Plant Breeding, Biodiversity Loss and Intellectual Property Rights

Abstract
There is a general perception that modern agroecosystems have a negative biodiversity impact. The adverse implications are a reflection of modern varieties being bred from a narrow circle of parental genetic material and of the high level of genetic uniformity of the varieties. Existing literature suggests that the adoption of low-diversity agroecosystems is favoured because of possibilities of exploiting scale economies from the use of standard tools and knowledge. This trajectory of development is subsequently globalised because of path dependency and lock-in effects. The paper sheds a novel insight on this issue by historically examining the breeding of genetically uniform varieties. Institutional factors, like intellectual property rights, that reinforce the bias towards genetic uniformity is also examined. The paper concludes that the system of intellectual property rights were developed in a specific manner to provide juridical legitimisation to the breeding of genetically uniform varieties.
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1. Introduction

Ironically, while modern intensive agricultural practices have enabled the feeding of substantial levels of human populations, there is widespread evidence of a “direct negative impact on biodiversity at all levels: ecosystems, species and genetic; and on both natural and domesticated diversity […]. The major threat to traditional varieties in the developing world is the process of agricultural modernisation” (UNEP, 1995, p. 745). A number of studies collectively agree on the negative biodiversity implications of modern agriculture  (Altieri, 1987; Goodman et al., 1987; Swanson, 1995a, 1995b; NRC, 1993; UNEP, 1995). This negative impact results from the dual characteristic features of modern high-response varieties (MVs) being bred from a narrow circle of favoured parental material and being genetically uniform (NRC, 1993). The underlying premise supporting this breeding strategy is that low-diversity ecosystems are highly productive. Though this hypothesis is generally validated, it is also true that MVs demonstrate increased yield variability, which reflects pronounced sensitivity to variations in climate, soil type, pest and pathogen evolution (Anderson and Hazell, 1989)
.

The perception concerning negative biodiversity implications of modern agroecosystems has filtered into policy debates concerning the relationship between principles of sustainable development and the path of technological advance. At a multilateral level, the debate equally concerns the compatibility between the Convention on Biological Diversity (CBD)
 and the Uruguay Round agreements, particularly the Trade Related Intellectual Property Rights (TRIPs)
. Representatives of private industry, such as the International Chamber of Commerce, maintain that the two agreements are fully compatible with each other and that intellectual property protection under TRIPs will support the CBD’s objectives (ICC, 1999)
. In contrast, developing countries generally take the opposite view, emphasising that TRIPs is “silent on how this protection [i.e. including plant varieties within the ambit of intellectual property protection] can achieve the objective of sustainable development, especially in developing countries” (WTO, 1997: para 12)
. Reflected in this view are provisions under art. 16[5] of the CBD, which states:

Recognising that patents and other intellectual property rights may have an influence on the implementation of this Convention, [signatories] shall co-operate in this regard subject to national legislation and international law in order to ensure that such rights are supportive of and do not run counter to its objectives.

The CBD’s contribution to this debate proves to be inconclusive on the IPRs-biodiversity interface (UNEP, 1996). Existing literature suggests that human society adopt a low-diversity agroecosystem because of scale economies, which then proliferates globally because of path-dependency and lock-in effects (Swanson, 1995a, 1995b). The presence of scale and scope economies in biasing subsequent social choice towards low-diversity systems is accepted. However, given the range of possible trajectories of development, why was the low-diversity option selected in the first place? Further, institutional factors that lock-in a particular trajectory, such as the intellectual property right (IPRs) system devoted to plant varieties, might be actively designed by the beneficiaries of the particular techno-economic trajectory. The paper is directed to these missing links in the literature: (a) the historical origins of the breeders’ focus on genetic uniformity and (b) the relationship of IPRs as a juridical means of legitimising the focus on genetic uniformity.

The paper begins by providing varied evidence of genetic erosion in terms of the narrowness of the biological base of modern agriculture. While methodological persist in making estimates of genetic diversity, the paper provides empirical evidence of the tendency of breeders to focus on a limited set of parental genetic material for breeding varieties. Second, the paper contextualises the role and position of plant breeding with respect to the techno-economic transformation of agriculture, particularly in terms of delivering the necessary varietal changes to exploit the scale economies of allied agri-inputs. Third, the paper places the breeder’s focus on genetic uniformity in a historical context, with specific attention to efforts in the 19th century to differentiate breeding from farming. This section also reviews the difference between spatial and temporal diversity in the context of strategies of planned obsolescence that aim at inducing farmers into regular replacement purchases. Finally, the paper analyses the relationship between IPRs for plant varieties and the breeder’s focus on genetically uniform varieties, both in terms of the historical origins of the IPRs system and the nature of the IPRs system. The paper concludes by identifying policy implications and areas for additional research.

2. Evidence of Genetic Erosion

There are a number of different ways in which to represent the problems of genetic erosion
. One useful indicator is the narrowness of the food base: a mere 30 plants provide 90-95% of total global nutritional requirements, with 75% of the requirements coming from 8 crops (Mooney, 1983). Three crops alone, rice, wheat and maize are estimated to contribute 56% of total plant-derived energy (FAO, 1998; see figure 1). Even while over 7000 plant species have been utilised in food and agriculture (Mooney, 1983), it is estimated that 12 grain crops, 23 vegetable species and 35 fruit and nut species dominate active cultivation (Fowler and Mooney, 1990).
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Figure 1 Crop Sources of Food Energy Supplies

At another level, evidence regarding genetic erosion can be presented in terms of the replacement of landraces and traditional varieties (TVs) by MVs (FAO, 1998)
. Genetic erosion occurs because fewer varieties replace the varied range of TVs, and often the genes and gene complexes are either not contained in the MVs or not collected. Equally important is the widely noted characteristic of MVs being genetically uniform, in contrast to the heterogeneous TVs they replace (Altieri, 1987; Lipton and Longhurst, 1989; NRC, 1993; Swanson, 1995a, 1995b; UNEP, 1995, 1996; Frisvold and Condon, 1998). Often enough, MVs, such as the varieties developed under the `green revolution’ programme, are selected for characteristics enabling wide adaptability (e.g. low photoperiod sensitivity) (Buttel, Kenney and Kloppenburg, 1985; Lipton and Longhurst, 1989). Paradoxically, the very success of breeding widely adaptable varieties heralds the problem of genetic erosion once they are widely adopted (Jain, 1991).

For example, a single (green revolution) wheat variety, Sonalika, was extremely popular in South Asia – covering half the wheat growing area in North India and 70% in Bangladesh and Nepal – in 1982, which lead to its susceptibility the following year (Lipton and Longhurst, 1989). The loss of landraces from active cultivation is not always synonymous with genetic erosion. It may be the case that some of the varieties are stored and available in gene banks, though existing evidence of the status of genetic resources stored in gene banks is not entirely encouraging (FAO, 1998)
. In contrast, there is evidence of loss of TVs following the adoption of MVs:

· With respect to maize in Mexico, only 20% of local varieties documented in the 1930s are known to exist;

· In the US, of varieties grown at the turn of the century, only 14% of apples, 5% of cabbage, 9% of field maize, 6% of peas and 19% of tomato varieties continue to exist;

· The adoption of `green revolution’ rice in Andhra Pradesh, India, led to the loss of 95% of TVs without their collection and/or documentation (Kothari, 1994).
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Figure 2 Varietal Market Shares and the Number of Varieties (UK, 1970-95)

Related to the replacement of TVs is the domination of active cultivation by a few varieties which is often used as an indirect indicator of genetic erosion (Duvick, 1984; Smale, 1997). A study on genetic vulnerability of agriculture in the US reported the dominance of a few varieties as a key factor (NRC, 1972). Available data for key crops in the Netherlands and France (in 1990) confirms this trend of cultivation being dominated by a few varieties (Vellvé, 1992). Importantly, time series data for wheat in the UK establishes the general tendency of cultivation being dominated by four-five varieties, even while the number of varieties released has increased and averaged about 25 varieties in the 1980s (figure 2).

As the set of dominant varieties change with time, to prove or disprove the occurrence of genetic erosion an examination genetic uniformity across dominant varieties in time and space is essential. It may be the case that the constant turnover of dominant varieties enables temporal diversity even while spatial diversity is compromised (Frisvold and Condon, 1998)
. Further, it is also suggested that the difficulties in quantifying genetic erosion and the complexities of causal mechanisms accounting for genetic erosion make it impossible to implicate modern breeding programmes (Smale, 1997). Agreeably, there are significant methodological hurdles in assessing genetic conformity between varieties and the available alternatives are not easily compatible or comparable (FAO, 1998; Smale, 1997). These hurdles aside, it is still necessary to acknowledge a widely noted phenomenon in the literature on plant breeding: the repeated use of improved and well-adapted genetic material as parental material (Simmonds, 1979, NRC, 1993; Poehlman and Sleper, 1995, Rejesus et al., 1996).

The convergence on a narrow set of improved and well-adapted genetic material is a reflection of commercial breeding programmes being predominantly concerned with short-term varietal development rather than long-term goals of germplasm development (Johnson, 1986). While hard evidence is not easily available, research on wheat breeding in the UK confirms the practice of repeatedly using protected varieties as parental material (McGuire, 1996). For hybrid corn in the US, of the 100,000 inbred lines available in the 1940s, only 60 were actively used, and by the 1970s, only a dozen lines accounted for the entire planted hybrid corn cultivated area (Simmonds, 1979: 155). This pronounced concentration on a limited range of variation as parental material is most alarming in bananas where one variety, Cavendish, accounts for all commercial varieties in cultivation (FAO, 1998).

Publicly funded breeding is not entirely immune to this tendency of concentration on a narrow set of parental genetic material. The NRC (1993) report of a twenty-year study of 27 rice breeding programmes across Asia that identified strong similarities in genealogies across the released varieties. Busch et al. (1995) report of studies on the CGIAR rice breeding programmes where a set of semi-dwarf females were widely used so as to raise concern regarding genetic similarity across all released varieties.

The genetic composition of breeding blocs is an additional representation of focus on a narrow range of genetic material. A CIMMYT study of wheat genetic resource use based on questionnairs covering 52 countries and 115 respondents provides useful data (Rejesus et al., 1996). Respondents from all regions accorded their own advanced breeding material top priority in terms of the number of crosses maintained (39.7%), followed by nationally released varieties (17.4%) and advanced lines from other countries (11.0%) (see figure 3). Clearly, TVs are accorded marginal important, and account for 8.3%
.
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Figure 3 Global Distribution of Genetic Material in Wheat Breeding Blocs
Importantly, respondents in developing countries considered CIMMYT material as the second most important breeding material, which is striking compared to other regions: 3.5% in FSU and Eastern Europe, 9.9% in high-income countries and 25.3% in developing countries. Agreeably, CIMMYT material has complex pedigrees and provide “public research programmes in developing countries with a diversity of germplasm sources” (Rejesus et al., 1996: 133). Would it be the case that breeding programmes in the other regions automatically have access to genetically diverse material? Or is it the case that their programmes are more directed to a narrow set of characteristics and material, reflected in the distribution of genetic material in breeding blocs?

Disaggregating the data according to breeding goals reveals additional insights (Rejesus et al., 1996: 136-140). Generally, breeders’ own advanced material is the most frequently used in crossing for any specific breeding goal, and fact most pronounced in the breeding for yield potential. In contrast, breeding programmes in developing countries reveal greater use for TVs and CIMMYT material, which is striking compared to the pattern of use in high-income countries. Unfortunately, the study does not either probe or explain the variation in use of genetic material.

The two tendencies identified above are indicative of the bias within breeding programmes in high-income countries toward varietal release, as opposed to germplasm development
. Hence, it is suggested that the drive to continuously produce new varieties biases breeding programmes in high-income countries towards a narrow set of genetic material which increases the likelihood of genetic conformity across the released varieties. Often the consequences of this narrow focus is disastrous. The southern leaf blight of 1969-70 in the US resulted in the loss of 15% of the maize crop because identical sources for male sterility were used across most dominant varieties (NRC, 1993; FAO, 1998). Similarly, in 1975 all white clover varieties in the UK were susceptible to a new pathogen because of closely shared parental material (FAO, 1998).

3. Plant Breeding and Developments in Modern Agriculture

It is necessary to closely examine the role and position of plant breeding with respect to the socio-technical and economic transformation of farming systems. Of particular relevance here is the pronounced characteristic of modern agroecosystems – the tendency towards simplifying agroecosystems and applying high levels of external inputs (Altieri, 1987; UNEP, 1995).

Research has drawn attention to the internationalisation of agriculture through the widening circuits of capital, formalised by the creation of specific agri-industrial complexes (Friedman and McMichael, 1989; McMichael and Myhre, 1991; Friedman, 1993; McMichael, 1993; Raynolds et al., 1993). Among the various empirical tendencies identified in this literature are the following: (a) spatial relocation and specialisation of crop production, (b) global sourcing based on the fragmentation and homogenisation of production processes, and (c) transformation in consumption patterns with the standardisation of diets across national borders. Within these empirical regularities, the literature notes the overarching domination of (industrial) capital at various ends of the food chain, which has promoted the shift in agricultural production from final use to industrial input. Empirical evidence of these processes is apparent in a number of sectors, viz. the creation of a `world steer’ (Sanderson, 1986), the global transformation of the fresh fruit and vegetables markets (McMichael, 1994), the expansion of agricultural commodity trade centred on wheat, maize and soybeans (Friedmann and McMichael, 1989; Friedmann, 1993), and the development of durable `fabricated’ foods (Goodman et al., 1987; Goodman and Redclift, 1991).

The hurdles in simplifying and transforming agriculture are a reflection of the complexity of biological processes and the discrete time-based nature of agriculture
. Instead of a simplistic linear transformation, a discrete and discontinuous substitution of farm-based activities takes place, which is supported by incremental industrial appropriation of the production base. Yet, with the transformation, such as replacing animal and manual labour with machines, the essential empirical nature of the production process persists. The complexity and variability of the agricultural production process hinders the complete simplification and incorporation of agriculture within circuits of industrial capital. For example, mechanical harvesting does not have the flexibility and selectivity to deal with on-farm variability of varieties maturing at different times. Consequently, the complete exploitation of the scale and scope economies associated with mechanising is contingent on homogenising the plant population with uniformly maturing varieties.

It is here that the significance and role of plant breeding gets highlighted (see figure 4). Changes achieved at the level of the plant variety are necessary prerequisites for the effective exploitation of the scale and scope economies associated with the processes noted above.
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Figure 4 The Location and Importance of Plant Breeding

For example, effective introduction of mechanical harvesting depends on the breeders’ ability to manipulate the `plasticness’ of biological organisms to meet the requirements of the machine (e.g. uniform maturing, hard exteriors to allow machine-handling and strong stalks). To succeed, the breeder must “go back to the plant, and indeed, even back to the seed from which the plant comes. … Machines are not made to harvest crops; in reality, crops are designed to be harvested by machines” (Webb and Bruce, 1968: 104, quoted in Kloppenburg, 1988). Similarly, the incorporation of a range of chemical inputs into agriculture is substantially contingent on the development of plant varieties that positively respond to the inputs. For example, the dwarfing of cereals responded to the availability of plant growth chemicals, enabling superior harvest index even while biomass production does not increase (Austin et al., 1989). It is this contingency on varietal development that highlights the importance of plant breeding in the on-going transformation of agriculture.

Importantly, breeding is the instance where critical achievements in the `sciences’ get commercially articulated and validated (figure 4). The successful commercialisation of scientific developments is essential for the continued investment in the sciences – and it is in the breeding sector that holds the promise for delivering the successes. Plant breeding delivers technological innovations that are in effect embedded in new `seeds’. Further, the new varieties act as location of convergence for disparate strategies of appropriation across agriculture-input industries. In this wider sense, plant breeding plays the dual role of (a) enhancing agricultural productivity by superseding natural-empirical barriers and (b) creating and sustaining markets for industrially produced agricultural inputs.

4. Genetic Uniformity and Appropriation Strategies in Plant Breeding

(a) The `Benefits’ of Genetic Uniformity

Two interrelated questions concerning the benefits of genetic uniformity need to be examined: (a) why would society choose a narrow range of natural assets on which to base its economy, and (b) why is the same strategy globalised
? Tackling these questions is a substantial objective of the paper. The crucial benefit of uniformity, even if a mixed field is biologically optimal, is the productivity increase associated with applying a standard set of tools, inputs and knowledge across a large scale. There are private incentives to plant a narrow range of varieties and benefit from specialisation and product uniformity. Alluding to endogenous growth theory, this suggests that increasing returns to scale ensue after a particular scale of investments is made. The globalisation of the set of practices and the species/varieties is explained in terms of convexities in social choice, such that previous selections and associated accumulation of experience determine later selections. Consequently, an in-built social inertia towards uniformity across development paths reflected in the globalisation of identical practices. Hence, countries adopt similar methods of production, based on the same set of specie-specific tools, primarily because agriculture is embedded in the pre-selected species.

Swanson’s explanation is an example of repercussions of path-dependency and lock-in effects that exist along trajectories of technical change. However, given the initial range of alternatives, the question of why a particular path was selected in the first instance remains. Also, could it be the case that the beneficiaries of the trajectory might have actively designed the institutional factors, such as IPRs in this case, contributing to the lock-in of the low-diversity trajectory
?

(b) The Historical Origins of Focus on Genetic Uniformity

Historically, there have been difficulties in separating and distinguishing the work of the breeder from that of the farmer. Before the advent of `modern’ plant breeding (c. 1900)
, much of breeding involved selecting the best individuals from variations in a heterogeneous population. This active selection along with the pressures of on-farm natural selection ensured that the `best’ progenies survive. Even as late as the 1920s much of corn improvement in the US occurred through on-farm selection (Fitzgerald, 1993). Hence, there was little reason and economic necessity to depend on an institutionalised and professional cadre of breeders to provide new cultivars. Consequently, breeders often made suspiciously Lamarckian claims to induce farmers to return to the market after each harvest (Berlan, N.D., pp. 3-8). Consider the following 19th century advertisement:

It is highly important to purchase fresh seed every year from Brighton where the selection is continued, and without which no `breed’ of anything can be kept by (Hallet, 1887; emphasis in original)
.

Professionalised plant breeding pursued two trajectories: (a) the breeding of genetically uniform pure line varieties through purposeful hybridisation, and (b) the focus on maintaining the genetic purity of a variety as the means of sustaining gains in agricultural yields. With a view that continued selections from populations were not producing the required productivity increases, it became necessary for breeders to undertake `purposeful hybridisation’ (Schmidt, 1980; Feldman et al., 1995). The new varieties enabled farmers to realise the productivity gains made available with the recent introduction of chemical inputs. Subsequent genetic deterioration of the variety upon repeated replanting lead to yield losses, which secured the farmer’s return to the breeder for fresh seeds on a regular basis.

The two trajectories were reinforcing. As varieties tended towards greater levels of homogeneity and farms tended towards homogeneous populations the chances of on-farm varietal selection accordingly decreased. Consequently, the farmer abandoned the responsibility of providing varietal improvements, and the farmer got locked-into a new mode of production based on genetically uniform varieties and chemical inputs. Within this mode, efforts at maintaining yield gains required regularly returning to the breeder for fresh seeds, ideally after each harvest. The discussion here suggests that focussing on genetically uniform varieties initially enabled the separation of breeding from farming and later sustained the professionalisation of breeding.

In general the drive towards uniformity can be traced through the following stages, (a) TVs are replaced by uniform inbred pure lines, (b) breeding methods become more intensified using a smaller range of thoroughly selected parents, and (c) pure lines get displaced by clonal propagation (where biologically possible), or by hybrid varieties (Simmonds, 1979). Consequently, farms have themselves been transformed, moving from mixed crops to single crops, from multilines to single varieties, where the varieties itself is genetically homogeneous (Lipton and Longhurst, 1989).

(c) Re-examining Temporal Diversity

Temporal diversity, or diversity in time, is said to be a “continual and evolutionary process” through which new varieties replace older varieties (Duvick, 1984: 164). Accordingly, it is often suggested that the turnover of varieties is a more accurate indicator of the state of genetic diversity:

[A]lthough there may be greater uniformity of crops planted at any given time, modern plant breeding allows for the development and release of new varieties with new traits for pest or disease resistance. […] Thus far, the international system of PGR management has been successful in maintaining steady crop yield increases with temporal diversity controlling yield variability (Frisvold and Condon, 1998: 555).

While this notion of temporal diversity is widely recognised by breeders and farmers, there is little empirical work on estimating temporal diversity
. The only available measure is that of varietal turnover rate, which effectively is an estimate of the weighted-average age of extant varieties
. It is suggested that changes in varietal turnover rates are a reflection on (a) the rate of mutation of pathogens, (b) the rate of release of superior varieties by breeding programmes, and (c) the distribution system of the seed industry. It is claimed that areas with higher yields will demonstrate higher rates of varietal replacement because “disease pressure is often more severe” in these areas (p103). Changes in varietal turnover rates have profit implications, since if “breeding programmes regularly release improved varieties, returns to the programmes are increased by a more rapid rate of varietal replacement” (p104).

An examination of the profit-motives underlying changing rates of varietal turnover sheds useful insights on the subject. Economic models of the appropriation problem confronting durable good producers predict that there is an incentive to reduce the durability of the good as a means to induce consumers into purchases at regular intervals (e.g. Coase, 1972; Bulow, 1982, 1986)
. Based on these models, it is suggested, and extensive empirical evidence exists, that firms pursue strategies of planned obsolescence by introducing new products and undertaking model changes at rates that are socially suboptimal. Plant varieties are a type of durable good (Lim, 1993; Rangnekar, forthcoming) and breeders might very well have a “vested interest in reducing as far as possible the lifetime of his varieties towards the ideal that farmers should adopt new varieties every year” (Berlan and Lewontin, 1986: 786-87). If so, evidence of shortening life span of varieties is evidence of strategies of planned obsolescence, rather than directed at maintaining temporal diversity. 
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Figure 5 Varietal Age (UK Wheat, 1960-95)

Consider the evidence. The weighted-average age of winter wheat varieties in the UK has decreased by nearly 60%, falling from over 12 years in 1960s to settle at about 5 years in 1990s (Rangnekar, 2000; see figure 5). The trend of diminishing variety age validates the prediction of breeders reported  in Duvick (1984). One possible explanation for the phenomenon proposed by breeders is the `boom and bust treadmill’ of developing varieties with narrow and specific disease resistance profiles (Simmonds, 1979). The issue, which needs to be empirically examined, is the relationship between breeding strategies concerning disease resistance profiles and the changes in the significance of diseases. Research conducted at the National Institute of Agricultural Botany (UK) explores the relationship between varietal resistance and the changing significance of diseases for wheat (Bayles, 1991). The motivation for the research was the increased importance of the disease Septoria tritici amongst wheat in the 1980s. The results of field tests established that increased breeding of susceptible varieties led to the enhanced incidence and severity of the disease
. The increased use of fungicides (introduced in 1970), growth regulators and agrochemicals, also relaxed the need to seek genetic sources of disease resistance (Rangnekar, forthcoming). The evidence establishes a link between the limited disease resistant profile of older varieties and increase in the rate of varietal turnover. In particular, breeders are able to periodically release new varieties by piecemeal reworking of disease resistance profiles. This breeding strategy is preferred, in contrast to developing broad-based disease resistance, as it induces farmers into regular replacement purchases. Clearly, changes in varietal turnover rates are reflective of the strategy of planned obsolescence rather than efforts at securing temporal diversity.

5. Plant Breeders’ Rights as Juridical Legitimisation of Genetic Uniformity

(a) Rationalising IPRs in Plants

In the case of plants, economists have tended to adopt a similar approach by focussing on appropriability problems, wherein the genotype is considered a public good (e.g. Evenson and Putnam, 1987, 1990; Jaffee and Srivastava, 1992; Sedjo, 1992; Sedjo and Simpson, 1995). Fundamentally, plant varieties are characterised as embodied technological knowledge which can be repeatedly used (i.e. non-rivalry) given the heritability of characteristics and can be multiplied at minimal costs (i.e. non-exclusivity). Consequently, competing breeders, seed merchants and farmers can all `pirate’ on the (original) breeder’s hard work without payment.

This rationalisation for the provision of IPRs in plant varieties has been adopted in policy debates concerning the legal protection of plant varieties through plant breeders’ rights (PBRs)
. In the UK, the Committee on Transactions in Seed (1960), commissioned by the government to examine whether PBRs should be introduced in the UK, focussed on the public good characterisation of plants as the key factor favouring the introduction of PBRs. Parliamentary debate, which did not question this characterisation of plant varieties, culminated in the successful passage of the Plant Variety and Seeds Act (1964) (Rangnekar, forthcoming)
. Popular media, favouring the introduction of PBRs, also seized the characterisation of plants as public goods:

… the plant breeder has received a comparatively small share of the wealth created by his skilled knowledge, mainly because of the ease with which most new varieties can be reproduced – without further reference to the originator – once they are put on the market (Laverton, 1966: 20).

In contrast to this simplistic characterisation of plant varieties as public goods, some economists acknowlege that plants demonstrate varying degrees of appropriability depending on their mode of propagation (Godden, 1981, 1982; Lim, 1993; da Rocha, 1994)
. For example, the loss of distinctiveness and vigour in cross-pollinates automatically offers a degree of (biological) protection to breeders. Subsequent genetic deterioration of the variety on repeated propagation induces the farmer to return to the market for fresh seeds. A more nuanced analysis of the properties of plant varieties sheds a different perspective on the appropriation problem. Inherent in seeds are the two properties of (a) genetic information (i.e. `software’) which establishes the distinguishing characteristics of the variety, and (b) physical attributes (i.e. `diskette’) of the seed, such as germination rate and purity (Berlan and Lewontin, 1986a; Lewontin and Berlan, 1990).

Recognising this duality in seeds, the public good attributes of `seeds’ become contingent on the durability of the software (i.e. the genetic information must retain its relevance and value in subsequent production periods) and the reliability of the diskette as a carrier of genetic information. To sustain the public good status of genetic information, the user must necessarily expend a series of costs by purchasing complementary inputs to secure the value and relevance of the specified plant variety and by undertaking the cleaning and processing of seeds to ensure the reliability of the `diskette’. Taking these activities and costs into consideration indicates that `free riding’ is a costly process and that there are a number of contingencies in securing the public good status of genetic information (Rangnekar, forthcoming)
.

Based on the contingencies noted above, a number of appropriation strategies have been noted in the literature. Fundamentally, the breeder may seek to subvert the process through which genetic information is inherited or seek to make inheritance a discontinuous process. A prime example is the case of F1-hybrid corn. As progenies of hybrids do not retain the yields of their parents, the economic sterility of saved seeds ensures that farmers return to the market for fresh seeds after each harvest (Berlan and Lewontin, 1986b; Lewontin and Berlan, 1990). The recent development of `terminator technology’ ensures zero heritability – seeds from harvested grain do not germinate – making it biologically sterile (Berlan and Lewontin, 1998). Alternatively, seed companies have pursued vertical and horizontal integration with allied companies that either provide the complimentary agri-inputs or are the down-stream users of farm products (Mooney, 1983; Juma, 1989; Hobbelink, 1991; Lim, 1993). Additionally, breeding companies can develop contracts to control the diffusion of new plant varieties. Finally, breeding strategies may be pursued to enable planned obsolescence
 either through qualitative or quantitative changes in the variety to induce regular replacement purchases by farmers (Berlan and Lewontin, 1986a; Lim, 1993; Rangnekar, 2000). Consequently, as Godden (1981) concludes, claims of inappropriability in the absence of IPRs are overstated.
(b) PBRs as a form of Juridical Legitimisation

Legal protection for plant varieties emerged in the US with the 1930 Plant Patent Act. In Europe a variety of national systems of protection existed based on trademark protection and seed certification (Heitz, 1987, Pistorius and van Wijk, 1999; Rangnekar, forthcoming). The national systems in Europe got harmonised with the formation on the International Union for the Protection of New Varieties of Plants (UPOV) in 1961. Under UPOV, new varieties are granted protection on three primary criterions:

Distinctness: the variety must be distinct in some specific characteristic/trait so as to establish its uniqueness with respect to other varieties within the same class, an inter-varietal requirement of identification.

Uniformity: the variety must be sufficiently uniform with respect to the above distinct characteristics, a requirement of intra-varietal uniformity.

Stability: the variety must demonstrate the distinct characteristic after repeated propagation, such that progenies remain identical to their parents, a requirement for identification across time.

Clearly, the task for varietal identification hinges on unambiguously identifying a variety with respect to all other varieties at a point in time as well as across time (Kelly, 1968). The historically adopted solution has been to focus on distinct characteristics that are retained by the variety through repeated cycles of propagation, which is the template for breeding genetically uniform pure line varieties (Berlan and Lewontin, 1986a). These implications were not unknown to breeders who were aware that the breeding method provided a “sound” basis for legal identification (Fejer, 1966). Historical accounts of the `making of UPOV’ confirm the active role of the commercial seed industry in establishing the framework for protection (Pistorius and van Wijk, 1999; Rangnekar, forthcoming). Clearly, as stated by the secretary-general of UPOV during the preparatory period, “it [was] … agronomists [who said] … what it is they consider should be protected … in order for it to be made effective and legitimate” (Laclaviëre, 1965, pp. 226-27). Importantly, the legal system arrives a posteriori at the adopted trajectory and provides juridical legitimisation to the strategy of breeding of genetically uniform varieties.

Other closely related factors to the reinforcing impact of PBRs warrant attention. Firstly, there are obvious cost factors to be considered in achieving the level of fixity of characteristics to enable identification and secure protection. The increased cost helped the process of differentiating between farmers and breeders and enabled the consolidation of the breeding industry. Secondly, under the new regime only highly uniform and hence intensively selected varieties could be released, which by their very nature put an end to on-farm selection activities of farmer-breeders. Both points were strongly expressed during the negotiating process in the 1950s:

here in Sweden [we are] of the opinion that the first selected new line should be multiplied and put at the disposition of the farmers in spite of the fact that it is still rather heterogeneous.

In our opinion, the practical value is more important than homogeneity […] We are fully aware that in many countries a good deal more stress is put on the importance of homogeneity than is done in Sweden and that the controlling institutions are rather unwilling to approve varieties of self-fertilised crops which are markedly heterogeneous. […] As especially wrong, I [sic] would like [to] censure the use of exaggerated requirements in regard to homogeneity as a means of preventing the introduction of varieties in order to protect the interests of the country’s own breeders (Akerman and Tedin 1955, pp. 49-50).

Finally, there are no tests for either merit or inventiveness. The only consideration regarding novelty is a commercial requirement – the variety must not have been offered for sale or be marketed with the consent of the breeder. Even after three revisions, UPOV has not introduced any test for inventiveness or merit in the grant of protection process. In comparison to patents, the lax considerations regarding inventive step are all the more alarming when even discoveries
 are acceptable – article 1 (UPOV 1991) has now been amended to allow “the person who bred, or discovered and developed, a variety” to seek protection. Consequently, for a new variety to enter the market and acquire protection it must minimally be distinct from all available varieties. This very minimal requirement provides juridical legitimisation for a strategy aimed at congesting the market with near-identical varieties that are minimally differentiated in productive terms (Rangnekar, 2000).

In sum, the public goods is rationalisation for providing IPRs in plant varieties is not well established as there are substantial contingencies to the durability of genetic information. These contingencies aside, firms are able to pursue a range of strategies that enable appropriation. The nature and evolution of PBRs suggest that the regulatory system has been developed in a manner to provide juridical legitimisation to the historical focus of breeders on genetically uniform pure lines by making distinctness, uniformity and stability the central conditions for protection. The absence of any test for merit or inventiveness further enhances the bias towards genetic uniformity, whilst also enabling strategies of planned obsolescence. The very fact that agronomists were key negotiators in forming the framework of UPOV supports the hypothesis that PBRs provide juridical legitimisation to the focus on genetic uniformity.

Conclusion

There is a general consensus on the negative biodiversity implications of modern agroecosystems. A major threat to TVs in the developing world results from their replacement by MVs, which are for the most part genetically uniform and bred from a smaller circle of genetic material. Concerns regarding the biodiversity implication of globalising contemporary agricultural practices are increasingly being articulated in policy debates at the CBD and TRIPs. It is suggested that breeders focus on genetically uniform varieties because of the benefits of scale economies in applying a standard set of tools and knowledge. Further, the globalisation of this breeding strategy is a result of convexities in social choice and factors relating to lock-in and path dependency. Yet, given a range of alternative breeding strategies, it may be the case that other factors may have initially prompted the breeders’ focus on genetically uniform varieties. Also, could it be the case that the low-diversity trajectory locks-in because of the very nature of institutional systems designed by the beneficiaries of the trajectory? The paper is directed to these two issues, the historical origin of the strategy of breeding genetically uniform varieties and the role of IPRs in plant varieties as a juridical means of legitimising the strategy.

Methodological problems in assessing and estimating genetic conformity across varieties in space and time persist, making it difficult to establish causal relationships between the spread of MVs and genetic erosion. However, a number of alternative indicators of the status of genetic resources and the characteristic features of the breeding of MVs provide useful insights. Apart from empirical evidence on the narrowness of the global food base, the paper draws attention to the tendency of a small set of varieties dominating active cultivation. The bias towards genetic conformity across these dominant varieties is a possible result of using a narrow set of advanced genetic material as parents. Empirical evidence of this tendency is provided in the paper in terms of the repeated use of nationally released varieties as parents and the composition of breeding blocs.

The paper traced the origins of breeding genetically uniform varieties to the separation of breeding from farming with the concomitant professionalisation of the breeding. Two reinforcing features of the breeding of genetically uniform varieties were identified. Genetically homogeneous varieties reduce and eliminate the option of practising on-farm varietal selection, making the farmer dependent on the breeder for supply of varieties. Secondly, the contingency of productivity gains on maintaining the genetic purity of the variety forces the farmer into returning to the breeder for fresh seeds on a regular basis.

It is often argued that even while spatial diversity is compromised breeders are successful in maintaining temporal diversity. This hypothesis is rejected in the paper on the basis of evidence of a strategy of planned obsolescence. Economic models predict that durable good producers have an incentive to reduce product durability and undertake regular model revisions as a means to induce consumers into regular replacement purchases. Evidence of shortening life span of wheat varieties in the UK, where varietal age fell by nearly 60% between 1960-95, supports this alternative explanation. An examination of the disease resistance profile of wheat in the UK during the same period reveals the increased breeding of susceptible varieties, which establishes a link between the limited disease resistant profile of older varieties and increase in the rate of varietal turnover. Consequently, the paper concludes that increases in varietal turnover rates are indicators of breeding strategies aimed at inducing farmers into regular replacement purchases, rather than efforts at securing temporal diversity.

IPRs in plant varieties have adopted the template of breeding genetically uniform varieties as the conditions for grant of protection, thus providing juridical legitimisation to the breeding of genetically uniform varieties. The bias is institutionally reinforced by the demands for fixity of characteristics and the absence of tests for inventiveness or merit. Here it is important to recall the active role of agronomists in designing the IPRs system for plant varieties.

There are crucial policy implications to the issues analysed in the paper. Before advancing down the policy prescription route, it is necessary to refine the analysis. In particular the evidence on genetic diversity requires deeper analysis and a methodological basis for estimating genetic conformity across varieties in space and time. Other factors, such as seed market regulations, might also be at play in reinforcing the bias towards the breeding of genetically uniform varieties. However, these requirements for additional analysis should not be reason to dismiss the widely noted features of breeding varieties from a narrow circle of parental material and of focussing on genetic uniformity. In this regard, useful avenues for applied research remain. For example, should merit tests be included as a condition for grant of protection? This is a feasible option as most UPOV members undertake agronomic tests for commercially traded varieties of agricultural crops. In addition, can systems for varietal identification be developed that do not put such a high premium on genetic uniformity? These possible modifications, among others, to the regulatory system concerning plant varieties urgently require close examination. Such a re-examination would benefit developing countries implementing the TRIPs Agreement. This would allow them to avoid the implementation of near-identical systems that reinforce the bias toward breeding genetically uniform varieties.
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� I acknowledge the comments of Graham Dutfield, Subroto Ghatak and Robert Tripp on earlier versions of the paper. The usual disclaimers apply.


� The collection of papers recognises a relationship between MVs and the increased variability of agricultural yields, suggesting a real trade-off between factors determining yield responsiveness and those defining yield stability.


� Three objectives ground the Convention: (a) conservation of biological diversity; (b) sustainable utilisation of biological diversity; and (c) fair and equitable sharing of the benefits arising from the use of genetic resources. The aim is to balance the goals of conservation, sustainable use and benefit sharing through appropriate mechanisms dealing with access to genetic resources, technology transfer and funding.


� Three core objectives form the TRIPs Agreement: (a) establishing the minimum standards of intellectual property protection, (b) clarifying the general principles for domestic procedures for protection and enforcement of IPRs, (c) making disputes between WTO members regarding TRIPs obligations subject to WTO’s dispute settlement process.


� This position is in contrast to private industry’s earlier antagonism to the CBD (see Straus, 1991), which is currently manifested in the US refusal to be party to CBD.


� The quote is from India’s statement to the Commission on Trade and Environment, which is a ministerial committee of the Trade and Environment Division of the WTO set up in 1994 with the mandate to “co-ordinate the policies in the field of trade and environment” (WTO, 1996).


� The FAO (1998: 33) defines genetic erosion as the loss of individual genes and combinations of genes, though sometimes broadly represented in the loss of varieties.


� 0f the 81 country reports on the status of genetic resources examined by FAO (1998), 100% reported variety replacement as a major cause of genetic erosion. Other factors reported included land clearing (75%), overexploitation of species (64%) and population pressures and urbanisation (57%), among others.


� Ex situ conservation of genetic resources is a highly complicated process and could very well lead to a loss of some of the resources being preserved. It is essential to maintain the viability of seeds and occasionally regenerate the samples. The FAO (1998) report of the US National Plant Germplasm System survey of holdings of genetic resources conducted between 1979-89 found 29% of the accessions had either unknown or insufficient germination rates.


� See section 4 for a discussion on temporal diversity.


� The corresponding percentage across individual regions was marginally different: 8.9% in developing countries, 7.6% in high-income countries and 6% in Former Soviet Union (FSU) and Eastern Europe.


� It is often argued that the permissive use of protected varieties supports `cosmetic breeding’ of near-identical varieties (e.g. Byrne, 1989, 1991). Thus, even while a number of distinctly different varieties are released in high-income countries, they are genetically similar and only cosmetically differentiated. This criticism of the legal system for protecting plant varieties, warranting one commentator to term it a `copier’s charter’ (Byrne, 1989), appears consistent with the range and use of genetic material in breeding blocs.


� This paragraph is based on Altieri (1987), Goodman et al. (1987), Goodman and Redclift (1991) and Byé and Fonte (1994).


� This paragraph is based on Swanson (1995a, 1995b).


� The question regarding the adoption of the same development path by other countries raises a number of questions concerning the political economy of international agriculture research, a topic not addressed here.


� Dating the advent of `modern’ plant breeding follows Allard (1960), Simmonds (1981) and Poehlman and Sleper (1995).


� English wheat breeder, Major Hallet’s advertisement in The Agricultural Gazette (October 31, 1887); quoted in Berlan (nd.).


� The paragraph is based on Brennan and Byerlee (1991), appropriate page references are provided.


� The weighted average age in year t (WAt)is calculated from WAt = ΣπitRit, where πit is the market share of variety i in year t, and Rit is the number of years since the date of introduction/release of variety i at time t.


� For empirical examples see Avinger (1981).


�Other factors are also worth exploring, as Bayle’s notes, such as fungicide use, husbandry practices and weather.


� Kloppenburg (1988), Bugos and Kevels (1992) and Fowler (1994) discuss the relevant legislation in the US. Rangnekar (forthcoming) analyses the UK legislation.


� A reading of the parliamentary debate on the Bill is indicative. For example, Lord Amherst (House of Lords, 26 November 1963) while supporting the proposed legislation states that “the case is so overwhelming that it is difficult to see why legislation on this subject was not brought in many years ago”.


� Jaffee and Srivastava (1992) acknowledge these factors but do not incorporate it within their substantive work.


� See Callon (1994) for this point on the contingencies concerning the durability of knowledge.


� Discontinuous heritability is a type of planned obsolescence. Yet, the two are differentiated as the former results from bio-technological solutions in the method of breeding plants, and the latter are results of normal breeding of plants.


� In the US, a 1954 amendment to the Plant Patent Act (1930) legally established that discoveries should be treated on par with the act of breeding. In the UK, the Committee on Transactions in Seeds (1960: 62) rationalised this practice by suggesting that it will promote individuals to “keep a sharp look out for useful variants which otherwise might escape notice”.
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NoCountries

				No. Respondents		%age Respondents		No. countries		%age for DCs

		Eastern and Southern Africa		9		7.83%		6		13.04%						Distribution of Parental Material in Breeding Blocs for Wheat (Global distribution, 1994)

		North Africa		2		1.74%		2		2.90%

		West Asia		15		13.04%		5		21.74%

		South Asia		14		12.17%		4		20.29%

		East Asia		9		7.83%		2		13.04%

		Mexico		4		3.48%		1		5.80%

		Andean Region		4		3.48%		4		5.80%

		Southern Cone		12		10.43%		5		17.39%

		Developing Countries		69

		FSU and Eastern Europe		8		6.96%		8

		High-Income Countries		38		33.04%		15

		Total		115				52
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GenResDstr

				Wild Relatives		Landraces (local)		Landraces (overseas)		Advanced (Own)		Advanced (overseas)		Released varieties		CIMMYT material		Others		Total

		Eastern and Southern Africa		0.6		0		0.3		49.7		8.1		12.5		24.7		4.1		100

		North Africa		0.0		14.0		6.5		24.1		16.6		16.1		22.7		0.0		100

		West Asia		1.3		14.5		0.5		19.7		19.3		18.1		18.1		8.5		100

		South Asia		1.1		6.8		3.6		31.5		9.8		17.3		20.9		9.0		100

		East Asia		1.4		4.8		2.3		53.2		7.0		22.1		8.8		0.4		100

		Mexico		0.0		1.7		0.0		23.3		0.0		11.7		63.3		0.0		100

		Andean Region		0.0		1.7		0.0		6.7		1.7		5.1		84.5		0.3		100

		Southern Cone		0.0		4.3		1.8		41.1		7.6		14.5		25.8		4.8		100

		Developing Countries		0.8		6.3		1.8		34.9		9.8		16.1		25.3		5.0		100

		FSU and Eastern Europe		0.1		1.8		4.1		49.9		14.3		24.3		3.5		2.0		100

		High-Income Countries		0.9		1.8		4.9		46.3		12.4		18.3		9.9		5.5		100

		Total		0.8		4.5		3.0		39.7		11.0		17.4		18.6		5.0		100

				Wild Rel + Landraces				Adv + Released
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Source: Based on Rangnekar (forthcoming)
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				Squarehead II		Yeoman (I & II)		Yeoman (I & II)		Victor		Nord Desprez		Welcome		Little Joss		Eclipse				No. 59																												mkt share						West Desprez		Flinor		Maris Nimrod		Maris Templar		Champlein		Mega		Hustler		Aquila		Kador		Virtue		Virtue		Armada		Armada		Moulin		Moulin		Hornet		Rendezvous		Brock		Avalon		Apollo		Galahad		Cadenza		Haven

				Scandia I		Scandia I		Scandia I		Scandia I		Eclipse		Scandia I		Eclipse		Little Joss																																						West Desprez		Chalk		Maris Widgeon		Maris Nimrod		Score		Score		Waggoner		Sportsman		Aquila		Hobbit		Hustler		Flanders		Stetson				Fenman		Rendezvous		Riband		Fortress		Brock		Avalon		Soissons		Estica		Beaver

				Yeoman (I & II)		Pilot		Vilmorin 27		Yeoman (I & II)		Squarehead II		Victor		Squarehead II																																								Chalk		Joss Cambier		Maris Freeman		Chalk		Cappelle-Desprez				Maris Freeman				Copain		Aquila		Bounty		Galahad		Flanders						Fenman				Haven				Tara		Hunter		Spark		Spark

				Steadfast		Als		Als		Vilmorin 27		Scandia I		Little Joss		Scandia I																																								Flinor				Chalk				Maris Templar				Flinor						Rapier		Hobbit		Virtue																		Zodiac		Admiral		Buster

				Als		Wilhelmina		Wilhelmina		Eclipse		Yeoman (I & II)		Eclipse		Victor																																																												Fenman																						Slejpner

				Pilot		Steadfast		Garton 60		Als		Vilmorin 27		Yeoman (I & II)						Note 9		Note 10		Note 6		Note 6		Note 4

				Wilhelmina		Iron III		Hybrid 46		Wilhelmina										Varieties		Varieties		Varieties		Varieties		Varieties

				Iron III		Juliana		Steadfast		Garton 60

				Garton 60		Redman		Juliana		Redman

				Juliana		Garton 60		Iron III

				Iron I

		No Var																												12		9		9		13		13		11		10		11		13		19		20		18		19		20		22		24		24		28		30		30		30		28		28		27		29		27		26		27		27		28		27		33		34		34		32		29

		Data from Plnd Obs - Cal file [age]

		Avg		46-49		50-59		60-69		70-74		75-79		80-84		85-89		90-95

		Top5		0.50		0.73		0.94		0.82		0.74		0.72		0.77		0.74

		Next5		0.26		0.23		0.05		0.10		0.17		0.21		0.16		0.17

		Balance		0.24		0.09		0.04		0.03		0.06		0.08		0.07		0.09

		Top2		0.26		0.51		0.76		0.57		0.46		0.40		0.43		0.45
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Var Age

		Var Name		Var Age

		ADMIRAL		5.04										Bin		Frequency		Cumulative %

		APOLLO		8.94						0.5				0.5		1		1.05%

		AQUILA		12.16						2				2		5		6.32%

		ARMADA		12.16						4				4		7		13.68%

		Atle (s)		29.00						6				6		14		28.42%

		ATOU		8.84						8				8		17		46.32%

		Atson (s)		7.00						10				10		17		64.21%

		AVALON		16.88						12				12		10		74.74%

		Banco		8.00						14				14		10		85.26%

		BEAUFORT		2.03						16				16		6		91.58%

		BEAVER		6.70						18				18		3		94.74%

		BOUNTY		9.01						20				20		1		95.79%

		BOUQUET		14.01										>20		4		100.00%

		BRIGADIER		4.04

		BRIGAND		14.99

		BRIMSTONE		8.13										Column1

		BROCK		11.97																				Varietal Age: Summary Statistics (1960-95)

		BUSTER		3.03										Mean		9.1100504686

		CADENZA		4.04										Standard Error		0.5681844664								Number of Varieties				95

		CAMA		10.00										Median		8.1342465753								Mean				9.1101

		Cappelle-Desprez		32.00										Mode		4.0356164384								Standard Error				0.5682

		CHALK		11.01										Standard Deviation		5.5379771436								Median				8.1342

		Champlein		16.00										Sample Variance		30.669190843								Mode				4.0356

		COPAIN		9.01										Kurtosis		3.6589615973								Standard Deviation				5.5380

		ESTICA		5.04										Skewness		1.4615982396								Sample Variance				30.6692

		FENMAN		11.98										Range		31.5232876712								Minimum				0.4767123288

		Flamingo		9.00										Minimum		0.4767123288								Maximum				32

		FLANDERS		14.10										Maximum		32

		FLINOR		12.01										Sum		865.4547945205

		FRESCO		7.62										Count		95

		GALAHAD		13.24										Largest(1)		32

		GENESIS		4.04										Smallest(1)		0.4767123288

		HAVEN		7.03										Confidence Level(95.0%)		1.1281430029

		HEREWARD		6.04

		HOBBIT		12.17

		HORNET		9.54

		HUNTER		4.04

		HUSSAR		4.04

		HUSTLER		9.00

		Hybrid 46		24.00

		Janus (s)*		2.00

		JOSS GAMBIER		9.93

		Jufy (s)		13.00

		KADOR		15.99

		KINSMAN		9.17

		Kleiber*		2.00

		Kloka (s)		7.00

		Koga 2		19.00

		Kolibri (s)		8.00

		Leda		3.00

		LONGBOW		14.04

		MARDLER		9.00

		MARIS BEACON		8.00

		Maris Dove		7.00

		MARIS FREEMAN		10.00

		MARIS FUNDIN		5.00

		MARIS HUNTSMAN		20.01

		MARIS NIMROD		10.53

		MARIS RANGER		10.00

		MARIS TEMPLAR		13.01

		Maris Widgeon		14.00

		MEGA		6.00

		MERCIA		11.04

		MISSION		7.01

		MOULIN		0.48

		NORMAN		16.04

		Opal (s)		4.00

		PASTICHE		7.87

		Peko (s)		17.00

		Prestige (s)		2.00

		PRINCE		4.00

		Professeur Marchal		6.00

		RAPIER		8.06

		RENDEZVOUS		9.01

		RIALTO		3.03

		RIBAND		8.21

		RITMO		2.33

		Rothwell Perdix*		2.00

		Rothwell Sprite (s)		6.00

		Sappo (s)		12.00

		SCORE		6.00

		SENTRY		7.00

		SLEJPNER		11.04

		SOISSONS		5.67

		SPARK		4.04

		SPORTSMAN		7.00

		STETSON		6.26

		Svenno (s)		13.00

		TARA		4.92

		URBAN		8.70

		Viking*		1.00

		VIRTUE		13.18

		WAGGONER		8.00

		WEST DESPREZ		7.00

		ZODIAC		4.04

		Mean		9.11

		Median		8.13

		Std Dev		5.5379771436
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VarAge
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9.75

11.554

12

11.42
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12.689
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CorrelAgeNoVar

		Year		VarAge		NoVar		WtgAge

		1960		9.75		12		11.55						VarAge		NoVar

		1961		12.00		9		11.42				VarAge		1

		1962		13.00		9		13.00				NoVar		-0.7129630166		1

		1963		10.00		13		12.69

		1964		9.62		13		13.80

		1965		8.73		11		13.90

		1966		8.70		10		11.51

		1967		7.65		11		12.64

		1968		6.82		13		14.24

		1969		5.47		19		13.16

		1970		4.95		20		11.62

		1971		4.51		18		11.54

		1972		5.26		19		11.95

		1973		6.00		20		12.17

		1974		6.41		22		9.54

		1975		6.38		24		7.55

		1976		6.72		24		7.00

		1977		6.30		28		6.76

		1978		5.14		30		5.89

		1979		4.88		30		5.54

		1980		5.23		30		5.62

		1981		5.21		28		5.76

		1982		5.48		28		5.48

		1983		6.22		27		5.51

		1984		5.84		29		5.32

		1985		6.34		27		5.51

		1986		6.92		26		5.47

		1987		6.87		27		5.30

		1988		6.65		27		5.60

		1989		6.75		28		5.56

		1990		6.23		27		5.46

		1991		5.28		33		5.35

		1992		5.64		34		5.41

		1993		5.87		34		5.74

		1994		6.38		32		5.27

		1995		7.08		29		5.51
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