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Introduction

For hundreds and even thousands of years, humankind used genetic and biological resources for a number of purposes, be there for food, medicinal use or simply aesthetic matters. As these resources were deemed to be the “heritage of mankind”, they were to be available to everyone without restrictions. There was however great concern among the developing countries, where most of the Earth’s genetic and biological resources are located. As their resources were used to produce and sell pharmaceutical drugs and other products in developed countries that hold the technological capacities to do so, many thought that some form of return on the utilization of their genetic resources should be provided. After years of intense negotiations, an arrangement was finally agreed upon and enshrined in the Convention on Biological Diversity (CBD), signed in Nairobi in 1992, as one of its three objectives. Breaking with the previous approach of open-access, the Convention was giving back to the States the ownership of genetic resources on their territory and the power to enact legislation and requirements for access to these resources. Access was to be subject to the prior informed consent (PIC) of the State and based on mutually agreed terms (MAT), which involves some form of contractual negotiations and benefit-sharing arrangement. Ten years after the Convention entered into force, this type of arrangement has become more and more common. However, since a lot of users from different sectors are using these genetic resources for different purposes, it is probable that bilateral agreements governing the access to genetic resources for these users also have substantial differences in their provisions. Few, if any, studies exist that compares benefit-sharing agreements involving users of genetic resources in different sectors. In an effort to resolve that gap, this study analyzes eighteen case studies of benefit-sharing arrangements in five different sectors, in order to discover what differences do indeed exist across these sectors. These case studies, presented in annex, detail each one of the benefit-sharing agreements according to a number of criteria that were deemed to be crucial to the agreements. The first set of criteria is based on elements usually included in the mutually agreed terms. This includes details like the way prior informed consent was sought, the type and quantity of resources to be collected, the purpose of the collection, a timeframe and some deadlines, the place where collection will be realized and the possible involvement of third parties, licensees for example. In some occasions, the agreements also covered the use of traditional knowledge or there was a possibility that some use would be made of that knowledge. This was then also included. Other criteria are related to the agreed terms and the sharing of benefits encompassed in the agreement. These are divided in non-monetary and monetary benefits. Non-monetary benefits include for example: transfer of technology and capacity-building while monetary benefits include up-front or milestone payments or royalties in the event of commercialization. Information on intellectual property rights was also included, in order to see who would retain ownership of the resource and what was the procedure in the event of a patent claim. As this type of agreement is generally private in nature, a lot of details are, consequently, bound to confidentiality clauses and were not available for the purpose of this study. In the overwhelming majority of cases, it was impossible to see the real agreement and information had to be compiled from different sources. The users of genetic resources used for the research are in the pharmaceutical, the agricultural, the botanical, the ornamental horticulture and the cosmetics sectors. Each sector is first analyzed separately in order to draw some trends. A cross-sector analysis follows, intending to compare these trends and explain what elements can influence the design of benefit-sharing agreements.  

1. The pharmaceutical industry

1.1. Utilization of genetic resources in the pharmaceutical industry

The pharmaceutical industry is probably the sector relying the most on bioprospecting. Conservative estimates pretend that up to 25 percent of all prescription drugs sold in the United States alone are derived from plant-based sources
. Large companies like Pfizer, Glaxo-Wellcome or Merck & Co. can each collect as many as 80,000 microorganisms per year
. This situation could be explained by a number of factors. First of all, the growth of the revenue of these companies since the 1980s has generated more investment in research and development programs. In 2002 alone, American pharmaceutical research companies invested US$32 billion in research and development, which represents US$20 billion more than in 1992
. Advances in technology and scientific knowledge also allowed significant improvements in the research and development (R&D) process, permitting to screen larger number of samples. Secondly, while 11 of the 25 best-selling drugs in the world are based on natural products and represent 42 percent of sales, only between 5 and 15 percent of the 250,000 to 500,000 higher plants species have been investigated for active compounds
. However, the acquisition of biological material does not, in the majority of the cases, rely on collection expeditions by the companies but mostly on agreements with intermediaries, brokers and, academic or research institutions who will collect the material. The entry into force of the Convention on Biological Diversity in 1993 has somewhat accentuated the trend as requirements for access to biological resources in provider countries became, in some cases, very complex
. Following the agreement struck in 1991 between the Costa Rican National Institute for Biodiversity (INBio) and the pharmaceutical giant Merck & Co., expectations have been high from the developing countries that they could generate some very important returns from what has sometimes been dubbed the “green gold” or “green petroleum”
. It is however far from sure that a collection expedition will end up with the discovery of a new drug or even a potential compound. It is estimated that about one out of 10,000 samples screened will present the desired bioactivity and only one in 45,000 to 250,000 samples screened will result in a marketable product. When one adds the US$500 million costs over the 10 to 15 years needed to develop a commercial product it becomes clear that bioprospection can be a highly risky business with few short-term benefits
. Nevertheless, quite a number of bioprospecting agreements have been reached between pharmaceutical companies and source countries that resulted in some interesting benefits for the latter. 

1.2. Bioprospecting practice in the pharmaceutical industry

A number of generalizations can be made in regard of the eight case studies relating to the pharmaceutical sector selected for the purpose of this paper. Two of these cases involve the International Cooperative Biodiversity Groups
, one in Suriname (ICBG – Suriname) and one in Chiapas, Mexico (ICBG – Maya). An additional agreement involves the biotechnology giant Novartis and a Mexican NGO, the Union of Zapoteco – Chinanteca Communities (Novartis – UZACHI). A third one involves the University of South Pacific and the Strathclyde Institute (USP – Strathclyde). Another one, probably the most renown is the agreement between INBio and Merck & Co. One more is the agreement between the National Cancer Institute (NCI) and the State of Sarawak (NCI – Sarawak), Another one involves the University of Lausanne, the University of Zimbabwe as well as the pharmaceutical company Phytera. Finally, the last agreement has the particularity that it involves a provider of genetic resource and a user that are located in the same country, it was realized between the Tropical Botanic Garden Research Institute of Kerala and the Kani people in India (TBGRI – Kani). 

1.2.1. The role of intermediaries

In the first place, one can notice that in the majority of the cases (six out of eight), the access and benefit-sharing (ABS) agreements do not involve two partners (a provider and a user) but at least three of them. Most of the bioprospecting agreements were constructed as partnerships between academic or research institutions and private pharmaceutical companies with, in some cases, indigenous and local communities. If we look at the details of the agreements, we notice that the pharmaceutical firm is at the user end of the chain with the indigenous and local communities (when involved) at the other end, collecting the resource. Academic and research institutions are acting as intermediaries between the providers of the resources and the users. In fact, in none of the cases was the private partner (the pharmaceutical firm) involved in the collection operations on the field. In two cases, NCI – Sarawak and University of Lausanne – Phytera, the academic or research institution was located in the user country, these two institutions being the National Cancer Institute
 and the University of Lausanne. In the cases of both ICBG, these intermediaries were rather based in the provider country. The public pharmaceutical company BGVS was the intermediary in the ICBG – Suriname whereas University ECOSUR, in Chiapas, was supposed to fill that role in the ICBG – Maya. The two last cases are ambiguous: in the case of TBGRI – Kani, all participants were in the same country. In USP – Strathclyde, the University of South Pacific was located in the provider country. However, the Strathclyde Institute for Drug Research could also be considered as an intermediary. Indeed, the Strathclyde Institute for Drug Research, which is tied to the Strathclyde University of Glasgow, as for a mission to identify early-stage commercial opportunities for drug research and to seek private industrial partners for commercial development. Thus, it is difficult to draw a clear trend as to the origin of the intermediary (whereas it will be from the user or provider country). However, we can notice that in the two cases where the intermediary was from the user country, it had already isolated a promising compound: the Calanolide in the case of NCI – Sarawak and the fungicide extracted from swartzia madagascariensis in the case of University of Lausanne – Phytera. Both institutions were actually looking for an industrial partner to develop it. Universities or research institutions from developed countries are frequently carrying assays on genetic material they collected in bioprospecting expeditions or that were provided by agreements with other academic or research institutions abroad. They however lack the resources to develop these into commercial drugs when they hit a promising compound. Remember it can cost up to US$500 million and require from 10 to 15 years to develop a marketable product
.  Therefore, they will look for a partner to commercially develop that compound and the odds are that partner will be in the same country or in another developed country since that is where most pharmaceutical companies are located. 

On the other hand, having an intermediary in the provider country might be useful when it comes to organize a collection expedition, since they are better suited to deal with the local government and indigenous or local communities if they need to be involved. In addition, they are more likely to be aware of the regulations in place and also have a knowledge of the terrain that constitutes a serious asset. Also, universities, botanical gardens or institutions like INBio in Costa Rica are generally involved at the collection and extraction
 stage. This way, samples obtained by the pharmaceutical companies are already extracted and only needs to be tested for bioactivity, allowing for economy in time and money. The creation of partnerships for bioprospecting expeditions is also a practical way to recoup the cost of an expedition and allow for a benefit-sharing package that would cover a wider range of benefits. This is particularly evident when one looks at the sharing of benefits in the two ICBG projects analyzed. Both ICBG projects studied here regroup a vast array of partners from the user as well as the provider country. Such a project can sometimes prove difficult to manage but it has the advantage to diversify the range of benefits, each partner providing benefits in the field where it has a comparative advantage. 

1.2.2. The participation of indigenous or local communities

We can also notice that indigenous and local communities were involved in six of the eight bioprospecting agreements and that in five of them they were carrying out the collection of samples. This is not to say that traditional knowledge (TK) was involved in all cases. In fact, four cases out of the six were making use of traditional knowledge
. It is interesting to note that three of these four cases where traditional knowledge was involved have known real problems regarding the prior informed consent of the indigenous or local communities. In one of the cases, the ICBG – Maya, the project was even abruptly terminated. The problem in the latter, as with the TBGRI – Kani, seem to be related to the absence of an institution representing the interest of all the communities involved, which had the effect of dividing the communities over the terms of the agreements. As for the ICBG – Suriname case, a greater cohesion among the Saramaka Maroons involved allowed a successful partnership. In the case of University of Lausanne – Zimbabwe, the problem lies in the absence of prior informed consent from the indigenous peoples who were not informed about the terms of the agreement between the University of Lausanne and the University of Zimbabwe. These cases illustrate how difficult it can be to secure in an appropriate way the PIC of indigenous and local communities. One of the main difficulties seems to be the identification of the competent authority: “The principle problem for the research community is the absence of a clearly delineated governance hierarchy in many indigenous societies that formally establishes, for the outside world, what level of an indigenous community or nation has the authority to give consent
.”  In the case of ICBG - Maya, PIC was sought in each one of the villages where the project was to take place. The problem was that if a community was to refuse participation in the project, another one sharing the same knowledge could accept, making the refusal of the previous one meaningless. Such ethical questions constitute a great challenge for bioprospectors who must deal with traditional knowledge.  

1.2.3. The form of the benefit-sharing arrangements

As for benefits, we notice that the great majority of agreements involved a range of monetary as well as non-monetary benefits. Most of the agreements included some form of training, transfer of technology and capacity-building as non-monetary benefits. Training can be organized by providing internships, workshops or advices on the way to collect and process samples. Transfer of technology, in these cases, was essentially done by providing laboratory equipment (which lacks cruelly in developing countries) in order to carry out the collection, extraction or research and development (in the case of NCI - Medichem). Only in two cases, however, was participation in research and development on the genetic material included in the agreement. In six cases out of eight, R&D was taking place in the user country. In the USP – Strathclyde Institute agreement, the University of South Pacific was conducting a part of the R&D and in the NCI - Medichem agreement, R&D was executed by Medichem – Sarawak, issued from the joint venture between Medichem Research (USA) and the State of Sarawak in Malaysia. The deal between University of Lausanne and the University of Zimbabwe shows an absence of non-monetary benefits. As it as been mentioned above, that deal has been characterized by some irregularities that drew heavy critics from several NGOs. As a result, the agreement is presently being revised. 

Monetary benefits, has it can be observed, include the payment of royalties in all eight cases. This is now a widespread practice since the pharmaceutical industry makes heavy use of patents and licenses that generate important amounts of revenue. The amount of royalties, kept confidential most of the time, is usually somewhere between 0.5 and 4%. This may seem quite low as a successful drug can bring millions and even billions in profits to the company that manufactures it: Pravachol (a cholesterol-reducing drug) brought US$1,48 billion in profit to Bristol-Myers Squibb whilst Zocor and Mevacor were bringing back respectively US$3,56 billion and US$1,1 billion to Merck in 1997
.  However, since it is far from granted that a bioprospection project will end up with a marketable product and that it can take anywhere from 10 to 15 years to develop such a product, royalties have only a meager potential as a source of income for the provider country
. In the agreement it signed with UZACHI, the Swiss firm Novartis has however adopted a different way of rewarding the discovery of promising compounds. Novartis would agree to pay between US$1 and 2 million for each active compound, this way allowing UZACHI to enjoy immediately the spin-off of the agreement
. Some other form of payment is also usual practice, although it is not done in every case: University of Lausanne apparently did not pay a dime to Zimbabwe apart from potential royalties. In the case of NCI – Medichem, the State of Sarawak will be rewarded as partner in the joint venture, by getting 50 percent of the profits if a medicine is commercialized. The additional payment will often be in the form of up-front payment, as it is in four cases. There is no standard amount regarding up-front payment. It is in a range from US$12,500 to US$60,000 for three cases, INBio – Merck being an exception with a generous US$1 million. Only in one case were milestone payments preferred: Novartis was paying the sum of US$10,000 per year to UZACHI for the duration of the contract. In the USP – Strathclyde Institute case, no milestone or up-front payment was required. USP was instead charging a fee for any supplementary extract claimed by the Strathclyde Institute. 

As the United States have not yet ratified the CBD, it is noticeable that five out of the eight case studies involved a US partner. Two main factors can explain that situation. First, the domination of US firms in the pharmaceutical industry. Almost half of the 152 drugs developed between 1975 and 1994 were originating from US companies while Great Britain was following with 14 percent. 36 percent of R&D is done by the United States, Japan is in second place with 19 percent
. A second factor is that a lot of agreements like the ones studied here are of private nature and therefore confidential. However, a great deal of information have been published about contracts involving US-public institutions or programs like the National Cancer Institute or the International Cooperative Biodiversity Groups, providing a convenient set of data
. 

Another information that is not included in the case studies or the tables but might nevertheless be interesting to know concerns the results of these bioprospecting agreements in terms of drug discovery. So far, the only product commercialized as been the arogyapacha from the TBGRI – Kani agreement. However, the benefit-sharing agreement with the Kani has only been reached once a license was sold to AryaVaidya Pharmacy. The agreement is more a result of the commercialization of a product than the other way around. Promising compounds have been found in two other cases. The Calanolides developed by Sarawak – Medichem Pharmaceuticals are scheduled to enter Phase III of clinical development in May 2004
. Here again, the properties of the compound were discovered before an agreement was negotiated. The compound isolated by the University of Lausanne in the swartzia madagascariensis from Zimbabwe also appeared promising. However, Phytera halted the research on the compound because of toxicity problems
. In these three cases, the potential to develop a marketable product has triggered the negotiation of a benefit-sharing agreement between the research institution and the pharmaceutical corporation. The pharmaceutical firms involved did not have to venture themselves in a bioprospecting expedition and screen numbers of samples to find a new compound. It should be noted also that some form of traditional knowledge was clearly involved in two of the three agreements, and possibly in Sarawak – Medichem too. As for the other cases, none of them has produced any result in terms of drug discovery so far. 

2. The agricultural sector

2.1. Utilization of genetic resources in the agricultural sector

Agricultural sector depends entirely on genetic resources. However, finding data on benefit-sharing arrangements in the agricultural sector proved to be extremely difficult, comparatively to the pharmaceutical sector, for a set of reasons explained below. 

Collection of in-situ genetic resources is not current practice in the agricultural sector, with the exception of the crop protection industry that can sometime rely on properties of plant genetic resources to develop pesticides. 

Exchange of agricultural genetic resources dates back to the domestication of crops during the Neolithic period. Over time, crops originating from one country have been domesticated in other countries with the result that today, all countries are practically dependent on crops originating from other parts of the world:  

In Brazil, for example, almost half of the population’s energy from plant sources comes from three major cereals – rice, wheat and maize – all of which originated in other parts of the world. Sugar (cane), which supplies one-fifth of energy intake, originated in Southeast Asia. Of major food sources, only cassava, which supplies about 7% of energy intake, originated in Brazil.
  
Furthermore, plant genetic resources for food and agriculture (PGRFA) have undergone, across time, interbreeding with other varieties in order to improve some desirable traits like yields, pest resistance etc. PGRFA have traditionally been recognized has heritage of mankind a principle enshrined in the International Undertaking on Plant Genetic Resources adopted by the Food and Agriculture Organization (FAO) in 1983. Accordingly, access to these resources has generally been free to everybody: “Researchers, breeders and even companies, traditionally obtained samples of germplasm from each other without paying, and used them in their breeding programmes
.” Germplasm
 of PGRFA is kept in gene banks, like the ones of the CGIAR (Consultative Group on International Agricultural Research), across the world and maintained at the disposition of everyone. Worldwide, over 1,300 genebanks are storing more than 6 million samples of PGRFA. The adoption of the Convention on Biological Diversity, in 1992, subjected genetic resources to the sovereignty of the State and access to these resources to the prior informed consent of the provider and the negotiation of mutually agreed terms. From 1994 to 2001, FAO member states held negotiations in order to bring the International Undertaking in conformity with the provisions of the CBD. The International Treaty on Plant Genetic Resources for Food and Agricultures was finally adopted in 2001. Under the Multilateral System, that constitutes the core of the Treaty, access to 64 major species of crops and forages will remain free for research, breeding and training and subject to a fair and equitable share of monetary benefits if a commercial product is developed
. Exchange will be done through a standard Material Transfer Agreement (MTA) still to be developed when the Treaty enters into force, on 29 June 2004.

A disconcerting aspect when it comes to look for ABS agreements relating to exchanges of germplasm is the extensive chain through which the germplasm is going: “Agricultural genetic resources often change hands several times, being altered, improved and bred by public and private organisations around the world before they are commercialised
.” The case of the rice Xa21 involved in the UC Davis Genetic Resources Recognition Fund case is typical. The rice was first collected in Mali, then sent to a research institute in India for resistance tests. It was afterward transferred to the International Rice Research Institute in the Philippines and next to the University of California, Davis in United States which licensed it to two private companies who were suppose to commercialize it. Each step of this process usually involves a different MTA or other arrangement. This makes it tricky to obtain a clear picture of any agreement benefiting the source country, which is itself sometime difficult to identify since PGRFA can contain genetic material coming from more than one country. 

Another difficulty lies in the fact that there is simply a lot less benefit-sharing arrangements in the agricultural sector than in other domains, pharmaceutical for instance. Since the norm has, for a long time, been open-access to germplasm, users (as well as providers) of seed genetic resources are still unaware of the new requirements of international agreements like the CBD. In a survey realized with diverse providers of germplasm, Kerry Ten Kate and Sarah A. Laird discovered that 67 percent of them rarely or never paid for access to germplasm
. It seems however, even if it is still a minority, that research centers, universities and companies are increasingly asking for a small payment for access. 

2.2. Benefit-sharing arrangements in the agricultural sector

Only three cases were found regarding benefit-sharing arrangement in the agricultural sector. The first one involves the company Syngenta Crop Protection and the HUBEI Academy of Agricultural Science in China (Syngenta – HUBEI). The second agreement was between the University of Peradeniya, located in Sri Lanka and a private partner dubbed “Company” for confidentiality reasons
. Finally, the last agreement refers to the UC Davis Genetic Resources Recognition Fund (GRRF). The GRRF was putted in place following the signing of license agreements between the University and two unnamed companies. The money the University obtained, was to be paid to the fund in order to reward the countries that originally provided the variety of rice that was the object of the license agreements. Since there are few cases, comparisons cannot have the same significance as it was the case for the pharmaceutical sector. Taking this into account, certain lessons can nevertheless be drawn from these case studies.

First of all, it should be noted that, contrary to the pharmaceutical sector where partnerships were the norm, only two partners are involved in the three cases analyzed here
. Furthermore, in each one of these cases, the provider partner was an academic institution whereas the user was a private enterprise. It seems that Universities and research institutions are indeed important providers of genetic resources for the agribusiness industry since a lot of agricultural programs and crop protection research are subsidized by the government
.  

It should also be mentioned that prior informed consent does not seem to be usual practice for the agricultural and crop protection industry. Among the three cases that we found, only one was requiring the PIC of the government and the contract even stipulated that it was the provider’s duty to obtain it. However, in the case of the Genetic Resources Recognition Fund (GRRF) of the University of California, Davis, the resource was first collected a long time before the concept of “prior informed consent” came about. 

Unlike the pharmaceutical sector, the agribusiness industry does not seem, at least in these three cases to rely much on traditional knowledge or indigenous and local communities. However, it seems that a small proportion of companies from the crop protection industry use ethnobotanical knowledge in order to identify samples. As for the seed industry, little use of TK is made directly but some of the genetic material may have an important traditional variety component coming from pre-breeding
. 

The three benefit-sharing agreements involved non-monetary as well as monetary benefits although not on the same scale as the pharmaceutical sector. Here also, the use of royalties is current. Some other forms of payment were also involved in the cases of the University of Peradeniya in Sri Lanka and in the case of UC, Davis, a lump sum payment by both companies were to be put in the GRRF. In Sri Lanka, payment was only required if the company was asking for extracts in addition to the quantity provided for in the MTA. Non-monetary benefits are not as extensive as it was the case with the pharmaceutical sector. They mostly involve some kind of internships or training. Syngenta goes further by providing also technology equipment and know-how in order for the genetic material provider to perform some part of the research and development activities. UC, Davis was not receiving any non-monetary benefits from the two companies it signed agreements with. Instead, the University itself was, by the intermediary of the GRRF, providing some fellowships to students from Mali, the country where the gene was first collected. The University was also providing the gene Xa21 and transgenic varieties containing the gene to developing countries at cost price. 

This agreement was however particular since it did not involve directly the provider of the resource but was rather a personal initiative of Professor Pamela Ronald at UC, Davis to reward the source country. 

3. Botanical collections

3.1. Botanical gardens and ABS

Botanical gardens are different from other sectors mostly because of the mission they are endowed with. In opposition to the commercial sector, where the search for profits and accordingly, the need to discover and develop innovative products is dominant, botanical gardens are vested with a mission of research and education. Often funded from public sources, they also collaborate extensively to share the results of their research and acquire plant samples in order to expand their number of accessions. Botanical gardens are often providers of genetic resources to private companies or universities but they are also users of genetic resources. They mostly rely on exchange with other botanical gardens to access samples of material. Most botanical gardens are making their seeds collection freely available, in an Index Seminum, for research and education purposes on the basis of reciprocity. Since the majority of acquisitions pre-date the entry into force of the CBD, they are not bound to its requirements. One of the outcomes of that situation is that private companies could try to access the collections of botanical gardens in order to avoid all the difficulties generated by the new requirements in terms of ABS. For that reason, the majority of botanical gardens now require MTAs with some benefit-sharing arrangement for any exchange of plant material in order to conform to the spirit of the Convention
. Botanical gardens also rely to some extent on collection expeditions to acquire new materials and, consequently, they must adjust to the ABS requirements of the Convention. The majority of the botanical gardens throughout the world have developed or are parties to a code of conduct or policy guidelines regarding acquisition and supply of plant material. Among the most important are the Principles on Access to Genetic Resources and Benefit-Sharing for Participating Institutions endorsed by 22 institutions 
. These Principles contains requirements regarding PIC and equitable and fair sharing of the benefits with the country of origin and other stakeholders. 

3.2. Benefit-sharing arrangements involving botanical gardens

As it was the case for the agricultural sector, little information is available regarding details of benefit-sharing arrangements involving botanical gardens. However, it is possible to find broad information regarding some collection expeditions as some botanical gardens will post it on their WebPages and sometimes publish a retrospective account of the mission, although with very few details. Three cases were containing enough information to be part of the analysis. The first is an agreement between the Lebanese Agricultural Research Institute and the Royal Botanical Garden, Kew in England (LARI- RBG Kew). The second is drawn from accounts of a collection mission realized by the Cambridge University Botanic Garden in Pakistan (CUBG – Pakistan). The last one is an agreement between the Royal Botanical Garden, Kew and Kenya signed as part of the Millennium Seed Bank Project (RBG Kew – Kenya). The Millennium Seed Bank Project is a program, set up by the RBG Kew, that endeavors to collect samples of 10 percent of the world seed-bearing flora by 2010. In the framework of this project, RBG Kew has signed access and benefit-sharing agreements with 16 different countries
.  

We first notice that in all three cases, botanical gardens of the user country are dealing with other academic or research institutions, public or semi-public, abroad. As we saw in the other sectors, this type of institution is often involved since it is useful for an institution or enterprise collecting abroad to have a counter-part who knows the country, the people and the requirements and competent authorities to contact in order to secure PIC. 

Indeed, we can notice that PIC was obtained in all three cases. In both the cases of LARI – Kew and CUBG – Pakistan, it is explicitly reported that the local institution was useful in the process of obtaining PIC. The discovery of active compounds or, ultimately, commercialization of a product was not the purpose of any of these collection expeditions. Nevertheless, in the cases of LARI – Kew and the Millennium Seed Bank in Kenya, if a commercial application were to arise from the screening tests, a new agreement would have to be signed. Inclusion of such a clause seems to be typical of the majority of material transfer agreements. It is also present in the Model Material Acquisition Agreement of the Common Policy Guidelines and reads: 

4.2 [PG] will not Commercialise any Genetic Resources, their progeny or Derivatives, without having obtained the written permission of [Partner] prior to such Commercialisation. Any such Commercialisation to which [Partner] agrees will be subject to a separate agreement with [Partner] consistent with [PG]'s policy on access to genetic resources and benefit-sharing.

It is probably worth mentioning that RBG, Kew, which is involved in these two cases is a signatory of the Common Policy guidelines and has endorsed as well the Principles on Access to Genetic Resources and Benefit-Sharing. We do not have sufficient information about the CUBG – Pakistan case, however, to determine the presence of the same type of clause. 

Another particularity is that in all three cases, the institution from the user-country was itself participating in the collection operation on the field, although with the help of its counter-part of the provider-country. 

About the benefit-sharing arrangements, it is to remark that neither monetary benefits nor IPRs were included in the provisions of any of the three agreements. This may be due to the type of institutions involved. Indeed, since botanical gardens are not-for-profit institutions and commercialization is not the purpose of the collection, benefit-sharing is mostly based on exchange and collaboration. Monetary benefits would however be included in a new agreement, as mentioned above, if commercialization was to arise from the research. For CUBG – Pakistan and the RBG Kew– Kenya cases, non-monetary benefits included transfer of technology, training of local scientists and internship in the user-institution. RBG Kew also provided workshops and education programs. The benefit-sharing arrangement was more modest for LARI – Kew. Both institutions are “strongly encouraged” to undertake some exchange and training of staff personnel. Globally, benefit-sharing arrangements in the botanical institutions are not as important as the ones of the pharmaceutical sector but are more resembling those of the agricultural sector where the open-access was also common practice not so long ago. 

4. The ornamental horticulture industry 

4.1. Access to genetic resources and horticulture

Very little information is available about the ornamental horticulture industry and the way it copes with access to genetic resources and benefit sharing. The size of this sector is relatively small if compared to the other sectors. Global sales for ornamental horticulture products are between US$16 billion and US$19 billion a year
. As with the agricultural sector, many intermediaries exists between the time an ornamental variety is collected and the time a commercial product is sold. The variety first passes to a breeder who will conduct R&D and produce the seed. The seed then goes to a distributor/broker who will prime the seed and distribute it to plug producers or to wholesale growers. Plug producers germinate the seeds and when the seedlings are five or six weeks old, they are sold to a wholesale grower. The latter grows the plant for one to three months then sells it to a retail store where the potted product or cut flower can finally be sold to the consumer
. Even if field collection still exists, it is not the principal manner for breeders to find new horticultural varieties. Botanic gardens and national collections, as well as the private collection of the enterprise and even commercial varieties already on the market, are the main sources when it comes to develop a new variety
. In this matter, the ornamental horticulture industry operates a lot like the agricultural and botanical sectors. Since free and open-access has been the norm for so many years, benefit sharing is not common practice yet. In fact, it seems that the CBD and its implications are not particularly well known in this sector. However, the use of MTAs is continuously increasing and some benefit-sharing arrangements do exist even if very little information is publicly available
. 

4.2. Benefit-sharing agreements in the ornamental horticulture

Since only two cases were found, it is quite difficult to draw conclusions about the general content of benefit-sharing agreements in this sector. Furthermore, these two cases are very different in their benefit-sharing approach. A great deal of information was available on the agreement between the National Botanical Institute of South Africa and the US-based Ball Horticulture Company (NBI – Ball), mostly because it involved a South African public institution and was heavily criticized in the medias of that country. Following what, a report on the details of the agreement was commanded by the NBI Board, which is available on the Internet
. The second case study, Pipa Horticultural, involved a Canadian company, Piroche Plants, and the Nanjing Botanical Garden in China. It was examined by Kerry Ten Kate and Sarah A. Laird in the book The Commercial Use of Biodiversity
. The first one of these cases concerns a classic benefit-sharing agreement involving a provider and a supplier and a set of monetary and non-monetary benefits whereas the benefit-sharing arrangement in the second case was realized in the form of a joint venture. 

We can notice that, in both cases, the prior informed consent of the government was sought. In the case of Pipa Horticultural, this is not really surprising given the centralized nature of the Chinese economic system, the state-owned statute of the Nanjing Botanical Garden and the very nature of the project that required a number of permits from the authorities. In the case of NBI – Ball, some difficulties occurred in the prior informed consent procedure, as no framework was available at the time. Consequently, the process was marred with communications as well as legal competency problems between the Department of Environmental Affairs and Tourism and the direction of the National Botanical Institute
. 

As for benefit-sharing, both agreements analyzed were including some non-monetary as well as monetary benefits. In addition to the gains it made in terms of capacity-building by entering in the Pipa joint venture with Piroche plants, the NBGSS also withdrew some sort of transfer of technology as more than 70 percent of the capital invested in Pipa was spent on equipment. The same can be said of the NBI – Ball agreement, where the initial research service fee was to be allocated to the buying of vehicles and greenhouse. Ball Horticultural was also required to host an intern for a short period and to hold seminars once a year in South Africa, for the duration of the agreement. Some provisions also related to transfer of technology, but the language used is so weak that it is not legally enforceable
. 

Monetary benefits are quite different in both agreements. As a partner of the joint venture, NBGSS was to be paid 10 percent of the profits made by Pipa, but 80 percent of the joint venture company’s profits were to be reinvested in Pipa or go to conservation activities in China. Piroche Plants also paid 90 percent of the start-up capital for Pipa. The NBI – Ball agreement was somewhat more classical, encompassing an up-front payment to buy equipment, as well as an annual US$50,000 in research fees and a percentage of royalties to be determined in a very complex fashion, according to the type of marketable product developed.  

Even if they are hardly comparable, these two agreements can at least show some sort of paths that are explored by the ornamental horticultural companies when it comes to establishing a benefit-sharing agreement, a trend that will probably take an increasing importance over the next years. 

5. The cosmetics sector

5.1. Cosmetics industry and access to biological diversity

Another industrial sector that makes use of biological and genetic resources is the cosmetics and personal cares. In 1998, natural products were representing a mere US$3 billion in an industry of US$75 billion of sales.  However, from 1998 to 2003, sales of natural products in the cosmetics industry have seen a breathtaking growth of 51,9 percent in retail sales as consumers’ preferences for products carrying the appellation “natural”, “organic” or “biological” have surged
. The rise in the cosmeceuticals sector also fueled the demand for biological products in the sector of cosmetics and personal care. Cosmeceuticals are in a “grey area” between pharmaceuticals and cosmetics as they are products that can have a biological effect, for example repair tissues, moisturize etc. From 1993 to 1997, sales in this specific sector have known a 400 percent increase
.

Still, according to the industry survey realized by Kerry Ten Kate and Sarah A. Laird, the requirements of the Convention on biological diversity in terms of ABS are quite unfamiliar to the actors of this sector. In fact, 64 percent of the people they interviewed in this sector had not even heard of the CBD
. Generally, companies will use brokers or research institutions to supply them with biological resources. Some benefit-sharing agreements do however exist. Some companies will even promote such mechanisms as a means to sell their corporate image. The Body Shop, for example, is well known for its “green marketing” as it entered in a number of trade partnerships in countries such as Brazil, Ghana, Nicaragua and the USA in the framework of its “Trade not Aid” policy
. In depth information about these agreements is however very difficult to find since cosmetics and personal care enterprises are eager to keep confidential the details of these types of arrangement as well as the natural products they use in their recipes:

Few companies are willing to elaborate on their field collecting of raw material acquisition practices, although some describe community-based partnerships and global collecting efforts in general terms as a way of demonstrating corporate commitment to natural ingredients, the environment, and in some cases social equity.

Consequently, like in the majority of the other sectors, case studies are very scarce and although some mentions of cases exist, it is difficult to find details on the type of benefit-sharing agreements.

5.2. Benefit-sharing arrangements in the cosmetics industry

Once again, it is not possible to engage in an extended comparative study since only two cases contained enough details to be included in the study. The first agreement was realized between the cosmetics company Aveda Corporation and the Yawanawa tribe of Brazil. The second involves Croda Inc., a raw material supplier to the personal care industry, and a community of northern Guatemala. 

We can first observe that both agreements were relying deeply on indigenous and local communities. However, none of the cases was making direct use of traditional knowledge. Aveda was using a product that was widely known and used for its properties whereas Croda Inc. was not using the product in the same way as the local communities who were using cohune oil for cooking and candle making. This does not mean that cosmetics companies do not make use of such traditional knowledge. In fact, a lot of them do use products derived from traditional knowledge and use it as a marketing instrument. For example, Aveda writes in the description of its Bixa hair conditioner: “Bixa has been used for centuries as a colorant by Brazil’s Indigenous Yawanawa tribe, who now grow the plant in partnership with Aveda
.” In these two cases, indigenous and local communities were the collectors of the resource and one of the objectives of both projects was for them to develop a sustainable source of revenue from natural resources. Unlike pharmaceuticals, cosmetics and personal care industries need a constant supply of quantities of resource to pursue the production of their products. In establishing these types of arrangement, Croda Inc. and Aveda were ensuring themselves a sustainable supply of resources and at the same time providing returns to the communities. One of these returns comes directly from the purchase of the resource by the company. Both companies were paying a given price for the quantity of material they were receiving on a regular basis. Contrarily to most of the agreement in the other sector, cosmetic companies are purchasing the material in bulk, paying a fix price per quantity delivered. 

Benefits also encompassed an important non-monetary component. In both cases, some transfer of technology, training and capacity building took place in order to allow the indigenous and local communities to collect or grow the material and process it. This was also meant to provide a reliable supply to the companies and was at the same time offering a chance to the indigenous and local communities to develop entrepreneurship since it was possible for them to look for more buyers. In the case of Aveda, non-monetary benefits also included some important tools of community development like medical facilities, solar electric system and water pasteurization unit and training in English, marketing, law, administration and healthcare. In the case of Croda, non-monetary benefits were mostly distributed by the NGO partner Conservation International who was to reinvest the money it received from Croda in conservation objectives. 

While consent of the government agency in charge of indigenous peoples’ affairs was obtained by Aveda prior to the beginning of the agreement, it is not clear if Croda Inc. had the consent of the Guatemalan government. Discussions were however held with Conservation International, who made the move towards Croda, and it is possible that the latter was the one dealing with these matters. 

6. Cross-sector analysis

One can notice that some trends do occur in the way access to genetic and biological resources is sought and benefits arising out of their utilization are shared in each sector. 

First of all, the range of benefits involved appears to be most important when pharmaceutical firms are involved. This is particularly the case with the projects of the International Cooperative Biodiversity Groups. As it has been mentioned the number of participants and their varied fields of expertise could explain the broader range of benefits covered in these cases. Since enterprises in this sector also generate important revenues, it is also possible for them to invest much more in return for access to genetic resources. On the other hand, provider countries sometimes tend to overestimate the value of genetic resources they possess and its importance for the pharmaceutical firm, which can result in unrealistic expectations: 

Providers of genetic resources overvalued the ‘raw materials’ they sought to provide to companies. Consequently, countries demanded monetary and non-monetary benefits that companies considered unrealistic and misinterpreted aspects of past partnership, citing them wrongly as precedents

This coupled with the administrative burden brought by some new legislations on ABS and the risk of being accused of “biopiracy” contributed to divert pharmaceutical companies from bioprospecting in favor of other sources. 

Monetary benefits tend to be less when the resource is collected by botanical gardens with the sole purpose of realizing academic research. Since botanical gardens are not commercial and profitable ventures they rely mostly on non-monetary benefits: technology transfer, sharing the knowledge from their research or providing internships and training. Some form of payment like royalties or the necessity to enter in a new agreement is however probably foreseen in most of the contracts or MTAs in the case where a sample would prove to have a commercial application. Benefits are also meager in the agricultural sector since retribution for access to germplasm is something quite new and the exchange chain that the material goes through makes it often impossible to reward all those upward. It is then preferable to provide for a small amount of benefits for each MTA the germplasm goes through. However, as a general rule, return in the form of royalties is to be paid to the provider if the exchanged germplasm was to be commercialized. The formula employed in the two cosmetics cases is also particular. As cosmetic companies need a constant and sustainable supply of material, it is possible to give the local communities the tools and training needed to develop ways to produce that material. The company usually promises to buy a determined quantity of the material, but the overproduction can be sold on the market providing the local peoples the possibility to diversify their economy. This type of arrangement would be impossible in the other sectors where access to genetic or biological material is punctual. We could also mention that research and development, when it is carried out, does not generally involve the participation of the provider, even if it could be an interesting way to share benefits in terms of capacity-building. 

As for prior informed consent, it seem that it is generally obtained from the provider, although not always at the government level. Only eleven cases out of eighteen were clearly mentioning having the approval of the government. In three of the seven other cases, collection of the biological resource was realized prior to the entry into force of the CBD. As legislations relating to access and benefit-sharing will progressively enter into force in a number of countries in the near future, we can presume that users of biological and genetic resources will be more and more careful by seeking the PIC of governmental authorities. Still, we must mention a bias to this study. Since it concentrates on benefit-sharing arrangements, cases where no benefit-sharing arrangements were concluded have not been analyzed. Therefore, a number of cases in which the government or the indigenous and local communities (ILCs) did not give their PIC were discarded by the object of the study. Such cases still exist and were not eliminated by the entry into force of the CBD. The bad faith of the collector and also the ignorance of the requirements of the CBD can be the cause of the misappropriation of genetic resources. These cases are often associated with the term “biopiracy”. Biopiracy, a term supposedly coined by the Rural Advancement Foundation International (RAFI, now ETC Group), refers to “The appropriation of the knowledge and genetic resources of farming and indigenous communities by individuals or institutions seeking exclusive monopoly control (usually patents or plant breeders’ rights) over these resources and knowledge
.” More generally, biopiracy is considered to be bioprospecting without the consent of the owner of the resource or knowledge and without a benefit-sharing arrangement. A number of cases arose in the last years: the Enola bean from Mexico patented by an American farmer, the Neem tree in India from which WR Grace patented the extract (revoked in 2000), Endod in Ethiopia patented by the University of Toledo and the Hoodia in South Africa from which the company Phytopharm patented an anti-obesity drug
. These are just but a few examples of cases where neither the consent of the government nor the indigenous and local communities was requested. Prior informed consent, even if it is becoming more usual practice, may then not be as common as what this study could seem to demonstrate. 

It is interesting to note also the important involvement of academic and research institutions, whether on the user or provider side, in access and benefit-sharing arrangements. This type of institution is involved in fifteen out of the eighteen cases. The only cases in which they were not involved are the two cases of the cosmetics sector and the Novartis – UZACHI case. Academic and research institutions are usually involved in the collection activities, which is the situation in thirteen cases. This demonstrates that private enterprises are generally not directly involved in the collection activities, which are carried out by universities and research centers. The biological or genetic material is then passed on to the private enterprises for the research and development. 

As for indigenous and local communities, they were also involved in fifty percent of the cases, mostly in the pharmaceuticals and cosmetics sectors (eight cases out of nine). ILCs are also generally used as collectors of the resources on behalf of the private counterpart of the projects. However, the involvement of ILCs does not equal the utilization of traditional knowledge as the latter was used only in four cases. Furthermore, three cases among the four cases examined here, have known their part of problems, being accused of biopiracy, generating division among the local tribes, even forcing one of the projects to a halt. Although some studies tend to demonstrate that ethnobotanical knowledge can significantly improve the chances to find a lead
, it is possible that the cost and the risk posed by the utilization of TK in the selection of biological samples outweigh the benefits provided by ethnobotanical knowledge and brings companies to be reluctant to such an approach. Accordingly, the trend across the industry seems to be toward random rather than ethnobotanical collection
. The only collection operation that has been successful was the ICBG – Suriname where continuous PIC of the local communities, a complex coding system preventing the identification of the species analyzed, the presence of the NGO Conservation International as well as the relatively unified structure of the Saramaka Maroons have probably been instrumental in the success of the mission, even if no potential drug was discovered. 

We must acknowledge the fact that the pharmaceutical sector is highly dominating in the cases studies analyzed. Some reasons can explain the abundance of information publicly available in this sector in comparison to the other sectors. As it has been said, a lot of information is available notably from agreements involving public US institutes and mainly the National Institute of Health, which is among others responsible for the ICBG programs and the National Cancer Institute also highly involved in bioprospecting. Three of the eight cases in this sector were coming from this kind of source. Academic institutions also provided a good source of information on the pharmaceutical sector, since they are often the intermediary between the source country and the private partner in the arrangement. Some account of the experience is often available publicly in the aftermath. The pharmaceutical sector is also highly publicized and often depicted by NGOs as the “bad guy” who steals the resources or knowledge of indigenous people to make profit. Although such an image as been quite close to reality in some cases, a number of enterprises are trying hard to be as ethical as possible and will display some information on non-confidential aspects of the agreements they conclude. These ethical questions surrounding bioprospecting in the pharmaceutical sector and the fact that this sector has been the first to implement some form of benefit sharing for access to genetic resources also attracted a number of scholars to realize case studies. 

7. Variables influencing the shape of benefit-sharing agreements

It is now possible to draw, from our analysis, a number of factors that will most probably have an influence on the shape of the benefit-arrangement to be agreed on. 

First of all, it seems that the number of actors is likely to have an effect on the range of the benefits to be distributed. The greater the number of actors involved, the greater the range of the benefits, encompassing monetary and non-monetary, and the number of beneficiaries will be. This seems particularly evident in the case of the ICBG projects where five or more actors were involved. A great number of actors, preferably from different types (NGOs, private enterprise, academic or research institute) allows to share the redistribution of benefits given the specialization of each actor. As an example, a private company could provide for royalties, up-front payment or training while the academic institution will provide internships and the NGO some local workshops on conservation activities.  

Secondly, the type of actor involved will undeniably have an influence on the benefit-sharing arrangement. Benefits from an agreement involving a private company are likely to include royalties in the event of commercialization, some kind of up-front payment and possibly non-monetary benefits like training or technology transfer, while agreement with a public institution like a botanical garden will concentrate on non-monetary benefits. The presence of NGOs or indigenous and local communities is also likely to encourage non-monetary benefits. 

The purpose of the collection, which is linked to the precedent variable, will also matter. A collection realized in the effort to commercialize a product will more often generate royalties to the provider country while benefits for a collection intended for research only are more likely to be in the form of training and capacity-building. 

Important also is the existence in the provider country of an enforceable set of rules regarding access and benefit-sharing or bioprospection. The user of the genetic or biological resources can also be committed to a corporate policy. Some fifty countries have adopted or are in the process to adopt ABS legislations that will require a competent national authority to give its PIC to any collection of biological and genetic resources and the acceptation of mutually agreed terms regarding notably benefit-sharing. Meanwhile, a lot of companies, botanical gardens or academic and research institutions have also adopted policies and codes of conduct on access and benefit-sharing. 

The level of knowledge of the CBD and its requirements as well as the attitude of the actors will also affect the shape of the benefit-sharing arrangement. A lot of people do not know anything about the requirements of the CBD in terms of access and benefit-sharing and still view biological resources as a free market. Kerry Ten Kate and Sarah A. Laird are pointing out in their survey with the industry that: 

Few interviewees were aware of the third objective [of the CBD] of benefit-sharing. They were rarely familiar with the language in Article 15 of the Convention, which balances sovereign rights over genetic resources, PIC and benefit-sharing with a positive obligation to facilitate access, on mutually agreed terms. 

However, other actors are well aware of these requirements but are simply not willing to respect them. It is not obvious, then, that the country where the resources were obtained without any permission will know that these resources are in fact being used in a commercial product. In addition, indigenous peoples are not necessarily familiar with the requirements of the CBD or concepts like intellectual property rights.  

Finally, socio-economic conditions in the countries involved
 can also be crucial when the time comes to negotiate the mutually agreed terms and consequently can have an effect on the design of the benefit-sharing deal. Indeed, developing countries often lack the resources to negotiate a fair agreement with private companies from developed countries, sometimes transnational corporations generating benefits larger than their own GDP. Furthermore, these countries also lack the expertise to valuate the potential value of the genetic and biological resources on their territory.  Dr. Vijaya Kumar of the University of Peradeniya in Sri Lanka summarizes the problem in commenting on the agreement the University reached with a private company: 

Negotiations between developing country institutions and multinational corporations are not negotiations between equals. Therefore a fair contract cannot be accepted. The multinational corporation has teams of lawyers well experienced in similar contracts and negotiations. The developing country institution can rarely afford to pay for good legal advice and even if consulted developing country lawyers do not much experience in such contracts. Thus it was impossible to change aspects of the contract which were unfavourable to the university: the quantum of royalties offered is low, a limit is placed on the total royalties and the period of payment of royalties. Also disputes will be settled in the home country of the multinational corporation making it almost impossible for a developing country University to be able to afford to pay for the legal costs of a dispute

Thus, developing countries find themselves in a position of inferiority when the time comes to draft an agreement on access and benefit-sharing. Developing countries could also be subject to blackmail from some corporations trying to get the better conditions in cases where the resource is available in more then one of them. No such case has however been documented yet.

This is not an exhaustive list of course and it does not provide a clear picture of what exactly would be the benefits implied in a given agreement even if information on each variable were known. It nevertheless helps to understand certain characteristics of agreements in different sectors, for example if benefits will mostly be monetary or non-monetary. There are probably some other factors that will have an effect on the shape of a benefit-sharing agreement, however, these appear to be the most important ones. 

8. Conclusion

It appears, from the cases analyzed, that some important differences exist among the different sectors in the way bioprospecting agreements or agreements for access to genetic resources are realized. The pharmaceutical industry relies heavily on collaboration with academic or research institutions and generally includes a range of monetary as well as non-monetary benefits in the agreements it concludes. However, other sectors, like the agricultural industry and botanical gardens where open-access has for a long time been the rule and ex-situ collections hold an important part of the resources, are relying more on material transfer agreements with a smaller benefit-sharing component. The small number of cases available in the sectors other than pharmaceutical and the fact that some crucial information like the amount of royalties is generally confidential however impede the extent of our findings. Nevertheless, this study provides a new perspective on the way access and benefit-sharing is carried out in different sectors that all have genetic or biological resources as inputs. Ten years after the entry into force of the Convention on Biological Diversity, benefit-sharing agreements are getting more and more common but a lot of actors are still unaware of the necessity to enter into such agreements. However, as national and regional ABS legislations will progressively enter into force and as negotiations evolve for an international regime on access and benefit-sharing, it should get ever more difficult to circumvent the obligations of the CBD. As a lot of developing countries think they support an unbalanced share of the burden when it comes to enforce requirements on access and benefit-sharing, it is probable that the adoption of measures by countries that are users of genetic resources, in order for their nationals to respect access and benefit-sharing requirements of provider countries, will also provide greater balance between the obligations of providers and users of genetic resources. An international ABS regime could address these gaps since developing countries, as we mentioned, often lack the resources to enforce and even implement their own legislations or obtain legal advice in contract negotiations with large transnational corporations. 
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