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Introduction
The biological and economic specificities of poultry such as high reproductive rate and fast reproduction cycle, low unit costs, easy portability and transportation of breeding material, and the related economies of scale in research have made it the most advanced livestock sector in several aspects. Poultry breeding has become the most concentrated of all animal species. Poultry has the best feed conversion ratio of all livestock species and provides an increasing share of affordable meat to consumers in developed and developing countries. The sector is expected to grow at 2.5 percent per annum to 2030 with 3.4 percent per annum in developing countries (FAO, 2006). On the other hand, fast structural change has been identified as one threat to poultry genetic resources, with 30 % of avian breeds being at risk and 9 % extinct. Besides biodiversity loss, consumer concerns regarding animal welfare and environment are an issue. Therefore, the poultry sector is an ideal case to analyze the various trade-offs that national policies need to consider in their decision making: food security vs. agrobiodiversity, public vs. private investment, large scale vs. small scale farming, formal vs. informal sector, job creation vs. self-employment, standards and food safety vs. food diversity. Not all aspects are covered in the paper which focuses on poultry genetic diversity and breeding, the related public and private investments in research and food security. 
1. Status of poultry genetic diversity
FAO has just finalized The State of the World’s Animal Genetic Resources, the first ever assessment of domestic animal diversity (FAO, 2007a). During this process, the Global Databank in the Domestic Animal Diversity Information System (DAD-IS) was updated and now contains information from 182 countries and 35 species of birds and mammals. Poultry species are not evenly distributed across regions, reflecting the origins of domestication and subsequent distribution by humans: while 14 species are present in both, Asia and in Europe and the Caucasus, less species are reported from the other regions. Chicken breeds make up the majority (63 %) of the total number of avian breeds in the world, followed by duck (11 %), goose (9 %) and turkey (5 %) breeds. Pigeons and guinea fowl each make up 3 %, and all other avian species together 6 % (FAO, 2007a).
FAO uses a very wide breed definition, which is more difficult to apply in avian species than mammals, as poultry diversity is often referred to in terms of ecotypes or strains. Breed-related information on 16 avian species and one fertile interspecies crossing (duck × Muscovy duck) exist, with 3505 country-breed populations and about 2000 breeds. 

Many recorded national breed populations occur in more than one country; these populations have been linked, and are referred to as “transboundary” breeds. 1644 “local” poultry breeds (reported in only one country) have been recorded. There are records of 85 “regional transboundary” breeds (reported by several countries of one region), most of them in Europe and the Caucasus, and 157 “international transboundary” breeds (reported by countries of several regions), 101 of which are chicken breeds (16 turkey, 15 goose, 12 duck). European origin accounts for 26, commercial strains for 19, and North American origin for 7 out of the 67 most widely reported chicken breeds (FAO, 2007a). Most of the commercial layer and broiler stocks were created from a limited number of breeds in the last century in Europe and North America. 
The share of local chicken breeds differs by region. Asia, and Europe and the Caucasus report more than 400 breeds each, Africa, and Latin America and the Caribbean report more than 100 each, and the Near and Middle East, North America and the Southwest Pacific fewer than 40 each. The numbers of local breeds per region are influenced by the number of breeds that had been developed in the region before commercialization of the sector began, the number of breeders that maintain them (e.g. in Europe), and the degree of current commercialization. Asia, being the origin of domestication for chickens and ducks, has many local breeds in both species. The high number of breeds reported by Europe and the Caucasus reflects, firstly, the well developed national reporting systems, but also the long history of breed formation, including through imports from other regions, and the “formalization” of breeds in standards or registries. 

Population data – a prerequisite for breed genetic management and the assessment of the risk status – are missing in most cases, primarily due to the difficulties of monitoring small livestock. The lack of information also reflects the low importance governments attribute to poultry – despite their important role for food security, rural livelihoods and gender equity. As a result, the risk status is unknown for 36 % of reported breeds. Another 35 % are reported as not being at risk. 30 % of avian breeds are classified as being at risk. Out of 2000 reported avian breeds, 9%, mainly chickens (83%), were reported as extinct (FAO, 2007a). The majority of the extinct breeds are reported from Europe. The regions with the greatest proportion of avian breeds classified as at risk are North America (79 %) and Europe and the Caucasus (49 %). These are the regions that have the most highly-specialized livestock industries. The proportion of breeds at risk is high in chickens and turkeys (36 %), geese (31 %) and ducks (25 %), thereby following their global economic importance. 
Trends in livestock research and development

Government investment in the livestock sector has resulted in a cumulative body of infrastructure, knowledge and genetic progress in developed countries over the past century. Science was increasingly applied to agriculture in developed countries from the 1950s onwards and resulted in productivity growth. In most cases, technologies developed through public funding were made freely available as they were considered public goods, for example to improve food security or regional competitiveness, as in the EU until the CAP reform in 2003 (EC, 2007). 
Despite a rise in real terms, the growth rates in public agricultural research expenditures declined for developed and developing countries between 1980- and 2000 (EC, 2007; OECD-FAO, 2009). However, there is a growing divide as agricultural research investment has become concentrated in very few countries. In the EU, research-intensive, mostly northern European countries are at the forefront of international publications in the agri-food sector and are proactive in integrating new policy or technological challenges in their research (EC, 2007). Among developing countries, Brazil, China and India accounted for 43% of all developing country expenditure, and China and India accounted for 67% of expenditure in the Asia-Pacific region in 2000. The global share of Sub-Saharan Africa expenditure declined from 18 % (1980) to 12 % (2000) (Echeverria and Beintema, 2009). This indicates a serious underinvestment in agricultural research in the majority of developing countries whose economies depend on agriculture. 

Ludena et al. (2007) analyzed total factor productivity (TFP) for 116 countries over a 40 year period (1960-2000). In most countries, larger average productivity growth gains occurred in non-ruminant than ruminant production: it was 1.21% over the whole period and 2.71% for the past two decades. They project an average 3.60% TFP annual growth rate for non-ruminants for the period 2000-2040. In addition to improved genetics, the technology frontier has advanced due to improved husbandry in controlled facilities and better feeding, especially of protein, technologies which are easily transferable across countries. They also expect an increased continuing transition from backyard production systems to modern, confined production systems. 

The average increase in TFP in non-ruminants masks high regional differences. Among the developing regions, China, followed by South Asia and Latin America and the Caribbean, mainly Brazil, showed accelerating growth in TFP, particularly in the 1980s and 1990s, while most other regions remained stagnant or even declined. Similar trends are projected for the next four decades. This indicates the role of industrialized countries as a source of technology, though declining in importance, while most of the catching up takes place in developing regions, especially Asia. If this catching-up process continues in the next decades, productivity in some regions will reach the level of the industrialized countries (Ludena et al., 2007; Nin et al., 2007). 
It is unlikely that the increasing knowledge and productivity gap between developed and developing countries can be reversed without significant investments in research and extension infrastructure. However, in most developing countries, agricultural research investments are stagnating or declining. The public sector disengagement from the livestock sector, both at national government and international development agency levels, has resulted in low funding levels for research and development and a lack of effective policies and regulatory frameworks for oversight to the sector (World Bank, 2009). Equally, the externalities of livestock production (pollution, greenhouse gas emissions, risk to public health, loss of wild biodiversity and animal genetic resources still need to be adequately addressed (FAO, 2006). The USA, for example, has seen a 44% decrease in livestock research support from federal and state agencies over the last two decades (Roberts et al., 2009). In parallel, breeds got lost; for examples 40% of US and 60% of Canadian poultry research stocks disappeared between 1984 and 1998 (Fulton and Delany, 2003). The World Bank (2009) takes an explicit global public goods perspective to identify livestock sector investment priorities; with protection against highly contagious zoonotic diseases and livestock-related environmental sustainability ranking highest. Recently, publicly funded agri-food research in developed countries addresses animal welfare, post harvest and food safety issues rather than productivity increases. Future topics are consumer science; health; food quality and safety; rural development; environment (including water management); climate changes; energy and the integration of new technologies (EC, 2007).
The private sector has become an increasingly important contributor to research and development in agriculture, especially for the agricultural input and processing sectors and in countries where markets have been liberalized and intellectual property rights (IPR) strengthened (OECD-FAO, 2009). Echeverria and Beintema (2009) estimate that 41% (16 billion US$) of total global (public and private) investments in agricultural research were private expenditure. However, the majority of these funds (94%) were invested in high income countries where 54% of total agricultural research is private. Only 2 % of the private investment was made in developing countries where 7% of total agricultural research is private. 

Private incentives for animal research are strongest where returns on investment can be ensured, preferably at a wider than national level, advances in husbandry can be implemented relatively easily and quickly, and where intellectual property can be protected (Narrod and Fuglie, 2000). Private research thus tends to concentrate on technologies that are likely to result in market applications in the near future such as breeding, veterinary and pharmaceutical research, or “functional food”. The technology innovation linked with the genomic revolution and the related legal changes (IPRs, patenting) has allowed new players to enter the industry. In the past few years, agrochemical and sequencing companies have heavily invested in gene detection and the bioinformatics needed to analyze the huge amounts of genomic data generated (in poultry less than in other species). 
The UN (2009) recently concluded that “The privatization of agricultural research in developed countries restricts access to proprietary technologies, limiting the possibility of capturing research spillovers from developed countries. In addition, many countries lack even a minimal national capacity for procuring, assessing, adapting and adopting scientific knowledge and technologies developed elsewhere. The need for increased and stable funding for agricultural research and extension is therefore crucial”.

The poultry success story
Poultry is the fastest developing livestock subsector. Developments in poultry breeding, feeding and housing have enabled an unprecedented increase in production and productivity. Globally, 90 million tonnes poultry meat and 63 million tonnes eggs were produced in 2007, up from 15 and 20 million tons respectively in 1970 (FAOSTAT; FAO, 2009a). The most important supply drivers were cheap grain and cheap energy, technological change especially in genetics, feeding and transport, and a policy environment favourable to intensive production that in many countries provided incentives such as market infrastructure, credit, labour and environmental policies (FAO, 2006).
Table 1. Share of calorie and protein consumption from poultry (eggs and meat) at the total animal food consumption, 1970 and 2003
	
	1970
	2003

	
	% of kcal
	% of protein
	% of kcal
	% of protein

	Developed countries
	10
	12
	16
	21

	Developing countries
	8
	0
	17
	19

	World
	9
	10
	17
	21


Data: FAOSTAT

Poultry consumption is projected to grow at 2.5 percent per annum to 2030, exceeding other meats, and 3.4 percent per annum in developing countries (FAO, 2006). Income elasticity values for additional poultry are stable across wealth groups (Delgado et al., 1999). The poultry industry had more rapid technological change in production practices than the other animal species, which led to reduced retail prices for poultry meat as compared to other proteins. The poultry industry also took advantage of increased consumer preference for leaner meats and for processed poultry food products in developed countries. 
The global poultry sector is divided into two distinct sub-sectors: the large-scale commercial sub-sector dominated by international, developed-country based and vertically integrated companies, and the small-scale sub-sector that is predominant in some of the least developed countries. Industrial production systems now account for an estimated 72 % of global poultry meat production and 61 % of global egg production (Steinfeld et al., 2006), with large differences between countries. The small-scale sub-sector provides up to 90 % of total poultry production in some of the least developed countries (Pym et al., 2006).
Breeding activities, both for chicken layers and broilers, and for turkeys, are dominated by a few transnational breeding companies that market their products worldwide. Havenstein et al. (2003), not taking into account other management and disease control components, estimated that genetic selection contributed about 85 to 90% of the increased broiler growth performance over the past 45 years while changes in nutrition provided 10 to 15%. Still, no genetic plateau has been reached, and broiler efficiency of meat production continues to increase by 2-3% per year. Commercial layer performance improved by more than 1% p.a. as a combination of laying productivity, feed efficiency and egg quality (Mc Kay, 2009). Table 2 shows that countries with commercial breeding programmes in all species have a higher production per animal than the rest of the world. 

Table 2. Partial factor productivity differential between selected developed countries with commercial breeding programmes in all species, and the rest of the world (Production/head) 
	
	1961
	1970
	1980
	1990
	2000
	2006

	Eggs, primary
	117.21
	95.40
	62.53
	46.92
	45.06
	53.46

	Poultry meat
	23.52
	19.32
	19.81
	27.01
	29.02
	31.24


selected developed countries: European Union, USA, Canada, Australia, New Zealand. 

data: FAO STAT, 2009

Breeding has a crucial role in increasing efficiency. In poultry, breeding for high performance and improved feed conversion ratio (FCR) and reduced mortality due to better hygienic management have significantly reduced the amount of feed (and land needed to produce this feed) per unit of product. FCR in poultry has been reduced since the 1950s mainly due to increased egg output or lean meat gain (Flock & Preisinger, 2002). Havenstein et al. (2003) found over a threefold decrease in the amount of feed consumed (FCR of 1.47 vs. 4.42) for broilers between 1957 and 2001. FCR in layers went down from 2.4 to 1.9 between 1975 and 2008 (McKay, 2008). These improvements have a huge impact on the land area used to grow feed for poultry production. Jones et al. (2008) investigated the role of genetic improvement in a Live-Cycle-Analysis model in the UK and found that the annual reduction in greenhouse gas emission ranged from 1.2 and 1.3% in broilers and layers, respectively. The largest contributions in broilers came from improved FCR.
Until today, commercial breeding programmes have maintained sufficient genetic variability to constantly improve performance traits including robustness and the ability to perform in a range of environments. Inbreeding is of no direct concern for the multiple-line crosses of commercial poultry where control of inbreeding has resulted in a quite low degree of homozygosity or fixed alleles (Flock & Preisinger, 2002). Current breeding goals include improved bird health, metabolic stability and animal behaviour, and product quality.
Improved access to international markets and the growth of world trade enabled breeding companies to sell their products worldwide, thereby supporting intensive production systems. The increase in the size of the potential market in turn strengthens incentives to invest in research to develop new animal production inputs and breeding stock (Narrod and Fuglie, 2000). The high concentration of the poultry breeding companies and the high degree of vertical integration in the broiler and layer industries enable private breeders to capture a greater share of the economic gains from research investments. Gollin et al. (2008) found that the annual value of international trade in animal genetic resources – unfortunately without poultry due to lack of data - is likely to exceed US$ 1 billion, with more than 90% of exports from developed countries and less than 5% from developing countries.
In summary, commercial poultry has been very successful in improving production performance in the genetic material they provide. It made poultry the most efficient means to producing animal protein, with a protein-energy return on investment of 18% for broiler and 7% for eggs (Pelletier, 2009). Reducing inflation-corrected consumer prices resulted in income gains. The sector also contributed to improved food safety for consumers through the improved diseases status of birds, and reduced the environmental impact per unit of production. 
The other side of the coin

The successes are confronted with equal challenges for poultry breeding, both within the industry and externally. Internal challenges are continued increasing competition and concentration and low margins that may affect economic sustainability. Externally, the unprecedented success of the industry has led to genetic erosion and disincentives for countries to invest in their own breeding programmes, and given rise to a number of societal concerns. These processes are driven by environmental problems created by intensive poultry production, increased consumer awareness, and animal welfare movements in developed countries. Despite its efficiency, the scale of global poultry production results in environmental externalities that exceed those of whole developing regions, with the largest impacts related to feed provision (Pelletier, 2008). Associated or external factors (e.g. waste management) or pressure from special interest groups (e.g. animal rights) may drive breeding costs up. As the poultry sector is the most advanced in respect to efficiency, it is also the most targeted by criticism by civil society groups that demand adherence to sustainability and ethics principles (Gura, 2007, 2008). On the other hand, the concentrated and highly integrated industry structure may facilitate a coordinated and rapid response to environmental and other emerging societal issues (Pelletier, 2008). 
Internal effects

Commercial poultry systems depend on complex, often international input supply chains (e.g. feed, veterinary products) each of which is subject to high market volatility. Furthermore, food products are perishable and therefore depend on reliable, complex output processing chains. Lastly, an inelastic consumer demand for animal food products limits the degree to which cost increases at breeding level can be transmitted to lower levels in the chain. This has led to declining inflation-corrected prices for breeding animals despite significant genetic improvement and improved economic performance delivered. Breeder prices for layers increased by less than 1% over the past 15 years, while at the same time breeding chicken performance has been improved by more than 1% per year (Preisinger, 2009). Profits in poultry breeding have thus been under pressure for a long time as marginal rate of returns are declining and costs for breeding programmes increase. Important cost items are the high biosecurity standards that allow breeding companies to sell their products internationally and the required distribution network, increasing animal health challenges, and the increasing complexity of the quantitative and molecular genetics programmes with the related heavy investment in molecular genetics technology (McKay, 2009; Avendano et al., 2009). 

The increasing technical standards and financial investments required to operate in the modern poultry breeding have several consequences. Firstly, higher capital investment increases financial risk, especially if, as happened in the past years, the input supply chains, especially for feed, are also subject to considerable market volatility and demand slows down as consumers have less available income. The industry reacts with increasing merger and concentration in an attempt to maintain the significant market share needed to maintain the required standards and economies of scale. Another strategy is a higher degree of vertical integration that allows to capture the economic gains from breeding investment along the value chain. Breeding companies also enters in longer-term strategic research partnerships with universities, on the one hand to have access to public research funds, on the other to have access to most recent science and technology, and there is even one example of a research alliance between breeding companies apparently not belonging to the same group. Confidentiality contracts and restrictions on the publications of results can be part of the contracts. 
The economic pressure might have implications on genetic diversity held by the companies. The price of individual breeding animals and the cost of maintaining the breeding flock translate into a high amount of capital fixed in a breeding population. Therefore company geneticists are under economic constraints to justify keeping purelines with low present use-value but possible future option value. While industry representatives claim that they maintain genetic diversity in their breeding populations through monitoring and control of the rate of inbreeding and genetic drift (FABRE, 2006) and that the genetic diversity held within their lines has not been reduced and has not been affected by company mergers (Flock and Preisinger, 2002), critiques mention loss of lines after mergers (Shaver, 2004). In the absence of publicly available data, both positions are difficult to validate. 
Due to their central role, breeding companies have recognized their social responsibility for global food security, food safety, public and animal health, and animal welfare, within their economic remit. In order to remain competitive, “Successful breeding companies must have a long term strategy for the management of their genetic resources for sustainable genetic progress in multiple traits over future decades” (McKay, 2008).
External effects

Arguments in favour of national breeding programs are (a) adaptation, improvement and conservation of local genetic diversity, following countries’ commitment taken with the adoption of the Global Plan of Action for Animal Genetic Resources in 2007 (FAO, 2007b); b) food sovereignty and independence from imports, and (c) biosecurity and zoosanitary considerations. Despite the high number of poultry and poultry breeds kept by smallholders in developing countries, the Country Reports prepared for The State of the World’s Animal Genetic Resources indicated that very few countries had capacity in poultry breeding. Only 18 % of countries where chickens are kept reported chicken breeding as a priority, and only 14 % declared that they have structured breeding activities for chickens. Even fewer countries reported structured breeding activities for turkeys (5 countries), ducks (8) and geese (4). The low importance of local chicken breeding programmes is reflected by a small proportion of breeds with a specific breeding goal (13 %) and breeding strategy (11 %). Europe and the Caucasus has a higher proportion of breeds with breeding strategies than the other regions (FAO, 2007a). 
Countries’ attempts (if at all) to build up their own breeding industry are impeded by two factors: Competition with international poultry breeding companies, and the lack of local poultry breeds suitable for modern commercial production; Hoffmann (2005) lists several examples. The large difference in production level between commercial and local poultry leaves developing countries little incentive to develop their national breeding industry as they can simply import grandparent/parent stock. Besides a few upgrading and crossbreeding programmes, only few examples of breeding programmes with local poultry are mentioned in the country reports (FAO, 2007a). Flock and Preisinger (2002) counted more than a dozen countries which had national breeding programs during recent decades. In many of those countries, protection of national breeding programs against international competition led to higher product prices for the consumers without assurance of genetic diversity conservation. In most cases, these breeding programmes collapsed after opening of the market. Local breeding programmes today provide only 5% of global supply and often arose from a joint venture with the main breeding companies, relying on the international genepool (Preisinger, 2004).

Countries face a conflict of interest in achieving food security and agrobiodiversity goals: a high ratio of commercial poultry in the total market supply makes it easy to fulfil food security goals and to provide the growing urban population with cheap animal protein. It may be also easier to achieve food safety and public health standards due to the ease of control of standardised production environments. The economies of scale in industrial production may tempt governments to spatially concentrate their veterinary or other livestock services around large scale production, leading to a decline of services that are directed to small producers. The highly integrated nature of the commercial poultry sub-sector, that also provides services, may even motivate the governments to pull out from service supply or research. In fact, Ludena et al. (2007) and Nin et al. (2007) found that in 80 developing countries between 1960 and 1985, only 3% of total research expenditure were allocated to poultry.
Local poultry breeds are probably more threatened through the indirect impact of market competition if the intensive commercial sub-sector gains a certain market share in the country than the “genetic dilution” effect through upgrading and crossbreeding programmes. This can even happen if markets for local and commercial poultry are segmented – for example if spent hens are sold in rural areas competing with local chicken because of their similar tough meat, or surplus broilers from contract farming, or even poultry meat parts. In such cases, the livelihoods of farmers that supply the same markets with less productive breeds may be threatened, and if they remain in production, it may no longer be economical to keep a local breed (Tisdell, 2003). In a recent questionnaire study, FAO (2009) found that economic and market factors accounted for 33% of threats to poultry genetic diversity, followed by poor livestock sector policies and institutions (26%), poor conservation strategies (15%) and animal health and hygiene (10%), thereby confirming the analysis of 169 Country Reports (FAO, 2007a). This implies that the rapid spread of homogenous large-scale intensive production is a major risk of extinction for poultry breeds. Another questionnaire of actual reasons for breeds-at-risk within DAD-IS is being analyzed. If the present economic trends and intensification continues - and all projections tend towards this direction commercial poultry with their very good feed conversion ratio may further outcompete local breeds.
In summary, the economic drivers that have enabled poultry breeding to become such a success story may also pose a risk to the long-term sustainability of the underlying genetic diversity. The question is whether genetic erosion should be included in the list of externalities not captured by market forces, and what could be done to internalized the associated costs.
Implications

The OECD-FAO (2009) states an “increasing divide between the scientific haves and not –haves”. In addition to the lack of breeding programmes, this has implications for poultry genetic characterization, improvement and conservation. The majority of developing country breeds has not been phenotypically or genetically characterized, and if they are, this mostly happened through a research consortium with developed countries. The low number of structured breeding programmes has been raised earlier. Equally, the Global Databank indicates that conservation programmes cover about 10% of poultry breeds (77% chicken, 9% ducks, 9% geese, 3% turkey). For 70% of these breeds, the population data are from before the year 2000, and thus would require a new population census. 164 are local populations, and 30 are subpopulations of 27 different transboundary breeds.
Analysis of Country Reports revealed that 26 countries (15% of all countries), including 8 developing countries, had poultry conservation programmes (in vivo and in vitro) covering 63 % of their local breeds. They also had conservation programmes for national populations of transboundary breeds which covered 11% of those breeds; a lot of the fancy/hobby breeds in Europe may fall under this category. By species, 24 countries (68%) had programmes for chickens, 7 for ducks (20%), and 2 each for geese and turkey (6% each). Equal proportions of countries stored material as semen, tissue or DNA. Half of the programmes were run entirely by governments, the other half cooperated with the private sector, research groups and NGOs. 

But the perspective for conservation is not that bleak: Poultry are the only species with a well-developed hobby and fancy breed segment in many developed and some developing countries - in parallel to breeds used for food and agriculture. In developing countries, the role of poultry, especially chickens, in small-scale farming and the preference of consumers for meat from local birds will support the continued use of many local breeds, thereby reducing the need for direct conservation interventions. Those fancy breeds might represent a potential allele reservoir for future breeding purposes – but it also complicates decision-making for conservation. For the most important poultry species, the diversity of phenotypes between breeds is seemingly not fully reflected in genetic diversity due to the high within-breed diversity (Granevitze et al., 2007). The high within-breed diversity, especially in chickens, and the relatively high number of transboundary breeds have implications for conservation programmes. The inclusion of breeds from unconnected and distinct geographical locations may increase the between-breed diversity captured even if no detailed molecular characterization information is available. Breeds that have not been genetically managed and those without closely related populations should be preferred for conservation programmes. Valuable genetic material should be cryo-conserved in a precautionary manner, in view of the fast structural changes in the poultry sector and the risks facing the avian species kept at high densities all over the world, especially in view of epidemics. In vitro conservation of local breeds, wild relatives and populations with known specific traits should get a high priority at the global level. Because commercial lines contain a share of the genetic diversity, they should also be included in national cryo-banks; the operational protocols would need to be developed (Hoffmann, 2009).
In parallel to small breeding companies in the developed countries giving up of or being merged into the larger surviving ones, the “decoupling” of developing countries from breeding science and technology also has implications for their participation in trade. Most flows of genetic material occur amongst developed countries which are mostly without zoosanitary restrictions, and involve animals suited to high-input production systems (Hiemstra et al., 2006). Gollin et al. (2008) found that the wealthiest developing countries are net importers of genetics while the next poor group of countries only import genetic material; the poorest countries are not engaged in any trade of animal genetic resources at all. Although their data did not include poultry, the findings probably apply equally. 

Since countries are the responsible legal bodies not only for AnGR management and conservation but also for food security, national sovereignty over food security is important in discussions on flow of genetic material. The question here is: how many suppliers of genetic material does the world need? Do governments trust market forces alone in a sector that in 2003 provided 12-13% of animal food calories and protein globally - more than beef (Table 1; FAOSTAT) - at affordable prices? How will animal disease risks be managed in future? Besides consumer needs, governments of developing countries need to have in place rural development strategies that provide livelihoods options for poor people – within and outside of agriculture. Care must be taken to provide farmers with the possibility for continuing and developing their activities, both for their own consumption and sale, and to provide them with the poultry genetic resources they need, while maintaining mankinds’ options to adapt to future ecological, economic and disease challenges. Diversity is one important means to increase resilience. Through the adoption of the Global Plan of Action (FAO, 2007b) governments have committed themselves to its implementation. In the poultry sector, governments and the industry need to take coordinates action.
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