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Chapter 10

A Market for Genetically Coded Infor mation
as an Efficient Exchange M echanism for Genetic Resour ces?
Some Conceptual Considerations.

Detlef Virchow!

Introduction

One of the biggest chdlenges facing the world today is kegping up with the increesing
food demand due to population growth and the increase of the average purchasing power.
Adde from the sustainable management of soil and water, the sustainable management of
genetic resources is one of the three indigoensable preconditions for a sustaingble agriculture in
the future. In this context, genetic resources are essentia inputs for the biotechnology in generd
and are necessary for the breeding efforts to solve the future chalengesin particular.

As demand for genetic resources increases because of new technology and new
gpplications of biotechnology the genetic divergity is reduced. The decline of genetic resources
is caused through the displacement of traditional by modern varieties and introduced crops in
farmers fields as well as the reduction of forest area and other areas important for the genera
biodiversty.

The importance of plant genetic resources for food and agriculture derived from locd
varieties or from wild relatives of domesticated crops has not been reflected economicaly. The
free and unlimited availability of plant genetic resources has been taken for granted and the smdll
but important input of traditional varieties or wild crop relatives was often neglected in breeding
programs. Given the changes in demand and supply and the indtitutiona rearrangements,
breeding as an essentia precondition for food-production will require a more intensve and
intdligent utilization of genetic resourcesin the future.

Lacking estimations on the vaue of genetic resources for globa welfare (e.g., vaue for
breeding) and the costs of conservation, investments in genetic resources consarvation are most
likely sub-optimd at the margin. These deficits of information and uncertainties are hindering an
economically efficient approach to optimizing agrobiodiversty conservetion.  Additiondly,
dlocative problems such as the imbaance between the shared costs and the benefits of
conservaion hamper an optima conservetion at dl levels. For example, some countries with a
high amount of unique genetic resources belong to the poorest countries in the world, where
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investment in consarvation is condrained by very limited resources and other priorities for the
use of available funds (von Braun and Virchow 1997).

Consequently, there is a threat for an optimal supply of genetic resources. Consdering
these circumstances, there is a need for exchange mechanisms, which indicate the existing needs
for genetic resources, as well as the insurance that incentives are adequate for those maintaining
genetic resources.

This study wants to contribute to the development and the conceptudizing of more
efficient exchange drategies by discussng the existing and potentia exchange mechanisms for
genetic resources and to compare their efficiency in the light of a secure long-term conservation.

Biodiversity’s Metamor phosisto Genetically Coded I nfor mation

Biodiversty is defined in quite different ways. Consequently, the estimation and vaua-
tion of diversty depends on the definition used. In generd, the term biodivergty has no
operationd vaue for andyzing, vauing, and devisng efficient conservation and exchange options
on the basis of economic ingruments. This gpplies as wdl to the term agrobiodiversity defined
broadly as “ ... that part of biodiversity which nurtures people and which are nurtured by
people ... (FAO 1995a, paragraph 67). Plant genetic resources for food and agriculture
(PGRFA) isthe generd expression for the materid growing in farmers’ fields and their wild crop
relatives, as well as materid which is conserved, exchanged and utilized. The terminology of
“plant genetic resources for food and agriculture’ does not, however, permit gpplications of
economic concepts to the problems of scarcity, conservation and transaction.

The conservators of PGRFA (the mgor actors of the supply side of PGRFA) tend to
favor the use of quditative traits as marker genes to moritor the extent of diversity. Often not
agronomicaly relevant but frequently geneticdly linked to agronomic traits, these traits are
mostly components of the characterization data, giving information on color, morphology or
enzyme vaiants of accessons. The mgor actors on the demand side of PGRFA (the breeders
and the biotechnology industry in generd) are, however, more interested in quantitative traits,
including agronomic traits such as yidd capacity or plant height. These quantitative traits, which
define the breeding gods, are lastly functions of certain biologica organisms.  Often these traits
are not due to single genes but rather to a combination of genes representing one required
function. For this reason (Vogd 1994) argues in favor of wsng the term “geneticaly coded
function” (GCF) as a basis for economic vauation of genetic resources exchange mechaniams.
Although this seems correct, GCF is determined by specific combinations of geneticaly coded
information (GCI). Findly, the actors (especidly the biotechnology industry) demand
information, which determines certain functions. As technologies improve, one objective will be
the virtud congruction and reproduction of genetic bass (eg., production of amino-acid
sequences).  Consequently, in light of the emerging market, and the articulation of the demand
Sde, geneticdly coded information is recommended here as the unit, which can be utilized for
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economic and - in the long run - indtitutiona anays's, discusson and negotiations of PGRFA.
Geneticdly coded information will be the unit that will endble the development of appropriate
concepts for identifying aterndive inditutional mechanisms for the protection, transaction, and
utilization of genetic resources within the framework of general concepts of nature conservation,
including the formation of markets.

Another advantage of geneticdly coded information, as an economic unit is the
opportunity to have a comprehensive unit which is gpplicable to genetic resources exchange and
transaction systems in agriculture as well as to the transaction of genetic resources in generd.
As a future consequence, the indtitutional framework of conservation of genetic resources will
be chdlenged by an emerging information market.

TheMarket for Genetic Resour ces:
Demand and Supply of Genetically Coded Information

At the moment, the diffuson of genetic resources from supply to demand underlies a
complex structure, determined by the different steps of information processing (see FIGURE 1).
PGRFA are “offered” as wild relatives of the crop species in Stu, as traditiond varieties on
farm or as PGRFA accessions in the various steps of processing ex Stu. The accessons in the
conservation facilities are an the one hand just maintained without any characterization work
done. On the other hand, genetic resources are characterized, evaluated and even pre-bredin
public research ingtitutes, increasing their value by adding additiona information. Consequently,
the demand side is mogly interested in the processed accessions but is dso willing to receive
accessons with low or no additiona information added, if necessary.

FIGURE1 PGRFA’sDiffuson from Supply to Demand
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The supply of genetic resources comes from gene banks and other ex Stu collections
and from their natura places of origin (in Stu). On the one hand, the in Situ supply of genetic
resources is subject to processes of physica decline (erosion of biodiversty). On the other
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hand, the technologies for exploring and identifying genetic resources (bioprospecting) are
developing rapidly thus are lowering the margina costs of rendering these resources marketable,

Genetic resources are in decline in terms of cultivable plant species and their wild
reaives. There is neither information on higtoricad Stuation as regards agrobiodiversty, nor a
comprehensive inventory of what currently exigs in farmers fidds. As an indicator for the loss
of vaied diversty, cultivar replacement measured by area is quoted in some literature.
Nevertheless, genetic extinction in agriculture is poorly documented. Until now, genetic
extinction occurs mainly in the form of the replacement of traditiona varieties in main production
aress, Where genetic uniformity is increasing indead. Because the process of concentration of
diversty occurs in smdler aress than in the past the last resort for the mgority of traditiona
vaieties are the ecologica margind areas. In India, for example, 75% of an area which once
accommodated up to 30,0000 rice varieties are now taken up by only 10 (FAO 1993a). This
is compensated for to some extent by the fact that today's improved varieties contain
consderable amounts of genetic materid derived from traditiond varigties, which incidentaly
explains their favorable yield at many Stes. 1t must be stressed here that while plant diversity is
indisputably in decline, our knowledge of the exiding diverdty worldwide is gill very
rudimentary. Complete uncertainty remains as to the extent to which loss of diversty dso
means loss of genetic resources. In addition to PGRFA, there is an enormous genetic and
biochemicd diversty worldwide, eg., anong worms and soil microorganisms.

Besides the supply of genetic resources in stu, there is an enormous stock of PGRFA
ex dtu. The conservation of PGRFA is a complex internationd and nationd system, consisting
of 6.2 million accessons of 80 different crops, stored in 1,320 genebanks and related facilities
in 131 countries (FAO 1998). Hammer (1995) points out, however, tha the vulnerability of
resources stored in gene banks due to the dependence of these indtitutions on governmenta
systems has become more evident in recent times.  This has been demongtrated, for example,
by the changes taking place in the former Soviet Union and other East Block States, which led
to the break-up of the traditiond Vavilov Inditute with its once widely branching network of
gations. Loca collections such as those in Somdia and Rwanda have dso recently been
subject to destruction problems.  These developments have simulated internationd initiatives for
the duplication of materiad stored in gene banks.

Principaly spesking, scarcity of biodiverdty leads to aleftward shift of the supply curve
for geneticdly coded information (from S to S; in FIGURE 2), or at least to an expectancy of
such a shift, and consequently to arise in prices (from R to R"). At the same time, however,
improved information processing in the ex gtu fadilities and technologica innovetion in the
identification of geneticaly coded information has a downward effect on the margind costs of
making them available. These cods have fdlen rgpidly n recent years (Artuso 1994). New
chemicd and andyticd methods have rapidly enhanced the efficiency with which naturd
products can be identified and sdected (eg., new developments in chromatography and
spectrometry). Hence, as Tankdey puts it: “Maintaining but not using seed banks was like
having this huge bank account in Switzerland, but nobody had given us the password, so
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we couldn't trap into it. The genes ... are sitting there, waiting to be used. And now
maybe we can start using them...” (Tankdey 1997). Thus, the GCI supply curve's leftward
shift resulting from eroson tendencies is partly compensated for (FIGURE 2), and the (implicit)
price increase in the GCI market turns out smdler than one might expect.

FIGURE 2 Changesin Supply of and Demand for Genetically Coded I nfor mation
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Source:  von Braun and Virchow 1997.

However, technologicd advances in the identification of GCI dso exert an influence on
the (derived) demand for genetic resources. They act smultaneoudy with other technologies
enhancing the demand for GCI. As explained above, the trend towards scarcity on the supply
sde of the GCl market is some what obscured by the present technical advances in information
processng and "bioprospecting”. By contrast, the demand for GCl deriving from the
biotechnology industry is quite obvioudy expanding (D, to D, in Figure 2). Through the
accumulation of knowledge the development of biotechnology has taken on an exponentia

192



dynamic. Genetic engineering, in particular, and new agpplications in biotechnology appear to
have pushed the limits to innovation further. In agriculture particularly the genetic information
contained in the world's mgor useful plants will probably become more important, as they are
relatively easy to manipulate by breeding with the exigting technologicd know-how. Sl
virtudly inexisient ten years ago, genetic modification of plants has meanwhile progressed to
various stages (Plucknett et a. 1990; OECD 1992; FAO 1993b; de Kathen 1996).

At present one can only speculate on the future economic demand for biodiversity and
GCI. Thisisan inevitable ingredient to any economic process undergoing rapid change just asiit
is now to the formation of GClI markets. As the posshilities of biotechnology improve,
gimulating the demand for diverse genetic resources, so will genetic resourcesrisein vaue. For
instance, the German gene bank of Gaterdeben aone receives some 13,000 requests for seed
samples for breeding and research purposes every year (Hammer 1995).

In the long term the further technologica improvements will facilitate the incorporation of
dien plant genesinto useful plants. This will lessen the atraction of traditiond varieties and their
wild relatives for breeding. New, improved methods of biotechnology will lead to a gradud
characterization (and conservation) of more and more genetic resources, and, through the
reproduction of existing and design of new genes, to the establishment o avirtua genetic base
(e.g., preparation of amino acid sequences) and combination of genetic information. In the long
term this could curb the demand for genetic resources as araw materid for genetic information,
particularly if in vitro reproduction of genetic information becomes chegper than in Stu or ex Stu
consarvation of genetic resources.  This in turn could lead to the subtitution of biotech
nologicaly (in vitro) duplicated genes for natural genes and agents. However, aslong asthe in
gtu and ex dtu conservation of genetic resources are sill the more cogt- effective methods, and
assessments of the efficacy of subdtitutes speculative, subgtitution will remain confined to afew
specific products (Virchow 1999).

Ingtitutional Aspectsof Exchange of PGRFA:
TheLong and Winding Road from a Freeto a Private Good

Before CBD came into force in 1993, the insruments for the indtitutiond framework
of PGRFA consarvation management, germplasm exchange and utilization were developed in a
rather ad hoc manner, based mainly on nationa and internationa codex for research work. The
achievement of having identified or discovered a variety in farmers fidds with interesting traits
was credited through publications and other kind of awards, but the farmers who bred and
maintained that variety in their fiedds were sddom mentioned. Germplasm exchange was
regulated according to other naturd resources transfer in research, i.e, free to dl bona fide
users and based on “pro mutua communationg’, the mutua exchange like it is practiced
between botanicd gardens aswdl (Hammer 1995). Engaged in the conservation and utilization
of PGRFA snceits beginning, FAO developed some indruments, which are now integrated into
FAO's Global System for the Conservation and Utilization of Plant Genetic Resources
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for Food and Agriculture (FAO 1997). Thisglobd system was the forma framework for the
access and exchange of PGRFA since the adoption of the Internationad Undertaking on Plant
Genetic Resources, based on the Undertaking' s basic concept of amultilateral system.

Since the enforcement of CBD in 1993, however, the internationa exchange system for
PGRFA has undergone some drawbacks. Because of its revison the framework given by the
International Undertaking is not existent at present. Nevertheless, CBD provides for access to
be granted on “mutualy agreed terms*, which might be agreed upon bilateraly or multilateraly
(UNEP 1994). The current multilatera exchange system is generdly conducted without a
forma agreement. Hence, its informality and uncertainty characterize the exising exchange
sysem. Nevertheess, most countries sate that PGRFA in nationd collections are il fredy
availableto dl bonafide users. But in some Eastern European countries, the recent privatization
of agriculturd research inditutes has increased the uncertainty over the continuing free
availability of their PGRFA (FAO 1998). Furthermore, there are signs that the access to
PGRFA in countries of supply is starting to be redtricted, e.g., the Chinese genebank is
redtricting the exchange of indigenous germplasm (FAO 1998). Some other countries might
restrict the access by establishing bureaucratic obstacles (Hammer 1995).

So far, as a rule no price is charged for the uilization of PGRFA through breeders.
Furthermore, hardly any remuneration is offered, neither to farmers, who are maintaining
PGRFA diverdty in ther fidds, nor to the ex Stu conservators, who are maintaining the genetic
resources and are involved in the first processing of geneticaly coded information derived from
PGRFA (see Chapter 0).

The uncontrolled reduction of area under traditiona varieties due to technica and
economic development call for an exchange system, which is efficient and provides sufficient
incentives for maintaining genetic resources.  Furthermore the lack of sufficient resources for
incentives at a nationd leve, and the insecurity of additiona funds on the internationd leve are
stressing the need for an efficient exchange sysem. The centrd policy questions concerning
PGRFA presently being discussed at the different international foraare (Virchow 1999):

the nationd sovereignty over PGRFA;

the setup of some kind of property rights associated with genetic resources and its
enforcement;

the arrangement for the accessto PGRFA,;

the sharing of benefits of PGRFA between “owners’ and users,

the aspects of financing conservation and the supply of genetic resources.

A consarvation and exchange system must solve these problems and integrate dl of
these issues. Progress has been delayed, because these issues are interrelated, and the main
actors in negotiation have contrary objectives. K LOPPENBURG and KLEINMAN (1988) identified
the declaration of the property rights as the mgjor reason in the deadlock of the discussons ten
years ago. The indudtridized countries recommend that genetic resources derived from
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traditiona varieties be trested as common heritage but modern varieties have to be protected.
The developing countries would also like to declare the newly bred varieties of the seed industry
as public good or to protect the traditional varieties aswdll.

As suppliers of geneticdly coded information or of the raw materid for such
information, i.e., germplasm, agrobiodiversity rich countries are in need for newly developed
seed and are therefore interested in its technology. This technology is supplied by countries,
which are mainly characterized as diverdty poor. Consequently, each sde has negatiation
resources which are of interest to the other sde and the solutions should be feasible (Svarstad
1994). The negotiation resources, however, are not equally distributed at present, because the
industriaized countries (defined as OECD countries for this purpose) have agpproximately 40%
of al conserved accessions at their disposad (FAO 1998). Additionaly, the accessions of the
CGIAR centers ae dso avaladle for dl users  This Stuation strengthens the negotiation
position of the indudtridized countries. The excluson of conserved germplasm collected before
the adoption of CBD may serve as an indication for the importance of thisfact.

It is, however, not only a dispute between the indudtridized countries as
agrobiodiversity poor countries and the developing countries as agrobiodiversity rich countries,
but rather a debate between the suppliers themseves. On the one side the supply of and
demand for political lobbying for interndization of the benefits derived from the utilization of
PGRFA are determined by existing or expected market power of some countries through
property rights solutions, while the prospects of compensation solutions trigger rent-seeking
initiatives on the other side (von Braun and Virchow 1997). Hence, the discussion over the best
exchange system is not only driven by the search for the mogt efficient solution, but aso fuelled
by country specific interests (see Chapter 0).

Furthermore, the system of conservation and exchange of PGRFA that must be crested
is influenced by other internationd and nationa negotiations, treaties, and laws. For ingtance,
UPOV and TRIPSWTO representing internationa agreements on the demand side of genetic
resources and CBD and the Internationa Undertaking representing the magjor agreements on the
supply side of PGRFA. The network of nationd and internationd agreements complicates the
negotiations and the potential solutions (Virchow 1999).

Markets and other exchange mechanism cannot evolve without any international and
nationd framework; or they only may evolve into an informd system without any long-term
planning and invesment potentid. Missng makets and the deficit of other regulation
mechanisms are, however, a threat for the conservation and alocation of PGRFA. Hence,
markets for the exchange of genetic resources, as part of the interndization mechanism, as well
as other regulations to compensate farmers and countries for maintaining a specific leve of
agrobiodiversity have to be devel oped.
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Exchange M echanisms:
Different Waysfor Genetically Coded I nformation to Reach the Demand Side

Thereis presently awide spectrum of genetic resources exchange systems in discussion:
a one Sde there is the informa multilaterd approach, which does not reflect dl of the legd
binding points addressed in CBD; a the other end a gtrictly bilatera exchange system can be
identified. Meanwhile partid dements of markets for genetic resources are emerging in the fied
of pharmaceuticals, as can be seen in contractud agreements between gene owner countries
and gene users (elther countries or the pharmaceutica industry in industridized countries).

This leads to questions as to which arrangements for marketable components of
geneticaly coded information might be practicable in agriculture and how to create incentives for
securing genetic resources that are not yet marketable. Including the issue of the utilization's
benefit sharing as well as the consarvation’s burden sharing, the future exchange system of
PGRFA will determine the incentives for PGRFA consarvation to a mgor extent. Only if the
countries, hogting predominant parts of PGRFA, can anticipate a significant compensation for
the codts of conservation, they will be prepared to invest in PGRFA conservation in the future
aswdl.

The exchange of PGRFA presently takes place in a complex multilaterd sysemthat is
based on legdly non-binding and informa agreements, some of which were only accepted by
tradition. The core dement of the exising system is the unredricted and free avallability of
PGRFA to dl bona fide users worldwide. This policy, which is followed by dl mgor ex stu
collection facilities, was based on the generd assumption that genetic resources were a
“common heritage of mankind” and a “ common concern of humankind” (UNEP 1994)
and consequently a public good. Because of the free availability and determined by the concern
of saving dl threstened genetic resources, the conservation efforts were carried aut in avery
unsysemdtic way, determined mainly by the individud commitment of those involved.
Furthermore, in the present multilaterd syslem most countries share part of a total genepool of
interest for most staple food crops and the governments have exercised little control over the
exchange of germplasm in thisinforma system (Gass 1996).

FAO and the IARCs combined with the NARS tried to systemize and link dl
consarvation efforts on internationa and nationd level. Consequently, the main coordinators of
the exiging system in its present date are the “Globd System for the Conservation and
Utilization of PGRFA” and the network of genetic resource units and plant breeding activities,
promoted and financid supported by the IARCs and the relevant NARS.

The globd system consdts of three pillars, based on the Internationd Undertaking as

framework agreement and is accountable to the intergovernmental forum of the Commission of
Genetic Resources for Food and Agriculture (FAO 1997):
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globd mechanisrs: an international network of ex Stu collections under the auspices of

FAO, a network of in dtu and onfarm areas, crop related networks, and the World

Information and Early Warning System on Plant Genetic Resources (WIEWS);

globd indruments: the internationa fund on Plant Genetic Resources for the implementation
of Farmers Rights, a periodic report on the State of World's Plant Genetic Resources, and
arolling Globa Plan of Action on PGRFA,;

internationd agreements. an internationa code of conduct for plant germplasm collecting and
transfer, a draft code of conduct for biotechnology, technica guidelines for the safe
movement of Plant Germplasm, as well as the genebank standards.

The achievements of this system, whose legd framework is gill evolving, because of the
obligation of renegatiating the International Undertaking, are the following:

most of the earth’ s important PGRFA have been collected and conserved ex situ under this
evolving, informa system (WIEWS 1996);

genetic resources have been utilized for breeding and provided the base for a tremendous
food production increase (Wright 1998);

the system provided the fora for internationa negotiations on policies and regulaions on
PGRFA and enabled the emergence of the first report on the state of the world’'s PGRFA
aswdl asthefirg globa plan of action for the conservation and utilization of PGRFA (FAO
1998; FAO 1996a);

the firg internationa PGRFA information system was created (WIEWS 1996) crop-
specific and regiond PGRFA networks emerged for cooperation reasons (Anishetty and
Virchow 1999);

the present exchange system with its free availability of PGRFA to bona fide users upon
request enabled the advantageous utilization of more PGRFA from international sources
than contributed to other nationa and internationd users because of the interdependence of
al countries as regards the utilization of PGRFA (FAO 1998).

Although some mgor points of conservation and utilization of PGRFA have been
achieved with the existing system, there are gill some mgor dements missng. Man missng
elements are the acceptance and implementation of specific financing mechaniams for benefit
and burden sharing and the adoption of a revised Internationd Undertaking including the
recognition of the Farmers Rights.

A multilatera system for controlling the exchange of PGRFA should have the task of
providing suitable incentives for in Stu consarvation and ensuring a fair share of the benefits of
the utilization of these resources to the donor countries. It should aso facilitate access to plant
genetic resources necessary for agricultura products and provide mechanisms for the regulation
of this access where necessary, e.g., when requirements of nature conservation take precedence
over other concerns. Such a system must dso answer to basic indtitutiond principles such as
the equa access for the nationd agricultura research systems of al countries, the transparency
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of decison-making processes, the control of executive organs, and the securing of finances
(Cooper et al. 1994).

The principle of a bilatera agreement for the exchange of PGRFA is characterized by
the negotiations between two countries and is formalized through a contract. It can be restricted
to a angle exchange of germplasm between two countries, e.g., the bilateral agreement between
Brazil and Mdayda for the exchange of a specific quantity of wild materid of Hevea for a
specific quantity of elite clones for other Hevea varieties (IPGRI 1996). The bilatera agreement
may aso be a contract for a longer period of time, e.g., the Merck-InBio agreement on the
collection, screening, and utilization of genetic resources from the Codta Rican tropica forest.
The third potentid category of a bilatera exchange system for PGRFA is the exchange of
germplasm for financid resources. Hence, in addition to the time horizon, the exchange system
may aso differ with respect to the means of exchange: wild materid for improved germplasm as
well aswild materid for technology or financid transfer.

A market system for the exchange of PGRFA will be a highly developed organization.
This syssem must include the private interest in exchange of PGRFA and the socid interest in the
long-term consarvation of PGRFA. There will not be only a need for an appropriate
inditutiond framework, but the systlem will dso require a practicd sysem of enforcement and
control.

The main inditutiona aspect for a private market system is the cregtion of a virtud
market for geneticdly coded information on the Internet as a freely accessible database
containing the world's entire available PGRFA (eg., the World Information System and Early
Warning Sysem on PGRFA). Prospective users could cal up the standardized genetically
coded information they require and clarify the property rights of the resources. Prices for
geneticaly coded information would develop stepwise depending on the technicd advances
made by users and the development of markets for end products, amongst other factors.

In addition to the information system a further system is needed to enable the transaction
of geneticaly coded information from the supply to the demand side as well as to enforce any
kind of compensation. This system could be a clearing house mechanism for the promotion of
technica and scientific cooperation, serving the sustainable development of biologica resources
as mentioned in Article 18 of CBD or a*“facilitator” to organize the transfer of genetically coded
information, as was suggested by Lesser and Krattiger (1993).

The enforcement of any rights, as roydties or other interndization mechaniams is
impossible without gathering dl exiding geneticaly coded information of an accesson. At
nationd level, the “Consarvation and Service Center” could be responsble acting as a
facilitator. It could clam any interndization of sociad benefits or any compensation by proving
which geneticdlly coded information was sent to which breeder. The center could act as the
foca point and as a broker for dl information on ex Stu and in Situ conservation activitiesin the
country. In addition the center will have contact to the clearing house on an internationd leve.
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Such a system would help to reduce the search cogts for the breeding industry to a minimum
(Virchow 1999).

One successful example a internationd leve is the “International Service for the
Acquistion of Agri-Biotech Applications’ (ISAAA), which asan inditution is playing the role of
“an honest broker” between the different interest groups in technology transfers (van Zanten
1996).

Assessment of the Different Exchange M echanisms

An imperfect market, causing some specific transaction costs characterizes the present
dtuation. So far, the whole PGRFA conservation system is based on non-market, i.e., public
interactions. The demand side for PGRFA, especialy the breeders, the biotechnology industry,
and the farmers, has been benefiting from the present system, participating only partidly in the
cods of conservation and exchange, and above dl sharing only a minor part of the exigting
transaction costs of the consarvation and exchange system. Asymmetric and rudimenta
information as wel as an inditutiond framework lacking a legd sysem which defines the
individua property rights for PGRFA as wdl as thar transfer, are the specific problems
hindering the development of a market-sysem with minima transaction costs for PGRFA
conservation and exchange.

With an understanding of why transaction codts play a vitd part in the conservation and
exchange sysem of PGRFA, inditutiond arrangements must be found, which present the
second best solution.  This solution should meet the Kador/Hicks criterion, eg., the over-dl
PGRFA consarvation and exchange system is only then efficient when the additiond costs
(including the benefit losses) of the establishment and enforcement of the system are less than
the additiona benefits resulting from the new system.

An efficient system of conservation and exchange of PGRFA has to meet three criteria

to provide sufficient incentives at the locd, nationd and internationd level for the safe
conservation of PGRFA,

to enable a sustainable utilization of PGRFA, mainly in agricultura breeding, and

to guarantee a “fair and equitable sharing of the benefits’ according to CBD and a smilar
sharing of the burdens of conservation and utilization.

When cregting a new conservation and exchange system for PGRFA or improving the
exiding informa system, one must keep in mind, that a sysem will only be enforced, if the
resulting benefits exceed the transaction costs of enforcement.

The main advantage of a multilaterad system of PGRFA exchange, in which dl countries
participate, is that it can only produce winners because each single participant gains access to
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more genetic materid than the country itself can contribute. Furthermore, a forma multilatera

system of exchange may have an advantage over the present informa system, in that more
trangparency and certainty may exist with respect to the rights and obligations of the members
on ownership, access and benefit-sharing (IPGRI 1996). The present informa multilatera

system is based on free access on the one hand and some — 4ill not defined — compensation in
the form of financid or a technology transfer or some kind of internalization on the other hand.
The multilaterd system is conceptudized asa “ ... framework for a system guided by a set of
mutually agreed rules...” including bilatera and multilateral agreements (IPGRI 1996: 61).

Not dl participants, however, will profit equaly from such a sysem. To base
compensation merely on the number of species or varieties contributed to the multilatera
system’s common, internationaly accessible pool would be too smple asolution. 1t would bear
the threast of an adverse sdection. Not dl varigties will have the same vauable levd of
gendticdly coded information. Some varieties will have more unique information than others
will. Hence, varieties with important, i.e,, higher vaued geneticaly coded information will be
underpriced and will subsdize the less vaued varidies, if dl traditiond varieties are trested as
having the same vaue in a multilatera exchange sysem. If the countries or other suppliers of
PGRFA are able to obtain the differences, they will try to take the more vauable varieties out of
the multilateral exchange market and try to sell them independently on the basis of bilaterd
agreements. Consequently, the average qudity of the regular PGRFA market will be reduced,
which would lead to a reductionin the price. Thistendency isincreased if the exchange system
presents a framework in which different kinds of agreements can be sgned, including bilatera
contracts.  Hence, the incentive will cause the countries to negotiate the most vauable
germplasm in bilaterd agreements because of the high demand, and the less demanded
germplasm in the multilateral compensation pool.

According to IPGRI (1996) the main advantages of the bilateral exchange sysem areits
flexibility in terms of negatiations, adoption and fulfillment of the contract, the good exploitation
of respective comparative advantages, and low overhead costs because of missing permanent
indtitutiond structures.

The main dructurd disadvantage of bilatera agreementsiis reated to the issue of benefit
sharing. In contrast to pharmaceuticals, modern varieties are derived from other very different
vaieties, lines and germplasm. I benefit sharing must be redlized by crediting the cascade effect
involved in breeding, the benefit digribution through specific agreements seems to be
operationd, only if countries are involved as recipients from the benefits. But even then, there
needs to be some intdligent infrastructural solution. Taking the Veery wheet released by
CIMMYT in 1977 as an example, the complexity of a benefit sharing syslem may be visudized.
The Veary wheat lines were developed from approximately 3170 crosses, made between 51
individua parents originating in 26 countries around the world. 62 varieties were released from
the Veary lines and cultivated on agpproximately 3 million hectares around the world.
(Skovmand, quoted in IPGRI 1996: 26). Another question is whether every geneticaly coded
information, integrated in the new variety a one time or the other, is equdly credited or whether
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there should be any gradation depending on the novelty or the specific impact of the genetically
coded information. In other words, will there be a possibility to assgn a margina vaue to each
geneticdly coded information’s contribution to a newly bred variety?

One of the most important arguments given by IPGRI (1996) and COOPER et d. (1994)
for a multilaterd exchange system is the problem of benefit agreements between a breeding
company or a country and al the countries from which the incorporated individua parents
originate. This problem is determined by the high grade of interdependence of the countriesin
regard to the origin of the utilized PGRFA in a country. According to their arguments, the
transaction costs would be too high for such an agreement. As mentioned above, through an
intelligent agreement system the transaction costs may be reduced to a reasonable level.
Furthermore, by adjusting the benefit agreements of PGRFA tilization to the breeders
protection rights, a practical solution may be feasble: if the Breeder’s Privilege is kept in place,
the benefits of utilizing germplasm of traditiona varieties should be redricted to new
incorporated germplasm solely. Only the gene-owners who supplied new PGRFA to the
breeding success should be credited for their PGRFA and not those who have supplied
PGRFA in the former breeding process while aready incorporating their PGRFA before the
release of an older variety. If the Breeder’s Privilege is abolished and patents are introduced for
dl varidies the benefit system for geneticdly coded information derived from traditiona varieties
has to be adjusted. If breeders cannot utilize an older variety for further research and
development without crediting the owner of the incorporated old variety, dl gene-owners of
germplasm derived from traditiond varieties through the whole breeding process have to be
credited aswell.

Additiondly, an indtitutiond framework is needed for a pure bilaterd exchange sysem
as wdl. The rdevant information could not be digtributed evenly without a clearing-house
mechanism or some other system of information distribution. Hence, the transaction codts of the
system would increase because of disproportionate search costs.

The man advantage of a market sysem of PGRFA exchange is the high flexibility
concerning the incentive for conservation and the system for benefit sharing. Due to
technologicd development the vaue of genetic resources will not stay congtant over time.
Consequently, dl exchange mechanisms without a free price regulating ingtitution will end up
with political defined values of genetic resources. If the information of the genetic resources and
their value can be openly accessed and the property rights for genetic resources are clarified,
the market solution may reflect the best present vaue estimation of genetic resources.

The main disadvantage of the system is Smilar to that of the bilatera exchange system.
As long as the benefits have to be shared with the owners of al ancestors of the variety, the
transaction costs of benefit sharing as well as the control systems are too high. By reducing the
benefit sharing to the source of geneticdly coded information the transaction costs will be
reduced as well. Furthermore, the development of new technologies may reduce the costs of
control measures. Badcdly, the techniques are now available to utilize molecular markersin the
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context of variety protection (van Laecke et a. 1995). Further development of molecular
techniques will theoretically improve the level of didtinction and dlow researchers to digtinguish
even between closdly rdaed cultivars. This may dlow the identification of essentidly derived
varieties (Semon 1995). Hence, modern techniques may prove to be useful in determining the
probable identity and origin of landraces, genotypes and genes. However, it is unlikdy that
these techniques can be utilized in the context of agreements for access to PGRFA due to the
inherent greet variability in mogt landraces and populations (FAO 1995h).

This will be the crucid point for the establishment of any market exchange sysem. It
will be successful only if the additiona cogts of the establishment and management of the market
system will be less than the additiond benefit. Additional costs will emerge for the demand sde
through the new transaction of genetically coded information as well as through the control of
the property rights.  Additiona benefit for the market system is the direct assgnment of the
vaue of PGRFA to specific genetically coded information. This increases the incentive for
improved conservation activities.

Conclusons. TheWay To Go

The pharmaceutica indudtry is heading to the negotiation of bilaterd contracts between
large corporations and nationd governments. The agricultura sector, however, appears to be
moving towards a further consolidation of the existing multilatera system, because of its existing
dructure and the high transaction costs of other exchange systems (Cooper et a. 1994).
Although the property rights are poorly defined for the moment, PGRFA’s future conservation
and exchange will depend on the aufficient incentives as a kind of compensation or
interndization. The bilaterd and the private exchange system of PGRFA may emerge from this
gystem in the long run, after further development in the patent law and in property rights in
generd as well as in technology for the enforcement of any rights.  Furthermore, it will be
difficult eventudly to edablish an exchange sysem recognized over-al because of the
heterogeneity of developing countries. The debate which exchange system to choose, and
therefore which incentive system will be dominant, is the debate between agrobiodiversity rich
and diverdty poor countries as well as between technologica rich and poor countries. The
uneven didribution of agrobiodiversty among developing countries and the different grade of
technology development discloses the fundamenta controversy over the decision between a
multi-laterd system (compensation of socid costs) and a market solution (interndization of
socid benefits) for the access to PGRFA.

Each country will favor an exchange system depending on its stock on PGRFA as well
as on its ability to utilize their ex stu and in Stu maintained plant genetic resources. The nationd
capacity of genetic resources utilization depends on the country’s technological state of crop
improvement programs at present and in the future. Knowledge, infrastructure, and financia
potentia for meeting the requirements of further breeding activities, are the main determinants,
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which differ from country to country. Consequently, the prospects for the technologica
capacity for utilization of plant genetic resources in countries are diverse.

According to their breeding capacity and the availability of genetic resources the nationa
utilization potentia differs greetly from one country to another (see TABLE 1). Deveoping
countries rich in PGRFA ad with technologica potentid presently have compardive
advantages for an interndization of the benefits resulting from PGRFA utilization and could win
through a bilatera or private exchange syssem. Developing countries, rich in PGRFA but poor
in technology potentid, could win through the interndization of benefits (market solution), if
adequate enforcement systems are implemented. On the other hand, because of high
transaction costs for such an enforcement, these countries could dso win through the
compensation solution in a very broad multi-latera syslem. PGRFA poor devel oping countries,
however, will push a compensation solution, based on a multi-laera sysem in which
compensation is alocated by unspecified criteria. This would be the only meansin which those
countries could benefit from the internationd exchange of PGRFA, besides benefiting in the
supply of modern varieties through internationa public and private channds.

TABLE 1 Country Specific Preferencesfor an Exchange System

Country’ssupply of PGRFA:
Dsg(g);;etgl :technol ogical High supply L ow supply
high potential Market for GCI (rlr\]/luﬁﬁ;t;(: S/Sem)
low potential r?lﬂi;itg?o?gg? multi-lateral system

Neverthdess, regardiess of which exchange system will dominate, key requirement for
any system is an adequate incentive system, which:

(1) ensuresthe crediting of the supplied PGRFA,

(2) secures the conservation of PGRFA (in gtu as well as ex dtu) on a national and an
internationd level, and foremost

(3) endbles the reduction of transaction costs for PGRFA exchange through a comprehensve
information system.

The sysem of interndization would tend to a bilatera exchange sysem or imply a market
approach, where @ther the countries or the farmers, individudly or as community, will profit



directly from any exchange of genetic resources. Meanwhile the system of compensation would
suggest a more genera, non-targeted approach for a multilatera exchange system.  One key
role for the compensation system is the establishment and utilization of an internationa fund as
the noda point for financid trandfer from PGRFA users (countries or private companies) to
PGRFA suppliers. The basic framework for the “Internationdl Fund for Plant Genetic
Resources’ was adopted by FAO Resolution 3/91, which agreed “ ... that Farmers Rights
will be implemented through an international fund of plant genetic resources, which will
support plant genetic conservation and utilization ...” (FAO 1996b, paragraph 16).
Matters related to the legd status, policies, priorities, and parties as well asto the financing are,
however, ill under discussion.

Regardless of how the internationd exchange system and financing mechanisms for the
management and utilization of agrobiodivergty are ultimately framed, the vadlue of geneticaly
coded information can never be determined a priori but rather only from an a pogteriori
observation. The vaue of geneticaly coded information will be determined by their successin
breeding and biotechnology. In order to remain viable any system must therefore sooner or
later provide mechanisms of profit sharing. The benefits will be not only shared between those,
who maintain genetic resources and those who utilize these resources, but there will be dso a
competition among those maintaining genetic resources for the best quality of genetic resources
and the mogt efficient ways of digtributing the geneticaly coded information.  Without such a
mechanism there is ahigh risk that eventudly the conservation of genetic resources will be
suboptimd, the financid resources spent inefficiently or consumed by high transaction costs and
the demand side will not be supplied with the best quality of genetically coded information in the
optima amount.

The debate which exchange system to choose seems to be the first step towards a
market or bilatera exchange system. It will only succeed the multi-lateral exchange system,
however, if the transaction costs of search and monitoring can be reduced by the development
of the rdlevant monitoring technology.

Endnote
Dr. Detlef Virchow is a Research Fellow at the Center for Development Research,
Univergty of Bonn, Germany.
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