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Introduction

Biodiversity prospecting, or bioprospecting, is the search among natural
organisms for products of commercial value in agricultural, industrial, or, particularly,
pharmaceutical applications. Virtually everything we eat is of organic origin, as are
many industrial products. Eighty-six of the 150 most-prescribed drugs in the United
States are derived from, or patterned after natural sources (Grifo, et al., 1996). The total
benefits human society receives from these varied products is immeasurable.

It is not surprising, then, that bioprospecting is among the most frequently cited
reasons for saving biodiversity. In addition to being cited as a motivation for saving
biodiversity, it has also been proposed as a means for doing so (see, e. g., Wilson, 1992;
Reid, et al., 1993; Rubin and Fish, 1994; Rosenthal, et al., 1999). Many have argued that
payments for rights of access to, or use of, indigenous genetic resources could provide
incentives to maintain biologically rich habitats in their unspoiled state.

These speculations have been the subject of considerable controversy. A number
of economists have derived a wide range of estimates of bioprospecting values using an
equally wide array of approaches (Principe, 1989; Pearce and Puroshothamon, 1992;
Aylward, 1993; Artuso, 1994; 1997; Mendelsohn and Balick, 1995; Polasky and Solow,
1994; Simpson, Sedjo and Reid, 1996; Simpson and Sedjo, 1996; Missios, 1998; Goschl
and Swanson, 1999; Rausser and Small, 2000; Craft and Simpson, 2001). These
exercises have been based largely on theoretical models, and as such illustrate
possibilities without necessarily providing much insight as to empirical realities.

Experience is accumulating with bioprospecting ventures, however. The

pioneering venture between Merck and Company, the world’s largest pharmaceutical



firm, and Costa Rica’s Instituto National de Biodiversidad (INBio) has received
considerable publicity. After entering into its initial agreement with Merck in 1991,
INBio also entered into contracts for the supply of genetic resources to Bristol-Myers
Squibb, other companies, and other non-profit research organizations (INBio, 2001). In
1993 three U. S. government agencies initiated an International Cooperative Biodiversity
Group (ICBG) program. This program continues, and has sponsored research teams in
eight countries (Rosenthal, ef al., 1999). In 1997 Diversa, a San Diego-based company,
entered into an agreement with the U. S. National Park Service to conduct research on
microorganisms found in the hot springs of Yellowstone National Park. Extracta, a
Brazilian company, recently entered into a US$3.2 million agreement with Glaxo
Wellcome, the world’s second-largest pharmaceutical company, to screen 30,000 samples
from Brazil’s biota (Bonalume Neto and Dixon, 1999). In what may be a first, a research
institutute in India and a tribe of indigenous people in the State of Kerala received a
$21,000 payment for use a compound whose source they provided to an ayurvedic' drug
company (Bagla, 1999). So far as I know, this is the first instance in which payments
have been made for a successfully developed product. Many other organizations have
engaged in bioprospecting activities.

Despite these developments—or, perhaps, because success stories have proved
less frequent than some enthusiasts predicted ten years ago—some commentators have
been pessimistic. A cover article in the British science journal Nature reported on “When
Rhetoric Hits Reality in Debate on Bioprospecting” (Macllwain, 1998), suggesting that

developments to date have been disappointing. The financial misfortunes of Shaman

' Traditional herbal medicine.



Pharmaceuticals, which used indigenous knowledge in structuring its search for new
products, occasioned a derisory report in the Economist (1999).

A troubling development of recent years has been the growing controversy
concerning fairness in the conduct of bioprospecting operations. The United Nations
Convention of Biological Diversity (1992) has certainly not resolved all issues
concerning the interactions between providers of biological source materials and those
who would use them for research. Costa Rica, the Philippines, India, Brazil, the nations
of the Andean Community, and others have enacted legislation governing trade in genetic
resources (ten Kate and Laird; ;). Indigenous rights groups and NGOs have been
harshly critical of the “biopiracy” they allege in some existing agreements (see, €. g.,
RAFI, 2001). Even the U. S. government has been sued to enjoin it from providing
samples to a private research entity ( 199x). In this atmosphere of suspicion and hostility,
many have expressed concern that even mutually beneficial transactions in genetic
resources cannot be undertaken ().

The focus of this paper will largely be on bioprospecting for the pharmaceutical
industry, although the issues arising in other contexts are often similar. In the next
section I discuss some basic economic principles relevant to the analysis of
bioprospecting, and review the economic literature on the subject. In the second section
following I discuss some general considerations regarding pharmaceutical companies’
demand for natural products to test. The third section following presents some
illustrative examples concerning unresolved issues in bioprospecting. The final section

contains conclusions.



The Economic Value of Biodiversity for Use in New Product Development

There are a number of reasons for which it may be important to have some
estimate of the economic value of biodiversity for use in developing new products. First,
bioprospecting will only provide effective conservation incentives to the extent that the
values landowners receive from bioprospecting ventures exceed their opportunity costs of
conservation.” It would be interesting to now the extent to which bioprospecting can be
relied upon as a conservation strategy.

Second, it is important to think clearly about the basis of economic value. Some
bioprospecting ventures are advanced as a form of “Integrated Conservation and
Development Program” (Rosenthal, et al., 1999). In an ICDP, as they have come to be
abbreviated, a donor with conservation and/or economic development interests provides
financial assistance to a venture intended to exploit the economic values of natural
resources. Such programs have been evaluated, and in many instances criticized, by a
number of authors (Wells and Brandon, 1992; Simpson and Sedjo, 1996; Southgate,
1997; Wells, 1998; Terborgh, 1999; Ferraro and Simpson, 2000; Ferraro, in press), and in
some instances have given rise to second thoughts even among those who initiated them
(BSP, 2000). Economic value arises when a commodity is scarce. Biodiversity is only
valuable in new product research to the extent that it is scarce. Bioprospecting ICDPs
will only generate economic returns sufficient to induce conservation to the extent that
the combination of genetic resources, information, research expertise, and infrastructure

they embody are not widely available elsewhere in the world. It is worth noting in this

* This statement should be elaborated. The “opportunity costs of conservation” ought be calculated net of
earnings derived from ecotourism, sustainable use of nontimber forest products, local payments for
ecosystem services, and other activities consistent with the maintenance of natural habitats. Bioprospecting



regard that having exceptional research capabilities is not, by itself, sufficient to generate
powerful conservation incentives. Major pharmaceutical laboratories have already
invested heavily in such capabilities. A region’s biodiversity is only valuable to such
laboratories if it is unique.

A third reason for which knowing something about the value of biodiversity is
useful is that it may help in determining the efficacy of institutional changes in promoting
conservation. Interest in structuring legal arrangements for access to, and sharing the
benefits derived from, indigenous genetic resources is a relatively recent development.
Colonial history is replete with examples in which foreign conquerors appropriated
genetic resources from local peoples without compensation. Rubber, quinine, maize, and
potatoes are all examples. These experiences may explain the suspicion and hostility
with which bioprospecting is viewed by many. Contractual arrangements for the formal
transfer of rights in unimproved genetic resources have only come into existence in the
past decade (although there is a somewhat longer history of transactions in “improved”
organisms under, for example, the United States Plant Varieties Protection Act first
enacted in 1933 [CHECK THIS]).

Considerable effort has gone into the structuring of legal instruments for transfer
of genetic resources (see, €. g., Gollin, 1993; Environmental Law Institute, 1996;
Downes, 1997, ten Kate and Laird, 1999). There will be no incentive to conserve
biodiversity, regardless of its value to private researchers or society at large, if the owners

of habitats sheltering biodiversity do not stand to gain from conservation. By the same

need not cover all the costs of conservation, but it could be useful to know what proportion of such costs it
will cover.



token, however, the definition and enforcement of property rights in genetic resources
will have little effect if potential purchasers of such rights assign them little value.

Let us consider first how economic value is calculated, and second, what
implications there may be for the valuation of bioprospecting opportunities. Economic
value is determined on the margin. The relevant consideration is not “how much is it
worth to have biodiversity,” but rather, “How much is it worth not to have a little less
biodiversity?” As has already been said, products derived from natural sources are of
astronomical value in total, but this does not necessarily reveal anything about their value
on the margin.

Biodiversity is used in the search for new products. Thus its marginal value is
determined by its incremental contribution to the success of such searches. If there are a
number of potential sources of new products, and each such potential source affords
approximately the same prospect of success and can be pursued at approximately the
same cost, none will be of very great value. Under such circumstances, each is a
substitute for the others, and when numerous substitutes exist, the price of each will be
low. When there are large numbers of such research leads available, the conclusion that
none can command a high price follows regardless of the probability with which any
particular lead may give rise to a success. If the probability of success in testing any one
lead is low, the expected payoff from pursuing an additional lead is low. If the
probability of success in any testing any one lead is high, additional leads are likely to
prove redundant, and hence, of low value. An upper bound on marginal value can be
calculated under these simple assumptions, and it can be shown that the maximum

possible price the “marginal species” (or “marginal hectare of habitat” providing the



“marginal species”) declines to zero as the number of species (or hectares) grows large
(Simpson, Sedjo, and Reid, 1996).

We might consider some extensions of the simple approach outlined in the
paragraph above. If all research leads are not approximately equally likely to generate a
success, or cannot be evaluated at approximately the same cost, researchers will first
concentrate their search on the most likely/least costly options. Thus species for which
chemical, ecological, or ethnobotanical information is available are more valuable than
those for which it is not (Rausser and Small, 2000).

The practical consequences of this observation depend on the identities of the
species and locations for which information is available. The inevitable consequence of
some research leads being more valuable is, of course, that others are less valuable. If the
best prospects are to be found among specimens already contained in botanical gardens
or research laboratory collections, the demand for further natural products to test will be
negligible. If prior information is important in bioprospecting, the logical conclusion
would seem to be that the /east valuable leads would be those for which there is literally
no information. Biologists estimate that ninety percent or more of the earth’s species
may not be identified yet [EB cite]. Thus there may be little incentive to preserve forests
that are being felled before their biota is thoroughly studied.

There is, however, an argument that perhaps the incentives bioprospecting affords
would be strongest in precisely the areas in which threats are greatest (Artuso, 1997).
Areas far removed from roads and population centers may have great undiscovered
biodiversity but few immediate threats. Conversely, areas under greater threat may also

have been subject to more study, precisely because they are more accessible.



The focus thus far has been on private willingness to pay for bioprospecting
opportunities. Not all the benefits of new product development accrue to the developer,
however. Sellers of drugs typically cannot recoup the consumer’s entire willingness to
pay for the treatment. One drug may also create demand for others. By saving a
patient’s life, a drug used to treat one condition may generate demand for other drugs to
treat the patient for other conditions. Moreover, considerable recent research in
economics has addressed the “spillovers” generated by innovations. Pharmaceutical
research is but one aspect of research and development, but such spillover considerations
may be important in calculating social values (Goschl and Swanson, 1999; Craft and
Simpson, 2001). It seems reasonable to conclude that the social values generated by the
use of biodiversity in new product research exceed the private.” This may not comprise
an argument to promote bioprospecting so much as one to save biodiversity for this
among other purposes, however.

Regrettably, given the importance of knowing something about values, we lack
the data with which to reach firm conclusions. It is probably accurate to say that most
researchers would agree that biodiversity provides few incentives for conservation in
most places. Substantial disagreements exist as to the incentives afforded in particular
instances.” These disagreements will not be resolved until more evidence becomes

available. Let us now turn to such evidence as can be cited.

* It is also theoretically possible that the social value of incremental biodiversity for use in new product
research would be negative. Private researchers, left to their own devices, may engage in too much product
differentiation through R&D (Salop, 1980; Brander and Spencer, 1984; Craft and Simpson, 2001).

* Such evidence as I have reviewed leads me to believe that the incentives are negligible everywhere, but
reasonable people might intepret the evidence differently.



The Demand for Biodiversity in New Pharmaceutical Product Research

The data are sparse. Of the world’s ten largest pharmaceutical companies (ranked
by sales), eight conduct their own natural products discovery programs and the other two
have wholly-owned subsidiaries doing such work (ten Kate and Laird, 1999). This does
not, of course, address the importance such companies place on natural products. To
make such an assessment would be difficult.” There is a distinction to be drawn between
natural products research per se—that is, research on samples collected from in situ
sources—and research on the derivatives of natural products. In addition, major
pharmaceutical companies frequently contract with smaller research laboratories, so an
absence of in-house research would not necessarily betoken a lack of interest in general.

Natural products may be substitutes or complements for other “leads” used in
conducting pharmaceutical research. “Combinatorial chemistry,” the combination and
refinement of complex compounds, can proceed from synthetic sources. Natural
molecules may provide novel starting points for such exercises, however. While it would
appear that research trends in the pharmaceutical industry place greater emphasis on
natural products at one point and combinatorial approaches at another (Rosenthal, et al.,
1999), it would be too simplistic to suggest that one will replace the other. It is not clear
even whether technological advances enhance or reduce the value of natural products.
On one hand, improved technologies increase the number of synthetic and natural sources
from which new products might be developed. The economic value of more numerous
commodities is lower, other things being equal. But among the “other things” that are

not necessarily equal are the rewards to developing improved products. In addition to a

> One perhaps relevant observation is that bioprospecting is not mentioned at all on the web sites of many
of these companies.

10



growing demand for new medicines, technological advances reduce the costs of bringing
new products to markets, hence increasing net rewards.

It seems reasonable to conclude that pharmaceutical companies will continue to
demand natural products. It is less clear whether this demand will be large enough to

have an appreciable impact on biodiversity conservation.

Some Examples
In this section I will review some selected examples of bioprospecting

agreements. A good place to start is with the first

Merck/INBio

In 1991 Merck and Company entered into an agreement with INBio under which
the latter would supply samples to Merck for pharmaceutical evaluation. Merck could
request approximately 2,000 samples from INBio. Merck paid Costa Rica approximately
one million dollars at the initiation of the contract and agreed to pay royalties in the event
that a commercial product were developed. While terms of the royalty were never
disclosed, industry sources estimated it to be on the order of 1-3 percent.

Merck received no assurance that it would have exclusive rights to such samples
(other researchers could collect samples for the payment of a much lower fee), but it was
assured of confidentiality concerning the samples it had selected. INBio has
subsequently entered into contracts with Bristol-Myers Squibb and several other
companies (ten Kate and Laird, 1999; INBio, 2001). The terms of agreements vary

across the companies involved, but may include up-front payments, payments for
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services and equipment, and royalties in the event of new product development. No
royalties have been paid to date. INBio’s agreement with Merck has now expired after
several two-year renewals. Arrangements with other companies continue.

It has been reported that INBio’s contracts with various entities have contributed
approximately US$1.2 million to the Ministry of Environment and Energy and national
conservation areas, and over $700,000 to universities, as well as $700,000 to other
programs at INBio (ten Kate and Laird, 1999). Despite this record, the conservation
implications of the Merck/INBio agreement and subsequent arrangements remain
uncertain. Of the initial payment of over $1 million from Merck to INBio, less than ten
percent was for conservation-related activities directly. The remainder went for
equipment acquisition, training, and other expenses (Sittenfeld and Gamez, 1993). To the
extent that such purchases enhanced INBio’s own demand for natural samples they may
have encouraged conservation, but it would be difficult, if not impossible, to estimate
such demand generating effects.

The Merck/INBio agreement was a trendsetter in a number of ways. Both
organizations received considerable publicity as a result of their arrangements. Major
media outlets reported the original contract, largely on favorable terms. INBio officials
were invited to share their experiences with would-be emulators around the world. There
was also, however, some less favorable publicity (RAFI, 2001)—and in this respect, the

Merck/INBio agreement also set the trend for those that followed.
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International Cooperative Biodiversity Groups

The International Cooperative Biodiversity Groups (ICBG) program is a
collaborative venture of the United States National Institutes of Health, National Science
Foundation, and Department of Agriculture (the USDA began funding the program after
the United States Agency for International Development withdrew in 1995). Beginning
in 1993, the ICBG program has funded researchers in Argentina, Cameroon, Chile, Costa
Rica, Laos, Madagascar, Panama, Peru, and Vietnam, as well as the United States
(Rosenthal, et al., 1999). Under terms of the grants, each ICBG must address the goals of
new product discovery, scientific and economic development in the host country(ies), and
conservation of biodiversity. Each group must also institute an agreement for benefit-
sharing with the countries or groups that provide it with material. While a great many
samples have been tested and a number of interesting compounds are being evaluated
further, no commercial products have yet been developed (given the time scale on which
pharmaceutical research is conducted, it would be virtually unprecedented if a new
product were developed so quickly).

The ICBG program’s 1999 budget was US$3.7 million (Rosenthal, et al., 1999).
Funding at this level begs a number of questions. Six of the eight projects funded by the
ICBG program include participation by private firms, including industry giants Bristol-
Myers Squibb, Monsanto, and Glaxo Wellcome. While these firms make contributions in
kind, it seems reasonable to ask on what basis public expenditures should be made to
subsidize the research activities of private entities. Many large pharmaceutical
companies spend well in excess of a billion dollars a year conducting their own research

and development activities (ten Kate and Laird, 1999). From an economic standpoint,
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one would want to identify the market failure that motivates subsidization of their
involvement in ICBG research.

Answers are suggested by the objectives of the program. As noted above, these
include in addition to the development of new products, spurring economic development
and conserving biodiversity. The last of these objectives clearly involves the provision of
a public good, and hence one of the classic arguments for public action. Economic
development in poor countries is, with respect to the interests of U. S. citizens, probably
also a public good: we feel a moral obligation to improve the plight of those less
fortunate than ourselves.

These considerations also beg questions, however. “The ICBG is, in part, an
integrated conservation and development program” (Rosenthal, et al., 1999).° Does an
ICBG represent an efficient means of accomplishing its various goals? Financing
pharmaceutical research and development is a round-about way of encouraging
conservation. If the wisdom of the old adage “you get what you pay for” is to be
credited, programs that provide more direct incentives for conservation should be more
effective (Ferraro, in press; see also Ferraro and Simpson, 2000, for a formal
demonstration). Other forms of ICDPs have been criticized for being ineffective, or
worse, counterproductive in accomplishing their conservation objectives (Barrett and
Arcese, 1995; Southgate, 1997; IPICD, 1998). At the same time, recent experiments and
research have suggested that direct payments for biodiversity conservation may be more

effective than one might expect in the institutional setting of a less developed country

® In addition to their primary activities, ICBGs have “support[ed] development of traditional woodcraft
enterprises (Suriname), propagation of ornamental plants (Mayan Mexico), and propagation of plants for
idely sold herbal remedies (West Africa, Vietnam, Mexico, Peru)” (Rosenthal, et al., 1999).
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(Chomitz, et al., 1998; Brunner, et al., 2001). The donor community may also be losing
patience with conservation programs that attempt to mask failure in their area of primary
interest by pointing to peripheral accomplishments.” It can be difficult to evaluate a
program that achieves varying levels of success in achieving a number of
incommensurate objectives.

It might also be argued that the ICBGs provide another form of foreign aid by
seeking cures for diseases that affect poorer people. The “ICBG program goals” include
the discovery of ““ . . . agents . . . to treat or prevent cancer, infectious diseases including
AIDS, cardiovascular diseases, mental disorders, and other diseases, as well as a variety
of crop plant and veterinary concerns”. Some groups also seek antimalarial and
antiparisitical compounds, however (Rosenthal, e al., 1999). These targets do not
receive as much attention from commercial researchers, yet they are endemic in some
poorer countries. One might again ask whether a natural products research program is
the best instrument with which to address such ends, however. If treatments for diseases
of the Northern rich can be found in the rainforests of the South, might not treatments for
the diseases of the Southern poor be found in the laboratories of the North?

The ICBG program may confirm the wisdom of another adage: “No good deed
will go unpunished.” It is perhaps unavoidable that any program financed by the United
States Government will raise suspicions. ICBG Participants also receive mention in
accounts of “biopiracy” (RAFI, 2001). Partly as a result of such allegations, and partly
simply as a result of political uncertainties, two ICBGs operating in Mexico had to

suspend their operations last year (Dalton, 2000).

7 A recent article in Barron’s, the financial weekly, reports on efforts at the World Wildlife Fund to
implement a business paradigm, emphasizing clear goals and financial accountability.
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Yellowstone

An enzyme from the hotsprings microorganism Thermus Aquaticus (Taq) is used
in the biotechnology industry. The polymerase chain reaction (PCR) is a process by
which DNA is copied and amplified. This technique is used in, for example, medical
diagnosis and “DNA fingerprinting.” Taq was first isolated in Yellowstone National
Park (Brock, 1994). In 1997 Diversa, a San Diego based biotechnology company,
entered into an agreement with the U. S. National Park Service (NPS) under which
Diversa would pay the NPS $100,000, plus another $75,000 in kind, for the right to
conduct research on microorganisms drawn from the Yellowstone hot springs (Sonner,
1998). Royalties in an undisclosed amount were also specified in the event that a new
product were developed. It was reported in 1998 that the NPS was considering over a
dozen other such arrangements (ICTA, 1998).

The National Park Service was subsequently sued by the Edmonds Institute, a
Seattle-based NGO, the International Center for Technology Assessment, and the
Alliance for the Wild Rockies. This case illustrates a couple of troubling aspects. First,
there appears to have been considerable disagreement among environmental advocates as
to the deal’s merits. Vice-President Al Gore had announced the deal himself on the
occasion of the 125" anniversary of Yellowstone National Park. Vice-President Gore
emphasized his pro-environment stance in the recent U. S. Presidential election, and
apparently considered the Diversa/NPS deal as one in which industry could “do well by

doing good.” The court’s initial decision in the case was, ironically, that the U. S
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National Environmental Protection Act required an Environmental Impact Assessment be
undertaken before Diversa could conduct its collection activity. While concern is
occasionally expressed that bioprospecting collection could have an adverse impact on
forest ecosystems, this seemed questionable in the Yellowstone case. Samples taken were
described as being of “teaspoon” size. The cumulative impact of such extractions was,
presumably, the subject of the environmental impact assessment. One has to wonder,
however, if the impact would be appreciably greater after the Diversa agreement, as
Thomas Brock reported in 1994 that

The hyperthermophilic bacteria of Yellowstone hot springs are attracting

biotechnology researchers from around the world. Dozens of microbiological

research projects are underway, and virtually every week of the year some
researcher is exploring Yellowstone's hidden resources.

Environmental impacts per se appear to have been only one concern of the
plaintiffs in the suit. While the judge in the case did not grant the plaintiffs’ request that
the royalty rate agreed between the NPS and Diversa be made public,® the plaintiffs were
concerned that the public was not being adequately compensated. Mike Bader, Executive
Director of the Alliance for the Wild Rockies claimed “ . . . the National Park Service and
the Department of the Interior . . . did a deal without the knowledge and consent of the
American people . .. ” (quoted in ICTA, 1999). The matter was ultimately resolved in

favor of Diversa and NPS. Judge Lamberth, ruling again in April of 2000, rejected all of

the plaintift’s claims (YNP, 2000).

¥ The history of the legal action is interesting. The first action was a request from the Edmonds Institute,
an NGO in the Seattle area, for information concerning the then-proposed agreement between Diversa and
the NPS under the United States Freedom of Information Act. The NPS declined to release the royalty
terms of the agreement under the argument that this was proprietary commercial information. The
Edmonds Institute, joined by other plaintiffs, then sued (ICTA, 1998).
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The Yellowstone example illustrates a couple of troubling points. First, the
conservation incentives afforded by the deal were negligible. Yellowstone has been
designated as a National Park for over a hundred years. It would be hard to argue that the
Diversa agreement provided additional funds for conservation.’ This is a case in which
prior information in the sense of Rausser and Small’s (2000) analysis was very important.
Taq enzymes from Yellowstone were the known source of compounds patented by
Hoffman-Larouche and earning annual revenues in excess of $100 million. There are hot
springs around the world. In this case, bioprospecting funds may have been attracted to
the area in which they were needed least."” In a sense, however, this is perhaps an
“exception that proves the rule.” Brock (1994) argues that researchers come to
Yellowstone because the other hotsprings of the world (in Japan, New Zealand, and
Iceland, for example) have been degraded by geothermal use, bathers, and other stressors.

Inasmuch as the use of bioprospecting as a conservation policy is more germane
in developing countries, this discussion of events in the United States may seem out of
place. The point, however, is that a deal could not be consummated without political
controversy and judicial review even in a country where one might expect the conditions
for successful transactions to be most favorable. While the court case was ultimately
resolved in favor of Diversa and the NPS, this occurred only after a two-year delay and,

one presumes, the accrual of significant litigation expenses. A cost that is more difficult

’ While Judge Lambeth ruled, among other findings, that the Diversa agreement would “afford . . .
monetary support for Park programs,” (quoted in YNS, 2000), the NPS has been traditionally been
precluded by law from appropriating monies received (for admissions and concessions for example), for its
own budget. Thus the Diversa agreement would not have directly benefited Yellowstone, or the National
Park System more generally.

10" Diversa is, however, active in other parts of the world, and has contracts with INBio in Costa Rica as
well (ten Kate and Laird, 1999).
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to evaluate but probably at least as important is the negative publicity the parties received

while the case was pending.

Conclusion

We have reviewed some basic economics relating to bioprospecting and
considered evidence from three case studies. Two conclusions emerge from the
economics. First, as with all commodities, value is related to scarcity. Second, there
simply is not enough information available to determine if the bioprospecting

opportunities presented by particular sites are scarce and, hence, valuable.

This latter consideration is something of an anomaly in a world in which almost
everything has a price. We typically do not greatly concern ourselves with the economic
value of wheat or coal: there are well established markets in these commodities, and their
economic value is whatever the market will bear.!' If left to its own devices the market

will determine the value of bioprospecting opportunities as well.

It seems unlikely, however, that convergence to a consensus concerning such
values will occur soon. There are a number of reasons for this conclusion. One is simply
that transactions in genetic resources remain relatively novel. One of the reasons for
which the prices of more common commodities are more easily determined is simply that
they are more common. If coal had been discovered yesterday rather than millennia ago,

uncertainty as to its properties and uses would probably be reflected in inchoate markets.

' Environmental economists do on occasion concern themselves with the externalities associated with the
production or consumption of such commodities, but the market prices of the commodities themselves are
well established.

19



In addition, natural areas rich in genetic resources are not “commodities” in the
sense that word is applied to fungible, and often even indistinguishable, goods. No two
areas of the world could be said to be identical in their bioprospecting potential.
Different regions differ in the extent and diversity of their biota, in the physical
impediments to gaining access to them, and in the political, legal, economic, and social

circumstances surrounding their collection.

Transactions in genetic resources also raise complex contracting issues. Sellers
may know more about the potential of the products they offer than do would-be buyers.
In such circumstances a buyer may want the seller to “put her money where her mouth is”
by maintaining an equity interest in the outcome of product development (i. e.,
structuring a contract calling for royalties instead of, or in addition to, upfront payments).
Buyers may also want sellers to assure that future sources of supply will be available for
leads found to be promising and to maintain confidentiality concerning promising leads.
All of these considerations call for the structuring of sophisticated contracts and ongoing

efforts to assure that their provisions are being observed.

While these factors are unusual, arrangements reflecting such complexities are not
unprecedented. In fact, there is a ready example after which bioprospecting contracts are
modeled. Major pharmaceutical companies routinely enter into licensing agreements
with independent research organizations for the commercialization of promising
compounds (see extended discussion in ten Kate and Laird, 1999, pp. 64-68). The terms
of existing bioprospecting contracts appear to be roughly consistent with those for the

transfer of potentially promising leads from other sources.
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It is here where problems often arise, however. The terms of a “standard”
contract seem unfair to some observers. A common theme encountered in the writings of
organizations opposed to bioprospecting agreements concerns the disparities between the
vast sums the developers of successful new commercial products can receive and
royalties often measured in fractions of a percentage point. Much of this is due simply to
economic misunderstandings. An explanation many economists find plausible for the
extremely high prices and profits pharmaceutical firms receive for successful products is
that they amortize their equally astronomical costs of research and development.
Research and development is often a matter of trial and error, and as success rates are

generally extremely low, the costs of failure accumulate to large sums.

Historical grievances can also be complicating factors. Brazilian attitudes, it has
been said, reflect “ . . . still-smoldering anger over the collapse of Brazil’s rubber industry
... after Brazilian seeds were transplanted to Southeast Asia and used to start the
region’s booming rubber plantations” (Pennisi, 1998). There have been any number of
other instances in which biological resources from one area have been transplanted to
another with great benefit to the recipient and no compensation to the originator. More
generally, one can easily understand the desire of people in the nations of the developing
world to share in the much greater wealth of the industrial countries. A would-be seller
of genetic resources cannot squeeze more out of buyers than they are willing to pay,

however. Unrealistic expectations result in missed opportunities.

Unrealistic expectations may also motivate unwise public spending. We touched
briefly on arguments for public subsidization of bioprospecting efforts in discussing the

ICBG program above. There I concluded that “public goods” arguments are not very
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compelling. Conservation and economic development objectives would be better

achieved by alternative instruments.

Another argument for public investment in bioprospecting is also made. By
investing in “value added” processing, it is felt, a source country can increase its returns
from its biodiversity (Reid, ef al., 1993; INBio, 2001). This view is based in part on a
semantic confusion. “Value added” can be defined as the excess of revenues received
over variable costs incurred. As such, however, it does not necessarily represent true
earnings in an economic sense. Value added is, rather, related to return on investment in
fixed assets, both tangible (plant and equipment) and intangible (expertise in processing

samples, for example).

It is possible that such investments are justified, but one must remember again
that economic value is inversely related to scarcity. A country contemplating investment
in bioprospecting—or a donor contemplating subsidizing such investment—should be
prepared to identify the scarce asset that will be exploited as a result. International
donors in particular need to bear in mind that not every region can be uniquely situated to

generate substantial earnings from its indigenous biodiversity.

Conservation advocates, international donors, and policy makers in developing
countries now find themselves in a dangerous position. Markets in genetic resources are
not well established, whereas markets in pharmaceutical products, or at least compounds
with demonstrated pharmaceutical potential, to exist. It is an expensive and risky
proposition to invest in the capacity to develop products of demonstrated potential. At
the same time, entering into agreements by which relatively unprocessed materials are

sold for modest compensation may be politically impossible. These issues will not be
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resolved until greater experience is accumulated. Perhaps the best advice an economist
can offer at this point is simply that groups interested in conservation and/or development
would be wiser to address these ends more directly, and wait for private actors to resolve

the issues of bioprospecting.

23



Artuso, A., “The Pharmaceutical Value of Biodiversity Reconsidered,” Journal of
Research in Pharmaceutical Economics 9, 4 (1999), 63-76.

Aylward, Bruce A., "A Case Study of Pharmaceutical Prospecting," Part III of Bruce A.
Aylward, Jaime Echeverria, Liza Fendt, and Edward B. Barbier, The Economic
Value of Species Information and its Role in Biodiversity Conservation: Case
Studies of Costa Rica's National Biodiversity Institute and Pharmaceutical
Prospecting, Report to the Swedish International Development Authority, 1993.

Barrett, C. B. and P. Arcese, “Wildlife Harvest in Integrated Conservation and
Development Projects: Linking Harvest to Household Demand, Agricultural

Production, and Environmental Shocks in the Serengeti,” Ecological Economics
74, 4 (November 1998), 449-465.

Bonalume Neto, R., and D. Dickson, “$3m Deal Launches Major Hunt for Drug Leads in
Brazil,” Nature 400, 6742 (22 July 1999), 302.

Brock, T. D., “Life at High Temperatures: Biotechnology in Yellowstone,” Yellowstone
Association for Natural Science, History & Education, Inc., Yellowstone National
Park, 1994.

Bruner, A., T. Gullison, R. Rice, and G. Fonseca, “Effectiveness of Parks in Conserving
Biodiversity,” Science 291, 5501 (5 January 2001), 125-128.

Chomitz, K., E. Brenes, and L. Constantino "Financing Environmental Services: The
Costa Rican Experience and its Implications," Working Paper, the World Bank,
1998.

Craft, A. B., and R. D. Simpson, “The Social Value of Biodiversity in New
Pharmaceutical Product Research,” Environmental and Resource Economics, 18,
1 (January 2001), 1-17.

Ferraro, P.J., “Global Habitat Protection: limitations of development interventions and
the role for a permanent International Habitat Reserve,” Conservation Biology, in
press.

Ferraro, P. J., and R. D. Simpson, “Cost Effective Conservation Payments,” Resources
for the Future Discussion Paper 00-31, 2000.

Grifo, F., D. Newman, A. S. Fairfield, B. Bhattacharya, and J. T. Grupenhoff, “The
Origins of Prescription Drugs,” in F. Grifo and J. Rosenthal (editors),
Biodiversity and Human Health (Washington: Island Press), 1996.

Instituto Nacional de Biodiversidad (INBio), “Biodiversity Prospecting,” accessed online
at http://www.inbio.ac.cr/en/pdb/Prosp.html, 14 January 2001.

International Center for Technology Assessment (ICTA), “CTA Legal Action,” press
release, 1998, accessed online at http://www.icta.org/legal/yellow.htm, 17 January
2001.

24


http://www.inbio.ac.cr/en/pdb/Prosp.html
http://www.icta.org/legal/yellow.htm

International Center for Technology Assessment (ICTA), “Public Interest Wins in
Yellowstone,” press release, 25 March 1999, accessed online at
http://www.icta.org/ctanews/yellrel.htm, 17 January 2001.

ten Kate, K., and S. Laird, The Commercial Use of Biodiversity: Access to Genetic
Resources and Benefit-Sharing (London: Earthscan), 1999.

Laceky, M., “Yellowstone Research - Park Service Won't Fight Suspension,” Idaho News
26 March 1999, accessed online at
http://www.idahonews.com/032699/the_west/36247.htm, 17 January 2001.

Macllwain, C., “When Rhetoric Hits Reality in Debate on Bioprospecting,” Nature 392,
6676 (9 April 1998), 535-540.

Mendelsohn, R., and M. J. Balick, 1995, “The Value of Undiscovered Pharmaceuticals in
Tropical Forests,” Economic Botany 49 (June), 223-228.

Missios, P., “Optimal Sampling in Biodiversity Prospecting and the Financing of
Conservation,” working paper, York University, 1998.

Pearce, D., and S. Puroshothamon. "Preserving Biological Diversity: The Economic
Value of Pharmaceutical Plants," Discussion Paper 92-27, CSERGE London,
1992.

Pennisi, E., “Brazil Wants Cut of its Biological Bounty,” Science 279, 5356 (6 March
1998), 1445.

Polasky, S., and A. Solow. "On the Value of a Collection of Species" Journal of
Environmental Economics and Management 29 (1995), 298-303.

Principe, P. The Economic Value of Biodiversity Among Medicinal Plants. Paris:
OECD, 1989.

Rausser, Gordon C., and Arthur A. Small, “Valuing Research Leads: Bioprospecting and the
Conservation of Genetic Resources,” Journal of Political Economy, 108, 1 (February
2000), 173-206.

Rural Advancement Foundation International (RAFI), “Bioprospecting/Biopiracy and
Indigenous Peoples,” available at http://www.latinsynergy.org/bioprospecting.htm
accessed 1/18/01.

Reid, Walter V., Sarah A. Laird, Carrie A. Meyer, Rodrigo Gamez, Ana Sittenfeld,
Daniel H. Janzen, Michael A. Gollin, and Calestous Juma. "A New Lease on
Life," Chapter 1 in Biodiversity Prospecting: Using Genetic Resources for
Sustainable Development edited by Walter V. Reid, Sarah A. Laird, Carrie A.
Meyer, Rodrigo Gamez, Ana Sittenfeld, Daniel H. Janzen, Michael A. Gollin, and
Calestous Juma. Washington: World Resources Institute, 1993.

Rosenthal, J., D. Beck, A. Bhat, J. Biswas, L. Brady, K. Bridbord, S. Collins, G. Cragg, J.
Edwards, A. Fairfield, M. Gottlieb, L. A. Gschwind, Y. Hallock, R. Hawks, R.
Hegyeli, G. Johnson, G. Keusch, E. E. Lyons, R. Miller, J. Rodman, R. Roskoski,
and D. Siegel-Causey, “Combining High Risk Science with Ambitious Social and
Economic Goals,” Pharmaceutical Biology 37 (Supplement, 1999), 6-21.

25


http://www.icta.org/ctanews/yellrel.htm
http://www.idahonews.com/032699/the_west/36247.htm
http://www.latinsynergy.org/bioprospecting.htm

Rubin, S. M., and S. C. Fish. "Biodiversity Prospecting: Using Innovative Contractual
Provisions to Foster Ethnobotanical Knowledge, Technology, and Conservation."
Colorado Journal of International Environmental Law and Policy 5 (1994): 23-
58.

Simpson, R. David, Roger A. Sedjo and John W. Reid, "Valuing Biodiversity for Use in
Pharmaceutical Research," Journal of Political Economy 104 (February, 1996),
163-185.

Simpson, R. David, and Roger A. Sedjo, “Valuation of Biodiversity for Use in New
Product Research in a Model of Sequential Search,” Resources for the Future
Discussion Paper 96-27, July, 1996.

Simpson, R. D. and R.A. Sedjo. 1996. Paying for the Conservation of Endangered
Ecosystems: a comparison of direct and indirect approaches. Environment and
Development Economics 1:241-257.

Sonner, S., “Suit Tries to Block ‘Bioprospecting’ in Yellowstone,” Idaho News, 6 March
1998, accessed online at
http://www.idahonews.com/030698/A_SECTIO/14974.htm, 17 January 2001.

Southgate, D. 1998. Tropical Forest Conservation: An Economic Assessment of the
Alternatives in Latin America. New York: Oxford University Press.

Terborgh, J. 1999. Requiem for Nature. Washington D.C.: Island Press.

Wells, M., and K. Brandon, with L.Hannah. 1992. People and parks: Linking protected
area management with local communities. World Bank, World Wildlife Fund,
and U.S. Agency for International Development, Washington, D.C.

Wilson, E. O. The Diversity of Life. Cambridge: Belknap, 1992

World Bank, Indonesia and Pacific Islands Country Department (IPICD) 1997. Investing
in Biodiversity: a review of Indonesia's Integrated Conservation and Development
Projects. World Bank, Washington, D.C.

Yellowstone National Park (YNP), “D.C. Court Approves Yellowstone
Bioprospecting Agreement,” press release, 17 April 2000, accessed online at
http://www.nps.gov/yell/press/bioprosp.htm, 17 January 2001.

26


http://www.idahonews.com/030698/A_SECTIO/14974.htm
http://www.nps.gov/yell/press/bioprosp.htm

	The Economic Value of Biodiversity for Use in New Product Development
	Some Examples
	Merck/INBio
	International Cooperative Biodiversity Groups
	
	
	Conclusion




