States and Canadian Inuit is not further endangering t h e  species or  
preventing growth of the population. Preservation of the Inuit (Eskimo) 
culture and way of l ife has high value i n  the  United States i n  terms of 
humanist ethics and pol i t ical  clout. So a rather small cash value of con- 
sumptive use translates i n to  a rather large value i n  the  social perspec- 
tive. Cbe must a lso account for  the earnings of t he  Inuit lobbyists, the 
anthropologists and whale scientists who study the  bowhead whale fishery, 
etc. Similar situations e x i s t  for  other endangered cetaceans, e.g., the 
sperm whale i n  Japanese waters. 

For example, the bowhead whale is 

Another way that  considerable monetary value can accrue t o  consumptive 
use of s m a l l  numbers of animals is i n  the exhibition industry. 
animal on display a t  an oceanarium o r  zoo (for exanple, the gray whale held 
for a year a t  Sea World, San Diego,  and t h e  monk seals a t  W a i k i k i  Aquarium) 
can increase gate receipts significantly. Another example is that of the  
sea otter,  which is the only marine mammal on display a t  the new Monterey 
Aquarium, which is expected t o  hme millions of paid v is i tors  over the next 
few years. If saneone figures out haw t o  catch a sperm w h a l e  and keep it 
i n  captivity, it could be worth millions. 
whale was rdeased, mst capture for exhibit is consmptive. 

A rare 

Although the San Diego grw 

Y e t  another example of potential high-value consunptive use of only a 
few animals is that of "mining" for  genetic material. 
individual could have very high monetary value when incorporated in to  an 
organism used i n  agriculture, manufacturing, or medicine. 

A gene from a s ingle  

3. Page 5, paragraph 1. I understand the  point he is making here and 
agree t o  sane extent, but the parallel drawn between near-identical grass 
species and marine animals is not a good one. 
(hunter-gatherer), every species of animal. i n  t h e  tribal range has a name 
knm by everyone and would be m i s s e d  imediately were it t o  disappear. 
civilized societies (pastoral, agrarian, and urban), the knowledge of the  
existence of animal species is a function of education. 
of "the whale" and "the dolphin," but a modicum of education changes t h a t  
quickly, mainly because of the high degree of morphological diversity of 
marine mammals.  Even experts can confuse sane species, such as sei and 
bryde whales or California sea l ions  and northern sea lions, but these 
species pairs usually occu17y largely different ranges with only same overlap 

In primitive societies 

In 

One hears and reads 
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and are the exception. 
t ruly qualify as unique" i n  our society is a variable correlated with 
education, and any model o r  scenario must have a dynamic element t o  account 
for this, especially w i t h  the current high level of public interest i n  ard 
awareness of marine anunals. 

Thus, what "fraction of the  taxonmist 's species 

4. 

5. Page 7. Seals don't eat abalone; sea o t t e r s  do. 

The section on analysis of whale-watching (pages 5-7) seems good. 
This is probably the  main thing you need anyway. 

6. Page 7. An example that  runs counter t o  the  conclusion i n  the 
l a s t  paragraph is that of the sea otter. 
which the species has been extirpated, sea urchins have increased t o  the 
point of limiting growth of kelp forests  that a r e  the basis of a mul t i -  
million dollar industry. Urchins are now par t ia l ly  controlled a t  great 
expense by divers with hammers and chemicals, bu t  only very few o t t e r s  i n  
a local area would probably suffice t o  control them, as they do i n  their 
present range, (mainly because of an  extremely high metabolic rate; they 
have no blubber insulation l i k e  seals have, but only fur )  . Ch t h e  other 
hand, the very valuable abalone fishery in  southern California possibly 
could not coexist with a sizeable o t te r  population. 

In t h e  parts of t he  range i n  

7. Page 8. The section on secondary use makes very good points about 
the valuation of books, f i lm etc. , t h a t  have not been considered i n  past 
treatments of this, e.g.8 by Payne i n  t h e  1976 Bergen Consultation (ACMRR, 
FAO), i n  t h e  Whales Alive conference, and elsewhere. 

8. Page 10. The "casual empirical evidence (suggesting) that  their 
existence value is zero" is j u s t  that .  In the absence of appropriate 
surveys and analyses, his  conclusion is cavalier i n  the  extreme and would 
seem t o  reflect a personal subjective opinion rather than careful and 
objective consideration. 

9. Pages 12-13, "ihe section on "chemical mining" is weak. The 
suggestion that  a "cursory screening" of wild species would show a "low 
expected value for  chemical mining" ignores the  t i m e  axis of knawledge and 
technology. ~e cannot look for  sanething i f  one does not know w h a t  it is 
or  what it does. 
that have prompted new searches and new awareness of potential value (the 
redismvery of Mendel's work, the disaovery of antibiotics, the recent 
advent of genetic engineering, etc. , etc.) 
a storehouse of genes and substances that we w i l l  revisit again and again, 
each time with n m  perspectives on what we're seeking. 

Of course w e  have t o  be more careful i n  examining endangered species 
i n  such searches, but that does not lead logically t o  the  conclusion that  
endangered species would be further endangered and therefore, are not of 
potential value i n  t h i s  regard. 

Repeatedly, there have been quantum jumps i n  knowledge 

The wild plants an3 animals are 

10. Pages 13-14. The conclusion tha t  "quasi-option value only applies 
t o  species which are of current research interest" presupposes t h a t  whatever 
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is of current research interest  gets investigated. 
of poli t ics,  budgeting, scient i f ic  fads, and the geographical distribution 
of sc ien t i s t s  and money, etc. , there are certainly many situations where 
more information is of present value but  is not collected. 
bureaucrat making t h e  decision t o  destray a species or  habitat  may not be 
aware of its potential value even though a scientist or a corporation on 
t h e  other side of the  continent or  world would imediately recognize its 
value were its existence known. In the  lack of universal kncwledge, the 
decision maker must assune tha t  a species does embody information of value 
and balance that  u n k n m  value against other considerations, keeping i n  
mind tha t  there may w e l l  be a better basis for  a decision i n  the near 
future. 
term (pages 14-17) is certainly confused, and I don't see haw the  author 
got t o  h i s  assertive conclusion i n  t h e  last  paragraph. 

Page 17. !the section on 'Inonutilitarian benefits'' is a f lyer  i n  
philosophical ethics apparently based on the idea t h a t  we are only a dom- 
inant animal among other animals, whereas the i s sue  has been raised by 
those who believe that because of our higher sensibi l i ty  (the human condi- 
tion) we have the capacity and therefore, the obligation t o  be a l t ru is t ic ,  
as  an expression of the w i l l  of the deity t h a t  w e  enbody, Le. , as an 
extension of the  Judeo-Christian ethics. I think that the author is out of 
his  depth here, basically attempting t o  discuss a religious issue i n  a 
scient i f ic  essay. 
i n  crossspecies altruism and can be expected t o  attempt t o  influence 
decisions affecting species and habitats. 
it; perhaps, by the amount of money spent i n  such lobbying. 

Because of t he  vagaries 

Thus, the local 

Or maybe th i s  is "option value." The definit ion and usage of that 

11. 

It's probably enough t o  say j u s t  that sane people believe 

I don't  know how you'd quantify 

REVIEW 10 

I found Mendelsohn's paper a very interesting cmpendium of methods 
for measuring benefit or value, applied i n  t h i s  case t o  endangered species. 
I do not agree with all of the logic o r  conclusions, and sane of the 
econanic jargon went over my head. 

the benefits of endangered spcies i n  quantit iative terms useful for  making 
decisions about the i r  preservation? In many places, Mendelsohn discusses 
the  logical underpinnings of a valuation method, but does not say haw t o  
measure it. 

lead the  reader anywhere-I guess the  conclusion is that existence per se 
does not alluw us  a means of quantifying benefit for  decision making 
purposes. 

Specific canments follow. 

Page 1. A small point, but i s n ' t  the paper concerned about meas- 

Page 2, bttan. !Chis paragraph seems out of place. It also does not 

Page 5. A minor b u t  

Page 9, Indirect Use. There is no iscussion of haw t o  quantitatively 

using point, f ish and fisheries (man's 
catching of f i sh)  are m i x e  i n  the  text. 

measure indirect use. 



Pages 11-12 and also page 13, top. Wouldn't capturing an author/ 
photographer/etc., by use of a survey for direct  u s e  measurement be a rare  
event and therefore, be expensive and difficult t o  do? Wouldn't it then be 
better t o  measure the secondary use? 

Page 15, top. I do not think he has substantiated h i s  conclusion. 
For example, I have no f u t u r e  plans for "direct use" of t h e  desert pupfish, 
have no plans t o  v i s i t  the spring where it lives,  am not even sure of t h e  
location of t h e  spring, except that it is sanewhere i n  t h e  southwest, but I 
feel t h a t  it should be preserved because it is such an unique animal. 

that  I do not know of a way of deciding today what scient i f ic  o r  chemical 
benefit an organism may  have i n  t h e  future.  W e  may have a set of needs o r  
uses by today's standards t h a t  w e  could use t o  screen organisms f o r  poten- 
tial uses, but what about tanorraw's uses? Thus, I disagree with h i s  
conclusion tha t  there is no measureable benefit fo r  these uses, but  I do 
not have the s l ightest  idea of how t o  measure such benefit.  

Pages 16 and 18. The trouble I have with both of these sections is 

REVIIW 11 

Mendelsohn has prepared an interesting and provocative review of the 
issue. As you probably are aware, B r m  and Mendelsohn elsewhere have 
developed the hedonic travel cost method. This approach represents an 
important contribution t o  the procedures available fo r  estimating t h e  
recreation use value of enviromnental quality. 
appears t o  exaggerate its potential contribution and d is tor t  other legiti- 
mate methods. 
scholarly assessnent of t h e  procedures t o  estimate the existence values for  
marine mammal resources. 

Unfortunately, Mendelsohn 

Thus, the paper appears t o  be self-serving rather than a 

%e author misrepresents the  procedures and findings of Walsh e t  al. 
(1984) of water quality and wilderness areas. 
a t  page 1 0  where he states that existence value is limited t o  individuals 
who have never visited the  site. 
t o  preserve wilderness areas and water quality for reasons other than their  
awn personal use. Mendelsohn errs i n  s ta t ing that:  "It is highly l ikely 
tha t  most, and possibly all, of t h e  measured existence values are merely 
capturing a canponent of use value..." 

A t  page 11, he ignores the fact that individuals report that they are 
wi l l ing  t o  pay each year for  the  satisfaction derived f ran bequest value of 
the resource t o  f u t u r e  generations. 
recreation use value as Mendelsohn alleges, but rather the annual benefits 
of knawing t h a t  f u t u r e  generations w i l l  have the resource available. 

For example, he is i n  error 

Users were asked t o  report their payment 

!This is not present value of fu tu re  

A t  page 15, he errs i n  reporting t h a t  Walsh e t  al. did not separate 
option value frm the expected value of consumer surplus of recreation use. 
Respondents were specifically asked t o  make th i s  allocation and it was 
found t h a t  option value varies from zero t o  s m a l l ,  to  large, for different 
individuals and t ha t  expressed on a per capita basis is important and 
should not be ignored a t  the r i s k  of biasing decision. It represents the 
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annual benefit  of knowing tha t  the resource w i l l  be available should they 
decide to  use it. 

I applaud h is  suggestion tha t  movies, books, TV, and related of fs i te  
This contributes t o  to t a l  use value be measured by t h e  hedonic approach. 

existence value, but does not represent a complete measure, 
measures are useful. 

S t i l l ,  partial 

It should be acknwledged tha t  concepts of nonuse value are not ful ly  
developed. 
our treatment of the ideas of others. 
realistic as our own. 

For t h i s  reason, we should be more gracious and tentative i n  
In t h e  end, they may prove as 
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PREFACE 

T h i s  r e p o r t  was prepared  by D r .  Robert 0. Mendelsohn du r ing  a month's 
f e l l o w s h i p  a t  t h e  Southwest F i s h e r i e s  Center  Honolulu Labora tory .  
terms of t h e  f e l l o w s h i p  were t o  p rov ide  a U n i v e r s i t y  f a c u l t y  member w i t h  
t h e  freedom t o  e x p l o r e  t h e  n a t u r e  of " e x i s t e n c e  v a l u e s  f o r  marine mammal 
r e sources . "  
economic l i t e r a t u r e  on e x i s t e n c e  v a l u a t i o n  and a concep tua l  d i s c u s s i o n  of 
e v a l u a t i n g  o r  measuring t h e  nonmarket v a l u e  of endangered s p e c i e s  such a s  
t h e  humpback whale o r  t h e  Hawaiian monk seal. 

The 

In  p a r t i c u l a r ,  we were looking f o r  an a n a l y t i c a l  review of t h e  

Mendelsohn's work emphasizes t h e  d i f f i c u l t y  i n  s e p a r a t i n g  nonuse 
a s p e c t s  of a s p e c i e s '  v a l u e  from i t s  d i r e c t  and i n d i r e c t  use v a l u e s .  
Mendelsohn t akes  a c r i t i c a l  approach t o  most a t t e m p t s  t o  measure e x i s t e n c e  
v a l u e s  f o r  endangered s p e c i e s  and n a t u r a l  r e s o u r c e s .  H e  f u r t h e r  a rgues  
t h a t  measurement of  use v a l u e  m u s t  be  s e n s i t i v e  t o  c a v e a t s  concern ing  t h e  
t y p e  of u s e  envisaged .  Mendelsohn a l s o  t a k e s  a c r i t i c a l  view toward non- 
u t i l i t a r i a n  concept ions  of v a l u e  a s  a p p l i e d  t o  endangered s p e c i e s .  

I b e l i e v e  t h i s  r e p o r t  p rovides  t h e  b a s i s  f o r  deve loping  more r i g o r o u s  

Although q u a n t i t a t i v e  comparison of 
c r i t e r i a  f o r  e v a l u a t i n g  t h e  p o s s i b i l i t y  of measuring t h e  b e n e f i t s  f o r  
p re se rv ing  endangered marine mammals. 
d o l l a r  v a l u e s  i n  terms of c o s t s  and b e n e f i t s  from p r o t e c t i o n  programs i s  
not  t h e  only y a r d s t i c k  f o r  e v a l u a t i n g  p r e s e r v a t i o n  programs, i t  provides  
u s e f u l  i n fo rma t ion  f o r  t h e  p u b l i c ,  u s e r  groups ,  and d e c i s i o n  makers. A 
number of a r e a s  f o r  p r a c t i c a l  a p p l i c a t i o n  of  t h e  c r i t e r i a  sugges ted  by t h i s  
r e p o r t  ex is t s  w i t h i n  t h e  f i e l d  of marine mammal p r o t e c t i o n .  
economists w i t h i n  t h e  Na t iona l  Marine F i s h e r i e s  S e r v i c e  look forward t o  
f u r t h e r  r e s e a r c h  i n  t h i s  a r e a .  

A number of 

The Southwest F i s h e r i e s  C e n t e r ' s  economics f e l l o w s h i p  program empha- 
s i z e s  t h e  academic freedom of i t s  p a r t i c i p a t i n g  s c h o l a r s .  As such,  t h e  
r e p o r t  has r e c e i v e d  minimal e d i t i n g  a l though D r .  Mendelsohn d i d  r e c i e v e  
w r i t t e n  comments from Center  r ev iewers  which h e  was f r e e  t o  i n c o r p o r a t e  o r  
r e j e c t  as he saw f i t .  
f a c u l t y  f e l l o w ,  i t s  s t a t e m e n t s ,  f i n d i n g s ,  c o n c l u s i o n s ,  and recommendations 
a r e  t h o s e  of D r .  Mendelsohn and do no t  n e c e s s a r i l y  r e f l e c t  t h e  view of t h e  
Na t iona l  Marine Fisher ies  S e r v i c e .  

Because t h e  r e p o r t  was prepared  by an independent 

Samuel G .  Pooley 
I n d u s t r y  Economist 
Honolulu Labora tory  
September 11, 1984 



ABSTRACT 

This  paper  reviews and c r i t i q u e s  t h e  v a r i o u s  b e n e f i t s  a l l e g e d l y  gen- 
e r a t e d  by endangered s p e c i e s .  Although t o t a l  b e n e f i t s  may be  s u b s t a n t i a l ,  
many of t h e s e  s e p a r a t e  b e n e f i t s  appea r  t o  b e  redundant  and some a r e  prob- 
a b l y  n e a r  ze ro .  The most s i g n i f i c a n t  b e n e f i t  o f  endangered s p e c i e s  appea r s  
t o  be  nonconsurnptive use .  Seve ra l  s u g g e s t i o n s  are  g iven  about  how t o  e m p i r -  
i c a l l y  measure t h e  b e n e f i t s  of endangered mar ine  m a m m a l s  i n  t h e  Hawaiian 
Is l ands .  



INTRODUCTION 

T h i s  paper i s  concerned w i t h  measuring t h e  b e n e f i t s  of endangered 
s p e c i e s  i n  g e n e r a l  and t h e  humpback whale and monk s e a l  i n  p a r t i c u l a r .  
Although t h e r e  a r e  v i r t u a l l y  no q u a n t i t a t i v e  e s t i m a t e s  of t h e  v a l u e  of any 
s p e c i e s  anywhere (wi th  t h e  p o s s i b l e  excep t ion  of t h e  whooping crane--see 
S t o l l  and Johnson 19841, economists have pondered t h e  p o t e n t i a l  v a l u e  of 
endangered s p e c i e s  f o r  about two decades .  
gered s p e c i e s  f a l l  i n t o  one of two c a t e g o r i e s .  
a r i s e s  from a u t i l i t a r i a n  pe r spec t ive - - the  s p e c i e s  may be  h e l p f u l  t o  man 
e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  The a l t e r n a t i v e  p e r s p e c t i v e  c o n s i d e r s  a more 
a l t r u i s t i c  view--that a l l  s p e c i e s  should be g iven  t h e  r i g h t  t o  e x i s t  inde- 
pendent ly  of any u s e f u l n e s s  t o  man h imse l f .  

The b e n e f i t s  of p r e s e r v i n g  endan- 
T h e  most p r e v a l e n t  sou rce  

There a r e  many p o t e n t i a l  ways a s p e c i e s  could be  b e n e f i c i a l  t o  mankind. 
(1) There i s  u s e r  v a l u e  from d i r e c t  i n t e r a c t i o n s  between man and t h e  
s p e c i e s .  Whether f o r  consumptive a c t i v i t i e s  such a s  f i s h i n g  and hunt ing  o r  
nonconsumptive uses s u c h  a s  b i rdwa tch ing ,  h i k i n g ,  o r  photography, man 
c l e a r l y  o b t a i n s  p l e a s u r e ,  e n j o y s ,  and would t h e r e f o r e  be  w i l l i n g  t o  pay f o r  
c l o s e  c o n t a c t  w i t h  i n d i v i d u a l  s p e c i e s .  ( 2 )  I n  a d d i t i o n  t o  d i r e c t  u se ,  i t  i s  
p o s s i b l e  t h e r e  a r e  s e v e r a l  i n d i r e c t  mechanisms through which t h e  s p e c i e s  i s  
h e l p f u l  t o  man. For example,  t h e  s p e c i e s  may c o n t r o l  a p e s t  o r  may be an 
impor tan t  l i n k  i n  t h e  food cha in  f o r  a n o t h e r  s p e c i e s  man c o n s i d e r s  v a l u a b l e .  
( 3 )  The s p e c i e s  may a l s o  provide  secondary b e n e f i t s  through a communication 
medium. A w i l d l i f e  movie, book, o r  l e c t u r e  can become a l i n k  between t h e  
r e source  and t h e  p u b l i c .  Even wi thou t  d i r e c t  c o n t a c t ,  t h e  p u b l i c  through 
t h i s  medium can enjoy t h e  s p e c i e s .  ( 4 )  Some economists a rgue  t h a t  some 
i n d i v i d u a l s  o b t a i n  p l e a s u r e  j u s t  from t h e  e x i s t e n c e  of t h e  s p e c i e s .  
Other economists a rgue  people  o b t a i n  p l e a s u r e  from t h e  knowledge t h a t  
s p e c i e s  w i l l  be  preserved  f o r  f u t u r e  genera t ions- -a  beques t  va lue .  ( 6 )  Many 
n a t u r a l i s t s  a rgue  t h a t  endangered s p e c i e s  have s c i e n t i f i c  v a l u e  a s  p o t e n t i a l  
sou rces  of new in fo rma t ion  about g e n e t i c s ,  medic ine ,  and ecosystems. 

( 5 )  

The c o n s i d e r a b l e  u n c e r t a i n t y  about t h e  long-term b e n e f i t s  of a s p e c i e s  
coupled w i t h  t h e  i r r e v e r s i b i l i t y  of e x t i n c t i o n  has l e d  t o  y e t  o t h e r  v a l u e s .  
( 7 )  Wild s p e c i e s  have long been a sou rce  of g e n e t i c  
A p o t e n t i a l  v a l u e  of any s p e c i e s  i s  consequent ly  chemical mining--the 
e x t r a c t i o n  of r a r e  b iochemica ls  d i r e c t l y  from t h e  p l a n t  o r  an imal .  
Quas i -opt ion  v a l u e  i s  t h e  b e n e f i t  of wa i t ing  t o  make an i r r e v e r s i b l e  dec i -  
s i o n  u n t i l  more in fo rma t ion  i s  a v a i l a b l e .  One r eason  t o  p r e s e r v e  s p e c i e s  is 
t h a t  t h e i r  d e s t r u c t i o n  i s  i r r e v e r s i b l e  and may qu ick ly  he r e g r e t t e d .  ( 9 )  
Option v a l u e  has been l a b e l e d  a s  t h e  p remium people a r e  w i l l i n g  t o  pay t o  
keep t h e  chance of having a s p e c i e s  main ta ined  g iven  t h e r e  i s  u n c e r t a i n t y .  
Each of t h e s e  n ine  p o t e n t i a l  u t i l i t a r i a n  v a l u e s  w i l l  be d i scussed  i n  more 
d e t a i l  i n  t h e  forthcoming s e c t i o n s .  

chemical m a t e r i a l .  

(8 )  

Each of t h e  u t i l i t a r i a n  b e n e f i t s  can be d i s c u s s e d  i n  terms of annual  
b e n e f i t s .  
from now f a r  i n t o  t h e  f u t u i e .  The t o t a l  v a l u e  of t h i s  s t ream i s  t h e  
p r e s e n t  d i scoun ted  v a l u e  of a l l  f u t u r e  b e n e f i t s .  Because t h i s  i n t e r t em-  
p o r a l  e v a l u a t i o n  i s  c o n s i s t e n t  a c r o s s  a l l  measures ( w i t h  t h e  p o s s i b l e  

I f  t h e  s p e c i e s  s u r v i v e s ,  i t  produces a stream of annual  b e n e f i t s  
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excep t ion  o f  quas i -op t ion  v a l u e  and beques t  v a l u e ) ,  t h e  i n t e r t e m p o r a l  
q u a l i t y  of most o f  t h e  b e n e f i t s  i s  ignored  i n  t h e  fo l lowing  d i s c u s s i o n s .  

Some i n d i v i d u a l s  q u e s t i o n  whether  i t  i s  a p p r o p r i a t e  t o  judge  t h e  v a l u e  
of  a s p e c i e s  i n  terms of i t s  u s e f u l n e s s  t o  man. For  example, S tone  (1972)  
a rgues  t h a t  perhaps  n a t u r e  should b e  g i v e n  c e r t a i n  r i g h t s  of e x i s t e n c e .  
A l t e r n a t i v e l y ,  one could  ex tend  Rawls' (1971)  d i s c u s s i o n  of income d i s t r i -  
b u t i o n  a c r o s s  man t o  a l l  of n a t u r e .  
30,000 v e r t e b r a t e  s p e c i e s  we would be  bo rn  i n t o  ( t h e  v e i l  of ignorance ) ,  
and we were asked  how many s p e c i e s  should  b e  p re se rved .  I f  w e  wanted t o  
minimize o u r  wors t  outcome ( e x t i n c t i o n ) ,  w e  would v o t e  t o  keep  a l l  s p e c i e s .  
Ex i s t ence  would t h e n  b e  a n  i n a l i e n a b l e  r i g h t  which could  no t  b e  purchased 
away. 

Suppose we d i d  n o t  know which of t h e  

I n  t h e  remainder of  t h e  paper ,  I a rgue  t h a t  d i r e c t  and i n d i r e c t  use 
a r e  t h e  p r i n c i p a l  r e a s o n s  t o  ma in ta in  a n  endangered s p e c i e s .  
v a l u e s  e i t h e r  a re  r e f l e c t i o n s  of d i r e c t  u se ,  and so  a re  a l r e a d y  cap tu red  
(measured) ,  o r  a r e  t o o  sma l l  t o  be of any consequence. I f u r t h e r  a r g u e  
t h a t  a l t h o u g h  one could  endow each  s p e c i e s  w i t h  an i n a l i e n a b l e  r i g h t  t o  
e x i s t ,  a sound p h i l o s o p h i c a l  argument can  be  made f o r  c o n s i d e r i n g  t h e  
b e n e f i t s  and c o s t s  o f  each  s p e c i e s '  e x i s t e n c e .  S ince  t h e  b e n e f i t s  o f  
keeping  a spec ies  w i l l  r a r e l y  b e  i n f i n i t e ,  measurement of  t h e s e  b e n e f i t s  
could  b e  q u i t e  h e l p f u l  f o r  making b e t t e r  d e c i s i o n s  about  how b e s t  t o  a l l o -  
c a t e  o u r  p r e s e r v a t i o n  e f f o r t s  a c r o s s  s p e c i e s .  

The remaining 

For  o r g a n i z a t i o n a l  convenience,  a s e c t i o n  i s  devoted  t o  each of t h e  
n i n e  u t i l i t a r i a n  s o u r c e s  of b e n e f i t s  a r ranged  i n  Tab le  1. Another s e c t i o n  
i s  devoted t o  t h e  p h i l o s o p h i c a l  founda t ion  of  t h e  r i g h t  t o  e x i s t .  For  each  
source  of b e n e f i t s ,  t h e  e m p i r i c a l  and t h e o r e t i c a l  l i t e r a t u r e  on t h e  s u b j e c t  
i s  c r i t i c a l l y  reviewed and p r e f e r r e d  methods of measurement f o r  t h e  hump- 
back whale and monk sea l  a r e  sugges ted  when a p p r o p r i a t e .  

It shou ld  b e  unders tood  t h a t  t h e  f o c u s  of t h i s  a n a l y s i s  i s  on t h e  
b e n e f i t s  o f  p r e s e r v i n g  i n d i v i d u a l  s p e c i e s  w i t h  dangerous ly  low popu la t ions .  
Although t h e  b e n e f i t s  of p r o t e c t i n g  wi ld  p o p u l a t i o n s  which a re  no t  endan- 
ge red  a re  r e l a t e d  t o  t h e  b e n e f i t s  d i s c u s s e d  h e r e ,  some of t h e  arguments  and 
t h u s  conc lus ions  do  n o t  app ly  t o  abundant  popu la t ions .  

DIRECT USE 

Direct  u s e  i s  t h e  l ea s t  c o n t r o v e r s i a l  and most e a s i l y  measured v a l u e  
of  w i l d l i f e .  
sumptive. I n  g e n e r a l ,  hun t ing ,  t r a p p i n g ,  and f i s h i n g  would b e  consumptive 
u s e s  of w i l d l i f e  because  t h e  p a r t i c i p a n t s  u s e  up t h e  r e s o u r c e  through t h e i r  
a c t i v i t y .  Hik ing ,  b i rdwa tch ing ,  whale watching ,  and photography,  i n  con- 
t r a s t ,  a re  g e n e r a l l y  nonconsumptive u s e s  because  t h e  i n t e r a c t i o n  need no t  
harm o r  r educe  t h e  t a r g e t  popu la t ion .  
t i n c t i o n s  may haze  as  f i shermen could  release t h e i r  c a t c h  w h i l e  photogra- 
phe r s  so h a r a s s  a n  an imal  t h a t  i t  p e r i s h e s .  These f i n e  p o i n t s  a s i d e ,  t h e r e  
i s  a n  impor t an t  d i s t i n c t i o n  between consumptive and nonconsumptive bene- 
f i t s .  

There  a r e  two t y p e s  of d i r e c t  use--consumptive and noncon- 

I n  p r a c t i c e  of  cour se ,  t h e s e  d i s -  

For  s p e c i e s  which a r e  few i n  number, consumptive u s e  could  q u i c k l y  

, 



Table 1 . - -Preserva t ion  b e n e f i t s  of endangered s p e c i e s .  

Rec rea t ion  

D i r e c t  
Consumptive 
Nonconsumptive 

Secondary 

Bequest 

Nonrecrea t ion  

M i n i n g  
Chemica Is 
Genet ic  m a t e r i a l  

_Experiments 
Medica I 
Eco log ica l  
B i o l o g i c a l  

Nonuse v a l u e s  

I n d i r e c t  

E l i m i n a t i o n  of p e s t s  

Enhancement-of d e s i r e d  s p e c i e s  

Risk 

Option v a l u e  

Luas i -opt ion  v a l u e  

Ex i s t ence  

l ead  t o  e x t i n c t i o n  as t h e  popu la t ion  f a l l s  below a c r i t i c a l  minimum (Bach- 
mura 1971) .  
consumptive b e n e f i t s .  More l i k e l y ,  t h e  p o t e n t i a l  consumptive b e n e f i t s  of 
an endangered s p e c i e s  a r e  t h e  d i scoun ted  v a l u e s  of consuming t h e  s p e c i e s  
sometime i n  t h e  f u t u r e  when i t s  popu la t ion  i s  a t  a hea l thy  number. T h u s ,  
many s p e c i e s  who have always had a l i m i t e d  h a b i t a t  ( p o p u l a t i o n ) ,  o r  whose 
h a b i t a t  has been acqu i red  by o t h e r  u s e r s ,  w i l l  have no consumptive d i r e c t  
u s e  because  t h e y  w i l l  probably never have a s u f f i c i e n t l y  l a r g e  popu la t ion  

T h u s ,  endangered s p e c i e s  a r e  no t  s u i t e d  t o  provide  c u r r e n t  
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t o  suppor t  t a k i n g .  The  Hawaiian monk s e a l ,  f o r  example, l i m i t e d  t o  a few 
remote un inhab i t ed  i s l a n d s  of t h e  Northwestern Hawaiian I s l a n d s ,  would 
l i k e l y  f a l l  i n  t h i s  ca t egory .  I n  c o n t r a s t ,  t h e  humpback whale i f  i t  can 
r ecove r  l i k e  t h e  sperm and gray whales have, may indeed provide  consumptive 
use a g a i n  i n  t h e  f u t u r e .  Except i n  unusual c i rcumstances  where man has 
mismanaged a s p e c i e s  t e r r i b l y ,  t h e  f o r c e s  which drove a popu la t ion  near  t o  
e x t i n c t i o n  a l s o  l i m i t  t h e  s p e c i e s  p o t e n t i a l  f o r  consumptive use.  
humpback whale may sometime be hunted a g a i n ,  b u t  because of i t s  low repro- 
d u c t i v e  r a t e  such hunt ing  could not be widespread. 
consequent ly  w i l l  have low consumptive d i r e c t  use b e n e f i t s .  

T h u s ,  t h e  

Most endangered s p e c i e s  

S e v e r a l  a u t h o r s  have d i scussed  t h e  c o n d i t i o n s  where upon an unregu- 
l a t e d  renewable r e s o u r c e  could b e  d r i v e n  t o  e x t i n c t i o n .  
common p r o p e r t y  r e s o u r c e s  such as a f i s h e r y ,  i t se rs  tend t o  underva lue  t h e  
common r e s o u r c e .  
common a c c e s s  users a c t i n g  on i n d i v i d u a l  b u t  no t  communal i n t e r e s t  d e p l e t e  
t h e  s t o c k .  I f  u n r e g u l a t e d ,  t h e  f i s h e r i e s  tend t o  be d r i v e n  t o  a p o i n t  
where minimal h a r v e s t a b l e  r e s o u r c e s  remain. 
h a r v e s t i n g  s m a l l  p o p u l a t i o n s ,  t h e  f i s h e r y  can be d r i v e n  t o  e x t i n c t i o n  
(C la rk  1973; Cropper e t  a l .  1979; S inn  1982).  Another e x t e n s i o n  of t h i s  
renewable r e s o u r c e  l i t e r a t u r e  i n c l u d e s  a d i s c u s s i o n  of how p r e s e r v a t i o n  
v a l u e  could  enter t h e  s t a n d a r d  f i s h i n g  model. P lourde  (19751, M i l l e r  
(1978, 19811, Miller a n d  Menz (19791, and P o r t e r  (1982) model p r e s e r v a t i o n  
v a l u e  a s  be ing  a v a l u e  of t h e  s t o c k  i t s e l f .  
s t o c k ,  t h e  g r e a t e r  i s  t h e  d i f f e r e n c e  between t h e  p r i v a t e  r e t u r n s  t o  h a r v e s t  
and t h e  s o c i a l  r e t u r n .  
t o  measuring p r e s e r v a t i o n  value,  i t  does demonst ra te  t h a t  market mechanisms 
may lead t o  e x t i n c t i o n  even when p r e s e r v a t i o n  v a l u e s  a r e  high enough t o  
j u s t i f y  keeping  t h e  s p e c i e s  a l i v e .  

Unfo r tuna te ly  w i t h  

I n s t e a d  of ma in ta in ing  t h e  r e s o u r c e  wi se ly  ove r  t ime, t h e  

Depending upon t h e  c o s t  of 

T h e  l a r g e r  t h e  v a l u e  of t h e  

Although t h i s  l i t e r a t u r e  i s  no t  d i r e c t l y  p e r t i n e n t  

I n  c o n t r a s t ,  s m a l l  p o p u l a t i o n s  of an imals  a t  l e a s t  p o t e n t i a l l y  could 
suppor t  r e l a t i v e l y  high q u a n t i t i e s  of nonconsumptive use. 
people  aboard l a r g e  c r u i s e  v e s s e l s  g e t  t h e  p l e a s u r e  of viewing whales i n  
G l a c i e r  Bay when t h e r e  may be  on ly  a few whales i n  t h e  whole a r e a .  A 
s i m i l a r  phenomenon w i t h  s m a l l e r  t o u r i s t  b o a t s  occur s  o f f  t h e  c o a s t s  of 
Maui, Hawaii,and C a l i f o r n i a .  C l e a r l y  i n d i v i d u a l s  a r e  w i l l i n g  t o  pay sub- 
s t a n t i a l  f e e s  j u s t  t o  be  a b l e  t o  view t h e  animals a t  c l o s e r  range.  

Thousands of 

The  a c t i v i t i e s  of n a t u r a l i s t s  who spend a l a r g e  f r a c t i o n  of t he i r  t ime 
as v o l u n t e e r s  o r  lower paid p r o f e s s i o n a l s  observ ing  w i l d l i f e  i s  a n o t h e r  
example of nonconsumptive use.  C l e a r l y ,  t h e s e  i n d i v i d u a l s  a r e  r e c e i v i n g  
s u b s t a n t i a l  p l e a s u r e  from t h e i r  i n t i m a t e  c o n t a c t  w i t h  endangered s p e c i e s .  
Given t h e  s i z a b l e  expense and inconvenience  endured by t h e s e  ded ica t ed  
r e s e a r c h e r s ,  t h e  v a l u e  of t h e  s p e c i e s  j u s t  t o  t h e s e  i n d i v i d u a l s  a l o n e  i s  
c l e a r l y  s u b s t a n t i a l .  

Which s p e c i e s  a r e  l i k e l y  t o  have l a r g e  d i r e c t  use b e n e f i t s ?  Are a l l  
s p e c i e s  of e q u a l  v a l u e ?  
l i m i t e d ,  t h e  answer i s  probably no--people d i s t i n c t l y  v a l u e  some s p e c i e s  
more than o t h e r s .  The  e a g l e ,  e l k ,  and whale a r e  of d i s t i n c t  v a l u e  because 
of t h e i r  s i z e ,  complexi ty ,  and g race .  They a r e  a l s o  of g r e a t  v a l u e  because 
they a r e  d i s t i n c t  from o t h e r  s p e c i e s  i n  ways of i n t e r e s t  t o  man. 

Although e m p i r i c a l  ev idence  on t h i s  i s s u e  i s  



The t axonomis t ' s  d e f i n i t i o n  of a s p e c i e s  i s  any d i s t i n c t  group which 
does no t  i n t e r b r e e d  w i t h  ano the r  group. The t axonomis t ' s  observed d i s t i n c -  
t i o n s  a c r o s s  g roups ,  however, may o f t e n  not be shared  by u s e r s .  T h u s ,  f o r  
example, t h e r e  may be 15 s p e c i e s  of w i l d  g r a s s  w i t h  s u b t l y  d i f f e r e n t  char- 
a c t e r i s t i c s .  The d e s t r u c t i o n  of 5 of t h e s e  15 g r a s s e s  may go unobserved t o  
most people .  
whale would be a g r e a t  l o s s  t o  many u s e r s .  Uniqueness i s  not  an a l l  o r  
no th ing  a t t r i b u t e .  
n o t  n e c e s s a r i l y  d i f f e r e n t  i n  impor tan t  ways. Users probably c a r e  about 
very  unique s p e c i e s  b u t  t h e i r  d e f i n i t i o n  of un iqueness  i s  much b roade r  than 
t h e  t axonomis t ' s .  
a s  unique. What i s  r e l e v a n t - - s e a l s  i n  Hawaii, Hawaiian monk s e a l s ,  o r  a l l  
s e a l s  of a p a r t i c u l a r  type r e g a r d l e s s  of l o c a t i o n ?  

On t h e  o t h e r  hand, t h e  demise of t h e  b a l d  e a g l e  o r  humpback 

Every s p e c i e s  by d e f i n i t i o n  i s  d i f f e r e n t ,  bu t  they a r e  

O n l y  a f r a c t i o n  of t h e  t axonomis t ' s  s p e c i e s  t r u l y  q u a l i f y  

Three t echn iques  have been used t o  v a l u e  r e c r e a t i o n a l  d i r e c t  use:  t h e  
hedonic t r a v e l  c o s t ,  market demand, and t h e  c o n t i n g e n t  v a l u a t i o n  method, 
The hedonic t r a v e l  c o s t  method (Brown and Mendelsohn i n  p r e s s )  l e a r n s  from 
t h e  cho ices  users make about which s i t e s  t o  v i s i t ,  i.e., t h e  v a l u e  they 
p l a c e  on t h e  c h a r a c t e r i s t i c s  of s i t e s .  T h u s ,  i f  t h e r e  were a s e r i e s  of 
boa t  t r i p s  one could t a k e  on which some saw whales and some d i d  n o t ,  i t  
would be p o s s i b l e  t o  e s t i m a t e  t h e  i n d i v i d u a l  v a l u e  of t h e  whales a s  one of 
t h e  t r i p ' s  c h a r a c t e r i s t i c s .  Unfo r tuna te ly ,  f o r  humpback whales i n  Hawaii, 
the l i m i t e d  cho ices  of d e s t i n a t i o n s  i n  which t o  encoun te r  t h e  whales would 
make it d i f f i c u l t  t o  s e p a r a t e  t h e  v a l u e  of t h e  whales from o t h e r  
c h a r a c t e r i s t i c s  of t h e s e  a r e a s .  

Because a great d e a l  of whale watching i s  done on p r i v a t e  b o a t s  which 
charge f e e s ,  i t  i s  p o s s i b l e  t o  use a market demand approach t o  e s t i m a t e  t h e  
user value of t h e  whales.  
worth t h e  f e e  t h e  u s e r  pays f o r  t h e  l a s t  t r i p  (o the rwise  i t  would no t  be 
t h e  l a s t  t r i p ) .  However, each t r i p  a l s o  r e q u i r e s  s u b s t a n t i a l  r e s o u r c e s  i n  
boa t  c a p i t a l ,  f u e l ,  and l a b o r  (crew).  Assuming whale watching t r i p s  a r e  
gene ra t ed  c o m p e t i t i v e l y ,  t h e  margina l  c o s t  of t h e s e  s e r v i c e s  i s  t h e  p r i c e  
paid f o r  t h e  l a s t  t r i p .  
( t h e  b e n e f i t s  equa l  t h e  c o s t  of a c c e s s ) .  The v a l u e  of t h e  whales l i e s  i n  
t h e  v a l u e  of t h e  i n f r a m a r g i n a l  t r i p s  ( t h e  t r i p s  b e f o r e  t h e  l a s t  t r i p ) .  It 
i s ,  t h e r e f o r e ,  necessa ry  t o  e s t i m a t e  t h e  demand f o r  whale t r i p s .  T h i s  
demand f u n c t i o n  can only be r evea led  i f  t h e r e  i s  observed p r i c e  v a r i a t i o n  
l eav ing  one of two p o s s i b i l i t i e s  of a t t a c k :  a c r o s s - s e c t i o n  s t u d y  a c r o s s  
o p e r a t o r s  o r  a time s e r i e s  a n a l y s i s .  
e i ther  c a s e  i s  how t h e  number of whale watching t r i p s  (person  t r i p s )  i s  
a f f e c t e d  by t h e  p r i c e  per person t r i p .  
under t h i s  demand curve  b u t  over  t h e  c u r r e n t  market p r i c e ,  Po would r e f l e c t  
t h e  annua l  nonconsumptive u s e  v a l u e  of t h e  r e s o u r c e  (F ig .  1). 

The margina l  whale watching t r i p  i s  presumably 

Thus ,  t h e  l a s t  t r i p  p rov ides  z e r o  n e t  b e n e f i t s  

The r e l a t i o n s h i p  of i n t e r e s t  i n  

The  consumer s u r p l u s ,  t h e  a r e a  

A t h i r d  p o s s i b l e  approach t o  measuring d i r e c t  nonconsumptive use i s  t o  
ask users what they a r e  w i l l i n g  t o  pay t o  o b t a i n  a c c e s s  t o  t h e  whale. The 
accuracy of t h e  r e sponse  depends upon t h e  q u a l i t y  of t h e  q u e s t i o n  because  
i t  i s  necessa ry  t h a t  t h e  respondent  unders tand  t h e  h y p o t h e t i c a l  q u e s t i o n  
being posed. 
t o  v a l u e  whooping c r a n e s  a t  Aransas Na t iona l  W i l d l i f e  Refuge. They found 
v i s i t o r s  ( i . e . ,  u s e r s )  were w i l l i n g  t o  pay $4.47 pe r  year  t o  v i s i t  t h e  

S t o l l  and Johnson (1984) have a p p l i e d  t h i s  t echn ique  i n  Texas 
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II: a 

NUMBER OF WHALE WATCHING TRIPS 

F i g u r e  1.--The demand f o r  whale watching t r i p s .  

r e f u g e  w i t h  whooping c r a n e s  p r e s e n t  bu t  on ly  $3.07  without  whooping c ranes .  
The d i f f e r e n c e ,  $1.40, i s  presumably t h e  v a l u e  of t h e  r a r e  b i r d .  Given t h e  
sample s i z e ,  t h i s  d i f f e r e n c e  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  5% l e v e l .  
Mul t ip ly ing  by t h e  60,000-100,000 people  p e r  year  who v i s i t  t h e  r e fuge  
s u g g e s t s  t h e  whooping c r a n e  p rov ides  $84,000-$140,000 annual b e n e f i t s  t o  
Aransas Na t iona l  W i l d l i f e  Refuge u s e r s  a lone .  
of t h e  b i r d ,  t h e  t o t a l  v a l u e  t o  a l l  "users" i n c l u d i n g  people  i n  o t h e r  
l o c a t i o n s  i s  presumably an even l a r g e r  number. 

Given t h e  migra tory  n a t u r e  

C l e a r l y  t h e  c o n t i n g e n t  v a l u a t i o n  approach t o  measucring u s e r  v a l u e  
could be  a p p l i e d  t o  v a l u e  endangered s p e c i e s  i n  t h e  Hawaiian I s l a n d s .  For 
example, a l l  v i s i t o r s  t o  Maui  a n d  e s p e c i a l l y  t h o s e  purchas ing  t h e  w h a l e  
watching t r i p s  could be sampled  t o  e v a l u a t e  t h e  humpback whale. I n  par- 
t i c u l a r ,  i t  would be i n t e r e s t i n g  t o  know what people  would be w i l l i n g  t o  
pay f o r  an i n c r e a s e d  p r o b a b i l i t y  of s ee ing  a whale, how much more they 
would pay t o  s e e  t h e  whale c l o s e r ,  and how much more they might pay t o  s e e  
more than one whale. Given t h a t  few v i s i t o r s  have seen a whale b e f o r e ,  it 
might a l s o  be i n t e r e s t i n g  t o  t e s t  whether t h e i r  a t t i t u d e s  b e f o r e  s i g h t i n g s  
were similar t o  t h e i r  r e sponses  a f t e r  expe r i enc ing  t h e  whale. F i n a l l y ,  i t  
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might be  i t e r e s t i n g  t o  u e r y  whether they pe rce ived  t h a  
t h r e a t e n e d  o r  ha ras sed  by t h e i r  own approach, and i f  i t  was i n  f a c t  be ing  
harmed whether t h e y  would p r e f e r  such a c c e s s  e l i m i n a t e d .  

t h e  whale was 

I N D I R E C T  USE 

It i s  e n t i r e l y  p o s s i b l e  t h a t  i n  a d d i t i o n  t o  t h e  d i r e c t  v a l u e  of con- 
t a c t  between man and a p a r t i c u l a r  animal ,  t h e  animal p rov ides  a d d i t i o n a l  
b e n e f i t s  ( o r  c o s t s )  through i t s  impact on t h e  ecosystem. 
s e a l s  may e a t  aba lone  o r  l o b s t e r s  and the reby  reduce  t h e  popu la t ion  of t h i s  
d e s i r e d  d e l i c a c y .  I n  t h i s  c a s e ,  t h e  s e a l  would be  g e n e r a t i n g  an i n d i r e c t  
c o s t  measured through a n o t h e r  s p e c i e s .  On t h e  o t h e r  s i d e  of t h e  l e d g e r ,  an 
animal may c o n t r o l  a p e s t .  For example, mosqu i to f i sh ,  Gambusia, c a t c h  
mosquito l a r v a e  and c o n t r o l  t h a t  p e s t  e f f e c t i v e l y  i n  l o c a l  a r e a s .  A l t e rna -  
t i v e l y ,  f i s h  may be an impor tan t  sou rce  of food f o r  v a l u a b l e  w i l d  o r  game 
animals h i g h e r  i n  t h e  food cha in .  

For example, 

I n d i r e c t  u s e  c a p t u r e s  t h e  r e l e v a n c e  of t h e  s p e c i e s  t o  an ecosystem. 
Because ecosystems i n v o l v e  complex, i n t e r r e l a t e d  b a l a n c e s ,  t h e  e l i m i n a t i o n  
of a s p e c i e s  can a f f e c t  t h e  remaining popu la t ions .  I n d i r e c t  use i s  conse- 
quen t ly  an impor tan t  component of t h e  t o t a l  b e n e f i t s  of many s p e c i e s .  

The  q u e s t i o n  w e  mus t  f a c e ,  however, i s  n o t  whether i n d i r e c t  use could 
eve r  b e  impor t an t ,  b u t  r a t h e r  whether i t  i s  l i k e l y  t o  be an impor tan t  
component of endangered s p e c i e s .  By d e f i n i t i o n ,  endangered s p e c i e s  popula- 
t i o n s  a r e  few i n  number and so  g e n e r a l l y  a r e  unable  t o  have a s i g n i f i c a n t  
impact on t h e  environment. For example, whether o r  not a popu la t ion  of  a 
hundred sma l l  f i s h e s  were wiped ou t  i s  u n l i k e l y  t o  have a d e t e c t a b l e  e f f e c t  
on t h e  h ighe r  food c h a i n  s i n c e  such a sma l l  sou rce  of food i s  i r r e l e v a n t  t o  
i t s  p r e d a t o r s .  S i m i l a r l y ,  one would t h i n k  t h a t  small p o p u l a t i o n s  of preda- 
t o r s  a r e  u n l i k e l y  t o  have a n y  e f f e c t  on a prey of s u f f i c i e n t  popu la t ion  t o  
be a nu i sance  t o  man. 

T h i s  r e a s o n i n g ,  however, does have coun te r  examples. A r a r e  moth, 
C a c t o b l a s t i s ,  t e n d s  t o  c o n t r o l  t h e  b e a v e r t a i l ,  Opuntia c a c t u s ,  i n  p l a c e s  
where t h e  c a c t u s  grows n a t u r a l l y .  T h u s ,  when t h e  c a c t u s  was in t roduced  
moth-free t o  Australia,  i t  promptly overgrew v a l u a b l e  g r a z i n g  l ands .  The 
moth, t hen  in t roduced  i n t o  A u s t r a l i a  t e m p o r a r i l y  grew t o  l a r g e  p o p u l a t i o n s  
u n t i l  t h e  c a c t u s  once a g a i n  was r a r e .  W i t h  i t s  food source  reduced, t h e  
moth t h e n  became r a r e  a s  w e l l .  The  preda tor -prey  c y c l e  i s  such t h a t  even 
small p o p u l a t i o n s  of p r e d a t o r s  can check a p o t e n t i a l  p r z y  p e s t  problem. 
C r i t i c a l  t o  t h i s  example, of cour se ,  i s  t h e  a b i l i t y  of t h e  rare s p e c i e s  t o  
m u l t i p l y  q u i c k l y  when t h e  p e s t  (food source )  r eappea r s .  

Although t h e  moth may q u a l i f y  i n  t h i s  r e g a r d ,  most endangered s p e c i e s  
a r e  probably incapab le  of such a r a p i d  recovery  of numbers. T h u s ,  i t  is an 
open e m p i r i c a l  q u e s t i o n  whether o r  not i n d i r e c t  u s e  i s  a s i z a b l e  component 
of t h e  b e n e f i t s  of ma in ta in ing  an endangered s p e c i e s ,  and t h e  presumption 
m u s t  be  t h a t  they a r e  no t .  This  i s  p a r t i c u l a r l y  t r u e  s i n c e  most noted 
endangered s p e c i e s  a r e  j u s t  below man i n  t h e  food cha in .  
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SECONDARY USE 

It i s  c l e a r  from t h e  market f o r  n a t u r e  photography, n a t u r a l i s t  lec-  
t u r e s ,  and books about  n a t u r e  t h a t  people  need not  d i r e c t l y  i n t e r a c t  w i t h  a 
s i t e  t o  g e t  v a l u e  from i t s  e x i s t e n c e .  Many end u s e r s  o b t a i n  b e n e f i t s  from 
n a t u r e  through an in t e rmed ia ry  who has  gone t o  t h e  s i t e  and conve r t ed  t h i s  
expe r i ence  i n t o  an i n t e r m e d i a t e  product :  a book, movie, o r  l e c t u r e .  There 
i s  no q u e s t i o n  b u t  t h a t  t h e  i n t e r m e d i a t e  product  has v a l u e .  One could add 
up a l l  t h e  money s p e n t  on c a l e n d a r s ,  photographs,  books,  and movies as a 
measure of t h e  v a l u e  o f  t h i s  i n t e r m e d i a t e  product .  B u t  t h e  i s s u e  i s  n o t  
t h e  v a l u e  of t h e i r  p roduc t s  b u t  r a t h e r  what i s  t h e  r e l a t i o n s h i p  between t h e  
n a t u r a l  s i t e  o r  t h e  endangered animal  and t h e i r  product .  I n  p a r t i c u l a r ,  
t h e r e  a r e  a t  l e a s t  t h r e e  q u e s t i o n s  t o  ask.  ( 1 )  How much would t h e  t o t a l  
v a l u e  of secondary p r o d u c t s  be reduced i f  a s p e c i e s  o r  n a t u r a l  area disap-  
peared? ( 2 )  Is t h i s  secondary v a l u e  a l r e a d y  cap tu red  by d i r e c t  use mea- 
s u r e s ?  ( 3 )  Does t h e  ve ry  e x i s t e n c e  o f  t h e s e  secondary p roduc t s  i n c r e a s e  o r  
d e c r e a s e  t h e  need t o  keep t h e  s p e c i e s  a l i v e ?  

I f  t h e r e  were no c o s t s  t o  w r i t i n g  and producing a p u b l i c a t i o n  (book, 
photograph,  o r  movie) about  an endangered s p e c i e s ,  t h e  s p e c i e s  i t s e l f  could 
c l a im t h e  e n t i r e  v a l u e  of t h e  p u b l i c a t i o n .  Without t h e  s p e c i e s ,  t h e  book 
could n o t  have been w r i t t e n  and s o c i e t y  would have l o s t  t h e  o p p o r t u n i t y  t o  
enjoy t h i s  good. I n  r e a l i t y ,  of c o u r s e ,  i t  c o s t s  a g r e a t  d e a l  t o  produce 
such p u b l i c a t i o n s .  Without t h e  s p e c i e s ,  t h e  book would b e  l o s t  b u t  a l l  t h e  
p r i n t e r ' s ,  e d i t o r s ,  and wr i te r ' s  time and materials would b e  f r e e d  t o  p r i n t  
a n o t h e r  book. It i s  t h e  d i f f e r e n c e  i n  v a l u e  from t h e  n a t u r e  book on t h i s  
p a r t i c u l a r  endangered s p e c i e s  and t h e  nex t  b e s t  book which i s  t h e  net 
c o n t r i b u t i o n  of t h e  endangered s p e c i e s .  

For  example, i t  i s  e v i d e n t  t h a t  t h e  photographs of Yosemite N a t i o n a l  
Park by Ansel Adams are  t r u l y  e x q u i s i t e  p i e c e s  of a r t .  What i f  Yosemite 
had been d e s t r o y e d  b e f o r e  Adams had reached t h e  v a l l e y ?  Would h e  have 
i n s t e a d  produced j u s t  as  b e a u t i f u l  images of a l t e r n a t i v e  s i t e s ?  Would 
Yosemite b e  o f  less v a l u e  i f  Adams had become a f a s h i o n  photographer  
i n s t e a d  of producing h i s  n a t u r e  p i c t u r e s ?  It i s  n o t  a t  a l l  c l e a r  t h a t  
s p e c i f i c  n a t u r a l  s i t e s ,  i n  g e n e r a l ,  and i n d i v i d u a l  endangered s p e c i e s ,  i n  
p a r t i c u l a r ,  g e n e r a t e  l a r g e  n e t  secondary b e n e f i t s .  

Suppose i t  were ag reed  t h a t  a p a r t i c u l a r  s p e c i e s  d id  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  t h e  n e t  v a l u e  of a book o r  movie. Is t h i s  n e t  v a l u e  
a l r e a d y  c a p t u r e d  i n  t h e  d i r e c t  use measure o f  t h e  s i t e ? .  The answer depends 
upon t h e  t e c h n i q u e  used t o  measure t h e  v a l u e  of d i r e c t  use. Fo r  example, 
i f  a c o n t i n g e n t  v a l u a t i o n  approach were used and t h e  a u t h o r  o r  cameraman 
was in t e rv i ewed ,  t h e  v a l u e  s u c h  i n d i v i d u a l s  should p l a c e  on a c c e s s  t o  t h e  
s i t e  i s  e q u a l  t o  t h e  v a l u e  of t h e  s L t e  i n  t h e i r  e n t e r p r i s e .  
a t r a v e l  c o s t  t e c h n i q u e  i s  used and t h e  a r t i s t ' s  r e l a t i v e l y  high demand f o r  
a c c e s s  t o  t h e  s i t e  i s  measured, t h i s  d i r e c t  u s e  measure could conce ivab ly  
c a p t u r e  a l l  of t h e  n e t  secondary b e n e f i t s .  

S i m i l a r l y ,  i f  

Perhaps t h e  issue o f  secondary b e n e f i t s  i s  n o t  t h a t  a n o t h e r  good m u s t  
be  measured b u t  r a t h e r  t h a t  t h e  measure of d i r e c t  use m u s t  be  s e n s i t i v e  t o  
t h e  f a c t  t h a t  u s e r s  c r e a t i n g  secondary p r o d u c t s  may have unusua l ly  high 



9 

demand f o r  t h e s e  r e s o u r c e s  and should be  c a r e f u l l y  sampled. 
r e p r e s e n t a t i v e  of a b i r d  s o c i e t y  c o l l e c t i n g  d a t a  f o r  an annual  l e c t u r e ,  t h e  
f i l m  maker c r e a t i n g  a documentary on an endangered s p e c i e s ,  and t h e  w r i t e r  
seeking  d i r e c t  c o n t a c t  w i t h  n a t u r e  may a l l  be high d i r e c t  use demanders no t  
because of t h e i r  i n d i v i d u a l  t a s t e s  bu t  a s  r e p r e s e n t a t i v e s  of a l a r g e  c l i e n -  
t e l e .  It may t h e r e f o r e  be impor tan t  t o  c a r e f u l l y  measure t h e  d i r e c t  use of 
t h e s e  a r t i s t i c  producers  t o  e s t i m a t e  a r e p r e s e n t a t i v e  v a l u e  of t h e  r e source .  

T h u s  t h e  

Although it  might appear  from t h e  above arguments t h a t  l i t t l e  impor- 
t ance  i s  p laced  on t h e  e f f o r t s  of n a t u r a l i s t s  and o t h e r s  t o  r each  t h e  gen- 
e r a l  p u b l i c  through movies, books, l e c t u r e s ,  and photographs,  such a con- 
c l u s i o n  should not  be drawn. I t  i s  e n t i r e l y  p l a u s i b l e  t h a t  t h e s e  secondary 
products  have a major b e n e f i c i a l  impact on d i r e c t  use.  
v i s i t o r s  t o  w i l d  and n a t u r a l  s i t e s  have been spur red  on by books and 
documentaries of t h e  very  s i t e s  they choose t o  v i s i t .  
i nc reased  d i r e c t  use of n a t u r a l  s i t e s  i n  t h e  United S t a t e s  i s  probably d u e  
a t  l e a s t  i n  p a r t  t o  t h e  growth i n  t h i s  count ry  of a v a s t  a r r a y  of r e v e a l i n g  
and s e n s i t i v e  books,  movies, and photographs of n a t u r e .  T h i s  " i n s p i r a -  
t i o n a l  va lue"  on d i r e c t  u se ,  however, should be cap tu red  by i n t e r t e m p o r a l  
measures of d i r e c t  use. As long as t h e  t r e n d  i n  d i r e c t  use i s  measured 
w e l l ,  t h e s e  secondary b e n e f i t s  should no t  be added t o  d i r e c t  use measures. 
To complete my d i s c u s s i o n  of t h e  r o l e  of secondary p roduc t s  on t h e  need t o  
keep s p e c i e s  a l i v e ,  I m u s t  i n t r o d u c e  t h e  concept of e x i s t e n c e  va lue .  T h e  
d i s c u s s i o n  of whether o r  no t  secondary p roduc t s  i n c r e a s e  o r  d e c r e a s e  ex i s -  
t ence  v a l u e  i s  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .  

C e r t a i n l y  many 

The widespread 

EXISTENCE VALUE 

Exis t ence  v a l u e  i s  a concept f i r s t  r a i s e d  by K r u t i l l a  (1967) i n  h i s  
o f t e n  c i t e d  a r t i c l e  on t h e  b e n e f i t s  of conse rva t ion .  Ex i s t ence  v a l u e  i s  a 
payment i n d i v i d u a l s  a r e  w i l l i n g  t o  make t o  p r e s e r v e  a s p e c i e s  ( o r  n a t u r a l  
a r e a )  which t h e y  have no i n t e n t i o n  of eve r  v i s i t i n g .  
o b t a i n  p l e a s u r e  j u s t  from t h e  knowledge t h a t  a c r e a t u r e  o r  n a t u r a l  wonder 
i s  be ing  p rese rved .  S ince  i t  i s  independent of use,  e x i s t e n c e  v a l u e  
c l e a r l y  should  b e  added t o  d i r e c t  u se  as a measure of t o t a l  p r e s e r v a t i o n  
va lue .  

People supposedly 

There have been s e v e r s 1  a t t e m p t s  t o  measure e x i s t e n c e  v a l u e  us ing  
c o n t i n g e n t  v a l u a t i o n  methods. Schulze  e t  a l .  (1983) e s t ima ted  t h a t  99% of 
t h e  v a l u e  of p re se rv ing  v i s i b i l i t y  i n  southwes t  pa rks  could b e  e x i s t e n c e  
va lue .  Walsh  e t  a l .  (1984) f i n d  a lmost  20% of t h e  v a l u e  of p r e s e r v i n g  
w i l d e r n e s s  i n  Colorado i s  e x i s t e n c e  va lue .  F i n a l l y ,  Greenley e t  a l .  (1981) 
e s t i m a t e  t h a t  17% of t h e  v a l u e  of s av ing  water q u a l i t y  i n  t h e  South P l a t t e  
River i s  e x i s t e n c e  va lue .  

Although e x i s t e n c e  v a l u e  i s  an i n t r i g u i n g  concept ,  i t  i s  easy t o  be 
s k e p t i c a l  about  t h e  e m p i r i c a l  resu l t s .  A f t e r  a l l ,  e x i s t e n c e  v a l u e  i s  
supposed t o  be  comple te ly  devoid of p o t e n t i a l  u s e  v a l u e .  Is i t  p o s s i b l e  
these h y p o t h e t i c a l  q u e s t i o n s  were posed t o  e l i m i n a t e  a l l  p o t e n t i a l  use? 
For example, Walsh  e t  a l .  (1984) ask what pe rcen tage  of t o t a l  w i l l i n g n e s s  
t o  pay f o r  w i lde rness  p r e s e r v a t i o n  i s  due t o  t h e  s a t i s f a c t i o n  from knowing 
t h a t  i t  e x i s t s  as a n a t u r a l  h a b i t a t  f o r  f i s h ,  p l a n t s ,  w i l d l i f e ,  e t c .  A t  
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f i r s t  g l a n c e ,  i t  would appear  t h i s  q u e s t i o n  i s  a sk ing  why t h e  respondent  
would v a l u e  going t o  a w e l l  known and v i s i t e d  s i t e  (because  i t  i s  n a t u r a l  
and not  deve loped) .  Nowhere i n  t h e  q u e s t i o n  i s  t h e  cavea t  t h a t  t h e  person 
--- m u s t  not  v i s i t  t h e  s i t e ,  s i n c e  even p o t e n t i a l  v i s i t s  a r e  r e f l e c t e d  i n  
measures of d i r e c t  use.  Greenley e t  a l .  (1981) assume t h a t  e x i s t e n c e  v a l u e  
i s  what nonusers  a r e  w i l l i n g  t o  pay t o  p r e s e r v e  water  q u a l i t y .  Again t h e r e  
i s  no c a r e f u l  c a v e a t  t o  p reven t  d i r e c t  u se  from e n t e r i n g  t h e  e v a l u a t o r ' s  
judgment. It i s  h igh ly  l i k e l y  t h a t  most, and p o s s i b l y  a l l ,  of t h e  measured 
e x i s t e n c e  v a l u e s  a r e  merely c a p t u r i n g  a component of use v a l u e  e i t h e r  f o r  
t h e  respondent  o r  on b e h a l f  of t h e  respondent .  A s  such,  i t  i s  n o t  a t  a l l  
c l e a r  t h a t  p r e s e r v a t i o n  v a l u e  i s  t h e  sum of u se  and e x i s t e n c e  va lue .  

I n  a d d i t i o n  t o  be ing  d i f f i c u l t  t o  q u a n t i f y ,  t h e r e  i s  reason  t o  s u s p e c t  
t h a t  e x i s t e n c e  v a l u e  may no t  even e x i s t .  A f t e r  a l l ,  why would people  v a l u e  
something w i t h  which they have no c o n t a c t  and f o r  which they cannot a n t i c i -  
p a t e  c o n t a c t .  What d i f f e r e n c e  would it make i f  it was n o t  t h e r e ?  How 
would they even know i t  was no t  there when it  ceased t o  e x i s t ?  C l e a r l y ,  i f  
a l o t  of us possessed  s u b s t a n t i a l  e x i s t e n c e  v a l u e ,  i t  would g i v e  a s h y s t e r  
a l o t  of room t o  maneuver as h e  promised t o  p r e s e r v e  t h i n g s  b u t  never  d id .  
Could we r i g h t f u l l y  complain? Perhaps we could i n s i s t  on t h i r d  p a r t y  
v e r i f i c a t i o n  t h a t  t h e  c r e a t u r e  remained. Would we pay a l o t  t o  hear  a 
"yes," o r  would we want t o  know more. 
an o c c a s i o n a l  book would do. But  i f  t h i s  i s  a11 we want t o  know of t h e  
c r e a t u r e ' s  e x i s t e n c e ,  what  would s t o p  t h e  s h y s t e r  from making s e v e r a l  such 
f i l m s  and books and then  d e s t r o y i n g  t h e  c r e a t u r e .  Do t h e  books and f i l m s  
become a s u b s t i t u t e  f o r  t h e  long dead c r e a t u r e .  
p e o p l e ' s  n o t i o n  of e x i s t e n c e  v a l u e  i s  probably  a n o t h e r  form of use v a l u e ,  
and probably should  no t  be added t o  d i r e c t  a n d  secondary use va lue .  

Perhaps a f i l m  of t h e  c r e a t u r e  and 

It appears  t h a t  most 

To t e s t  f o r  e x i s t e n c e  v a l u e ,  i t  i s  necessa ry  t o  e l i m i n a t e  p o t e n t i a l  
use from c o n s i d e r a t i o n .  
who owned h i s  own i s l a n d  t o  p r e s e r v e  some sma l l  f i s h  i n  t h e  middle of h i s  
p rope r ty  i f  i t  was c l e a r  t h a t  p u b l i c  a c c e s s  would never be g ran ted  t o  t h e  
a rea .  O r ,  how much would you pay  t o  p r o t e c t  an endangered m a m m a l  who l i v e d  
s a f e l y  on a r a d i o a c t i v e  i s l a n d  t h a t  could not  even be approached f o r  a 
thousand y e a r s  by human be ings .  Casual e m p i r i c a l  ev idence  s u g g e s t s  t h a t  
t r u e  e x i s t e n c e  v a l u e  i s  zero.  

For example, how much would you pay a m i l l i o n a i r e  

BEQUEST VALUE 

Another sou rce  of t h e  b e n e f i t s  of c o n s e r v a t i o n  l i s t e d  by K r u t i l l a  
(1967) i s  beques t  va lue .  Bequest v a l u e  i s  how much an i n d i v i d u a l  i s  w i l l -  
ing t o  pay t o  have more c a p i t a l  o r  l and  devoted t o  conse rva t ion  than 
a l t e r n a t i v e  u s e s  f o r  h i s  c h i l d r e n  t o  enjoy. 
concept has been q u a n t i f i e d  w i t h  c o n t i n g e n t  v a l u a t i o n  methods by Walsh e t  
a l .  (1984) and Greenley e t  a l .  (1981) .  
18 and 14% of t o t a l  p r e s e r v a t i o n  v a l u e  i n  t h e  two s t u d i e s ,  r e s p e c t i v e l y .  
"Bequest  v a l u e  i s  de f ined  a s  t h e  w i l l i n g n e s s  t o  pay f o r  t h e  s a t i s f a c t i o n  
d e r i v e d  from endowing f u t u r e  g e n e r a t i o n s  w i t h  w i l d e r n e s s  resources ' '  (Walsh 
e t  a l .  1984) .  

L ike  e x i s t e n c e  v a l u e ,  t h i s  

Bequest v a l u e  was found t o  be about  



As d i s c u s s e d  i n  t h e  i n t r o d u c t i o n ,  t h e  p r e s e n t  Val e of u e i s  t h e  
d i scoun ted  v a l u e  of a l l  f u t u r e  use of t h e  r e s o u r c e .  
t o  t e l l  i n  what way beques t  v a l u e  d i f f e r s  from t h e  s t r i n g  of d i scoun ted  
f u t u r e  b e n e f i t s  of users. 
c a l l e d  by a d i f f e r e n t  name. Assuming i t  s m e l l s  a s  sweet ,  i t  seems reason- 
a b l e  t o  con t inue  us ing  t h e  concept  of p r e s e n t  v a l u e  of use.  I f  f u t u r e  use 
i s  p r o p e r l y  i n c o r p o r a t e d  i n t o  d i r e c t  u s e  measures,  beques t  v a l u e  i s  redun- 
dan t  and should be  ignored.  

It i s  ve ry  d i f f i c u l t  

Beques t  v a l u e  appears  t o  be f u t u r e  user  v a l u e  

SCIENTIFIC VALUE 

Many f i e l d s  of s c i e n c e  g a i n  e m p i r i c a l  knowledge through experiments  
made under a r t i f i c i a l  and c o n t r o l l e d  s e t t i n g s .  It i s  e v i d e n t ,  however, 
t h a t  n a t u r e  i t s e l f  performs experiments  a l though  wi thou t  the  c a r e  o f  con- 
t r o l s .  Although these  n a t u r a l  experiments  can be d i f f i c u l t  t o  a n a l y z e  
because of t h e  complexity of t h e  s e t t i n g s ,  t hey  p rov ide  o p p o r t u n i t i e s  which 
might o t h e r w i s e  b e  l o s t .  Fo r  example, w h a t  would happen i n  t h e  long r u n  i f  
one took a c o l d  water m a m m a l  and p l aced  it  i n  warm wa te r?  Over 200 years, 
w h a t  b e h a v i o r a l  and p o s s i b l e  p h y s i o l o g i c a l  changes would be  adopted by t h e  
animal? C l e a r l y ,  a c o n t r o l l e d  experiment a long such l i n e s  of i n q u i r y  could 
be  e s t a b l i s h e d  b u t  o n l y  a t  c o n s i d e r a b l e  c o s t  and a g r e a t  d e a l  of p a t i e n c e .  
By s t u d y i n g  t h e  endangered monk sea l  i n  Hawaii, t h e  answer t o  t h i s  q u e s t i o n  
might b e  e v i d e n t  w i th  j u s t  a modest program. 

Endangered s p e c i e s  may c o n t a i n  o r  p r o v i d e  v a l u a b l e  in fo rma t ion  which 
would f o r e v e r  be  l o s t  upon e x t i n c t i o n .  T h e  s c i e n t i f i c  value of endangered 
species i s  t h e  p r e s e n t  value of a l l  t h e  knowledge t h e  s p e c i e s  could p r o v i d e  
i f  i t  remained a l ive .  Of cour se ,  t o  o b t a i n  knowledge from a s p e c i e s  i t  
m u s t  be  s t u d i e d .  
mals, i t  would h e l p  t o  know which s p e c i e s  are  l i k e l y  t o  c o n t a i n  unique 
s c i e n t i f i c  information.  

W i t h  50,000 v e r t e b r a t e  s p e c i e s  and ove r  2 m i l l i o n  an i -  

Many animals  used i n  l a b o r a t o r y  experiments  are  v a l u a b l e  because t h e y ,  
i n  one way o r  a n o t h e r ,  resemble man. They a re  a l s o  v a l u a b l e  because t h e y  
a re  numerous, and so  i n d i v i d u a l s  are  r e l a t i v e l y  expendable.  T h i s  a f f o r d s  
s c i e n t i s t s  a d d i t i o n a l  l a t i t u d e  n o t  p e r m i t t e d  on human s u b j e c t s .  C l e a r l y  
endangered s p e c i e s  a re  u n s u i t a b l e  f o r  t h i s  t y p e  of work because (pe rhaps  
f o r  d i f f e r e n t  r e a s o n s )  t h e y  a re  j u s t  a s  v a l u a b l e  as humans. 
t o  be  t a k e n  o f  t h e i r  w e l f a r e  t h a t  o n l y  g e n t l e  experiments  can be  performed. 
The g e n t l e r  t h e  d i s t u r b a n c e  of a c rea tu re ,  t h e  more s u b t l e  h i s  r e sponse ,  
and so  e v e r  more s e n s i t i v e  measurements are  needed on l a r g e r  popu la t ions .  
Clearly,  l a r g e  p o p u l a t i o n  experiments  are a l s o  d i f f i c u l t  w i t h  endangered 
s p e c i e s .  

Such c a r e  has  

A f i n a l  n o t e  is  t h a t  s c i e n t i f i c  v a l u e  i s  n o t  g e n e r a l l y  long l i v e d .  
Once a s p e c i e s  p rov ides  t h e  key t o  a s c i e n t i f i c  i s sue ,  i t  i s  no l o n g e r  
u s e f u l  f o r  t h a t  purpose. Thus i f  an endangered s p e c i e s  p rov ides  a new 
b iochemica l  which i s  t h e n  produced by a r t i f i c i a l  means, i t  i s  no longe r  
necessa ry  t o  p r e s e r v e  t h e  s p e c i e s .  The s c i e n t i f i c  v a l u e  of a s p e c i e s  i s  
t h e  p r e s e n t  value of  a l l  t h e  c lues  t h e  p o p u l a t i o n  has y e t  t o  p rov ide .  Once 
a d i s c o v e r y  i s  made, t h e  s c i e n t i f i c  v a l u e  o f  t h e  s p e c i e s  i s  reduced. ( A  
p o s s i b l e  e x c e p t i o n  t o  t h i s  r u l e  i s  t h e  d i scove ry  t h a t  t h e  s p e c i e s  i s  i d e a l  
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f o r  a l i n e  of expe r imen ta t ion .  B u t  as  d i s c u s s e d  e a r l i e r ,  endangered 
s p e c i e s  a re  p a r t i c u l a r l y  i n a p p r o p r i a t e  f o r  t h i s  t y p e  o f  r e s e a r c h  because of 
t h e i r  small numbers.) 

CHEMICAL M I N I N G  

Wild s p e c i e s  have been q u i t e  u s e f u l  ove r  t h e  years t o  a g r i c u l t u r e ,  
medicine,  and i n d u s t r y  as a sou rce  of g e n e t i c  m a t e r i a l  and o r g a n i c  com- 
pounds. 
been a t t r i b u t e d  t o  improved g e n e t i c  s t r a i n s  (Myers 1983). 
important  t o o l s  of t h e s e  g e n e t i c i s t s  i s  a l a r g e  gene pool--fed by wild 
s t o c k s .  For example, a new s t r a i n  o f  w i l d  c o r n ,  & d i p l o p e r e n n i s ,  was 
r e c e n t l y  d i s c o v e r e d  i n  t h e  Mexican mountains.  Not only i s  t h i s  w i l d  corn 
r e s i s t a n t  t o  s e v e r a l  o f  t h e  i n s e c t s ,  f u n g i ,  nematodes, a n d  b a c t e r i a  which 
a t t a c k  ou r  c u r r e n t  c rops ,  b u t  it i s  a l s o  a p e r e n n i a l .  I f  t h i s  s t r a i n  can 
be  c r o s s e d  w i t h  c u r r e n t  corn i n t o  a s u c c e s s f u l  p e r e n n i a l ,  i t  could save  
f a rmers  m i l l i o n s  o f  d o l l a r s  i n  plowing and sowing c o s t s .  

Some 40% of t h e  i n c r e a s e  i n  American a g r i c u l t u r a l  p r o d u c t i v i t y  has 
One of t h e  most 

Wild organisms have a l s o  been t h e  s o u r c e  of a lmost  h a l f  o f  t h e  pre- 
s c r i p t i o n  d rugs .  The r o s y  p e r i w i n k l e  from t r o p i c a l  f o r e s t s  p rov ides  a cure 
t o  c h i l d  leukemia,  a Greek s p e c i e s  of foxglove c o n t r o l s  high blood pres-  
s u r e ,  a Caribbean sponge i s  e f f e c t i v e  a g a i n s t  he rpes  e n c e p h a l i t i s ,  and 
p u f f e r f i s h  produce compounds which b lock  nerve t r a n s m i s s i o n s ,  t o  name j u s t  
a few of t h e  s o u r c e s  of t o d a y ' s  medical  chemicals .  

I n d u s t r y ,  as  wel l ,  borrows from t h e  wi ld  f o r  many o f  i t s  p roduc t s .  
T r o p i c a l  c o r a l  reefs p rov ide  s t a b i l i z e r s  and e m u l s i f i e r s  which go i n t o  
hundreds o f  p roduc t s  i n c l u d i n g  p l a s t i c s ,  p o l i s h e s ,  waxes, d e t e r g e n t s ,  e tc .  
Organic chemicals  from l i v i n g  p l a n t s ,  phytochemicals ,  could a l s o  serve as a 
s u b s t i t u t e  f o r  petroleum-based chemicals  i f  t h e  p r i c e  of c rude  o i l  g e t s  t o o  
high. 

The f a c t  t h a t  man depends upon wi ld  p l a n t s  and animals  i s  unquestion- 
a b l e .  The i s s u e ,  however, is  whether  a l l  w i l d  p l a n t s  and animals  should be  
p re se rved  j u s t  because some s p e c i e s  have become u s e f u l .  E c o l o g i s t s  e s t i -  
mate t h e r e  are  250,000 f lower ing  p l a n t s  and between 2.5 m i l l i o n  and 12  
m i l l i o n  animal  s p e c i e s .  To a rgue  t h a t  i t  would be  f o o l i s h  t o  wipe o u t  a l l  
of t h e s e  wi ld  s p e c i e s  i s  n o t  t o  conclude t h a t  each s p e c i e s  i s  v a l u a b l e .  
Even a c u r s o r y  s c r e e n i n g  o f  each of these s p e c i e s  would probably b e  s u f f i -  
c i e n t  t o  i d e n t i f y  which s p e c i e s  i s  worth keeping.  
f i n d i n g  a v a l u a b l e  s p e c i e s  from t h e s e  v a s t  poo l s  i s  g e n e r a l l y  low, s o  t h a t  
most w i ld  s p e c i e s  cannot  b e  j u s t i f i e d  as a s o u r c e  of u s e f u l  chemicals .  

The p r o b a b i l i t y  of 

The a p p l i c a t i o n  o f  chemical mining t o  endangered p l a n t s  and animals  
has  t h e  a d d i t i o n a l  problem of d e s t r o y i n g  i n d i v i d u a l  specimens. C l e a r l y ,  i f  
t h e  s p e c i e s  p o p u l a t i o n  i s  small ,  it w i l l  b e  a poor s o u r c e  of l a r g e  quan t i -  
t i e s  o f  any chemical.  
become a small  renewable r e s o u r c e  e f f o r t  o r  a temporary and f a t a l  nonrenew- 
a b l e  r e s o u r c e  c o l l e c t i o n .  Direct chemical mining of an  endangered s p e c i e s  
could b e  a t t r a c t i v e  on ly  i f  t h e  s p e c i e s  could b e  made t o  grow q u i c k l y  w i t h  
h e l p  from man. Even here, t h e  danger  of t a k i n g  t h e  s p e c i e s  from t h e  wi ld  
t o  c u l t i v a t e d  environment could l e a d  t o  i t s  a c c i d e n t a l  d e s t r u c t i o n .  

Direct chemical mining of t h e  s p e c i e s  would e i t h e r  



The most l i k e l y  avenue by which an endangered s p e c i e s  could  provide  
medica l ,  a g r i c u l t u r a l ,  o r  i n d u s t r i a l  a s s i s t a n c e  i s  by be ing  a sou rce  of 
i n fo rma t ion  and not  a sou rce  of d i r e c t  chemicals.  
d i scussed  more f u l l y  i n  t h e  p rev ious  s e c t i o n  on s c i e n t i f i c  v a l u e .  

T h i s  p e r s p e c t i v e  i s  

I n  conc lus ion ,  most endangered s p e c i e s  have no known chemica ls  which 
a r e  of s p e c i a l  v a l u e  f o r  a g r i c u l t u r e ,  medic ine ,  o r  i n d u s t r y .  
s p e c i e s  which a r e  c l e a r l y  u s e f u l ,  l i k e  & d i p l o p e r e n n i s ,  can j u s t i f y  t h e i r  
e x i s t e n c e  s o l e l y  a s  a sou rce  of new g e n e t i c s  o r  chemical m a t e r i a l .  How- 
e v e r ,  even i n  these s p e c i a l  c a s e s ,  t h e  f a c t  t h a t  a wi ld  s p e c i e s  may be 
endangered ( b e  c l o s e  t o  e x t i n c t i o n )  lowers i t s  p o t e n t i a l  v a l u e  a s  a chem- 
i c a l  sou rce  because  expe r imen ta t ion  i s  s e v e r e l y  l i m i t e d  by t h e  r i s k  of 
d e s t r u c t i o n .  
f i t s  m u s t  be  c u r t a i l e d  by t h e  p o s s i b i l i t y  t h e  s e a r c h  may i t s e l f  l e a d  t o  
e x t i n c t i o n .  T h u s ,  a l t hough  an o c c a s i o n a l  s p e c i e s  has d i r e c t  and subs tan-  
t i a l  v a l u e  t o  a g r i c u l t u r e ,  medicine,  o r  i n d u s t r y ,  a c o l l e c t i o n  of a thou- 
sand unknown b u t  endangered s p e c i e s  probably  has a low expec ted  v a l u e  f o r  
chemical mining. 

The few 

Even t h e  p rocess  of s c reen ing  t h e  p l a n t s  f o r  p o t e n t i a l  bene- 

QUASI-OPTION VALUE 

The concept of quas i -op t ion  v a l u e  was f i r s t  d i scussed  fo rma l ly  by 
They posed a s i t u a t i o n  where an i r r e v e r s i b l e  Arrow and F i s h e r  (1974). 

d e c i s i o n  i s  be ing  contemplated under u n c e r t a i n t y .  The d e c i s i o n  could be  
made now o r  i t  could be  postponed u n t i l  more in fo rma t ion  was a v a i l a b l e  ( t h e  
u n c e r t a i n t y  r educed) .  The v a l u e  of w a i t i n g  i s  quas i -op t ion  va lue .  T h i s  
concept c l e a r l y  p e r t a i n s  t o  endangered s p e c i e s  because once t h e  d e c i s i o n  
f o r  d e s t r u c t i o n  i s  made it i s  i r r e v e r s i b l e .  It  i s  a l s o  t r u e  t h a t  t h e  
p r e s e n t  v a l u e  of t h e  f u t u r e  s t reams of b e n e f i t s  of p r e s e r v a t i o n  and pos- 
s i b l e  development i s  u n c e r t a i n .  

As Conrad (1980) notes, quas i -op t ion  v a l u e  i s  t h e  p r e s e n t  v a l u e  of 
more in fo rma t ion .  Because f u t u r e  b e n e f i t s  of i n fo rma t ion  must be d i s -  
counted ,  f o r  quas i -op t ion  v a l u e  t o  be l a r g e ,  we m u s t  be l e a r n i n g  a l o t  
about  t h e  b e n e f i t s  and c o s t s  of p r e s e r v a t i o n  i n  t h e  n e a r  f u t u r e .  It i s  
on ly  i f  we can make b e t t e r  d e c i s i o n s  about  whether t o  p r e s e r v e  o r  d e s t r o y  
i n  t h e  nea r  f u t u r e ,  t h a t  it pays  t o  postpone making t h e  d e c i s i o n .  Given 
our  slow accumula t ion  of in fo rma t ion  about t h e  long-term v a l u e  of wild 
s p e c i e s  and t h e  h igh  c o s t  of c o l l e c t i n g  t h i s  i n fo rma t ion ,  quas i -op t ion  
v a l u e  w i l l  t end  t o  b e  low. 

I n  s p e c i f i c  c a s e s ,  however, quas i -op t ion  v a l u e  couid be s i z a b l e  f o r  a 
s h o r t  pe r iod  of t i m e .  
p l a n t  were d i scove red  i n  an u n t r a v e l e d  p a r t  of  t h e  world.  A p e r f e c t  exam- 
p l e  would be  t h e  d i scove ry  of & d i p l o p e r e n n i s  i n  Mexico. U n t i l  expe r i -  
menta t ion  w i t h  t h i s  corn i s  completed, i t  would probably be f o o l i s h  t o  wipe 
ou t  i t s  h a b i t a t .  The f low of i n fo rma t ion  coming about  t h e  p o t e n t i a l  use- 
f u l n e s s  of t h i s  s p e c i e s  c l e a r l y  w a r r a n t s  pos tponing  i t s  d e s t r u c t i o n .  
Quasi-option v a l u e ,  when i t  e x i s t s ,  w i l l  tend t o  be s h o r t  l i v e d .  The very  
p rocess  of reducing  t h e  u n c e r t a i n t y  about  t h e  b e n e f i t s  of a s p e c i e s ,  t h e  
sou rce  of t h e  quas i -op t ion  v a l u e ,  e v e n t u a l l y  l e a d s  t o  a more o r  l e s s  cer-  
t a i n  choice.  A t  t h i s  p o i n t ,  quas i -op t ion  v a l u e  f a l l s  t o  ze ro ,  and t h e  

For example, suppose a new s p e c i e s  of animal o r  
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s p e c i e s  i s  e i t h e r  k e p t  o r  d e s t r o y e d  based on i t s  known o t h e r  b e n e f i t s  and 
c o s t s .  

I t  i s  a l s o  c lear  t h a t  ecosystems o r  s p e c i e s  which do n o t  have s u f f i -  
c i e n t  p o t e n t i a l  t o  a t t r a c t  r e s e a r c h  i n t e r e s t  w i l l  n o t  g e n e r a t e  enough new 
in fo rma t ion  t o  w a r r a n t  a p o s i t i v e  quas i -op t ion  va lue .  A s  a meaningful 
e m p i r i c a l  concep t ,  quas i -op t ion  v a l u e  only a p p l i e s  t o  s p e c i e s  which a r e  of 
c u r r e n t  research in t e re s t .  

OPTION VALUE 

Although quas i -op t ion  v a l u e  and o p t i o n  v a l u e  have s i m i l a r  names and 
d e a l  w i t h  q u e s t i o n s  of u n c e r t a i n t y ,  t h e y  a r e  d i s t i n c t  concep t s .  A s  j u s t  
d i s c u s s e d ,  quas i -op t ion  v a l u e  i s  concerned w i t h  i n t e r t e m p o r a l  d e c i s i o n s  
under u n c e r t a i n t y  which a re  i r r e v e r s i b l e .  Option v a l u e ,  i n  c o n t r a s t ,  i s  a 
s t a t i c  concept  concerned w i t h  v a l u i n g  p r o j e c t s  under u n c e r t a i n t y .  A s  f i r s t  
vaguely expres sed  by Weisbrod (19641, o p t i o n  v a l u e  was d e s c r i b e d  as  w h a t  
people  would be  w i l l i n g  t o  pay above consumer s u r p l u s  simply f o r  t h e  o p t i o n  
( o r  chance)  t o  have a good o r  s e r v i c e .  It was widely f e l t  by environmental  
economists ( C i c h e t t i  and Freeman 1971; K r u t i l l a  and F i s h e r  19751, t h a t  t h e  
o p t i o n  value f o r  c o n s e r v a t i o n  areas i n c l u d i n g  ra re  s p e c i e s  would t end  t o  b e  
p o s i t i v e .  Thus, i n  a d d i t i o n  t o  t h e  expected v a l u e  of a l l  t h e  u t i l i t a r i a n  
b e n e f i t s  l i s t e d  i n  t h i s  pape r ,  t h e r e  would be  an  added " r i s k  premium" made 
i n  f a v o r  of p r e s e r v a t i o n .  

Subsequent research by Schmalensee (19721, Anderson (19811, Graham 
(1981),  Bishop (1982) ,  Mendelsohn and S t r ang  ( i n  p r e s s )  has shown t h a t  
o p t i o n  v a l u e  i s  n o t  t h e  same as a f i n a n c i a l  o p t i o n .  W i t h  a f i n a n c i a l  
o p t i o n ,  a p u r c h a s e r  has  t h e  r i g h t  t o  buy a good a t  a s p e c i f i e d  p r i c e  i n  t h e  
f u t u r e .  
t h e  p u r c h a s e r  can e x e r c i s e  h i s  o p t i o n  and a p r o f i t .  
good ends up b e i n g  lower t h a n  t h e  s p e c i f i e d  p r i c e ,  t h e  pu rchase r  of t h e  
f i n a n c i a l  o p t i o n  s imply l e t s  h i s  o p t i o n  e x p i r e .  
requires t h e  p u r c h a s e r  t o  buy t h e  good a t  t h e  s p e c i f i e d  p r i c e .  
o f  t h e  good becomes h i g h e r ,  o p t i o n  p r i c e  resembles  t he  f i n a n c i a l  o p t i o n  
because t h e  f i n a n c i a l  o p t i o n  w i l l  b e  e x e r c i s e d .  
lower t h a n  t h e  s p e c i f i e d  p r i c e ,  however, t h e  pu rchase r  of o p t i o n  p r i c e  m u s t  
buy t h e  good a t  t h e  s p e c i f i e d  p r i c e .  
pu rchase r  m u s t  always purchase t h e  gaod a t  t h e  s p e c i f i e d  p r i c e .  Because t h e  
a c t u a l  p r i c e  o f  t h e  good may be  lower than  t h e  s p e c i f i e d  p r i c e ,  o p t i o n  p r i c e  
may lock  t h e  p u r c h a s e r  i n t o  a l o s i n g  p o s i t i o n .  

I f  t h e  p r i c e  of t h e  good becomes h i g h e r  than t h e  s p e c i f i e d  p r i c e ,  
I f  t h e  p r i c e  of t h e  

Option p r i c e ,  i n  c o n t r a s t ,  
I f  t h e  p r i c e  

I f  t h e  p r i c e  of t h e  good i s  

Unlike t h e  f i n a n c i a l  o p t i o n ,  t h e  

Expected consumer s u r p l u s  i s  t h e  measure of what people  would pay f o r  
The consumer s u r p l u s  payment t h e  a c t u a l  service o r  good they  receive. 

consequen t ly  v a r i e s  w i th  t h e  l e v e l  o f  s e r v i c e .  The o p t i o n  p r i c e  payment, 
i n  c o n t r a s t ,  i s  t h e  same r e g a r d l e s s  of t h e  a c t u a l  l e v e l  of s e r v i c e .  Let u s  
c o n t r a s t  t h e s e  two measures i n  a s imple  example. Suppose p e o p l e ' s  t a s t e s  
were such t h a t  t hey  would be  w i l l i n g  t o  pay a d o l l a r  f o r  each w h a l e  t h e y  
see d u r i n g  a s i n g l e  b o a t  t r i p .  Thus, i f  no whales a re  s i g h t e d ,  t h e i r  
w i l l i n g n e s s  t o  pay would be  ze ro .  Under expected consumer s u r p l u s ,  t hey  
would pay no th ing  b u t  under o p t i o n  p r i c e  t h e y  would have t o  p a y  a s p e c i f i e d  
p r i c e .  S i m i l a r l y ,  suppose they  saw 10 whales (and t h e  ave rage  on a l l  t r i p s  



i s  5 1 ,  under  consumer s u r p l u s  they  would have t o  pay $10 b u t  under o p t i o n  
p r i c e  they would have t o  pay on ly  t h e  s p e c i f i e d  p r i c e .  
between expected consumer s u r p l u s  and o p t i o n  p r i c e  i s  t h e  method of pay- 
ment. Under consumer s u r p l u s ,  you always pay f o r  w h a t  you g e t .  Under 
o p t i o n  p r i c e ,  you always pay t h e  same amount, w h e t h e r  you g e t  i t  o r  no t .  

Option v a l u e  i s  a r e l e v a n t  concept because many p u b l i c  p r o j e c t s  a re  

Thus t h e  d i f f e r e n c e  

f inanced  from g e n e r a l  t a x  revenues.  
each park and each species r e g a r d l e s s  of t h e  a c t u a l  value of t he  good. I n  
c o n t r a s t ,  t h e  park t e n d s  t o  be  va lued  acco rd ing  t o  i t s  expected consumer 
s u r p l u s ,  t h a t  i s ,  t h e  a c t u a l  v a l u e  t o  users. Thus ou r  measure o f  v a l u e  i s  
i n c o n s i s t e n t  w i th  o u r  measure of payment. 
consumer s u r p l u s ,  t h e  method of payment i s  o p t i o n  p r i c e .  
exceeds consumer s u r p l u s ,  p u b l i c  c o n s e r v a t i o n  p r o j e c t s  should be  g iven  a 
r i s k  premium b e n e f i t .  
c o n s e r v a t i o n  p r o j e c t s  should be  a s s igned  a r i s k  premium c o s t .  

T h u s ,  one pays a s i n g l e  amount f o r  

T h e  measure of v a l u e  i s  expected 
I f  o p t i o n  p r i c e  

I f  consumer s u r p l u s  exceeds o p t i o n  p r i c e ,  p u b l i c  

Because o p t i o n  p r i c e  f r e e z e s  t h e  pu rchase r  i n t o  buying t h e  good a t  one 
p r i c e ,  i t  i s  n o t  n e c e s s a r i l y  g r e a t e r  t han  expected consumer s u r p l u s .  I n  
f a c t ,  o p t i o n  p r i c e  can be  smaller o r  g r e a t e r  t han  expected consumer s u r -  
p lus .  More i m p o r t a n t l y ,  t h e  d i f f e r e n c e  between the  two measures r e l a t e s  t o  
t h e  a b s o l u t e  v a l u e  of t h e  good and s u b t l e  changes i n  t h e  marginal  u t i l i t y  
of income. As Freeman (1984) has shown, i n  most c i r cums tances ,  t h i s  d i f -  
f e r e n c e  i s  l i k e l y  t o  b e  small. 
i t  seems r e a s o n a b l e  t o  a c c e p t  expected consumer s u r p l u s  as a c l o s e  
approximation t o  t h e  i d e a l  measure i n  an u n c e r t a i n  world. 

As f i r s t  recommended by Schmalensee (19721, 

I n  c o n t r a s t  t o  t h e  r e su l t s  of these t h e o r e t i c a l  i n q u i r i e s ,  Greenley 
e t  a l .  (19811, Brookshire  e t  a l .  (19831, and Walsh e t  a l .  (1984) us ing  
c o n t i n g e n t  v a l u a t i o n  methods a l l  conclude t h a t  o p t i o n  v a l u e ,  t h e  d i f f e r e n c e  
between o p t i o n  p r i c e  and expected consumer s u r p l u s ,  i s  l a r g e  and a s i g n i f -  
i c a n t  f r a c t i o n  o f  p r e s e r v a t i o n  va lue .  
however, i s  s e r i o u s l y  undermined by t h e  d e f i n i t i o n  t h e s e  a u t h o r s  u s e  f o r  
o p t i o n  v a l u e .  
ment r e q u i r e d  t o  r e t a i n  t h e  o p t i o n  of p o s s i b l e  f u t u r e  r e c r e a t i o n  use. 
c lear ly  i s  n o t  o p t i o n  v a l u e  a t  a l l  b u t  r a t h e r  j u s t  o p t i o n  p r i c e .  
Walsh e t  a l .  (19841 pape r ,  o p t i o n  p r i ce  i s  c l e a r l y  less than expected v a l u e .  
I n  Greenley e t  a l .  (19811, o p t i o n  v a l u e  i s  d e f i n e d  as w h a t  t h e  u s e r  would b e  
w i l l i n g  t o  pay f o r  p e r f e c t  i n f o r m a t i o n  about  a s i t e  nex t  year. Not on ly  i s  
the  q u e s t i o n  vague because the  i n i t i a l  u n c e r t a i n t y  i s  n o t  s p e c i f i e d ,  b u t  it 
i s  a c t u a l l y  a d e f i n i t i o n  o f  quas i -op t ion  value and n o t  o p t i o n  value a t  a l l .  

The r e l e v a n c e  of these f i n d i n g s ,  

Walsh et a l .  (1984) d e f i n e  o p t i o n  v a l u e  as t h e  annua l  pay- 
T h i s  

I n  t h e  

On a more t h e o r e t i c a l  l e v e l ,  Conrad (1980) cha rges  t h a t  o p t i o n  value 
i s  j u s t  t h e  v a l u e  of p e r f e c t  i n fo rma t ion .  
i f  t h i s  i s  c o r r e c t .  Conrad, however, has  s i m p l y  r e d e f i n e d  o p t i o n  value.  
He d e f i n e s  an  o p t i o n  as t h e  o p p o r t u n i t y  t o  d e l a y  an  i r r e v e r s i b l e  d e c i s i o n  
u n t i l  p e r f e c t  i n f o r m a t i o n  i s  a v a i l a b l e .  T h i s  i s  a ve ry  d i f f e r e n t  n o t i o n  
from paying a c o n s t a n t  p r i c e  f o r  a good r e g a r d l e s s  o f  t h e  t r u e  s t a t e  of 
n a t u r e .  
d e a l s  on ly  w i t h  t h e  l a t t e r .  

Option v a l u e  i s  c l e a r l y  p o s i t i v e  

Conrad confuses  o p t i o n  v a l u e  w i t h  quas i -op t ion  v a l u e  and c o r r e c t l y  
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Another sou rce  of confus ion  i s  t h e  summary a r t i c l e  on o p t i o n  v a l u e  by 
Bishop (1982) .  A f t e r  an e x c e l l e n t  review of t h e  p a s t  l i t e r a t u r e ,  Bishop 
at tempts  t o  ex tend  t h e  l i t e r a t u r e  by d i s c u s s i n g  supply s i d e  u n c e r t a i n t y .  
He comes t o  t h e  conc lus ion  t h a t  u n c e r t a i n t y  about  s u p p l y  s i d e  parameters  
l e a d s  t o  a p o s i t i v e  o p t i o n  va lue .  
a t t e m p t s  a similar e x t e n s i o n  u s i n g  Cook and Graham's (1977) model of 
i n s u r a n c e  a g a i n s t  i r r e p l a c e a b l e  a s s e t s .  Smith a rgues  t h a t  o p t i o n  v a l u e  i s  
p o s i t i v e  whenever t h e  good i n  q u e s t i o n  i s  i r r e p l a c e a b l e .  

I n  a s e p a r a t e  a r t i c l e  Smith (1983) 

Clear ly ,  b o t h  B i shop ' s  and Smi th ' s  arguments could app ly  t o  endan- 
ge red  s p e c i e s  s i n c e  b o t h  supply u n c e r t a i n t y  and i r r e p l a c e a b i l i t y  a re  char- 
a c t e r i s t i c s  of endangered s p e c i e s .  Both arguments,  however, a re  f a u l t y  f o r  
d i f f e r e n t  r easons .  B i shop ' s  supply s i d e  argument ra ises  a s p e c i a l  c a s e  
where o p t i o n  v a l u e  would b e  p o s i t i v e .  There i s  l i t t l e  r eason  t o  b e l i e v e ,  
however, t h a t  i n  g e n e r a l  peop le  would p r e f e r  t o  make a c o n s t a n t  payment f o r  
a n a t u r a l  area of v a r i a b l e  q u a l i t y  ( o p t i o n  p r i c e )  r a t h e r  t han  a payment 
w h i c h  v a r i e d  w i t h  t h e  q u a l i t y  of t h e  s i t e  ( expec ted  v a l u e ) .  If  t h e  margi- 
n a l  u t i l i t y  of income i s  p o s i t i v e l y  r e l a t e d  t o  t h e  r e a l i z e d  b e n e f i t s  (qual-  
i t y )  o f  t h e  s i t e ,  o p t i o n  v a l u e  w i l l  be  n e g a t i v e .  Smith, i n  t u r n ,  confuses  
o p t i o n  p r i c e  and Cook and Graham's ransom payment. 
w h a t  an  i n d i v i d u a l  would pay f o r  a good i n  a c e r t a i n  world. Option p r i c e ,  
i n  c o n t r a s t ,  i s  a c e r t a i n  payment f o r  a good i n  a random world. The model 
Smith c o n s t r u c t s  i n  h i s  pape r  i m p l i e s  t h a t  t h e  b e n e f i t s  of a p r o j e c t  are 
t h e  same r e g a r d l e s s  o f  t h e  outcome o f  an u n c e r t a i n  world. I n  such cases, 
o p t i o n  p r i c e  and expected value o f  consumer s u r p l u s  are  a l s o  t h e  same. 
Desp i t e  t h i s ,  Smith a s s e r t s  he shows o p t i o n  p r i c e  i s  l a r g e r  t han  expected 
consumer s u r p l u s .  The confus ion  beg ins ,  b u t  may n o t  be  l i m i t e d ,  t o  t h e  
d i f f e r e n c e  between a ransom payment and o p t i o n  p r i c e .  

A ransom payment is  

A f i n a l  l i n e  o f  argument r a i s e d  f o r  a r i s k  premium uses  a d i f f e r e n t  
n o t i o n  t h a n  o p t i o n  va lue .  For completeness ,  however, i t  d e s e r v e s  d i scus -  
s i o n .  
premium as p a r t  o f  a game t h e o r y  model. 
n o t  a t t e m p t  t o  p r o t e c t  some endangered s p e c i e s .  If i t  does n o t  p r o t e c t  t h e  
s p e c i e s ,  s o c i e t y  might l o s e  i t  and r e c e i v e  loss y .  
s p e c i e s ,  he a r g u e s  t h a t  t h e  wors t  t h a t  can happen i s  t h a t  t h e  p r o t e c t i o n  
expense x was unnecessary.  As long as y > x ,  t h e  minimax s t r a t e g y  mini- 
mizing t h e  wors t  case, i s  t o  p r o t e c t  t h e  s p e c i e s .  Bishop pushes t h i s  
argument f u r t h e r .  
d i s t r i b u t i o n .  
s p e c i e s ,  i t  i s  l i k e l y  t o  be g r e a t e r  t h a n  x ,  t h e  c e r t a i n . c o s t  of fo rego ing  
development. Consequently,  a l l  endangered s p e c i e s  should b e  p re se rved  
u n l e s s  t h e i r  e x i s t e n c e  r e q u i r e s  e x c e s s i v e  c o s t s .  

Bishop (1978) a rgues  t h a t  endangered s p e c i e s  should be  g iven  a r i s k  
I n  B i shop ' s  model, s o c i e t y  can o r  

I f  i t  does p r o t e c t  t h e  

The p o t e n t i a l  b e n e f i t s  from t h e  s p e c i e s  may have a broad 
Eva lua t ing  y as t h e  h i g h e s t  p o s s i b l e  v a l u e  of t h e  endangered 

As Bishop h imse l f  n o t e s ,  t h i s  i s  an  e n t i r e l y  c o n s e r v a t i v e  approach. 
Even though t h e  s p e c i e s  may have a 1 i n  10  m i l l i o n  chance of p rov id ing  
b e n e f i t s ,  t h e  argument a s k s  u s  t o  t r e a t  t h e  s p e c i e s  as  though i t  provided 
b e n e f i t s  f o r  c e r t a i n .  The minimax s t r a t e g y  i s  f i n e  i f  t h e  wors t  case i s  
l i k e l y  t o  occur  b u t  i t  i s  much t o o  r i g i d  an approach i f  t h e  wors t  c a s e  i s  a 
r a re  even t .  L i f e  would b e  ve ry  t e d i o u s  i f  ou r  s o l e  aim was t o  avoid a l l  
t h e  minute  chances of having an  a c c i d e n t .  
a c c i d e n t  should b e  inc luded  i n  o u r  d e c i s i o n  making c a l c u l u s .  

Clear ly  t h e  l i k e l i h o o d  of a bad 
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A second p o i n t  n o t  recognized  by Bishop i s  t h a t  t h e  wors t  p o s s i b l e  
c a s e  i s  no t  e x t i n c t i o n  a t  a l l .  
p r e s e r v a t i o n  and y e t  t h e  s p e c i e s  goes e x t i n c t  anyway. 
expend i tu re  which w i l l  g u a r a n t e e  s u r v i v a l ,  ou r  b e s t  minimax s t r a t e g y  i s  t o  
no t  p r e s e r v e  any th ing  r e g a r d l e s s  of i t s  va lue .  

The wors t  c a s e  i s  t h a t  we spend x on 
S ince  t h e r e  i s  no 

I n  conc lus ion ,  i t  appea r s  t h a t  o p t i o n  v a l u e  i s  sma l l  and may be 
e i t h e r  p o s i t i v e  o r  nega t ive .  Given t h a t  w e  have few means a v a i l a b l e  t o  
de te rmine  o p t i o n  v a l u e ,  t h e  s e n s i b l e  approach seems t o  be t o  ignore  i t  
s i n c e  i t  does no t  b i a s  ou r  d e c i s i o n s .  Consequently,  t h e  a p p r o p r i a t e  mea- 
sure of t h e  v a l u e  of endangered s p e c i e s  g iven  u n c e r t a i n t y  i s  t h e  expected 
v a l u e  of a l l  b e n e f i t s .  

NONUTILITARIAN BENEFITS 

Most of  t h e  d i s c u s s i o n  of endangered s p e c i e s  b e n e f i t s  concerns  how 
p l a n t s  and an imals  may be u s e f u l  t o  man. The unde r ly ing  n o t i o n  i s  t h a t  i t  
may b e  i n  man's s e l f - s e r v i n g  i n t e r e s t  t o  ma in ta in  many s p e c i e s .  
p h i l o s o p h e r s  n a t u r a l l y  o b j e c t  t o  t h i s  homocentric v iewpoin t  of na tu re .  
Some people  do no t  b e l i e v e  n a t u r e  ex is t s  j u s t  f o r  man's p l e a s u r e .  
Stone (1972) argues t h a t  a l l  of n a t u r e  should  be g iven  r i g h t s  ( l e g a l  
s t a n d i n g )  t o  defend i t s  i n t e r e s t s  a g a i n s t  man. 

Some 

I n  f a c t ,  

Ex i s t ence  i s  p r i m a r i l y  a f u n c t i o n  of adequa te  r e s o u r c e s .  Every 
s p e c i e s  needs a c e r t a i n  amount of t h e  c o r r e c t  h a b i t a t  t o  s u r v i v e .  T h e  more 
of t h a t  h a b i t a t ,  t h e  h i g h e r  t h e  p r o b a b i l i t y  of s u r v i v a l .  S u r v i v a l  can 
consequent ly  be viewed a s  an a l l o c a t i o n  of h a b i t a t  ( r e s o u r c e s )  problem. 
Given t h e  t o t a l  r e s o u r c e s  of t h e  world,  how should  t h e y  be a l l o c a t e d  among 
s p e c i e s ?  The problem of s u r v i v a l  among s p e c i e s  c l o s e l y  resembles i s s u e s  of 
income o r  weal th  d i s t r i b u t i o n  among people.  

Borrowing from Rawls (19711, l e t ' s  t r y  t o  de te rmine  t h e  op t ima l  
a l l o c a t i o n  of h a b i t a t  a c r o s s  s p e c i e s .  
paper has  focused  upon how man would l i k e  t h e  r e s o u r c e s  a l l o c a t e d .  I n  t h i s  
s e c t i o n ,  w e  would l i k e  t o  expand t h e  number of v o t e r s  t o  i n c l u d e  o t h e r  
s p e c i e s .  Rawls s u g g e s t s  t h a t  one way t o  t h i n k  about a f a i r  d i s t r i b u t i o n  i s  
t o  s tep through a " v e i l  of ignorance." 
would be  t h e  dominant s p e c i e s .  I n  f a c t ,  suppose one could be  anywhere i n  
t h e  d i s t r i b u t i o n  of  s p e c i e s .  What a l l o c a t i o n  of r e s o u r c e s  a c r o s s  s p e c i e s  
would one v o t e  f o r ?  

The d i s c u s s i o n  i n  t h e  res t  of t h i s  

Suppose we d i d  not  know t h a t  w e  

R a w l s  himself a rgues  for a minimax s o l u t i o n .  We should t r y  t o  mini- 
mize t h e  wors t  p o s s i b l e  c a s e  by making t h e  wors t  o f f  s p e c i e s  a s  w e l l  o f f  a s  
p o s s i b l e .  
s p e c i e s  u n l e s s  t h e  c o s t  i s  excess ive .  Although t h e  d e f i n i t i o n  of e x c e s s i v e  
c o s t  remains vague, t h e  i m p l i c a t i o n  of t h e s e  arguments i s  t h a t  man (and 
p l a n t s  and an imals  c u l t i v a t e d  by man) ought t o  r e t u r n  s u b s t a n t i a l  h a b i t a t  
to c r e a t u r e s  man has l i t t l e  in te res t  in .  There should be  s u b s t a n t i a l l y  
less commercial f o r e s t ,  a g r i c u l t u r a l  l and ,  g r a z i n g  ac reage ,  developed l and ,  
and probabaly much fewer people.  Perhaps on ly  1% o r  fewer of the w o r l d ' s  
popu la t ion  of  humans should be allowed t o  remain. 

The argument resembles  Bishop's (1978) p l e a  t o  p r o t e c t  a l l  
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As d i s c u s s e d  by Bishop (1978), t h e  minimax s t r a t e g y  i s  e x c e p t i o n a l l y  
Why no t  t a k e  a chance t h a t  one could become e x t i n c t  r a t h e r  c o n s e r v a t i v e .  

t h a n  have t o  s h a r e  a l l  r e s o u r c e s  a lmost  e q u a l l y  a c r o s s  s p e c i e s .  
equal  s h a r i n g  a c r o s s  some 2 t o  12 m i l l i o n  animal s p e c i e s  would almost 
s u r e l y  l eave  most s p e c i e s  permanently i n  a d i r e  s u b s i s t e n c e  s t a t e .  Many 
people  would probably  p r e f e r  t o  t a k e  a chance of dying t o  g e t  a b e t t e r  l i f e  
f o r  them and t h e i r  c h i l d r e n  r a t h e r  t h a n  having t h e  c e r t a i n t y  of permanent 
pover ty .  
t h e  remaining s p e c i e s  a r e  l a r g e  enough. 

Almost 

E x t i n c t i o n  may be  an a c c e p t a b l e  r i s k  i f  t h e  p o t e n t i a l  rewards t o  

Another issue of s e r i o u s  import  i s  how would a l l  the  o t h e r  an imals  
v o t e .  Is man t h e  only animal concerned w i t h  i t s  own i n t e r e s t ,  whereas,  t h e  
r e s t  of n a t u r e  m a i n t a i n s  a p e r f e c t  ba l ance?  
of a l t r u i s t i c  behav io r  a c r o s s  s p e c i e s ?  I b e l i e v e  t h e r e  a r e  very  few exam- 
p l e s  where an imals  have reduced t h e i r  own w e l f a r e  consc ious ly  t o  p r o t e c t  
o t h e r  s p e c i e s .  Most an imals  k i l l  as much a s  they want t o  e a t .  They d o n ' t  
w i l l i n g l y  go hungry because  t h e i r  food source  i s  weak and needs r e p l e n i s h -  
ment. I f  p r e d a t o r s  go hungry, it i s  because  they cannot  f i n d  t h e i r  sou rce  
p r e y ,  n o t  because  t h e y  are  s o r r y  f o r  t h e m .  The law of n a t u r e  appea r s  t o  b e  
t h e  l a w  of s u r v i v a l .  The law of s u r v i v a l  says t h e  dominant animal a c t s  i n  
h i s  s e l f  i n t e r e s t .  The  behav io r  of most an imals  would sugges t  t h a t  they 
would v o t e  f o r  a d i s t r i b u t i o n  of r e s o u r c e s  determined by the i n t e r e s t s  of 
t h e  dominant animal.  F a r  from p r o t e c t i n g  a l l  s p e c i e s ,  t h i s  b e l i e f  i s  a 
founda t ion  f o r  a homocentric u t i l i t a r i a n  approach. Man, a s  t h e  dominant 
animal ,  should  work t o  ma in ta in  s p e c i e s  only i f  t h e y  a r e  v a l u a b l e  t o  man- 
k ind .  

Does n a t u r e  abound w i t h  examples 

CONCLUSIONS 

This  p a p e r  rev iews  t h e  l i t e r a t u r e  w r i t t e n  about c o n s e r v a t i o n  and 
endangered s p e c i e s .  The  l i t e r a t u r e  i d e n t i f i e s  n i n e  sou rces  of b e n e f i t s  
t h a t  l i v i n g  r e s o u r c e s  might provide  man. I t  i s  argued t h a t  e x i s t e n c e  
v a l u e ,  beques t  v a l u e ,  and secondary b e n e f i t s  a r e  redundant and c a p t u r e  
b e n e f i t s  measured e l sewhere .  
w i l d  s p e c i e s  a re  probably nea r  z e r o  f o r  endangered s p e c i e s  because  of t h e i r  
small p o p u l a t i o n s .  These b e n e f i t s  i n c l u d e  d i r e c t  consumptive u s e ,  i n d i r e c t  
b e n e f i t s ,  s c i e n t i f i c  i n f o r m a t i o n ,  chemical mining, and quas i -op t ion  va lue .  
It i s  f u r t h e r  argued t h a t  o p t i o n  v a l u e  could be e i t h e r  p o s i t i v e  o r  nega- 
t i v e ,  i s  hard  t o  measure, and i s  probably  small. T h u s ,  d e s p i t e  t h e  con- 
s i d e r a b l e  u n c e r t a i n t y  sur rounding  measurements of t h e  b e n e f i t s  of s p e c i e s  
p r e s e r v a t i o n ,  t h e  b e s t  approach is t o  v a l u e  b e n e f i t s  a t , t h e i r  expected 
va lue .  The major conc lus ion  of t h e  paper i s  t h a t  nonuse v a l u e s  of endan- 
gered  s p e c i e s  a r e  n e a r  ze ro  and i r r e l e v a n t .  The  focus  of e m p i r i c a l  work 
should be  upon measuring t h e  u se  values of endangered p l a n t s  and an imals .  

O t h e r  b e n e f i t s  which might be l a r g e  f o r  some 

The major b e n e f i t  of ma in ta in ing  endangered s p e c i e s  l i e s  i n  noncon- 
sumptive d i r e c t  u se .  I t  i s  w h a t  people  a r e  w i l l i n g  t o  pay t o  i n t e r a c t  w i t h  
t h e  s p e c i e s  i n  i t s  n a t i v e  h a b i t a t .  
a l l  u s e r s - - t o u r i s t s ,  h i k e r s ,  n a t u r a l i s t s ,  w r i t e r s ,  moviemakers, etc.--which 
i s  t h e  s o c i a l  v a l u e  of t h e  r e source .  
i n d e f i n i t e l y  i n t o  t h e  f u t u r e  and t ak ing  i t s  p r e s e n t  v a l u e  y i e l d s  t h e  s o c i a l  
v a l u e  of each  s p e c i e s .  

I t  is  t h e  sum of t h e s e  payments a c r o s s  

P r o j e c t i n g  t h i s  s t ream of b e n e f i t s  
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I f  t h i s  hypo thes i s  i s  c o r r e c t ,  t h a t  s p e c i e s  ought t o  be p re se rved  
because  of t h e i r  nonconsumptive d i r e c t  u se ,  i t  g i v e s  new p e r s p e c t i v e  t o  t h e  
opt imal  management of wi ld  s p e c i e s .  
such a s  a s e a l ,  whale, e l k ,  o r  b u f f a l o  should be  p r o t e c t e d  whether o r  not 
i t  has a sma l l  popu la t ion .  The v a l u e  of t h e  s p e c i e s  i s  not j u s t  a f u n c t i o n  
of t h e  s i z e  of i t s  popu la t ion  o r  p r o b a b i l i t y  of e x t i n c t i o n ,  b u t  a l s o  a 
q u e s t i o n  of i t s  appeal .  
almost e x t i n c t ,  b u t  some s p e c i e s  s o  c l o s e l y  resemble s u r v i v i n g  s p e c i e s  t h a t  
t h e i r  loss would ha rd ly  be  n o t i c e d .  A s  a p o i n t  of evidence suppor t ing  t h i s  
n o t i o n ,  even b i o l o g i s t s  a r e  only aware of a sma l l  f r a c t i o n  of t h e  s p e c i e s  
which go e x t i n c t  each yea r .  Typ ica l  u s e r s  a r e  probably aware of even fewer 
of t h e  l o s s e s .  Some s p e c i e s  a r e  c l e a r l y  worth p re se rv ing  more than  o t h e r s .  

An animal which people  en joy  see ing  

Sure ly  some animals  a r e  v a l u a b l e  because  they a r e  

Second, p r o t e c t i o n  of endangered s p e c i e s  should no t  be  accomplished 
t o  t h e  e x c l u s i o n  of a l l  nonconsumptive use.  
of ma in ta in ing  a whale popu la t ion  i s  t h e  b e n e f i t s  achieved by on looke r s ,  i t  
would be  f o o l i s h  t o  o v e r p r o t e c t  t h e  w h a l e  by banning a l l  approaches by man. 
Any ove rzea lous  r e g u l a t i o n  which n e u t r a l i z e s  t h e  r eason  f o r  keeping  t h e  
animal a l i v e  i s  ha rd ly  i n  t h e  i n t e r e s t  of s o c i e t y  or t h e  animal.  
one should  look f o r  a ba l ance  between p rese rv ing  t h e  animal and ma in ta in ing  
use. S i m i l a r l y ,  i f  t h e  b e n e f i t s  of a s p e c i e s  a r e  i n  viewing r a t h e r  t han  
s c i e n t i f i c  i n fo rma t ion ,  t o u r  b o a t s  should be g iven  p r e f e r e n c e  of a c c e s s  
over  s c i e n t i f i c  expe r imen te r s .  

S u r e l y ,  i f  t h e  primary v a l u e  

C l e a r l y ,  

T h i r d ,  a l though  t h e  t o n e  of t h i s  paper i s  h igh ly  c r i t i c a l  of t h e  
m u l t i p l i c i t y  of s p e c i a l i z e d  b e n e f i t s  supposedly provided by endangered 
s p e c i e s ,  i t  i s  n o t  argued t h a t  p r e s e r v a t i o n  b e n e f i t s  a r e  l i k e l y  t o  be 
s m a l l e r  than h e r e t o f o r e  expec ted .  It  could w e l l  be  t h a t  c o r r e c t  measure- 
ment of nonconsumptive d i r e c t  use w i l l  r e v e a l  t h a t  t h e  p r e s e r v a t i o n  v a l u e  
of many endangered s p e c i e s  i s ,  i n  f a c t ,  h ighe r  than i s  now expec ted .  

F o u r t h ,  nonconsumptive d i r e c t  use can be  measured and e v a l u a t e d .  
Cont ingent  v a l u a t i o n ,  m u l t i p l e  s i t e  t r a v e l  c o s t ,  and hedonic t r a v e l  c o s t  
a r e  e x i s t i n g  t echn iques  which can be  brought t o  b e a r  on measuring t h e  v a l u e  
of d i r e c t  use.  I f ,  i n  f a c t ,  p r e s e r v a t i o n  v a l u e  i s  noth ing  b u t  nonconsump- 
t i v e  use  v a l u e ,  t hen  t h e  b e n e f i t s  of p re se rv ing  i n d i v i d u a l  endangered 
s p e c i e s  can b e  measured. 

F i f t h ,  t h e  b e n e f i t s  and c o s t s  of p r e s e r v i n g  endangered s p e c i e s  
should be  c a r e f u l l y  weighed. C u r r e n t  laws r i g i d l y  demand a l l  endangered 
s p e c i e s  be p re se rved .  Although, i n  p r a c t i c e ,  t h e  a d m i n i s t r a t i o n  of t h i s  
l a w  has been f a r  more f l e x i b l e  than  t h e  law i t s e l f ,  Har i ing ton  (1981) and 
M i l l e r  and Menz (1979) a r e  c o r r e c t  i n  t h e i r  c a l l  f o r  a b e t t e r  a l l o c a t i o n  of 
r e s o u r c e s  towards p l a n t  and animal p r o t e c t i o n .  The expend i tu re  of a d o l l a r  
t o  save a sma l l  i r r e l e v a n t  f i s h  could  w e l l  be t h e  d o l l a r  t h a t  could  have 
saved an e a g l e ,  w h a l e ,  o r  brown b e a r .  Soc ie ty  can ill a f f o r d  t o  throw i t s  
r e s o u r c e s  c a r e l e s s l y  a t  v a n i s h i n g  h a b i t a t s  or  endangered s p e c i e s .  
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