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Past exchanges  
 
During the preparation of The State of the World’s Animal Genetic Resources for Food and 
Agriculture, various studies were prepared by FAO and partners to analyse flows and exchange 
patterns of animal genetic resources (Mathias & Mundy, 2005; Hiemstra et al., 2006; Valle 
Zárate et al., 2006); the State of the World report also contains a chapter on “Flows of animal 
genetic resources”. Following a side event at the International Technical Conference on Animal 
Genetic Resources for Food and Agriculture, 3-7 September 2007, Interlaken, Switzerland, the 
United States Department of Agriculture (USDA) followed up on the quantitative assessment of 
gene flow (Gollin et al., 2008; Blackburn and Gollin, 2008). A background study paper was 
presented to the Commission on Genetic Resources for Food and Agriculture at its 12th Session 
(FAO, 2009a).  
 
Livestock species were domesticated at different locations, and multiple domestications took 
place in one area. The studies concur that historic gene flow due to domestication, natural and 
human selection, human migration and conquest, led to a global spread of species and breeds 
away from their centres of origin. Gene flow has thereby increased diversity, at least when 
measured on a local level. Today, livestock populations in all regions are the result of not only 
breed development within each region, but also the of past inter-regional movement and 
exchange, within the industrialized “North”, from the North to the developing “South”, and 
South-North. There have also been important transfers between the regions of the South, most 
notably the transfer of South Asian cattle to Latin America. However, for the last century, 
relatively little movement of livestock germplasm has occurred from the South to the North.  
 
In order to reduce multiple counting of national breed populations, the State of the World report 
introduced a distinction between local breeds (only reported by one country), regional 
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transboundary breeds (reported by several counties in one region) and international 
transboundary breeds (reported by counties in several regions).  
 
Livestock production trends 
 
Between 1980 and 2009, global meat output grew on average at 3.7% per year, milk at 1.7% and 
eggs at 5.0% (FAO Statistical Database (FAO-Stat)). Globally, this production increases have 
resulted from increases in stocks rather than productivity per animal and have been accompanied 
by rapid structural change and a growing dichotomy between large-scale and small-scale 
production (FAO, 2010a). However, the global production trends mask high variability between 
species, breeds and livestock production systems, both within and between regions, with poultry 
having the highest productivity increase. This dichotomy between developed and developing 
countries is more pronouncede in ruminants than in monogastrics, for which productivity 
increase was higher and for which industrial systems prevail in both developed and developing 
regions. We can now estimate that industrial systems provide 79% of global poultry meat, 73% 
of eggs and 63% of pork production. Livestock kept in large-scale operations utilizing 
sophisticated technology and based on internationally sourced feed and animal genetics is 
playing an increasing role in global food supply. Among the transboundary breeds, a very small 
number of international transboundary breeds accounts for an ever increasing share of total 
animal-source food production. Genetic improvement is estimated to contribute between 50% 
and 80% to overall productivity increase, and countries with commercial breeding programmes 
far exceed the production output per animal of the rest of the world.  
 
On the other hand, local breeds continue to be the mainstay of livelihoods for poor people in 
marginal areas, where they provide a range of products and services. National Coordinators, in 
their presentations during side events at the recent Intergovernmental Technical Working Group 
on Animal Genetic Resources for Food and Agriculture, confirmed the critical social impact of 
local breeds. Another analysis (Hoffmann, 2010) indicated that as the share of mountains and 
hills in a country’s area – a proxy for marginal production systems – increases, the share of 
transboundary breeds declines and the share of local breeds increases. With an increase in the 
share of arable and cropland, the share of transboundary breeds increases and that of local breeds 
decreases. Low purchasing power, a large share of poor people and higher altitude terrain seem 
to be favourable for local breeds but impediments for transboundary breeds. This result may 
indicate that local breeds, which are often well adapted to harsh environments, are not at risk in 
those environments as other breeds cannot compete with them – or that the poor do not have the 
capital available to purchase the initial germplasm of other breeds.  
 
Breed diversity and threats 
 
The latest assessment by FAO found that a global total of 8 054 breeds have been reported 
(FAO, 2010b). 1 053 transboundary breeds were reported in 2010, of which 504 are regional 
transboundary breeds and 549 are international transboundary breeds. For 36% of breeds the risk 
status is unknown: 13 % of international transboundary breeds, 17% of regional transboundary 
breeds and 39% of local breeds. Of the 613 breeds (8%) classified as extinct, only 7 (1%) are 
transboundary breeds. A total of 1 710 breeds (21 %) are classified as being at risk, 22% of all 
local and 16% of all transboundary breeds (FAO, 2010b). 



 
FAO (2010b) indicates that the risk for breed survival in the past century was highest in regions 
that have the most highly specialized livestock industries with fast structural change, and in the 
species kept in such systems. In two FAO questionnaire surveys (one on threats to breed 
diversity and one on the contributions of different threats to the extinction of 952 breeds) three 
threats were mentioned by most respondents and hence can be regarded as the most significant in 
eroding livestock genetic diversity across all species: 1. economic and market drivers, 2. poor 
livestock sector policies, 3. poor conservation strategies (FAO, 2009c). 
 
Recent gene flow  
 
Today, development and use of biotechnology, especially reproduction biotechnology in the past, 
and breeding methods, for example genomic selection in the future, result in accelerating 
generation intervals and selection intensities; although different between species and breeds they 
generally tend to increase gene flow. Zoosanitary regulation, animal welfare considerations, 
freight costs, and exchange and inflation rates have become major restrictions of gene flow, 
affecting importing and exporting parties differently. 
 
Data that depict gene flow are notoriously difficult to find. Valle Zárate et al. (2006) thus based 
their analysis mostly on extensive case studies. Gollin et al. (2008) used UN Comtrade data for 
their analysis. Both conclude that the high level of breeding and trade organization in developed 
countries gives them a considerable advantage over developing countries in exploiting and 
spreading their genetic resources. Most flows of genetic material originate from developed 
countries and occur among developed countries, most of which are without zoo-sanitary 
restrictions, and involve animals suited to high-input production systems. However, when 
expressed as a proportion of all global trade in livestock genetic material, the share moving from 
developed to developing countries increased from 20% in 1995 to 30% in 2005 (Gollin et al., 
2008). Gene flow originates from developing countries in rare cases where unique genetic 
resources with desired traits or genes exist independent of the level of breeding organization. 
 
Another analysis of UN-Comtrade on live animal and bovine semen trade, in 5-year steps from 
1990 to 2009, for bovine (pure breeding and semen), horses (pure breeding), swine (pure 
breeding) and domestic fowl < 185 g, was undertaken2. The trade volume for these 5 items was 
US$1.396 billion in 2009.  
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communication). 
 



Table 1: OECD share of export and re-export, trade value (US$) 
 Cattle live 

pure breed.  
Cattle 
semen  

Swine live 
pure breed. 

Swine live 
<50 kg  

Horses live 
pure breed.  

Fowl live  
< 185 g  

1990  42 89 63 12 81 38

1995  94  92 89 99 91

2000  70 88 80 92 72 68

2005  75  80 96 25 71

2009  91 88 99 98 99 65

Avg.  78 89 85 92 75 72
UN-Comtrade data. 
 
On average, 72–92% of genetic material exports (cattle, pig, poultry) originated from OECD 
countries, which were the destination of 46–79% of imports (Table 1). Europe contributed to 
>70% of live animal exports, while the United States of America provides 58% of cattle semen 
exports (Table 2). Developing regions reached a maximum of 5% of exports across all species.  
 
Table 2: Region’s share of export and re-export, trade value (US$) 
 

Africa Asia  Europe 

Latin 
America 

Caribbean 
North 

America
Near 
East  Pacific

Cattle live pure breeding  1 0.3 77 4 7 0.06 11

Cattle semen  0.5 0.1 34 5 58 0.01 3

Swine live pure breeding  0.1 3 78 2 16 0.01 0.8

Swine live except. pure 
breeding <50 kg  0 3 73 0.01 24 0 0

Horses live pure breeding  1 2 82 0.5 11 0.1 6

Fowl live < 185 g  0.6 5 72 5 15 1.3 0.8
Average of 1990, 1995, 2000, 2005 and 2009 UN-Comtrade data 
 
In imports, Asia ranks highest (27% of live pure-breeding pigs), followed by Latin America and 
the Caribbean (19% of cattle semen) and the Near East (19% of live cattle) (Table 3). 
Developing countries are thus recipients of Northern improved genetics. In addition to the ease 
with which genetic materials can be imported, the performance differentials between local breeds 
and high-output breeds and the long-term commitment required for genetic improvement may 
discourage developing countries from initiating their own breeding programmes. 
 
Table 3. Region’s share of import and re-import, trade value (US$) 



 

Africa Asia  Europe 

Latin 
America 

Caribbean 
North 

America
Near 
East  Pacific 

Cattle live pure breeding  2 13 53 12 1 19 0.3

Cattle semen  1 5 53 19 12 4 7

Swine live pure breeding  1 27 53 16 3.4 0.1 0.1

Swine live excpt. pure 
breeding <50 kg  0.01 3 74 0.1 22 0 0

Horses live pure breeding  0.8 9 81 1 5 0.8 2

Fowl live < 185 g  3 16 46 18 7 10 0.2
Average of 1990, 1995, 2000, 2005 and 2009 UN-Comtrade data 
 
However, neither frequency nor volume of imported genetics determine their impact on existing 
breeds, but their suitability for the prevailing production systems and environments. If introduced 
breeds are suitable, gene flow generates new genotypes, either by coexistence with the existing 
breeds (including the formation of synthetics) or by replacement (by direct interference or 
market competition). The studies (Mathias & Mundy, 2005; Hiemstra et al., 2006; Valle Zárate et al., 
2006; FAO, 2009a) showed that introduction has been successful mostly in intensive or semi-
intensive production systems, where husbandry technology and, therefore, aspects of the 
production environment, can be exchanged together with the genetics. However, little success 
has been achieved in less controlled, semi-extensive and extensive production systems. 
 
Blackburn and Gollin (2008) emphasize that successful introduction of new breeds into the 
United States of America has been based on several production traits and the interest and 
acceptance of the private sector, while introduction to take advantage of single traits has not 
proved sustainable. In any case, breed introduction and potentially replacement may involve 
considerable costs and substantial investments in learning and gaining experience at production 
and market levels. 
 
Gene flow in the context of conservation and sustainable use 
 
The objectives of the Convention on Biological Diversity (CBD) are the conservation of 
biological diversity, the sustainable use of its components and the fair and equitable sharing of 
the benefits arising out of the utilization of genetic resources. Gene flow offers potential 
solutions to future adaptation to climate change, emerging diseases or changing consumer 
preferences, as well as contributing to the CBD’s objectives.  
 
Many breeds are adapted to high temperatures and harsh conditions (Scherf et al., 2006), traits 
that may become more important in future. However, most local breeds are not well 
characterized and their adaptation to environmental stressors is not well understood, while 
research and interventions mostly focus on commercially relevant production systems, species 
and breeds. Only if modern technologies, such as genetic characterization with modern genomic 
tools such as high-throughput sequencing or high-density SNP panels, are equally and easily 



transferable to local breeds in developing countries, may these breeds be used for strategic cross-
breeding or gene insertion, for future “pharming” or the development of derivatives (e.g. 
cosmetics), thereby changing the current North-South gene flow pattern. There is little indication 
that research, which increasingly tends to become more public–private-partnership funded, will 
adequately address the sustainable use and conservation of local breeds in developing countries. 
 
Thus, given the predominant North-South gene flow, benefits potentially arising from the use of 
genetic resources accessed from the South may not be sufficient to encourage breed conservation 
in the South. Other measures may need to be explored to encourage these breeds’ conservation 
and sustainable use. As intensive production based on few transboundary breeds continues to 
supply the bulk of global production, and the threat of extinction for local breeds increases 
particularly in regions of fast structural change, defensive measures to reduce gene flow related 
threats to genetic diversity may be more appropriate. “Genetic impact assessment” has already 
been discussed as a possible regulatory tool (Hiemstra et al., 2006; Pilling, 2007), while the 
usefulness and applicability of market-based tools such as a levy on international movement of 
animal genetic material to support developing-country communities, breeding associations, and 
breeding and conservation programmes could be investigated. 
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