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Introduction 
The 2010 Biodiversity Indicators Partnership (BIP)1 project developed within the framework of the 2010 
Biodiversity Indicator Development Plan of the Convention on Biological Diversity (CBD) aims to 
establish a set of indicators that will allow better assessment of progress towards the target of “reducing 
the rate of loss of biodiversity by 2010”. The project addresses all focal areas identified by the Strategic 
Plan of the CBD. The Food and Agriculture Organization of the United Nations (FAO), as one of the 
partners in the BIP project, is responsible for coordinating the development of the headline indicator for 
“Trends in genetic diversity of domesticated animals, cultivated plants, and fish species of major 

socioeconomic importance”. 

The Commission on Genetic Resources for Food and Agriculture (CGRFA), the body that oversees 
FAO’s work on genetic resources of relevance for food and agriculture, requested at its Twelfth Regular 
Session in 2009, that status and trends reports on animal genetic resources for food and agriculture 
(AnGR) be prepared by FAO every two years and that these reports include the CBD headline indicator 
once it has been developed (FAO, 2009). 

The Global Plan of Action for Animal Genetic Resources (FAO, 2007a) – adopted by 109 countries at the 
first International Technical Conference on Animal Genetic Resources for Food and Agriculture held in 
Interlaken, Switzerland in 2007, and subsequently endorsed by all FAO member countries – includes as 
one of its long-term goals: 

“improved understanding of the status, trends and associated risks, and characteristics of 

all aspects and components of animal genetic resources to facilitate and enable decision-

making for their sustainable us, development and conservation” (Strategic Priority Area 1: 
Characterization, inventory and monitoring of trends and associated risks). 

The development of an indicator or indicators that communicate the status and trends of AnGR diversity 
effectively to decision-makers would be a significant step towards achieving this goal. 

FAO convened the Expert Workshop on Indicators to Measure Trends in the Genetic Diversity of 
Domesticated Animals with the objective of developing the methodology for calculating the indicator(s) 
and identifying how the indicator(s) should be presented and communicated. The workshop was held in 
Rome on the 9th and 10th of February 2010. 

Methods 
A background document (Annex 1 of the present report) was prepared and circulated to participants prior 
to the workshop. The document includes a review of previous and ongoing work on the development of 
indicators of the status and trends of AnGR diversity. It also set out a number of “candidate” indicators 
for the workshop to evaluate. The workshop itself took place over two full working days and included 
presentations on various initiatives in indicator development, a presentation on the relevant data that are 
available in the Domestic Animal Diversity Information System (DAD-IS) and in FAO’s statistical 
database (FAOSTAT)2, and a detailed presentation of the candidate indicators described in the 
background document. The progamme (see Annex 2) was considered flexible in order to allow sufficient 
time for brainstorming sessions and discussion of the presentations and of the way forward in indicator 
development. 

 

                                                           
1 http://www.twentyten.net/ 
2 http://faostat.fao.org/default.aspx 
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Outcomes of the workshop 
 
1. GENERAL DISCUSSION OF DRIVERS OF CHANGE AND FACTORS AFFECTING 

DIVERSITY 
Table 1 summarizes the outcomes of the workshop’s brainstorming session and discussion of factors that 
influence the state of genetic diversity in livestock populations, the prospects for measuring them and  the 
potential for using them as a basis for the calculation of an indicator. The factors are grouped into seven 
thematic areas and potential measures are listed in the right-hand column of the table. 

Table 1. Drivers of change in genetic diversity and potential means to measure them 
Drivers of change Potential for measurement and use in indicator calculation 

Policy 

• National policies on breeding 
and conservation 

Presence vs. absence of policies is unlikely to be a good measure, 
because their objectives and effectiveness may differ greatly. 
Existence and quality of conservation policies might be the 
basis of an indicator of response to genetic erosion. 

Environment 

• Land use 
• Use of marginal areas 
• Heterogeneity of environments 
• Climate change 

Various land-use datasets are available and might be used to 
develop indicators for drivers of change in livestock diversity 
or used as proxy measures for livestock diversity. 

Production systems 

• Intensification 
• Diversification 

Comprehensive data on livestock management would be difficult 
to obtain because of the challenges involved in gathering such 
data in many production systems. 

Breeding 

• Breeding goals 
• Selection 
• Cross-breeding 
• Mating schemes 
• Use of biotechnology in 

reproduction 
• Concentration and globalization 

of breeding 

Comprehensive data on breeding goals and methods would be 
difficult to obtain. 

Breeders 

• Breed organizations 
• International breeding 

companies  
• Livestock-keeper demographics 

(age, etc.) 
• Livestock keepers’ socio-

economic/cultural situations 
(i.e. the complex of factors that 
influences livestock keepers’ 
decisions) 

Presence or absence of breed organizations can be assessed, but 
these organizations will differ in terms of their objectives and 
influence. 

The presence or absence of international breeding companies can 
be assessed. Data on their market share and degree of 
concentration might be used as an indicator of a trend towards 
genetic homogeneity. 

Comprehensive data on livestock-keeper demographics and other 
socio-economic factors difficult to obtain because of the 
challenges involved in collecting such data in many production 
systems. 

Consumers and marketing 

• Consumer demand 
• Access to market infrastructure 

A global map of travel time to large towns is available and is a 
potential proxy for market access. 

Random factors 

• Disease outbreaks 
• Genetic drift 
• Mutation 

Such factors are difficult to measure systematically. 
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2. GENERAL DISCUSSION OF POTENTIAL MEASURES OF THE STATE OF GENETIC 
DIVERSITY 

The workshop sought to identify measures that could be the basis for indicators of the state of genetic 
diversity in livestock populations. The outputs of the discussion are shown in Table 2. It was recognized 
that measures based on the number of breeds and the size and structure of breed populations offer only a 
limited indication of genetic diversity and that the use of the breed concept is particularly difficult in 
developing countries. However, it was also recognized that few, if any, alternatives are available on a 
global scale. It was noted that the calculation of trends based on molecular data is problematic because 
methods change over time. The significance of phenotypic diversity was recognized, but also that it is 
difficult to determine what elements of the phenotype should be considered in a measure of diversity. 

 

Table 2. Potential measures of the state of genetic diversity 
Level of diversity Potential measures 

Within breeds/populations Pedigree-based measures 

• Inbreeding coefficient (mean kinship) 
 
Demographic measures 

• Effective population size 
• Number of breeding males and females 
• Risk status 
• Change in population size 
 
Molecular measures 

• Microsatellites 
• SNPs* 

Between/among 
breeds/populations 

 

`Demographic measures 

• Number of breeds  
• Number of  breeds within distribution and risk-status categories 
• Share of breed populations in overall species populations 

 

Molecular measures (genetic distances) 

• Microsatellites 
• SNPs* 

* single nucleotide polymorphisms. 

 

3. EVALUATION OF CANDIDATE INDICATORS 
Six candidate indicators were described in the background document provided to workshop participants. 
The following paragraphs present an evaluation of these candidate indicators based on the presentations 
and discussions that took place during the workshop. 

3.1. Candidate Indicators 1 and 2 
Candidate Indicator 1. “The number of livestock breeds (not extinct) within each species classified as 

local, transboundary regional and transboundary international” 

Candidate Indicator 2. “The percentage of breeds (not extinct) within each species classified as local, 

transboundary regional and transboundary international” 
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Candidate Indicator 1 is a very basic measure of diversity at whatever level it is calculated (global, 
regional or national). The total number of breeds can be described as “breed richness” (by extension from 
the term “species richness” used to describe the number of species present in a given area – see 
background document). Further information is provided by the breakdown of the population according to 
the breed distribution categorization (local vs. transboundary) used in DAD-IS and in The State of the 

World’s Animal Genetic Resources for Food and Agriculture. Therefore, the richness of the local, 
regional transboundary and international transboundary breed populations, respectively, can also be 
calculated. The global figures provide an indication of the extent to which breeds have spread beyond 
their countries of origin. Regional and national figures give and indication of the relative importance of 
local and transboundary breeds within the livestock sectors of the respective regions and countries. 
Candidate Indicator 2 is simply Candidate Indicator 1 expressed as a proportion. Taken on its own, it 
does not indicate breed richness. 

The conclusions that can be drawn from Candidate Indicator 1 are quite limited. Breed richness will 
decline if breeds become extinct, but it will rise if new breeds are reported (either newly developed 
breeds or breeds that have previously, for whatever reason, not been recognized and/or reported to DAD-
IS). Local-breed richness can decline if local breeds are exported and thus move into the transboundary 
breed category or simply because the presence of the breed in another country is reported for the first 
time. Local breed richness can also rise if countries decide that their national population of a 
transboundary breed is sufficiently distinct to be considered a separate breed and adjust their data in 
DAD-IS accordingly. Effects of this type are a particular problem for the interpretation of a series of 
figures calculated at different points in time (i.e. trends), because breeds can shift between categories 
during the periods between the calculations. 

Interpretation of the relative contributions of the three breed categories to total breed richness is also 
difficult. At global level, the presence of a large number of transboundary breeds can be interpreted in 
various ways. It indicates that the sum of national inventories is higher than it would be if there had been 
fewer international exchanges (and therefore that countries generally have larger choice of breeds at their 
disposal) and that more breeds have back-up populations that might serve as insurance against disastrous 
declines in their country of origin. Conversely, the potential for diverse local livestock populations to be 
displaced by far less diverse transboundary populations, with a consequent decline both in national and 
global genetic diversity, is a serious concern (FAO, 2007b). However, a count of the number of 
transboundary breeds (or their share in the total number of breeds) is unlikely to provide a good indicator 
of this effect. 

At national level, the relative contributions of the different breed categories to total richness are difficult 
to interpret because transboundary breeds (whether they are international or regional) can include on the 
one hand, breeds that originated in the country concerned and have then been exported, and on the other 
hand, breeds that originated elsewhere and have then been imported. It should be recalled that the local 
vs. transboundary breed distribution classification system was not developed as a means of classifying 
breeds according to their contribution to genetic diversity but in order to avoid double counting of 
national populations in regional and global totals and partly as an indicator of the level at which 
management decisions need to be taken. Table 3 provides an illustration, taken from one of the workshop 
presentations, of the potential disparity: out of 56 British sheep breeds classified as “native” by the Rare 
Breeds Survival Trust, 33 are classified in DAD-IS as transboundary breeds. 
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Table 3. Example of differences between “local” and “native” breed classification 
RBST 

classification Breed name 

DAD-IS 

classification   

RBST 

classification Breed name 

DAD-IS 

classification 

Critical Boreray Local   Other native Brecknock Hill Local 
Endangered Leicester Longwool International   Other native Cheviot International 
Endangered North Ronaldsay Regional   Other native Clun Forest International 
Vulnerable Castlemilk Moorit Regional   Other native Dalesbred Local 

Vulnerable 
Devon and Cornwall 
Longwool Regional   Other native 

Derbyshire 
Gritstone Local 

Vulnerable Hill Radnor Local   Other native Devon Closewool Local 
Vulnerable Teeswater Local   Other native Exmoor Horn Local 
At Risk Balwen Local   Other native Hampshire Down International 
At Risk Lincoln Longwool International   Other native Hebridean Regional 
At Risk Manx Loaghtan Regional   Other native Herdwick Regional 
At Risk Norfolk Horn Regional   Other native Jacob International 
At Risk Oxford Down International   Other native Kerry Hill Regional 

At Risk Portland Regional   Other native 
Llandovery 
Whiteface Hill Local 

At Risk Soay International   Other native Llanwenog Local 
At Risk Wensleydale Regional   Other native Lleyn Regional 

At Risk 
Whitefaced 
Dartmoor Local   Other native Lonk Local 

At Risk 
Whitefaced 
Woodland Local   Other native 

North Country 
Cheviot Local 

Minority  Cotswold International   Other native Romney International 
Minority  Dorset Down International   Other native Rough Fell Local 
Minority  Dorset Horn International   Other native Ryeland International 
Minority  Greyface Dartmoor  Local   Other native Shetland International 
Minority  Shropshire International   Other native Southdown International 

Other native Badgerface Welsh Local   Other native 
South Wales 
Mountain Local 

Other native Beulah Local   Other native Suffolk International 

Other native 
Black Welsh 
Mountain International   Other native Swaledale Local 

Other native Blackface (Scottish) International   Other native 
Welsh Hill 
Speckled Local 

Other native Bluefaced Leicester International   Other native Welsh Mountain Local 
Other native Border Leicester International   Other native Wiltshire Horn International 

RBST = Rare Breeds Survival Trust. 
Sources: http://www.rbst.org.uk/ and www.fao.org/dad-is (both accessed in February 2010). 
 

The other major weakness of Candidate Indicators 1 and 2 is that, as with any indicator based on a 
measure of “richness”, they take no account of the size and structure of individual breed populations. An 
imported breed kept by a few hobbyists (assuming it is reported to DAD-IS) affects the figures in the 
same way as an imported breed that dominates a country’s livestock sector. Breeds that are on the brink 
of extinction cannot be distinguished from those that have very large populations. 
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3.2. Candidate Indicators 3 and 4 
Candidate Indicator 3: “The number of breeding females/ animals within each species belonging to each 

of the following breed (not extinct) categories: local, transboundary regional and transboundary 

international.” 

Candidate Indicator 4: “The percentage of breeding females/ animals within each species belonging to 

each of the following breed (not extinct) categories: local, transboundary regional and transboundary 

international.” 

Candidate Indicators 3 and 4 are similar to Candidate Indicators 1 and 2, except that they are based on 
breed population sizes rather than on the mere presence of the breeds. Candidate Indicators 3 and 4 share 
some of the weaknesses of Candidate Indicators 1 and 2. The effects of changes to reporting cannot be 
clearly distinguished from genuine changes to diversity. In some respects, Candidate Indicators 3 and 4 
are more vulnerable than Candidate Indicators 1 and 2 to the effects of incomplete reporting. Missing 
population data for a few common breeds may have a very big impact on the indicator. Moreover, the 
possibility that the existence of some national breed populations has not been reported to DAD-IS means 
that such effects may not be obvious. The above-described problems associated with the local vs. 
transboundary breed distribution classification also affects these candidate indicators. 

If the reporting and breed classification problems can be overcome, the strength of Candidate Indicators 3 
and 4 relative to Candidate Indicators 1 and 2 is that they provide a more realistic picture of the breed 
structure of the livestock population at whatever level (national, regional or global) they are calculated. 
However, the amount of information that they provides about diversity is limited. There is no indication 
of the diversity within the breed categories. Local breeds can decline and even become extinct with no 
impact on the indicators as long as their numbers are replaced by other animals belonging to local breeds. 
Moreover, Candidate Indicators 3 and 4 do not allow for the possibility that countries might be able 
increase their imported breed populations while at the same time managing their local livestock diversity 
in a sustainable way. 

3.3. Candidate Indicator 5 
“The percentage of the local breeds within each species that are classified as at risk, or aggregated over 

species, the percentage of local breeds that are classified as at risk.” 

Candidate Indicator 5 differs from Candidate Indicators 1 to 4 in that it takes account of the population 
size and structure of individual breeds. It is therefore potentially a better indicator of diversity. However, 
it is affected by the above-described problems associated with reporting and breed classification. It 
should also be noted that Candidate Indicator 5 only registers a change when a breed moves in or out of 
the “at risk” category. 

Another important point about Candidate Indicator 5 is that if the population figures on which it is based 
are not updated sufficiently regularly it may give a misleading impression. This is a problem that affects 
most methods of calculating indicators based on population size data. It should be recalled that, in DAD-
IS, once a breed has been assigned to a risk-status category based on its population size and structure, it 
remains in that category until data for a more recent year are entered. As time goes by and no updates are 
made to the breed’s population data, there is an increasing possibility that its risk-status category will not 
be a reliable indicator of its actual risk status. A point may eventually be reached when a breed’s risk-
status category should be considered so unreliable that and the breed should revert to the “unknown” risk-
status category. While it can be assumed that such a point tends arrive sooner in species that have short 
generation intervals, for breeds kept in rapidly changing production systems, and for breeds whose last 
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available population data show that they were close to the boundary between two risk-status categories, 
such a decision would be arbitrary to some extent. 

Further problems arise if Candidate Indicator 5 or a similar indicator is used to illustrate trends between 
two points in time. A lack of population data updates between the two points will tend to create a false 
impression of stability, because breeds will remain in the same category regardless of whether their 
populations have in reality risen or fallen. Even if data are updated during the period being evaluated, the 
indicator can create a false impression if the population data taken as the starting point were not up to 
date. In such circumstances it is possible for the apparent trend revealed by the indicator to be the 
opposite of the real trend during the intended reporting period. This raises further doubts about the use 
outdated population data in the calculation of status and trends. Figure 1 illustrates that a large majority 
breeds recorded in DAD-IS either have no population data records or only one record. This shows that for 
most breeds it is currently impossible to calculate population trends. 

Figure 1. Number of population records available for the breeds recorded in DAD-IS 
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Source: DAD-IS (accessed February 2010). 
 

3.4. Candidate Indicator 6 
“Trend (positive or negative) in population size and structure of each breed at risk and percentage of 

breeds with insufficient data to calculate the trend reported for a country, region, globally.” 

Candidate Indicator 6 is an indicator of trends rather than of status. Breeds’ population sizes at the start 
and at the end of the evaluation period are compared and each breed assigned to one of the following four 
classes: improving trend; deteriorating trend; stable trend; and insufficient data to calculate trend. 
Hypothetical examples are shown in Table 4. Calculations could be based either on actual population size 
(any rise in population is considered an improving trend) or on risk-status category (only a shift to a 
lower risk-status category is considered and improvement). The focus could be on all breeds, only local 
breeds, only breeds that are or have been at risk, or any combination. The approach would take advantage 
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of the fact that DAD-IS stores historical population data. It is possible to calculate a trend retrospectively 
by comparing the stored records for different years. Given that countries can update historical records at 
any time, trends calculated in this way should be more accurate than those calculated by comparing a 
series of status indicators calculated at different points in time. 

Table 4. Example of breed classification for candidate Indicator 6 
Population before Population after Trend 

900 1100 � 

1100 900 � 

900 900 � 

unknown unknown ID 

900 unknown ID 

unknown 900 ID 

� = improving trend; � = deteriorating trend; � = stable trend; ID = insufficient data to calculate trend. 

 

Advantages of the approach include the fact that breeds with insufficient data are clearly distinguished 
and therefore do not distort the apparent trends. Moreover, if the four categories are presented separately 
(rather than by calculating an index) situations in which the status of some breeds improves while that of 
others deteriorates can be distinguished from situations in which all breeds have stable trends. In addition, 
as the indicator is based on a single query of the database, the trends cannot be affected by breeds shifting 
between local and transboundary distribution categories. Changes to breed inventories also do not cause a 
problem because deleted breeds can be ignored and newly reported breeds can be either assigned to the 
“insufficient data” category or, if two sets of population data are reported, assigned to one of the other 
categories. 

The main disadvantage of Candidate Indicator 6 is that it does not provide an overview of the status of 
the population at any point in time. 

 

4. CONCLUSIONS ON INDICATOR DEVELOPMENT 
The workshop considered the range of species that need to be covered by the diversity indicator(s). Given 
that the objective is to focus on species of major socio-economic importance, it was considered that the 
list of 14 species and groups of species – ass, buffalo, cattle, camel, goat, horse, llamoids, pig, rabbit, 
sheep, chicken, duck, goose and turkey – that account for the large majority of animal production should 
be taken as a starting point. It was decided that “camel” should be represented by both Bactrian camels 
and dromedaries, that “llamoids” should be represented by alpacas and llamas, and that cattle should 
include yaks. Thus, it was decided that the 13 mammalian and 4 avian species shown in Table 5 should 
be covered by the indicator(s). It was decided that separate indicators for each species are needed because 
of the diverse nature of the production and breeding systems under which different species are kept. 
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Table 5 Proposed species coverage of the indicator(s) 
Mammalian species Avian species 

• Alpaca • Chicken 
• Ass • Duck 
• Bactrian camel • Goose 
• Buffalo • Turkey 
• Cattle  
• Dromedary  
• Goat  
• Horse  
• Llama  
• Pig  
• Rabbit  
• Sheep  
• Yak  

 

The workshop recognized the weakness of the “local vs. transboundary” breed distribution classification 
as a basis for calculating indicators of diversity and the need for a new “native vs. non-native” 
classification to be developed and implemented in DAD-IS. The criteria used in the classification will 
need to be consistent throughout the world. 

The workshop decided that once a native vs. non-native classification is available, it will be worthwhile 
calculating national breed richness figures for native breeds as a basic indicator of diversity. The above-
described problem of breeds shifting categories will be reduced as breeds’ will normally remain in the 
same category (either native or non-native to a given country). 

The workshop considered that if the “native” vs. “non-native” classification is used instead of the “local” 
vs. “transboundary” classification, Candidate Indicator 4 is potentially a useful indicator of diversity, 
based on the assumption that imported populations are likely to be less diverse than native populations. 
The indicator would also show the extent of countries’ dependence on imported genetic material. The 
indicator would be similar to that developed by SEBI (see background document).The workshop 
recognized that the indicator needs to be complemented by (an)other indicator(s) that take(s) into account 
the state of diversity within native-breed populations.  

The workshop recognized that Candidate Indicator 4 could be seriously affected by missing population 
data. The extent of this problem would not be immediately obvious if data from DAD-IS were used to 
calculate the indicator because the size of any missing populations would be unknown (as would the 
existence of any breeds not recorded in the system). It was therefore proposed that total livestock 
populations for each species be obtained from FAOSTAT and that the population not accounted for by 
breeds with known population sizes be assigned to an “unknown” category. A hypothetical example is 
presented in Figure 2. It was recognized that cross-bred populations represent a problem because they 
will never be entered into DAD-IS. Thus, if a country has significant numbers of cross-breeds the 
“unknown” category will never decline to zero. Another potential problem is that trends over time may be 
distorted by changes in countries’ reporting policies (e.g. if a country first focuses on reporting native 
breed populations and then moves on to reporting non-native breed populations). The indicator should be 
complemented by figures for the total number of reported breeds in each category and the number of 
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breeds for which population data are available. It will not be possible to calculate the indicator for species 
for which the categories in DAD-IS and FAOSTAT do not correspond. 

Figure 2. Hypothetical example of the indicator of population share 
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The workshop considered that Candidate Indicator 5 is a useful complement to the adapted version of 
Candidate Indicator 4, but that problems associated with hidden data gaps and changes to breed 
inventories and classification need to be addressed. It was decided that breeds for which no population 
data are available for the last 10 years should be considered as being of unknown risk status. The cut off 
point should slide so that it is always 10 years before the year for which data are being presented. It was 
recognized that in order to minimize the potential for discrepancies between real trends and those shown 
by the indicator, the cut-off point would ideally be more recent (e.g. two years, which would correspond 
to the reporting cycle of the status and trends reports to the CGRFA), but that at present this is not 
feasible. 

It was decided that trends should always be calculated based on the most up-to-date current and historical 
data available in DAD-IS at the time of calculation, rather than by comparing a time series of calculations 
made at different points in time. Breeds will be assigned to their current distributional or nativity 
categories and will therefore be unable to shift categories between the start and the end of the time period 
being evaluated. 

The workshop considered that Candidate Indicator 6 could not be used in this context because it does not 
provide an indication of status. 
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5. SUMMARY OF RECOMMENDATIONS 
• A system for classifying breeds as “native” and “non-native” should be developed and 

implemented in DAD-IS. 

• The 17 species listed in Table 5 should be covered by the diversity indicators. 

• The following indicators should be calculated at national, regional and global levels, each broken 
down by species: 

1. number of native breeds; 

2. proportion of the total population accounted for by native and non-native breeds; 

3. number of breeds classified as at risk, not at risk and unknown. 

• Breeds with for which there have been no population updates for 10 years or more should be 
considered as being of unknown risk status. 

• Breed population updates in DAD-IS are currently too incomplete to allow effective description of 
status or monitoring of trends; additional efforts to improve reporting are required. 

• Opportunities for developing indicators for drivers of change in genetic diversity and/or proxy 
indicators for genetic diversity should be investigated. Given current data availability, drivers 
related to land use and market access appear to offer the most realistic options. 

• An attempt should be made to assess the extent to which breeding is becoming concentrated in the 
hands of a small number of large companies and the consequences of this for diversity. 
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Annex 1 

 
A background document for the FAO expert workshop on indicators to measure trends in 

genetic diversity of domesticated animals 
ElŜbieta Martyniuk 
Department of Genetics and Animal Breeding, Warsaw University of Life Sciences. 

 
BACKGROUND AND AIM OF THE PAPER 
FAO is one of the partners in the 2010 Biodiversity Indicators Partnership project which has been 
developed within the framework of the 2010 Biodiversity Indicator Development Plan under the 
Convention on Biological Diversity (CBD). The aim of the project is to establish a set of indicators that 
will allow the international community and particularly decision makers to better assess progress towards 
the 2010 Target of “reducing the rate of loss of biodiversity by 2010”. The project has a cross-sectoral 
dimension as it addresses all focal areas identified by the Strategic Plan of the CBD. It also includes a 
component on animal genetic resources under the CBD headline indicator "trends in genetic diversity of 

domesticated animals, cultivated plants, and fish species of major socioeconomic importance". 
 
The aim of this paper is to provide a literature review of existing indicators that are being used or could 
be used to measure trends in animal genetic resources diversity, and to propose additional options for 
potential indicators. This paper is intended as a background paper to facilitate discussions during the 
FAO expert workshop on indicators, which should develop recommendations for livestock diversity 
indicators within the scope of 2010 Biodiversity Indicators Partnership Project. 
 
 
1. WORK ON INDICATORS UNDER THE CONVENTION ON BIOLOGICAL DIVERSITY 
Although Articles of the Convention of Biological Diversity do not specifically call for development of 
indicators, Annex I: Identification and Monitoring, provides a suggestion for the need for indicator 
species that are important for research addressing the conservation and sustainable use of biological 
diversity. In describing a species level of diversity its says: ”Species and communities which are: 

threatened; wild relatives of domesticated or cultivated species; of medicinal, agricultural or other 

economic value; or social, scientific or cultural importance; or importance for research into the 

conservation and sustainable use of biological diversity, such as indicator species” 
(http://www.cbd.int/convention/convention.shtml) 
 
Parties to the CBD have strongly promoted the development and implementation of the biodiversity 
indicators to measure status and trends in biological diversity as well as to evaluate national progress in 
the implementation of the Convention. They have pursued the development of such indicators over the 
past several years, with enhanced understanding of the need to have practical measures both to assess 
biodiversity and to report on progress made by Parties to implement the Convention. 
 
The first set of CBD indicators was established in February 2004, at the seventh Conference of the Parties 
to the Convention on Biological Diversity (COP) that took place in Kuala Lumpur (CBD, 2004). This 
built on COP decision VI/26 that endorsed the Strategic Plan of the Convention, defining its mission as 
follows: “Parties commit themselves to a more effective and coherent implementation of the three 

objectives of the Convention, to achieve by 2010 a significant reduction of the current rate of biodiversity 

loss at the global, regional and national level as a contribution to poverty alleviation and to the benefit of 

all life on earth” (CBD, 2002).  Subsequently, the UN World Summit on Sustainable Development in 
Johannesburg in 2002 endorsed the 2010 Biodiversity Target (WSSD, 2002).  Identifying the critical role 
of biodiversity in efforts to reverse environmental degradation and combat poverty, world leaders 
endorsed a goal to achieve by 2010, a significant reduction in the current rate of loss of biological 
diversity. In 2001, the EU (European Union) Heads of State and Governments made a stronger more 
ambitious commitment at their Spring Summit in Gothenburg, calling to halt the loss of biodiversity by 
2010. 
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Biodiversity indicators were initially developed to serve as information tools, providing a summary of 
complex data on environmental issues to provide an indication of the overall status and trends of 
particular elements of the environment, including biodiversity. The complexity of biodiversity, as well as 
incomplete taxonomic knowledge and high cost of biodiversity monitoring and assessments programmes 
let to the conclusion that most biodiversity monitoring will need to be based on a small number of 
indicators, for which data are available, or that could be acquired in a cost-effective manner.  
 
This practical approach led Parties to the CBD to endorse at the COP 7 in 2004, the development of 
indicators important for both monitoring the status and trends of biological diversity, and for providing a 
basis to determine the effectiveness of biodiversity management programmes to support their future 
improvement. Through decision VII/30 Parties agreed on a limited number of trial indicators to assess 
progress at the global level towards the 2010 target, and to effectively communicate trends in biodiversity 
related to the three objectives of the Convention (CBD, 2004, paragraphs 3 and 4).  
 
Table 1. Provisional indicators for assessing progress towards the 2010 Biodiversity Target 
(CBD, 2004) 
A: Focal area B: Indicator for immediate  

testing 
C: Possible indicators for development by 

SBSTTA or Working Groups 
Status and trends of the 
components of 
biological diversity 

Trends in extent of selected 
biomes, ecosystems and habitats  
Trends in abundance and 
distribution of selected species  
Coverage of protected areas 

Change in status of threatened species (Red 
List indicator under development) 
Trends in genetic diversity of domesticated 
animals, cultivated plants, and fish species 

of major socioeconomic importance 
Sustainable use  Area of forest, agricultural and aquaculture 

ecosystems under sustainable management  
Proportion of products derived from 
sustainable sources 

Threats to biodiversity Nitrogen deposition Numbers and cost of alien invasions 
Ecosystem integrity and 
ecosystem goods and 
services  

 Marine trophic index  
Water quality in aquatic 
ecosystems 

Application to freshwater and possibly other 
ecosystems  
Connectivity/fragmentation of ecosystems  
Incidence of human-induced ecosystem 
failure  
Health and well-being of people living in 
biodiversity-based-resource dependent 
communities  
Biodiversity used in food and medicine 

Status of traditional 
knowledge, innovations 
and practices 

Status and trends of linguistic 
diversity and numbers of speakers 
of indigenous languages 

Further indicators to be identified by WG-8j 

Status of access and 
benefit-sharing 

 Indicator to be identified by WG-ABS 

Status of resource 
transfers 

Official development assistance 
provided in support of the 
Convention (OECD-DAC-
Statistics Committee) 

Indicator for technology transfer 

 
In Annex 1 of decision VII/30 (Table 1), under seven focal areas, the COP 7 agreed to eight indicators for 
immediate testing (column B), and to another 13 indicators that would require further development 
(column C). Among the agreed indicators, is an indicator to evaluate “trends in genetic diversity of 

domesticated animals, cultivated plants, and fish species of major socioeconomic importance”. 
 
Parties at COP 8 analysed progress in development of headline indicators and established institutional 
responsibility for finalizing them, as summarised in the Annex V of decision VIII/15 (CBD, 2006). FAO 
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was given responsibility to coordinate delivery of indicators that will describe the trends in major 
components of agricultural genetic diversity (genetic resources for food and agriculture) (Table 2).   
 
Table 2. Summary of indicator status and work that needs to be carried out in the area of trends 
in genetic diversity (CBD, 2006)  

Headline 

Indicator 2/ 

Status 

3/ 

Potential 

Measures 

Data 

available 

now? 

Methodology 

available 

now? 

Possible 

sources of data 

Organizations 
to coordinate 

delivery of 

indicator 

Trends in 

genetic 

diversity of 

domesticated 

animals, 

cultivated 

plants,  and 

fish species  

of major 

socioeconomic 

importance 

B Ex situ crop 
collections  

Yes Could be 
developed 

FAO (SOW, 
WIEWS); 
IPGRI (CGIAR-
SINGER); 
Fishbase   

FAO  
with IPGRI  
on behalf of 
CGIAR 

Livestock 
genetic 
resources  

Yes Could be 
developed 

FAO (DAD-IS)  

Fish genetic 
resources  

Yes Could be 
developed 

FAO; Fishbase  

Tree genetic 
resources  

Some Could be 
developed 

REFORGEN 
database of 
FAO; OECD  

Varieties on-
farm  

Some Could be 
developed 

FAO, IPGRI, 
OECD  

2 / Bold italic = Indicator considered ready for immediate testing and use and therefore recommended for 

upgrading from column C to column B (in decision VII/30);  
3 / B = Indicator is considered ready for immediate testing and use; C = Indicator requires further work  
 
Beyond the importance to monitor trends in biodiversity, endorsement of the 2010 Biodiversity Target 
resulted in efforts to develop tools that could evaluate how this commitment would be followed and 
implemented at the national and regional levels, as well as at the global level. Parties, through COP 8 
decision VIII/15, endorsed set of provisional indicators for assessing progress in implementing the goals 
and objectives of the Strategic Plan (Annex I) and  indicators  relevant to the provisional framework of 
goals and targets (Annex II) (CBD, 2006). It is important to underline that indictors are used to assess 
both national performance as well as to enable contributions to global assessments, providing a basis for 
policy development and other interventions. The Convention has also developed guidance to assist 
Parties in the design of national-level monitoring programmes and indicators (Annex II, CBD, 2003b). 
 
2. ONGOING PROCESSES TO DEVELOP INDICATORS 
The process of implementation of the CBD let Parties to realize that reliable indicators are essential to 
support development of measures to achieve the three objectives of the Convention. Since the 1992 Rio 
Conference, many organisations and governments have initiated programmes for establishing indicators 
of biodiversity. Key initiatives relevant to animal genetic resources are reported on below. Relevant 
indicator development has occurred both to provide suitable indicators to enable monitoring the state and 
trends of biodiversity, and the progress achieved in biodiversity conservation, as well as a part of broader 
indictor development to assess progress toward sustainable development (Levrel, 2007). 
 

2.1. The Organisation for Economic Co-operation and Development (OECD) 
Since the late 1990s, the OECD has been actively engaged in developing agri-environmental indicators 
for assisting policy makers and other stakeholders. They have proposed agri-environmental indicators 
that cover a range of issues, such as agricultural impacts on soil, water, air, biodiversity, habitats and 
landscapes. The indicators were developed with the wide participation of international experts that met 
over several meetings to address specific areas of interface between agriculture and environment. One of 
the first expert meetings was organized in Zürich in November 2001, to discuss the development of 
indicators that would enable evaluation of the state and trends in agriculture's impact on biodiversity 
(OECD, 2003a).  
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Since 1990, the OECD has published four volumes on environmental indicators for agriculture: on 
concepts and framework (1999a); on issues and design (1999b), on methods and results (2001) and on 
environmental performance of agriculture in OECD countries (2008). The OECD agri-environmental 
indicators specifically addressed genetic diversity within main crop and livestock species (OECD, 2001). 
The OECD continue to develop and refine agri-environmental indicators as they are considered as 
important tool for policy development and in advancing communication of biodiversity issues and 
progress made to address them. 
 

2.2. The European Environment Agency, IRENA operation and SEBI project 
One of the institutions actively engaged in the work on biodiversity indicators is the European Topic 
Centre on Biological Diversity (ETCBD) of the European Environment Agency (EEA). The ETCBD was 
established in 1995, a year later than the EEA itself. The Centre began providing information on 
biodiversity to the EEA in order to report on Europe’s environment. It has undertaken two such 
assessments, in 1995 and 1998. In 1999, the EEA work on biodiversity indicators was initiated, and soon 
the indicators began to play a major role as synthesised information to assist in communication with the 
authorities of the European Union. The EEA established some “core indicators” relevant to major 
environmental issues such as water, air, land use, waste management and biodiversity.  
 
The EEA was involved in IRENA operation (Indicator Reporting on the Integration of Environmental 
Concerns into Agriculture Policy), which was launched to further develop agri-environmental indicators 
for monitoring the integration of environmental concerns into the common agricultural policy (CAP) in 
the European Union (EU-15). It was a joint exercise between several Commission directorates-generals 
(DG Agriculture and Rural Development, DG Environment, Eurostat and DG Joint Research Centre, and 
the EEA) (EEA, 2005). IRENA operation was conducted from 13 September 2002 to 28 February 2005. 
The starting point of work was development of the set of 35 indicators defined in Communication from 
the Commission to the Council and the European Parliament (COM) (2000) 20 (EC, 2000) and the 
assessments made by COM (2001) 144 (EC, 2001) concerning state of development and required further 
work on these indicators. The 35 IRENA indicators include only two indicators related to biodiversity 
and only one describing the genetic diversity. The outcome of the IRENA operation was presented in 
“Agriculture and environment in EU-15, the IRENA indicator report” (EEA 2005). 
 
So far only three assessments have been published by the EEA in the area of biodiversity: on threatened 
and protected species (November 2005) on species diversity (November 2005) and on designated areas 
(March 2009) (EEA, 2009a). However, many more assessments were completed and core indicators 
developed in other areas. As of April 2009, the following assessments (types and numbers) have been 
undertaken: agriculture (2), air pollution (5), climate change (5), energy (5), fisheries (3), terrestrial (2), 
transport (3), waste (2) and water (7). The number of assessments reflects the availability of data for the 
various assessment areas. In general, the better availability of data, the more times the assessments have 
been undertaken. 
 
The European Commission, Directorate Generals for Environment, Agriculture, Fisheries and 
Development, launched a discussion on the indicators of biodiversity in 2002-2004, and established a 
working group to address this issue. The outcome was summarised at the Stakeholders’ Conference 
“Biodiversity and the EU – Sustaining Life, Sustaining Livelihoods” which took place in Malahide, 
Ireland, 25-27 May 2004. The general objective of the Malahide Conference was to outline the delivery 
of the EU’s 2010 Target and to optimise the EU’s contribution to the global 2010 Target. The Conference 
agreed on 18 priority objectives and detailed targets designed to meet the EU commitment. The adopted 
objective no 15 was “to implement an agreed set of biodiversity indicators to monitor and evaluate 

progress towards the 2010 targets, with the potential to communicate biodiversity problems effectively to 

the general public and to decision-makers, and to provoke appropriate policy responses” (Message from 
Malahide, 2004). The conference also established institutional arrangements to advance implementation. 
Additionally, a set of headline biodiversity indicators consistent with the framework adopted under the 
CBD was proposed as a basis for monitoring and reporting on progress. The conference goals were 
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confirmed by the Council of EU ministers for the environment, which also stressed the need to advance 
work on indicators of biodiversity. 
 
To ensure a coherent approach to the development of indicators at the European level, a harmonisation 
project was launched in 2004. This project, entitled SEBI2010 (Streamlining European 2010 Biodiversity 
Indicators) is a Pan-European initiative, aimed to develop a European set of biodiversity indicators to 
assess and inform about progress toward the European 2010 target to halt biodiversity loss. The key 
partners of the project include: the European Environment Agency and its European Topic Centre on 
Biological Diversity, UNEP-WCMC (the World Conservation Monitoring Centre), ECNC (the European 
Centre for Nature Conservation), DG Environment of the European Commission, the UNEP/PEBLDS 
Secretariat with and the Czech Republic (as lead country for the Kiev Resolution action plan on 
biodiversity indicators). The work is directed by 6 Expert Groups involving over 120 experts nominated 
by both governments and non-governmental organisations. The initiative is lead by a Coordination Team 
(SEBI2010, 2009a).   
 
Since 2005, the SEBI2010 has been working on the compilation of a First European Set of Biodiversity 
Indicators for assessing the 2010 Target. A history of the SEBI 2010 process can be found in EEA 
Technical report 11/2007 “Halting the loss of biodiversity by 2010: proposal for a first set of indicators to 
monitor progress in Europe” (EEA, 2007). 
 

2.3. The European Regional Focal Point for Animal Genetic Resources 
The European Regional Focal Point for Animal Genetic Resources (ERFP) is a communication platform 
for National Coordinators' for Animal Genetic Resources managed by the Secretariat and supervised by 
the Steering Committee (http://www.rfp-europe.org/). It facilitates and supports the European 
implementation of FAO's Global Plan of Action for Animal Genetic Resources. It publishes information 
and ensures the exchange of information and experience on management of farm animal genetic 
resources between the different countries and the governmental and non-governmental organisations. 
 
The ERFP was also very much involved in initiatives to develop indicators for livestock diversity as a 
number of experts associated with the ERFP have been directly contributing to the SEBI process. 
Moreover, the ERFP from its own resources has funded a project: “Development of a common 
methodology to evaluate and monitor the population genetic status of farm animal breeds in Europe”, 
which was initiated in 2006, with the participation of Macedonia FYR, Germany, Greece, The 
Netherlands, Czech Republic and France.  
  
The objective of the project was to develop methodology and protocols to evaluate and compare farm 
animal populations /breeds based on: phenotypic description of traits; genetic status and origin; 
population status and evaluation of endangerment level. The project aimed at establishing common 
criteria and thresholds to classify breed/population regarding the status of endangerment on the basis of 
lessons learnt on definitions, documentation and descriptions of the procedures for calculation of 
breed/population status of endangerment that are currently used in European countries. The ERFP 
established a working group to discuss methodologies and definitions of indicators. The first results of 
the project were presented at the National Coordinators workshops in 2007 and 2008 (Charvolin, 2007, 
2008). In 2009, no more progress was achieved in this project. 
 

2.4. The International Institute for Sustainable Development (IISD) 
Since 1995, the International Institute for Sustainable Development has been housing the Compendium of 
Sustainable Development Indicator Initiatives. The International Federation of Environmental Health has 
joint this initiative in 2000. The Compendium has become a common database and a global directory of 
sustainability indicator initiatives. The aim is to collect, disseminate and promote the use of indicators to 
monitor and assess progress toward sustainable development. Participation in the Compendium is open to 
all interested organisations and institutions. In the fall of 2002, the IISD, Environment Canada and the 
International Sustainability Indicators Network (ISIN) initiated an extensive review of the original 
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Compendium. This resulted in revisions to structure, search capabilities and the visual design of the 
database, as well as updating existing initiatives and adding new entries. 
 

2.5. The United Nations Environment Programme - World Conservation Monitoring Centre 
(UNEP-WCMC) 

A project coordinated by the UNEP-WCMC entitled “Biodiversity Indicators for National Use” (BINU), 
was carried out from 2002 to 2005. It was financed by the Global Environment Facility (GEF) and others, 
and resulted in development of biodiversity indicators to support planning and decision-making at the 
national level in four participating countries: Ecuador, Kenya, Philippines and Ukraine. In each country, 
national partners developed and tested several indicators for a single focal ecosystem, using an iterative 
process of consultation, inventory and synthesis of existing data.  

The successful outcomes of this the project have been disseminated through a booklet (Bubb et al., 2005), 
to both provide capacity building support to other countries, as well as to further enable global and 
regional development of indicators of biological diversity under the CBD. 

2.6. GLOBIO 
GLOBIO (Global Methodology for Mapping Human Impacts on the Biosphere) was initiated to provide 
an inexpensive, simple, scientifically based communication tool for mapping, at a large scale, the 
likelihood of human impacts on the biosphere resulting from increasing growth in resource utilization. 
GLOBIO is intended to bring scientific evidence on human impacts into a format suitable for policy 
making. The goal of the GLOBIO consortium is to develop a global model for exploring the impact of 
environmental change on biodiversity. It aims to support environmental assessment and early warning 
activities of the United Nations Environment Programme (UNEP). The model is designed to produce 
policy relevant indicators for use in assessments, scenario exercises and exploration of the impact of 
policy options. The main indicator developed within this framework is the mean abundance of the 
original species belonging to an ecosystem (MSA): that is, the abundance of native wildlife. The latest 
GLOBIO3 model has been developed to assess human-induced changes in biodiversity, in the past, 
present, and future at regional and global scales. Driving forces considered include: land cover change, 
land-use intensity, fragmentation, climate change, atmospheric nitrogen deposition and infrastructure 
development (Alkemade, et al., 2009; www.globio.info). 
 

2.7. The 2010 Biodiversity Indicators Partnership 
The development of the 2010 Biodiversity Indicators Partnership project (2010BIP) began in October 
2005, with financial support from the Global Environment Facility (GEF) and the government of the 
United Kingdom (UK). The project was officially launched in Paris, during the second meeting of the 
Ad-Hoc Open-Ended Working Group on Review of Implementation of the CBD, on 12th July, 2007 
(BIP2010, 2009). 
 
The 2010BIP project runs from mid-2007 to mid-2010, with more than forty partners involved in its 
implementation. The partners include: UN agencies (such as FAO, UNEP and UNESCO); scientific 
research institutions (such as the University of British Columbia's Fisheries Centre and the Zoological 
Society of London's Institute of Zoology); non-governmental organisations (such as IUCN, BirdLife 
International, and WWF International); and international initiatives (such as the Global Biodiversity 
Information Facility (GBIF), the Global Footprint Network (GFN) and the Global Invasive Species 
Programme (GISP). The 2010BIP is coordinated by a Secretariat based at the UNEP World Conservation 
Monitoring Centre (WCMC) in Cambridge, UK.  
 
Three major outcomes are expected from the 2010BIP:  

1. generate information useful to decision-makers;  
2. enhance availability and implementation of improved global indicators; and 
3. support national governments and regional organisations in using these indicators and 

contributing to the improved delivery of global indicators (2010BIP, 2009). 
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2.8. The FAO and its Commission on Genetic Resources for Food and Agriculture (CGRFA) 
Already since 1989, a few years before the initiation of the Global Strategy for the Management of Farm 

Animal Genetic Resources in 1993 (FAO, 1999), FAO has invested significantly in collecting relevant 
information and developing approaches to enhance understanding of the status and trends of the world`s 
animal genetic resources diversity. Continuous development of the Global Databank for AnGR, the 
backbone of the Domestic Animal Diversity Information System (DAD-IS), and efforts by the network of 
National Coordinators worldwide, has resulted in an continuous increase in the number of recorded 
livestock populations in the global database as well as a gradual improvement of the quality of the data. 
FAO has prepared three editions of the World Watch List of Domestic Animal Diversity (FAO/UNEP, 
1993, 1995, 2000), and analysed DAD-IS data in the process of preparation of the State of the World’s 

Animal Genetic Resources (FAO, 2007a). The enhancement of animal populations recorded in the Global 
Databank between 1993 and 2008 is presented in Table 3. 
 
Table 3. Status of information recorded in the Global Databank for Animal Genetic Resources (FAO, 
2009b) 

 
 
The World Watch Lists of Domestic Animal Diversity served as reference documents summarizing 
knowledge on the status of animal genetic resources with special emphasis on breeds that were classified 
as at risk. The FAO has developed a classification system for breed endangerment that was used since the 
beginning of the programme. It includes seven endangerment categories: extinct, critical, critical 
maintained, endangered, endangered maintained, not at risk and unknown (FAO/UNEP, 1993).  A more 
elaborate system was proposed by the Expert Consultation in 1992 (FAO, 1992). This proposal had to be 
simplified, due to the lack of data, particularly from developing countries.  
 
Although a substantial progress have been achieved in number of national breed populations being 
recorded in the Global Databank, a substantial part of these breed records have no population data 
regarding their size or number of breeding males and females. This gap is especially prominent as regards 
avian breed populations in developing countries (Figure 1).  
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Figure 1. Proportion of national breed populations for which population figures have been reported in 
2008 in (FAO, 2009b) 

 
 
A major achievement of FAO was the preparation of the first report on The State of the World’s Animal 

Genetic Resources for Food and Agriculture (FAO, 2007a), which provided a first ever comprehensive 
global assessment of the roles, values, and status and trends of animal genetic resources. The report 
identified gaps in information on breed identification, diversity and status, particularly in developing 
countries. Based on these findings, one of the goals of the Global Plan of Action for Animal Genetic 

Resources, that was adopted in Interlaken in 2007 calls for “improved understanding of the status, trends 
and associated risks, and characteristics of all aspects and components of animal genetic resources, to 
facilitate and enable decision-making for their sustainable use, development and conservation” (FAO 
2007b,d).  
 
In light of continuous erosion of animal genetic resources (FAO, 2007a), it is important to evaluate on 
regular basis, trends in livestock genetic diversity. The Commission on Genetic Resources for Food and 
Agriculture, at its Eleventh Regular Session, requested that the Intergovernmental Technical Working 
Group on Animal Genetic Resources (Working Group) provide recommendations on the form and 
content of future status and trends reports on animal genetic resources and options for responding to the 
identification of breeds at risk (FAO, 2007c). As requested, recommendations to address status and trends 
have been developed by the Working Group during its 5th session in January 2009, (FAO, 2009c). The 
Working Group also stressed the need for regular updating of national data and information on animal 
genetic resources by National Coordinators for the Management of Animal Genetic Resources in order to 
better understand diversity and status, and trends at all levels. 
 
The recommendations of the Working Group were adopted by the Commission at its 12th session in 
October, 2009. “The Commission requested FAO to make status and trends reports on animal genetic 

resources available to the Commission at each of its regular sessions, following the structure contained 

in the document, Format and content of future status and trends reports on animal genetic resources. It 

stressed that FAO should further develop the Domestic Animal Diversity-Information System (DAD-IS) 

and that Members of the Commission needed to regularly maintain their national data and information 

within the DAD-IS, to ensure updated data and information were available for FAO to prepare the status 

and trends reports” (FAO, 2009d). 
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2.9. Scientific community 
In the last several years, biodiversity indicators became also a very interesting research topic, with 
research institutes and universities undertaking projects to address various areas related to agro-
biodiversity indicators such as methodology of their development, criteria for their assessment, their 
application in modelling of global trends and so on. In the area of animal genetic diversity substantial 
contributions were provided by a team from: 
� Wageningen University and the Centre for Genetic Resources in the Netherlands (Eaton et al., 2006; 

Hiemstra et al., 2006; Buiteveld et al., 2009); 
� Institute of Organic Agriculture, University of Bonn, Germany (Wetterich, 2003); 
� Institut Français de la Biodiversité (Levrel, 2007); 
� Scottish Agricultural College; 
� Roslin Institute, UK (Villanueva et al., 2009ab). 
 
3. ESTABLISHING INDICATORS 

 
3.1. Definition of an indicator 

Significant efforts have been developed toward describing various types of indicators and the 
characteristics of effective indicators. In a simple and illustrative way “An indicator can be defined as 

something that helps us to understand where we are, where we are going and how far we are from the 

goal. Therefore, it can be a sign, a number, a graphic and so on. It must be a clue, a symptom, a pointer 

to something that is changing. Indicators are presentations of measurements. They are bits of information 

that summarize the characteristics of systems or  

highlight what is happening in a system”. 
(http://hostings.diplomacy.edu/baldi/malta2001/statint/Statistics_Int_Affairs-27.htm) 
 
An indicator can be anything that provides understanding of a key feature or state of a human or 
environmental system (Miller, 2007). According to the OECD (2003b), an indicator is a parameter or a 
value derived from parameters, which points to, provides information about, or describes the state of a 
phenomenon/environment/area, with a significance extending beyond that directly associated with a 
parameter value. A definition provided by the International Institute for Sustainable Development focuses 
on the role of indicators: "an indicator quantifies and simplifies phenomena and helps us understand 

complex realities. Indicators are aggregates of raw and processed data but they can be further 

aggregated to form complex indices" (IISD, 2000, 2005). Indicators can be used even further to develop 
indices which are aggregated measures that combine most important indicators. Indices are used to 
describe in a synthetic way the performance of an institution, region or economic sector. The well known 
examples of indices include: the Living Planet Index, the Marine Trophic Index, the Ecological Footprint, 
the Natural Capital Index or the Biodiversity Intactness Index - all of which are well described by Levrel 
(2007). 
 

3.2. The function and context of indicator development 
The CBD Expert meeting on indicators underlined that indicators should serve four basic functions: 
simplification, quantification, standardization and communication. The indicators summarize 
complex and often disparate sets of data and therefore simplify information. They should be based on 
comparable scientific observations or statistical measures, and be developed using standardized 
methodology. And lastly they should provide a clear message that can be communicated to, and used by, 
decision makers and the general public (CBD, 2003c). 
 
Establishing the context and rationale for indicator development is an essential first step in pursuing 
indicators. For example, wildlife management is preoccupied with two fundamental goals. First is the 
conservation of species, habitats and the ecosystems. Second is the sustainable use and harvesting of 
wildlife for human benefits. Correspondingly, a wide range of indicators have been established to assess 
progress towards these two fundamental goals. Similarly, indicators for the livestock sector will need to 
be developed with the understanding of the fundamental goals of the sector. The Global Plan of Action 
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for Animal Genetic Resources has established a global commitment to the sustainable use, development 
and conservation of animal genetic resources. 

 
3.3. Types of indicators 

Indicators can be expressed by a single parameter or as a composition of parameters. The single 
parameter indicator establishes magnitude on the basis of a single unit of measurement. This unit might 
be the species, the breed or the individual. At the species level, the most often used single-parameter 
biodiversity indicator is species richness, which is expressed as the number of species present in an 
ecosystem, in a country or in the biosphere. Species richness provides limited information about the 
overall dynamics which drive ecosystems. With regard to livestock, the number of species that have been 
domesticated is quite limited and thus, the species richness indicator would not provide an effective 
indication of diversity for this sector. However, breed diversity within each livestock species would likely 
provide a parameter similar in value to the species richness indicator for wildlife species. 
 
Abundance is also an important biodiversity (wildlife management) indicator that is concerned with 
variation within species population size. A drastic decrease of abundance is likely to lead to erosion of 
within species diversity, possibly resulting over time in species extinction. The advantage of the 
abundance indicator is that it is sensitive to short-term dynamics and that it effectively communicates 
potential threats. In addition, it is possible to propose indicators based on a list of selected species which 
reflect the phenomena that needs to be monitored and assessed (Levrel, 2007). Changes in the states of 
some species are particularly informative, and monitoring their abundance can therefore provide a 
suitable indicator for assessing the well-being of an ecosystem. Examples include: species that rebuild the 
natural environment in which they develop, such as earth worms; umbrella species, which tend to need 
wide-ranging territories or keystone species that are located at the hub of many relationships between 
species. Indicator species do not themselves determine the relations between species but are indirectly 
sensitive to the major interactions which drive the ecosystem (Levrel, 2007).  
 
In the case of animal genetic resources, the abundance of given breed population recorded over years will 
enable evaluation of the change in its risk status as well as indirect indication of within breed diversity. 
An excellent indicator allowing precise estimation of within breed diversity based on the effective 
population size has been applied in the UK (Defra, 2009ab, Villanueva et al., 2009a).  
 
Also common in wildlife management is the use of composite indicators; the relevant units of reference 
are the number of species and the abundance of each species. For example, the combination of these two 
units makes it possible to calculate the species diversity (evenness of species distribution), which can be 
approximated using the indices proposed by Shannon and Simpson 
(http://www.tiem.utk.edu/~mbeals/shannonDI.html).  
 
While the above single parameter indicators have proved to be extremely useful in wildlife management, 
their application to the livestock sector is not relevant or would be extremely limited. Each breed may 
have a very specific situation in terms of its role and value, and be under very different pressures 
therefore generalization may not be a good solution. However, the composite indicator of species 
evenness could have some application in measuring livestock diversity. In particular, the share of every 
breed in a population of a given species may provide an indication of breed evenness. While the 
population data for major livestock species are available for most countries in FAO STAT 
(http://faostat.fao.org/default.aspx), the source of data, its quality and accuracy are difficult to compare. 
 
Many indicators have been developed within the Pressure-State-Response Framework (OECD, 1993, 
2003b). This framework is based on a concept of causality. Human activities impose pressures on the 
environment and change quality and the quantity of natural resources (the state of biodiversity). Policies 
and programmes are developed and implemented to counteract pressures that adversely impact the 
environment. 
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Within the Pressure-State-Response Framework, three types of indicators are normally used:  
 
� Indicators of environmental pressures describe pressures posed by human activities;  
� Indicators of state (environmental conditions) describe the current state, the quality of the 

environment; and  
� Response Indicators describe the responses to environmental changes and concerns.  
 
The Pressure-State-Response Framework can address various levels of biodiversity. Its adaptation to 
livestock genetic resources context is well articulated by Eaton at al. (2006).  
 
The indices of pressure include inter alia:  economic growth and market integration, the level of 
extensification and intensification, homogenisation of production systems, increased utilisation of 
modern technologies and the number of breeding goals. The state indices will refer to diversity both 
within and between livestock breeds, while indices evaluating response will assess conservation efforts 
both in-situ and ex-situ as well as the level of implementation of measures to support the sustainable use 
of animal genetic resources. 
 
The indicators assessed by IRENA operation were build to address agri-environmental relationships 
using the Driving force - Pressure - State - Impact - Response (DPSIR) model, as presented in Figure 
2. Inter-linkages are shown in relation to major agri-environmental themes: water, land use and soil, 
climate change and air quality, and biodiversity and landscape (EC, 2000).  
 

Figure 2. The DPSIR model applied in development of agri-environmental indicators as adopted by COM 
(2000) 20 final, (EC, 2000) 

 
 
The Genetic diversity indicator, no 25, was considered under the Pressures and Benefits, as a measure of 
resource depletion resulting from unsustainable agricultural practices. The Biodiversity indicator, no 28, 
was under the State group. With assumption that birds are a good measure of overall species diversity, the 
indicator was defined as population trends in farmland birds (EC, 2001). 
 
A modified framework for development of indicators proposed by EEA (1999) was used in the 
implementation of the SEBI 2010 project. The Driver, Pressure, State, Impact and Response - DPSIR 
Framework has been described as follows (EEA, 2007, box 2.1): 
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“Driving forces are the social, demographic and economic developments in societies and the 

corresponding changes in lifestyles, overall levels of consumption and production patterns. Primary 

driving forces are population growth and development in the needs and activities of individuals. These 

primary driving forces provoke changes in the overall levels of production and consumption. 

 

Pressures include the release of substances (emissions), physical and biological agents, the use of 

resources and the use of land. The pressures exerted by society are transported and transformed into a 

variety of natural processes, which manifest themselves in changes in environmental conditions. 

 

State is the abiotic condition of soil, air and water, as well as the biotic condition (biodiversity) at 

ecosystem/habitat, species/community and genetic level. 

 

Impacts on human and ecosystem health, resource availability and biodiversity result from adverse 

environmental conditions. 

 

Responses are the measures taken to address drivers, pressures, state or impacts. They include measures 

to protect and conserve biodiversity (in situ and ex situ) for example, measures to promote the equitable 

sharing of the monetary or non-monetary gains arising from the utilisation of genetic resources. 

Responses also include: steps taken to understand the causal chain and develop data, knowledge, 

technologies, models, monitoring, human resources, institutions, legislation and budgets required to 

achieve the target”.  
 
Each of the indicators proposed by SEBI 2010 was classified into one of the five above indicator 
categories. 
 
In the case of an indicator to evaluate “trends in genetic diversity of domesticated animals, of a major 

socioeconomic importance” a very important issue to decide on is the unit of measurement. The 
indicators may address both species and breed level but also may or, as many would argue, should 
address a within breed diversity. There are certain problems related to the selection of the unit, including 
a definition of a breed, the approach to address crossbred populations, and most of all, availability and 
quality of the data that will impact applicability as well as accuracy of the indicator.    
 

3.4. Level and dimension of indicators 
Indicators can be used at various levels, from the local level, through to the national, regional and 
international levels. At the local level, indicators are often used for research purposes or to monitor 
changes in specific habitats and ecosystems and provide assessment of various local environmental 
aspects. At the national level, indicators are important to support planning, policy development and 
programme priority setting as well as raising awareness (OECD, 2003b). The “UK biodiversity indicators 

in your pocket” provides an excellent example how to communicate the issue to general public (Defra, 
2009a). At the international level, indicators play an important role in assisting measurement of 
environmental performance and reporting on progress towards environmental goals and sustainable 
development, either in specific regions of the world or globally. 
 
As underlined by Levrel (2007), it is important to decide on which level an indicator is going to be 
applied. The character of a phenomenon may vary depending on its scale, so the real situation would be 
different at the levels being considered. Analysis might show that the application of a biodiversity related 
indicator at the biosphere or international scale is appropriate but its use at the local level is not 
applicable or practical. A bottom up approach could yield a very different outcome. Scaling up of 
practical local indicators might be an effective approach to developing global level indicators. 
 
When biodiversity indicators are used to assess national or global trends, often the aim is to build a bridge 
between the policy-making and science. The role of policy makers is to create a vision and set objectives 
and measurable targets. The task of scientists is to determine relevant variables of biodiversity, and 
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develop models and tools that will support monitoring both the current state of biodiversity as well as to 
make projections of future trends.  
 
However, these two dimensions are rather difficult to merge. The policy dimension requires that the 
indicator must be comprehensible by a large audience - it must be relatively simple to understand by non-
experts. Whereas simplicity is important to policy development, to the scientist, the scientific merit of a 
proposed indicator requires its methodological soundness, and straightforward interpretation. If a focus of 
the indicator is on its high scientific value, it may limit the simplicity and the effectiveness of its use as a 
communication tool with general public. This contradiction is elegantly described by the French poet, 
Paul Valéry: “whatever is simple is false and whatever is complicated is unusable” (cited in Levrel, 
2007). 
 
The 20101 Biodiversity Partnership aims to provide the best available information on biodiversity trends 
to all its users, and to promote the various ways in which the global indicators can be applied and 
communicated.  The three main objectives of BIP2010 are:   
1. To generate information on biodiversity trends which is useful to decision makers; 
2. To ensure improved global biodiversity indicators are implemented and available; 
3. To establish links between biodiversity initiatives at the regional and national levels to enable capacity 

building and improve the delivery of the biodiversity indicators (BIP2010, 2009). 
 

3.5. Evaluation of indicators quality 
There are various ways and criteria to evaluate the quality of an indicator. According to OECD (1993), 
there are three major key criteria to be considered:  

• political relevance and utility for users;  
• analytical soundness /robustness; and  
• measurability.  

 
Policy relevance and utility for users is achieved when the indicator provides representative picture of 
environmental conditions, pressures on the environment or society’s responses; is  simple, easy to 
interpret and able to show trends over time; is responsive to changes in the environment and related 
human activities; provides a basis for international comparisons; is either national in scope or applicable 
to regional environmental issues of national significance; has a threshold or reference value against which 
to compare it so that users can assess the significance of the values associated (OECD, 2003b). 
 
Analytical robustness is ensured if the indicator is theoretically well founded in technical and scientific 
terms; is based on international standards and international consensus about its validity; and is linked to 
economic models, forecasting and information systems.  
 
Finally, measurability of an indicator is fulfilled if the data required to estimate the indicator is readily 
available or made available at a reasonable cost/benefit ratio; is adequately documented and of known 
quality; and is updated at regular intervals in accordance with reliable procedures (OECD, 2003b). 
 
In 2000, the International Institute for Sustainable Development proposed the following guide for judging 
the value of indicators (IISD, 2000). The criteria include: 

• Policy relevance (Can the indicator be associated with one or several issues around which key 
policies are formulated?) 

• Simplicity (Can the information be presented in an easily understandable, appealing way to the 
target audience?)  

• Validity (Is the indicator a true reflection of the facts? Was the data collected using scientifically 
defensible measurement techniques? Is the indicator verifiable and reproducible?)  

• Time-series data (Is time-series data available, reflecting the trend of the indicator over time?) 
• Availability of affordable data (Is good quality data available at a reasonable cost or is it feasible 

to initiate a monitoring process that will make it available in the future?)  
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• Ability to aggregate information (Is the indicator about a very narrow or broader sustainability 
issue?) 

• Sensitivity (Can the indicator detect a small change in the system?)  
• Reliability (Will you arrive at the same result if you make two or more measurements of the same 

indicator? Would two different researchers arrive at the same conclusions?) 
 
According to the CBD experts, indicator sets should recognize the target audiences. In general, indicators 
should be ecosystem and policy relevant, simple and easily understood, quantitative, scientifically 
credible, normative (allowing comparison with a baseline situation and policy target), responsive to 
changes in time and space, cost-effective and unambiguously, useable for scenarios for future projections, 
allowing aggregation at the level of ecosystem/habitat types or at national and possibly internationally 
level (CBD, 2003ac). 
 
Table 4. Principles for choosing indicators, as presented at SBSTTA 9 (CBD, 2003a) 
Principles  Requirements 

Individual indicators 

1.Policy relevant and 

meaningful 

Indicators should send a clear message and provide information at a level 
appropriate for policy and management decision making by assessing changes 
in the status of biodiversity (or pressures, responses, use or capacity), related 
to baselines and agreed policy targets if possible. 

2. Biodiversity relevant 
 

Indicators should address key properties of biodiversity or related issues as 
state, pressures, responses, use or capacity. 

3. Scientifically sound 

 

Indicators must be based on clearly defined, verifiable and scientifically 
acceptable data, which are collected using standard methods with known 
accuracy and precision, or based on traditional knowledge that has been 
validated in an appropriate way. 

4. Broad acceptance 

 

The power of an indicator depends on its broad acceptance. Involvement of 
the policy makers, and major stakeholders and experts in the development of 
an indicator is crucial. 

5. Affordable monitoring 
 

Indicators should be measurable in an accurate and affordable way and part of 
a sustainable monitoring system, using determinable baselines and targets for 
the assessment of improvements and declines. 

6. Affordable modelling 

 

Information on cause-effect relationships should be achievable and 
quantifiable, in order to link pressures, state and response indicators. These 
relation models enable scenario analyses and are the basis of the 
ecosystem approach. 

7. Sensitive 

 

Indicators should be sensitive to show trends and, where possible, permit 
distinction between human induced and natural changes. Indicators should 
thus be able to detect changes in systems in time frames and on the scales that 
are relevant to the decisions, but also be robust so that measuring errors do not 
affect the interpretation. It is important to detect changes before it is too late 
to correct the problems being detected. 

Set of indicators 

8. Representative 

 

The set of indicators provides a representative picture of the pressures, 
biodiversity state, responses, uses and capacity (coverage). 

9. Small number 
 

The smaller the total number of indicators, the more communicable they are 
to policy makers and the public and the lower the cost. 

10. Aggregation and 

flexibility 

 

Indicators should be designed in a manner that facilitates aggregation at a 
range of scales for different purposes. Aggregation of indicators at the level of 
ecosystem types (thematic areas) or the national or international levels 
requires the use of coherent indicators sets (see criteria 8) and consistent 
baselines. This also applies for pressure, response, use and capacity indicators. 

 
The OECD criteria were further developed by Desrosières, (2003a, after Levrel, 2007) who suggested to 
consider the following: relevance, meaning a good fit between the instrument and the needs of the user; 
precision, which demands a close relation between estimated values and actual values; currency and 
punctuality, which relate to decision-making schedules; accessibility of the statistical data and clearness 
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of the forms for the use of decision makers; comparability of the data and consistency, which relates to 
the method of standardisation of the data and to the interpretations that these data lead to. 
 
According to Miller (2007), the OECD criteria should be broadened to take into account the social 
outcomes that are achieved through application of a given indicator. Miller proposed the following 
additional criteria in selecting indicators: 

• Meaning (Does the indicator have meaning for people? Does it motivate them to want to change 
the way things are currently done? Does the indicator communicate more than just its factual 
content?) 

• Good Governance (Did the indicator emerge from a process that engaged people in defining and 
implementing sustainability in their own lives or communities?) 

• Local Knowledge (Does the indicator mesh with lay people’s sense of what is happening in their 
own lives and the lives of others in their community?) 

• Historical Weight (Have people had time to get to know the indicator, to learn what its 
fluctuations imply for their own lives and businesses, and to recognize its value as a guide to 
improving their wellbeing and that of their communities?) 

• Adaptability and Flexibility (Is the system of indicators flexible and adaptable enough to change, 
too?) 

• Institutionalizing Knowledge Production (Does the process of indicator development lead to the 
creation of new institutions or the modification of existing institutions that continually produce new 
knowledge and information about community sustainability issues?). 

 
A good example on assessing indicators was provided by IRENA operation. The set of 35 indicators, 
described in detailed fact sheets, were evaluated on key aspects identified by COM (2001) 144 (EC, 
2001) that included: policy-relevance, responsiveness, analytical soundness, data availability and 
measurability, ease of interpretation and cost effectiveness. The aim was to assess the suitability of these 
35 indicators for monitoring agri-environmental trends as a basis for making policy decisions. A scoring 
scheme applied aimed to classify the indicators into the three categories: 'useful', 'potentially useful' and 
'of low potential'. These scores and a more detailed analysis of the strengths and weaknesses of each 
indicator were compiled in indicator evaluation sheets (EEA, 2005).  
 
A comprehensive set of evaluation criteria for newly developed indicators was proposed by the SEBI 
project (SEBI 2010, 2009b), which is presented in Table 5. 
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Table 5. Criteria for selection of proposed indicators (source: SEBI 2010, 2009b, box 2.2) 
Criteria Requirements regarding the indicator 

1. Policy relevant 

and meaningful 

It should send a clear message and provide information at a level appropriate for policy 
and management decision-making by assessing changes in the status of biodiversity (or 
pressures, responses, use or capacity), related to baselines and agreed policy targets if 
possible 

2. Biodiversity 

relevant 

It should address key properties of biodiversity or related issues as pressures, state, 
impacts and responses 

3. Progress 

towards 2010 

It should show clear progress towards the 2010 target 

4. Well founded 

methodology 

The methodology should be clear, well defined and relatively simple. Indicators should 
be measurable in an accurate and affordable way, and constitute part of a sustainable 
monitoring system. Data should be collected using standard methods with known 
accuracy and precision, using determinable baselines and targets for the assessment of 
improvements and declines 

5. Acceptance and 

intelligibility 

The power of an indicator depends on its broad acceptance. Involvement of policy-
makers as well as major stakeholders and experts in the development of an indicator is 
crucial 

6. Routinely 

collected data 

It must be based on routinely collected, clearly defined, verifiable and scientifically 
acceptable data 

7. Cause-effect 

relationship 

The information on cause-effect relationships should be achievable and quantifiable in 
order to link pressures, state and response indicators. These relationship models allow 
scenario analysis and represent the basis of the ecosystem approach 

8. Spatial coverage The indicators should ideally be pan-European and include adjacent marine areas, if and 
where appropriate 

9. Temporal trend The indicators should show temporal trends 
10. Country 

comparison 

As far as possible, it should be possible to make valid comparisons between countries 
using the indicators selected 

11. Sensitivity 

towards change 

It should show trends and, where possible, permit distinction between human-induced 
and natural changes. Indicators should thus be able to detect changes in systems in 
timeframes and on scales that are relevant to the decisions, but also be robust enough to 
measure errors that do not affect interpretation 

In addition, two more criteria were used to evaluate the set of indicators, as a whole: 
Representative The set of indicators provides a representative picture of the DPSIR chain 
Small in number The smaller the total number of indicators, the easier it is to communicate 
 
The sets of criteria presented above have much in common as they take into account similar aspects that 
are important to ensure high quality of indicators. The selection process for choosing indicators for 
livestock genetic diversity would benefit from close examination of the criteria presented in Table 5. 
 

3.6. Process for establishing a good indicator 
Establishment of a set of indicators requires clear understanding of the goals that will provide the context 
for measuring progress. Careful analysis is needed to establish a reasonable set of criteria for selecting 
indicators based on the conditions under which the indicators will be used. As an example, a seven step 
process proposed by the CBD to develop national-level monitoring programmes and indicators for 
biodiversity is shown in Figure 3. 
 
The process of indicator development is initiated by identification of policy issues and goals, the 
functions the indicator should fulfill. The relative importance of conflicting dimensions/ properties of the 
indicator have to be established and well understood, in order to best fulfill the expectations of potential 
users. 
 
Although the seven steps described in Figure 3 is not intended to be closely followed within the BIP2010 
process to develop indicators for trends in genetic diversity of domesticated animals, the consideration of 
the steps proposed by the CBD might be helpful. Moreover, the process of indicator development carried 
out by FAO is undertaken within the agreed CBD framework, therefore this proposal is worth 
considering.  
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Figure 3. Steps in indicator selection and design (CBD, 2003b) 

 
 
In the process of developing indicators for trends in genetic diversity of domesticated animals the first 
step covered a compilation of already existing information and presentation of proposals, contained in 
this background paper. The key next step includes in-depth, critical analysis of proposed options, and 
developing additional ones, if necessary, during the expert workshop. The experts should not only agree 
on a set of indicators but also evaluate them, using the most relevant criteria.  
 
According to Levrel (2007) constructing an indicator requires above all making some trade-offs between 
these conflicts that are related to three aspects of an indicator: functional, instrumental and constructivist. 
As an indicator provides in the synthetic form information about some phenomenon, it has got three key 
functions:  

1. to represent;  
2. to act upon; and  
3. to convey information.  

Depending on the users, one of these functions may overtake the others, therefore the identification of 
users is a important step in development of indicator. The primary function of the indicator has to reflect 
the prevailing needs of its future users.  
 
The instrumental aspect of the indicator includes two elements: mechanism of calculation/synthesis and a 
mode of presentation of the results (numbers, graphics etc). The method of calculation has to be science 
based and precise while the interface needs to be easy to comprehend. The form of presentation of the 
indicator has to be adapted to its function as well as to capacities of the potential users.  
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The constructivist aspect encompasses practical issues related to development of indicators, organization 
of work (collecting, managing data and calculating indicators) as well as a decision-making process that 
includes testing, evaluation, dialogue and negotiation. Agreement on practical issues is often a 
prerequisite to achieving agreement on the use of an indicator. Levrel (2007) pointed out that tradeoffs 
made in indicator development process must be guided by a desire for consistency.    
 

3.7. Review of existing indicators of livestock diversity and their evaluation 
The work undertaken by various organizations has let to development of a high number of biodiversity 
indicators. For example, Levrel (2007) reported that work under the CBD identified 236 biodiversity 
indicators; the European Environment Agency had identified 382 indicators, of which 280 were classified 
as being “in use”. The extensive list of indicators identified by the EEA and the CBD included mainly 
indicators that are used by biologist for monitoring, which are most relevant at the local level or are used 
to address specific issues. Indicators aimed at larger-scale biodiversity monitoring using standardised data 
sets are virtually nonexistent.  
 
As was mentioned before, the CBD, has not proposed any specific livestock diversity indicators, but has 
identified the need to develop relevant sectoral indictors under the headline indicator: “trends in genetic 

diversity of domesticated animals, cultivated plants, and fish species of a major socioeconomic 

importance.” The interpretation regarding the unit of genetic diversity to be measured, and the selection 
of species was not provided at that time. 
 
The first set of OECD indicators to monitor the diversity of crop varieties and livestock used in 
agricultural production was published in 2001 (OECD, 2001). It included four indicators: 
 

1. For the main crop/livestock categories (e.g. wheat, rice, cattle, pigs) the total number of crop 
varieties/livestock breeds that have been registered and certified for marketing. 
 

2. The share of key crop varieties in total marketed production for individual crops (e.g. wheat, rice, 
rapeseed, etc.). 
 

3. The share of the key livestock breeds in respective categories of livestock numbers (e.g. the share 
of Friesian, Jersey, Charolais, etc., in total cattle numbers). 
 

4. The number of national crop varieties/livestock breeds that are endangered. 
 
The first and the third indicators evaluate the extent of genetic diversity in the range of livestock breeds 
that are used for agricultural production. To estimate these indicators, data on the total number of 
registered livestock breeds (breeds with herd-books), and the total livestock numbers for the key breeds 
within the main livestock species are required. These indicators were meant to evaluate the resilience of 
agricultural production to environmental changes and risks that occur through diversifying the number of 
varieties/breeds in production.  
The fourth genetic diversity indicator, the number of endangered livestock breeds, provides information 
on the extent of genetic erosion and potential loss of breeds, which are key biodiversity issues for the 
agriculture sector.  Animal genetic resources3 are the basic building block that enables livestock to be 
further developed to provide food and other commodities. Their availability is crucial for increasing 
agricultural productivity and to maintaining their various roles and functions for human communities 
around the world. The perspective of this indicator is much wider than only registered breeds, as it covers 
all breeds kept in the country. However, the basis for estimation of endangerment status was not specified 
by the OECD. 
 

                                                           
3 Farm animal genetic resources: those animal species that are used, or may be used, for the production of food and agriculture, 
and the populations within each of them. These populations within each species can be classified as wild and feral populations, 
landraces and primary populations, standardized breeds, selected lines, and any conserved genetic material (FAO, 1999). 
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An amended set of OECD agri-environmental indicators emerged from an expert meeting that took place 
in Zurich, Switzerland, in November 2001 (OECD, 2003a). The experts developed indicators on genetic 
resources for food and agriculture building on the existing set of indicators described above. The new set 
of indicators includes: 
 

1. The total number of crop varieties/livestock breeds for the main crop/livestock categories (e.g. 

wheat, rice, cattle, pigs) that have been registered and certified for marketing, including native and 

non-native species and landraces. 
2. The share of crop varieties in total production for individual crops (e.g. wheat, rice). 
3. The share of livestock breeds in total livestock numbers for respective categories of livestock (e.g. 

cattle, pigs, poultry, sheep). 
4. The number and share of national crop varieties/livestock breeds used in agricultural production 

that are endangered. 
5. The number of available species and accessions (samples) conserved in-situ and ex-situ contained 

within national programmes
4. 

 
The inclusion of differentiation between native and non-native breeds and species helps to interpret this 
indicator. Additionally, a fifth indicator, concerning the extent of conservation programmes for 
agricultural genetic resources, using both in-situ and ex-situ conservation methods, was proposed.  
 
The expert meeting also recommended that indicator 3 could be expressed using the 
biodiversity/evenness index (e.g. Shannon index), rather than as a share of major livestock breeds within 
the total livestock number. The recommendation was based on the need to better characterise distribution 
patterns of remaining breeds that are not considered as major commercial breeds. If for instance, 80% of 
national beef population belongs to only three breeds, indicator number 3 above, would not be sufficient 
to predict genetic erosion in breeds that constitute the remaining 20% of the herd. Moreover, in one 
country the population of the remaining 20% of “minor” beef breeds may be large enough to ensure their 
genetic variability. However in another country, a 20% share may reflect a number of individuals in each 
breed so small that it is not sufficient to protect such minor breeds from within breed genetic erosion. 
Therefore, it was believed that the biodiversity evenness index could help in resolving this problem for 
minor livestock breeds. 
 
The latest set of OECD indicators was applied to analyse environmental performance of agriculture, 
including its impact on and interface with biodiversity (OECD, 2008). The OECD agricultural genetic 
resource (AGR) indicators within the agri-biodiversity framework are to focus on: tracking changes in 
AGR diversity used for agricultural production; monitoring to what extent AGR diversity is endangered 
or in a critical state of being lost; and to provide information on the current status of AGR under national 
conservation programmes. 
 
The genetic diversity indicators were defined as follows (OECD, 2008): 

1. Plant varieties registered and certified for marketing for the main crop categories (i.e. cereals, 
oilcrops, pulses and beans, root crops, fruit, vegetables and forage). 

2. Five dominant crop varieties in total marketed production for selected crops (i.e. wheat, barley, 
maize, oats, rapeseed, field peas and soyabeans). 

3. Area of land under transgenic crops in total agricultural land. 
4. Livestock breeds registered and certified for marketing for the main livestock categories (i.e. cattle, 

pigs, poultry, sheep and goats). 
5. Three dominant livestock breeds in total livestock numbers for the main livestock categories (i.e. 

cattle, pigs, poultry, sheep and goats). 
6. Livestock (i.e. cattle, pigs, poultry and sheep) in endangered and critical risk status categories and 

under conservation programmes. 
7. Status of plant and livestock genetic resources under in-situ and ex-situ national conservation 

programmes. 

                                                           
4 The differences between the first and the second set of indicators are identified using italics. 



 

32 

 
In the OECD, 2008 document, agricultural biodiversity is defined at the genetic, species and ecosystem 
levels (OECD, 2008, box 1.8.1). It is worth noting that the definition of genetic diversity as “the number 

of genes within domesticated plants and livestock species and their wild relatives” is quite specific. In 
fact, in the case of domesticated species, genetic diversity was always related to within species diversity, 
which includes diversity between breeds within a given livestock species, as well as between individuals 
within a given breed. Therefore, the erosion of animal genetic resources should be considered both in 
terms of breed extinction (decrease in breed numbers) and in terms of loosing genetic variability within 
the populations of certain breeds (decrease in population size below levels that can assure their viability 
over a long-term period).  
 
According to the OECD (2008), tracking changes in livestock genetic resources is more advanced and 
feasible than in crops. This is due to the progress that has been achieved in the coverage of the FAO 
Global Databank for Animal Genetic Resources. A summary of the OECD indicators that addressed 
animal genetic resources diversity is presented in Table 6. 
 
Table 6. The development of the OECD indicators of livestock genetic diversity (OECD: 2001, 2003a, 
2008) 

2001 2003 2008 

State of the resources 

1. For the main livestock 
categories (e.g. cattle, pigs) the 
total number of livestock breeds 
that have been registered and 
certified for marketing. 
 

1. Total number of livestock 
breeds for the main livestock 
categories (e.g. cattle, pigs) that 
have been registered and certified 
for marketing, including native and 
non-native species and landraces. 

1. Livestock breeds registered and 
certified for marketing for the main 
livestock categories (i.e. cattle, 
pigs, poultry, sheep and goats). 
 

2. The share of the key livestock 
breeds in respective categories of 
livestock numbers (e.g. the share 
of Friesian, Jersey, Charolais, etc., 
in total cattle numbers). 

2. Share of livestock breeds in total 
livestock numbers for respective 
categories of livestock (e.g. cattle, 
pigs, poultry, sheep). 
 

2. Three dominant livestock breeds 
in total livestock numbers for the 
main livestock categories (i.e. 

cattle, pigs, poultry, sheep and 
goats). 

Endangerment level 

3. The number of national 
livestock breeds that are 
endangered. 
 

3. Number and share of national 
livestock breeds used in 
agricultural production that are 
endangered. 
 

3. Livestock (i.e. cattle, pigs, 
poultry and sheep) in endangered 
and critical risk status categories 
and under conservation 
programmes. 

Conservation efforts 

 4. Number of available species and 
accessions (samples) conserved in 

situ and ex situ in national 
programmes. 

4. Status of livestock genetic 
resources under in situ and ex situ 

national conservation programmes. 

 
The IRENA operation  
The Indicator Reporting on the Integration of Environmental Concerns into Agriculture Policy, the 
IRENA operation, provided an assessment of the progress made in the development and interpretation of 
the agri-environmental indicators identified in COM (2000) 20 (EC, 2000). 

Out of 35 proposed indicators, only one IRENA 25 addressed the genetic diversity. The indicator was 
defined as the number and range of crop varieties and livestock breeds and was divided into three sub-
indicators (IRENA, 2002): 
 

• IRENA 25-1: Share in production of main crop varieties registered and certified for marketing. 
The production area is estimated on the basis of the seed multiplication area. 

• IRENA 25-2: Diversity of breeds in total livestock population for different types of livestock 
(cattle, pigs, sheep, goats and poultry). 
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• IRENA 25-3: Distribution of risk status of national livestock breeds in agriculture. 
  
The IRENA 25-2 indicator was calculated as the number of breeds per total livestock population for the 
main livestock categories (cattle, pigs, sheep, goat and poultry) that are registered in the herd-books in the 
individual EU countries and reported to FAO. The application of this indicator in EU-15 countries is 
presented in Table 7. 
 
Table 7. Diversity of breeds in major livestock types per country, status of July 20035 (IRENA, 2002) 

Number of cattle breeds 
per 10 000 heads  

of cattle 

Number of pig breeds 
per 10 000 heads  

of pigs 

Number of sheep and 
goat breeds per 1000 

heads of sheep and goats 

Number of poultry 
breeds per 100 000 

heads of poultry 

GR 27 IT 6 BE/LU 18 SE 56 
SE 21 UK 5 DK 10 FI 12 
ES 16 SE 4 SE 6 BE/LU 8 
IT 14 FR 3 AT 6 FR 5 

DK 14 IE 3 DE 6 ES 5 
PT 12 DE 2 FI 5 IE 4 
AT 12 FI 2 IT 1 DE 2 
FI 10 ES 1 NL 1 DK 1 
DE 10 GR 1 FR 1 UK 1 
UK 7 PT 1 IE 1 NL 1 

BE/LU 7 BE/LU 1 ES 1 IT 0 
NL 6 DK 0 UK 0 AT 0 
IE 5 NL 0 PT 0 GR 0 

FR 4 AT 0 GR 0 PT 0 

 
The indicator 25-2 estimated using data available in FAO in 2003 clearly showed the importance of the 
quality of initial data input. Even for EU-15 at that point of time the indicator was not reliable, because of 
the lack of data. Countries that updated their national database were showing the highest genetic diversity 
what does not correspond to the real situation. 
 
The IRENA 25-3 indicator presented the distribution of the endangered risk status of national livestock 
breeds for the main livestock categories (cattle, pigs, sheep, goats and poultry) in the EU 15. The 
indicator was estimated using national data included in FAO's Domestic Animal Diversity Information 
System, July 2003 update. The indicator included only three following categories: 1.extinct, 2. 
endangered or critical and 3. not at risk or unknown. Such approach was far too simplistic, especially in 
combining breeds categorised as not at risk and breeds with no population data. 
 
The SEBI2010 project  
The Streamlining European 2010 Biodiversity Indicators project is building on recommendations from 
the Malahide conference that proposed that the EU headline biodiversity indicators should measure 
progress in the implementation 2010 Biodiversity Target,  based on the CBD headline indicators 
(Message from Malahide, 2004). The first phase (2005-2007) of the SEBI2010 project resulted in the 
development of a set of 26 indicators to monitor progress toward the Europe's 2010 Biodiversity Target. 
The indicators were nested within seven focal areas (EEA, 2007). The focal area: Status and trends of the 

components of biological diversity includes five European headline indicators, one of them is the same as 
the CBD headline indicator: “trends in genetic diversity of domesticated animals, cultivated plants, and 

fish species of major socioeconomic importance.” Under this headline indicator, only one specific 
indicator, No 6 “Livestock genetic diversity” has been proposed so far. 

                                                           
5 Source: FAO’s Domestic Animal Diversity Information System (DAD-IS) and FAOSTAT data. 
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The SEBI2010 indicators were tested in preparation of the report “Halting the loss of biodiversity in 
Europe - 2009 assessment” (SEBI2010, 2009 b,c).  Part 1 of this report provides a summary of the major 
findings within each of seven focal areas, and concludes with a discussion on the policy implications. The 
Part 2 contains factsheets for each of the 26 proposed indicators, providing a more detailed assessment of 
each of them. Data for testing were currently available for 22 of the 26 indicators.  
 
The livestock genetic diversity indicator was meant to provide an evaluation of the status of genetic 
diversity in European livestock in support of conservation efforts (EEA, 2007). The indicator was defined 
as “the share of breeding female population between introduced and native breed species (namely, cattle 

and sheep) per country, as a proxy to assess the genetic diversity of these species”.  In addition, the 
indicator shows the proportion of native breeds which are threatened due to the low breeding female 
population size (EEA, 2007). 
 
Data necessary for evaluating the livestock genetic diversity indicator includes: the total number of 
breeding females in each herd book (considering all breeds of each species present in the country) in 
given year/years, the identification of breeds that are native and the identification of breeds that are at 
risk. It is important to note that the endangerment level is defined by each country, according to its own 
criteria. Initial calculations of this indicator were based on existing data for 1995, 2000 and 2005 (with 
the range of +/- 2 years) to show trends. The assessment of the application of the indicator was confined 
to cattle and sheep only, because these species are closely related to environmental management schemes. 
 
As presented in the fact sheet, the livestock diversity indicator (SEBI2010, 2009b), is expressed as a 
percentage of animals belonging to native breeds within the total population of a given species, and as the 
percentage of native breeds that are endangered.  In the SEBI2010 process, the animal genetic resources 
diversity especially related to within breed genetic diversity has not been fully addressed yet. It is clear 
that genetic diversity in agriculture is an area which needs further research and development taking into 
account monitoring needs before any conclusions can be drawn about status and trends of biodiversity in 
this sector. It appears that SEBI2010 indicators proposed for livestock are less advanced than those 
developed by the OECD. 
 
Calculation of livestock genetic diversity based on breeds that are registered in the herd books or flock 
books might be possible in some developed countries but will not be an option for many developing 
countries, where breeding activities are not institutionalised and breeders’ organizations are rare. Using 
evaluation of the endangerment status at each country level will make it difficult to combine data for 
regional/global evaluation. Moreover, the percentage of endangered native breeds without further 
specification may be misleading. For instance, when a breed has gone extinct, the percentage of the 
endangered breeds will go down and the indicator will show a positive trend. Therefore, the way of 
addressing extinct breeds requires careful consideration. 
 

The ERFP project 

The ERFP project to develop a common methodology to evaluate and monitor the population genetic 
status of farm animal breeds in Europe resulted in three proposed indicators to assess trends in livestock 
genetic diversity (Charvolin, 2007, 2008). 
 
The first indicator is defined as the total number of breeds belonging to mammalian species and the total 
number of breeds belonging to avian species that are kept in the country. The calculation is based on 
number of breed records available in DAD-IS. It is complemented by TiT indicator “Total if Information 
Transmitted”, which is presenting the completeness of available information in DAD-IS database. 
 
The data are easily available, the indicator is simple to calculate, and at the first glance it enables 
comparison between countries. However, with closer examination, it appears that the indicator is difficult 
to interpret taking into account differences in territory, geographical and environmental conditions, as 
well as differences in development of livestock sector among countries. Moreover, the total number of 
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breeds is not directly related to genetic diversity, as in certain countries it may result from extensive 
importation of exotic breeds, both by farmers and by hobby breeders. 
 
The second indicator proposed within the ERFP project is based on the distribution of breed populations 
within species in the country. Breeds are divided into three categories of population size: high, average 
and small on the basis of the number of breeding females registered in the herd books. These three 
categories are defined for each country, taking into account the total number of breeds in the country and 
the theoretical population size if all breeds in the country had the same size.  
 
Such an indicator seems to be relatively easy to use and should enable comparison among countries. 
However, there are several problems related to this indicator. There is no common definition of 
categories of breeds of small, average, and high population sizes that would be adopted for all countries. 
The number of breeding females registered in the herd books may not reflect total population size of a 
given breed; the variability of this indicator may be small over several years and specific data have to be 
regularly updated by countries, likely by their National Coordinators. 
 
The third indicator applied by the ERFP project is the same one as indicator on livestock genetic diversity 
developed by the SEBI 2010. The data to calculate this indicator will likely also need to be provided by 
National Coordinators. 
 
The Institute of Organic Agriculture, University of Bonn, Germany 

A modification of OECD indicators was proposed by Frank Wetterich during the Zürich expert meeting 
in 2001 (Wetterich, 2003). He suggested modification of already existing OECD indicators, and proposed 
two new ones. 
 
1. The number of key registered livestock breeds (further broken down into a number of: non-native 

breeds, non endangered native breeds and native endangered breeds). Such distinction of three 
categories enables a better interpretation of this indicator. If the total number of breeds increases, it is 
important to note for what category, in order to avoid misleading conclusions. The total number of 
breeds may increase due to the importation to the country of exotic breeds that are introduced both for 
agricultural and non-agricultural purposes.  

 
2. The share of the three major livestock breeds (taking into account if they are native or non-native). 

This additional distinction also increases the value of this indicator. However, the national livestock 
genetic diversity is not represented by the three major breeds only, which in many cases in developed 
countries are also non-native, but by the group of native breeds. According to Wetterich (2003) the 
relevant indicator is not the share of these breeds in total livestock, but the size and stability of their 
populations, therefore, he proposed to complete the OECD set by the following indicators: 

 
3. Native breed’s population size and status of endangerment. For this new indicator, presented by 

Wetterich (2003) the classification of endangerment status was based on the proposal of Bodó (1992) 
which is presented in Table 8. 

 
Table 8. Classification of livestock populations (Bodó, 1992) 

Status of endangerment Population size 
Critical < 100 breeding females 
Endangered 100 – 1 000 breeding females 
Vulnerable 1 000 – 5 000 breeding females 
Insecure 5 000 – 10 000 breeding females 
Normal > 10 000 breeding females 

 
Bodo identified five endangerment categories. This approach seems to reflect well other existing 
classification systems, especially in the European countries. It also further enables the identification of 
breeds that might require special attention, monitoring etc, as their low population size might not ensure 
stability. Importantly, Bodo’s classification system applies the same criteria for all livestock species.  
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The FAO endangerment status classification in a way simplifies Bodo’s proposal focusing on critical and 
endangered breeds, and their conservation status (critical, critical maintained, endangered and endangered 
maintained). The categories such as vulnerable and insecure are not taken into consideration. The 
classification is based on either a number of breeding females or breeding males, or on the total 
population size.  
 
Another approach would be to develop species specific classifications. They were adopted for instance by 
the Rare Breeds Survival Trust (2009) and by EC in regulation No 1974/2006, which in Annex IV 
identified thresholds for the number of breeding females under which a local breed is to be considered as 
being in danger of being lost to farming, and therefore eligible for support on the basis of EC Regulation 
No 1698/2005 (EC, 2006). The thresholds were defined for cattle, sheep, goats, equidae, pigs and avian 
species. 
 
This Wetterich indicator, being based on individual population size of each native breed and its 
endangerment status, would provide excellent information on the breed status and enable essential 
comparisons over time. However, obtaining the required data to use this indicator might be difficult for 
many countries. 
 
4. Application of high-selective breeding methods. The next new indicator proposed by Wetterich (2003) 

is based on estimation of frequency of application of biotechnological methods such as artificial 
insemination (AI) and embryo transfer (ET) within the population of particular species, such as cattle 
and pigs. It is based on the assumption that AI and ET will result respectively in decreasing the number 
of sires or parents of successive generations, and therefore will lead to a reduction of within breed 
diversity. Indeed, this is the impact which has been observed especially in international, high 
performing breeds. However, when the application of modern reproduction methods is only evaluated 
at the species level, it does not reflect the situation of a particular breed. Moreover, it is doubtful to 
include in this group of methods, hybrid breeding in pigs (Wetterich, 2003). In fact utilisation of hybrid 
genetics in crossbreeding schemes has purely commercial and terminal characteristic; and as such, the 
produced animals are not contributing to future purebred populations. Also, their genotypes are more 
heterogenous than is the case for purebred animals. Therefore, the percentage of hybrid breeding sows 
would indicate the share of the pig breeding population that is kept under industrial production system 
conditions.  

 

5. Number of breeder’s associations. The last additional indicator by Wetterich (2003) is based on the 
assumption that the number of officially accredited breeder’s associations for given species provides 
indication of the number of independent breeding populations and breeding schemes, as each 
association is managing  its  breeding programme. The decrease in the number of breeder’s 
associations implies that populations are being merged, and that the common breeding goals and higher 
selection intensity are being applied with the long-term result in increasing the risk of genetic erosion.  

 
Again, this indicator may work well for some countries, such as Germany, but will not necessarily enable 
similar conclusions in other countries. Not all breeders associations are organized at the breed level, 
sometimes they have regional structures and provide services to all breeders for a particular 
species/direction of utilisation (e.g. dairy/beef) regardless of the breed they keep. Also, new breeding 
organizations may be established following importation of exotic breeds. Moreover, one breeding 
organization for certain breed can ensure a sustainable approach to breeding and maintaining within-
breed genetic diversity, as has been shown with Norwegian Red cattle (FAO, 2007a). Thus, the number 
of breeders’ association as an indicator of livestock genetic diversity has a number of limitations and its 
use could lead to misleading conclusions. Therefore, it will have limited application in many countries, 
and in particular in developing countries. 
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The Centre for Genetic Resources the Netherlands (CGN), the Netherlands 

A partnership involving CGN and the Wageningen University in collaboration with partners from 
Vietnam proposed and tested two options for extended and restricted sets of indicators for livestock 
biodiversity. They build both on the OECD and Wetterich indicators with substantial additions. The 
results of the first study were presented by Eaton et al. (2006) and the second study by Hiemstra et al. 
(2006). Both studies used similar pool of indicators; the difference is related mainly to selection and the 
order of their presentation. Moreover, indicators in both studies were tested on the same sets of chicken 
data from the Netherlands and from Vietnam. In the second study (Hiemstra et al., 2006), an extended set 
of indicators was further limited as is shown in Table 6; the restricted sets in both studies differed by one 
indicator only. The list of indicators used in both studies is presented in Tables 9 and 10. 
 
Table 9. Comparison between extended sets of indicators (as proposed by Eaton et al., 2006 and Hiemstra 
et al., 2006) 

Extended set (Eaton at al., 2006) Extended set (Hiemstra et al., 2006) 
1. Average size of  farm***  

• area in ha,  
• number of animals,  
• animals/ha) 

1. Number of key livestock breeds (native 
endangered, native not-endangered, non-native) 

2. Number of key livestock breeds* 
• native endangered 
• native not-endangered 
• non-native 

2. Share of the three major livestock breeds 

3. Share of the three major livestock breeds * 
• native/non-native * 
• number of breeding males of the three major 

(high production) breeds*** 

3. Native breeds  
(population size, status of endangerment  in situ 
conservation) 

4.  Population size of native breeds: 
• status of endangerment * 
• number of conserved in-situ*** 

4. Ex-situ conservation (number of breeds conserved, 
number of accessions characterised) 

5.  Number of breeds conserved ex-situ*** 5. Intensification and use of modern breeding 
strategies and high-selective breeding methods (such 
as embryo transfer) 

6.  Number of accession characterised*** 6. Average size of farms (area in ha, number of 
animals, animals / ha) 

7.  Intensification and use of modern breeding 
strategies*** 

7. Number of breeders/ breeders associations per 
breed 

8.  Number of breeding males of breeds characteristic 
for landscapes or production environment important 
for biodiversity and characteristic for a region or 
country*** 

8. Number of different breeding goals 

9.  Number of  breeders/breeders associations per 
breed** 

 

10.  Number of breeding goals*** 
* – OECD, 2001/2003 
** – Wetterich, 2003 
*** – Authors of the paper 
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Table 10. Comparison between restricted sets of indicators (as proposed by Eaton et al., 2006 and 
Hiemstra et al., 2006) 

Restricted set (Eaton at al., 2006) Restricted set (Hiemstra et al, 2006) 
Number of breeding males of breeds characteristic for 
landscapes/production environments important for 
biodiversity and /or characteristic for a region or 
country 

Number of breeding males of breeds characteristic for 
landscapes/production environments important for 
biodiversity and /or characteristic for a region or 
country 
 

Number of breeding organizations of high production 

breeds 

Number of breeding males of the three major (high 

production) breeds 

Number of breeding males in gene bank(s) of 
characteristic (low production) breeds 

Number of breeding males in gene bank(s) of 
characteristic breeds 

 
The authors of both studies assessed sets of available indicators (CBD, OECD, Wetterich, and their 
proposed extended and restricted sets) against four OECD evaluation criteria: policy relevance, analytical 
soundness, measurability and interpretation. They have concluded that taking into account all criteria no 
single set of indicators had outstanding overall scores in comparison with the others. In other words, there 
will be trade-offs between certain aspects of indicator quality and the feasibility in their use. The results 
of the studies re-enforce the importance that selection of an indicator must focus on the needs of the user, 
the context or objective for which progress is to be measured.   
 
Another study carried out by the Centre of Genetic Resources in close cooperation with the Netherlands 
Environmental Assessment Agency (PBL) was a part of the project aiming to widen the analytical scope 
of GLOBIO3 - Modelling Global Biodiversity (Buiteveld et al., 2009).  The objective of this project was 
to identify a number of key biodiversity indicators for crops and livestock with the ultimate goal to use 
them in modelling global trends and possible changes in agricultural biological diversity. Two case 
studies were undertaken to test selected indicators one on livestock and second on crop species with data 
available both from the Netherlands and Germany. In addition, the Mean Variety Abundance (MVA) 
indicator suggested by Hiemstra (2007; after Buiteveld et al., 2009), was included in the calculations and 
compared with other indicators. A MVA measures both richness in the number of crop varieties or 
livestock breeds and the abundance of them in the total agricultural production. The species that were 
chosen (cattle, wheat and potato) are the major ones in terms of agricultural production in the Netherlands 
(Buiteveld et al., 2009).  
 
Agrobiodiversity indicators used in the livestock case studies included: 

1. Share of livestock breeds (Share of breeding females population between introduced and native 
breeds ) (EEA, 2007,) 

2. MVA: Mean Variety/Breed Abundance (Hiemstra, 2007; after Buiteveld et al., 2009) 
 
The first indicator describes the share of breeding females population belonging to introduced (i.e. non-
native) and native breeds. It was developed by the SEBI 2010 expert group (EEA, 2007) to evaluate the 
status of genetic diversity of European livestock breeds. To calculate this indicator a number of sub-
indicators is used: 

• Total number of breeding females per breed 
• Total number of breeding females of native breeds 
• Total number of breeds 

 
The practical application of this indicator in five European countries is provided in EEA reports (EEA, 
2009bc). 
 
The second proposed indicator: Mean Variety/Breed Abundance (MVA) was based on the concept and 
has been developed following the example of the Mean Species Abundance (MSA) indicator applied for 
wild biodiversity (Alkemade, et al., 2006).  
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According to Buiteveld et al. (2009) indicators based upon number (richness) and share (abundance) 
measure the potential, it means, between breed genetic diversity. They might over- or underestimate the 
actual genetic diversity, observed within breeds. It is possible that loss of genetic diversity occurs within 
breeds even if the number of breeds and their shares remain the same. The actual within breed diversity 
refers to DNA level. It can be measured by pedigree analysis or direct measures using molecular data. 
 
While the MSA represents the average remaining abundance of native species relative to the natural 
‘undisturbed’ situation, the MVA for breeds shows the value of the average native breeds’ abundance 
relative to their original abundance (‘baseline situation’). It shows the trend in genetic diversity for native 
breeds, but does not capture the diversity of high performing international breeds (Buiteveld et al., 2009). 
A baseline could be 1950 (‘pre-intensification times’) (Buiteveld et al., 2009) or 1850 (pre-industrial 
times) (CBD, 2003b).  
 
After 1950, a rapid intensification and technological innovations, such as artificial insemination led to 
massive increase in production. It is assumed that before 1950 only local breeds were kept. The pre-
industrial baseline proposed by the CBD (the year 1850) would refer to the state of traditional agriculture 
before industrialization of agricultural practices (CBD, 2003b). 
 
The outcome of cattle case study based on German data clearly showed the impact of breed classification 
on the interpretation of results. As the animal breeding and improvement process is dynamic, in some 
countries (e.g. Germany, Poland) repeated backcrossing of traditional dual purpose black and white cattle 
with Holsteins led to development of “local Holstein” populations that are not considered as exotic any 
longer, while in fact they replaced the traditional naive breeds. 
 
Figure 4. Share of breeding females population between introduced and native breeds in Germany: a) 
Holstein Friesian categorized as native breed, b) Holstein Friesian categorized as an ‘introduced’ breed 
(Data source: TGRDEU/ADR) (Buiteveld et al., 2009) 

 

The lesson learnt from this example clearly shows a need to take into account the dynamics of livestock 
breeding and outcomes of ongoing breeding programmes, such as establishment of new breeds/herd 
books.  
 
UK biodiversity indicators 

The UK Biodiversity Partnership (Defra, the Joint Nature Conservation Committee, Country Agencies, 
Devolved Administrations in Scotland, Wales and Northern Ireland, and non-governmental 
organisations) agreed in 2007 on 18 indicators and 33 component measures assessed within these 
indicators to summarise some of the key priorities for biodiversity in the UK. The 5th of 18 indicators 
addresses genetic diversity; it is established for native sheep and native cattle breeds (Defra, 2009b). The 
estimation of within breed genetic diversity is based on a precise parameter, the effective population size. 
The effective population size (Ne) is estimated on the basis of a number of breeding males and breeding 
females and allows to predict the increase of inbreeding level in the successive generations. The UK 
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genetic diversity indicator is defined as the change in effective population size for native breeds of sheep 
and cattle at greatest risk of loss of genetic diversity, and the evaluation was conducted for the period 
from 2001 to 2007. The assessment in 2001 included 27 sheep breeds and 18 cattle breeds; the results 
were presented in a graphic form easy to communicate with the public (Defra, 2009a). 
 
Further development of this approach was proposed by Villanueva et al., (2009ab). The indicator was 
defined as the species average population size (Ne) for the lower tail (20%) of the distribution of Ne 
across the breeds. The high value of this indicator lies in addressing genetic variation within breeds and 
focusing on breeds that are most at risk of genetic erosion.  However, the application of such indicator 
requires quality pedigree data for individual animals (Ne was estimated on the basis of trends in 
inbreeding level) and technical capacity. Such requirements are not possible to be met in the majority of 
developing countries, thus application of this indicator is rather restricted. 
 
The CGRFA status and trends reports 

The 5th session of the Intergovernmental Technical Working Group on Animal Genetic Resources, 
convened in January, 2009, considered a proposal on the status and trends reports contained in a 
document entitled ”Format and content of future status and trends reports on animal genetic resources” 

(FAO, 2009a), which was accompanied by an information document, “Status and trends report on 

animal genetic resources – 2008” (FAO, 2009b). The proposed format and content of future status and 
trends reports (Appendix A, FAO, 2009a) included the following elements. 
 
The state of reporting: 

• Status of information recorded in the Global Databank for Animal Genetic Resources: the number of 
national breed populations (mammalian and avian) and the proportion of breeds for which 
population data are recorded  

 
Breed diversity: 

• Global number of mammalian and avian breeds (local, regional transboundary and international 
transboundary)  

• Number of mammalian and avian breeds (local, regional transboundary and international 
transboundary) by region  

• Number of mammalian local breeds by species and region  
• Number of avian local breeds by species and region  
• Number of mammalian regional transboundary breeds by species and region  
• Number of avian regional transboundary breeds by species and region  
• Number of mammalian international transboundary breeds  
• Number of avian international transboundary breeds  

 
Risk status of animal genetic resources: 

• Proportion of the world’s breeds (mammalian and avian) by risk status category  
• Risk status of the world’s mammalian breeds by species  
• Risk status of the world’s avian breeds by species  
• Risk status of the world’s mammalian breed by region  
• Risk status of the world’s avian breeds by region  
• Number of extinct mammalian breeds  
• Number of extinct avian breeds  
• Years when breeds became extinct  

 
Trends in breed status: 

• Changes in the numbers of local, regional and international breeds since the last status and trends 
report  
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Trends in genetic erosion: 
• Changes in the risk status of transboundary breeds since the last status and trends report  
• Changes in the risk status of local breeds since the last status and trends report  
• When becomes available: Changes in the headline indicator  

 
The proposed format and content of future status and trends reports was welcomed by the Working 
Group and endorsed by the Commission. The Commission requested FAO to follow this structure in 
preparing synthesis Status and trends reports on animal genetic resources, based on data and information 
provided by countries through DAD-IS, and make Status and trends reports available to the Commission 
at each of its Regular Sessions (FAO, 2009cd).  
 
The above elements provide a basis for undertaking an overall assessment of breed diversity and their 
risk status at the regional and global levels and the availability and quality of data and information. The 
evaluation of trends in genetic erosion, in part, could also provide a basis to evaluate the impact of 
conservation measures aimed at addressing the erosion of animal genetic resources undertaken by 
countries and progress towards the 2010 Biodiversity Target. Development and use of additional 
response indicators might be useful to improve understanding of the extent and effectiveness of 
conservation efforts. 
 
4. SUMMARY OF EXISTING INDICATORS 
In the previous section, several sets of indictors related to livestock genetic diversity that are already 
available were briefly presented. A summary of exiting proposals clustered in subject specific groups is 
shown in Table 11. 
 
Table 11. Summary of existing livestock biodiversity indicators that have been proposed by various 
interests with evaluation of its quality (OECD, 1993):  data input availability (measurability), political 
relevance and utility for users and analytical soundness /robustness 
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Table 11. Summary of existing livestock biodiversity indicators that have been proposed by various interests with evaluation of its quality (OECD, 1993):  
data input availability (measurability), political relevance and utility for users and analytical soundness /robustness 
Indicator Source Measurability – based on DAD-IS  

Political 
relevance 

** 

 
Utility for 

users 

** 

 
Analytical 
soundness/ 

robustness 
** 

Data 
recorded 

* 

Data 
coverage 

** 

World 

wide 

application
*** 

Genetic diversity indicators       

Total number of livestock breeds CBD as stated in 
Eaton et al., 2006 

YES HIGH YES HIGH HIGH AVERAGE 

Number of breeds belonging to mammalian species and total 
number of breeds belonging to avian species 

ERFP YES 
 

HIGH 
 

YES HIGH HIGH AVERAGE 

Total number of livestock breeds that have been registered 
and certified for marketing 

OECD, 2001, 2008 NO - NO LOW AVERAGE LOW 

Total number of livestock breeds registered and certified for 
marketing, including native and non-native species and 
landraces 

OECD, 2003 NO - NO AVERAGE HIGH AVERAGE 

Share of the key livestock breeds in total livestock numbers OECD, 2001, 2003, 
2008 

POSSIBLE - YES HIGH AVERAGE AVERAGE 

Share of breeding female population between introduced and 
native breed species (namely, cattle and sheep) per country 

SEBI2010, 2007 
Buiteveld et al., 2009 

POSSIBLE - 
(potentially 

LOW) 

POSSIBLE LOW AVERAGE LOW 

Percentage of population of given species consisting of native 
breeds 

SEBI2010, 2009  POSSIBLE LOW POSSIBLE AVERAGE AVERAGE AVERAGE 

Mean Variety/Breed Abundance (MVA) Hiemstra, 2007 
Buiteveld et al., 2009 

POSSIBLE LOW NO LOW AVERAGE HIGH 

Completeness of data: TiT (Total if Transmitted) ERFP YES HIGH YES LOW LOW LOW 

Distribution of breeds population sizes within species in the 
country, on the basis of number of breeding females 
registered in the herd-books (breeds are divided into three 
categories of population size: high, average and small) 

ERFP YES LOW NO LOW LOW LOW 

Endangerment status indicators       

Number of national livestock breeds that are endangered OECD, 2001 YES LOW YES HIGH HIGH AVERAGE 

Number and share of national livestock breeds used in 
agricultural production that are endangered 

OECD, 2003 YES LOW POSSIBLE AVERAGE AVERAGE AVERAGE 

Number of key livestock breeds (native endangered, native 
non endangered, non-native) 

Eaton et al., 2006  
Hiemstra et al., 2006 

POSSIBLE - POSSIBLE HIGH HIGH AVERAGE 

Population size and status of endangerment of native breeds Wetterich, 2003 YES LOW NO AVERAGE HIGH HIGH 

Percentage of native breeds that are endangered SEBI2010, 2009  YES LOW POSSIBLE HIGH AVERAGE AVERAGE 

Indicators on animal genetic resources conservation       
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Indicator Source Measurability – based on DAD-IS  
Political 

relevance 
** 

 
Utility for 

users 
** 

 
Analytical 

soundness/ 
robustness 

** 

Data 
recorded 

* 

Data 
coverage 

** 

World 

wide 

application

*** 

Number of available species and accessions (samples) 
conserved in- situ and ex- situ in national programmes 

OECD, 2003 YES - / LOW NO LOW HIGH HIGH 

Livestock (i.e. cattle, pigs, poultry and sheep) in endangered 
and critical risk status categories and under conservation 
programmes. 

OECD, 2008 YES - / LOW NO AVERAGE AVERAGE AVERAGE 

Status of livestock genetic resources under in situ and ex situ 

national conservation programmes 
OECD, 2008 YES - / LOW NO LOW AVERAGE AVERAGE 

Number of native breeds conserved in-situ Eaton et al., 2006  YES - / LOW POSSIBLE AVERAGE HIGH HIGH 

Number of breeds conserved ex-situ Eaton et al., 2006 
Hiemstra et al., 2006 

YES - / LOW NO AVERAGE HIGH HIGH 

Number of accession characterised Eaton et al., 2006 
Hiemstra et al., 2006 

NO - NO LOW HIGH HIGH 

Number of breeding males in gene bank(s) of characteristic 
(low production) breeds 

Eaton et al., 2006; 
Hiemstra et al., 2006 

NO - NO LOW AVERAGE AVERAGE 

Indicators on sustainable use of animal genetic resources       

Intensification and use of modern breeding strategies 
Application of high-selective breeding methods 

Wetterich, 2003  NO - NO LOW LOW LOW 

Number of breeders/breeders associations per breed 
Number of breeding goals 

Wetterich, 2003 POSSIBLE - NO LOW LOW LOW 

Number of breeding males of the three major (high 
production) breeds 

Eaton et al., 2006  
Hiemstra et al., 2006 

POSSIBLE - NO LOW LOW LOW 

Number of breeding males of breeds characteristic for 
landscapes or production environment important for 
biodiversity and characteristic for a region or country 

Eaton et al., 2006  
Hiemstra et al., 2006 

POSSIBLE - NO LOW LOW LOW 

General indicators on production system       

Average size of farm 
• area in ha 
• number of animals 
• animals/ha 

Eaton et al., 2006  
Hiemstra et al., 2006 

YES 
(herd size) 

LOW NO LOW AVERAGE AVERAGE 

* YES - Data available; NO - Data not available; POSSIBLE – data could be generated  
** LOW, AVERAGE, HIGH 
***YES – May be applicable; NO – Not applicable; POSSIBLE – In future might be applicable 
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5. CONSIDERATIONS IN SELECTING INDICATORS 
Table 11 provides summary of already available livestock biodiversity related indicators. The indicators 
have been grouped under five categories. The majority of indicators describe genetic diversity within 
livestock population. They are expressed either as the total number of breeds or as the number of breeds 
within specific breed categories, or as their share in total population size within given species. The 
second group are indicators assisting in evaluation of endangerment status, and they are most applicable 
to native breeds. The next group encompasses indicators that assess the response to erosion of animal 
genetic resources, through evaluating a level of implementation of in-situ and ex-situ conservation 
measures. There is also a group of indicators that support analysis of sustainability of livestock 
development, and through that assessing potential erosion of within breed diversity. The last group 
includes indicators helping to understand livestock production systems.  
 
This summary provides good basis for further analysis what indicators can be considered as most relevant 
to assess "trends in genetic diversity of domesticated animals, cultivated plants, and fish species of major 

socioeconomic importance" within the 2010 Biodiversity Indicators Partnership project. Before 
suggesting any specific indicators, a few key points need to be discussed, which are particularly evident 
from the review of existing indicator development.  
 
One of the first and most important considerations in selection of any indicator is the purpose or role the 
indicator will serve. In general, indicators are developed and used to assess the change in the state of a 
particular condition, in support of a management goal or objective including assessing the effectiveness 
of existing management practices. In other words, indicator selection should be based on its role and the 
needs of the end user.  
 
Based on the description of the FAO task within the 2010 Biodiversity Indicators Partnership project, the 
key role of indicator/indicators is to measure trends in livestock genetic diversity in order to evaluate 
progress towards the 2010 biodiversity target to reduce the rate of loss of biodiversity.  
 
Indicators of trends in livestock genetic diversity will be most useful at national, regional and 
international levels. Over time comparison of changes in genetic diversity of key livestock species will 
also provide an indirect evaluation of progress achieved both in national programmes and in international 
efforts to implement the Global Plan of Action on Animal Genetic Resources for Food and Agriculture. 
Desirable trends will indicate that measures undertaken to arrest erosion of animal genetic resources 
proved to be successful.  Therefore while indicators should most of all provide a clear understanding of 
trends in livestock diversity in the same time they will assist to evaluate management efforts and facilitate 
required progress reporting.  
 
A second key consideration in selecting indicators is that they are generally used over relatively long-
periods of time to provide a solid assessment of the status and trends in a condition such as changes in 
genetic diversity. This requires that data and information collection be practical to enable repeated 
collection and observation. Frequency of data collection will be an important consideration in selecting 
appropriate indicators. If users are overburdened, the indicator will soon become inoperative. Using 
existing data and information and databases would greatly assist the application of indicators of trends in 
livestock genetic diversity. Effective use of the DAD-IS databases of individual countries would be an 
important consideration in establishing indicators for livestock genetic diversity. 
 
Therefore it is very important to assess if data currently available in DAD-IS database will support 
development of indicators to evaluate trends in genetic diversity between breeds within each farm animal 
species. It is also worth to remember that according to Buiteveld et al. (2009) such indicator will only 
represents a “potential” diversity. Data necessary to such evaluation are more easily available and will 
have much better coverage than data required to estimate “an actual” within-breed diversity, either on 
molecular level or using estimation of the genetic parameters such as the effective population size. Such 
information is generally scare and dispersed; it has got limited breed coverage and is mainly available in 
developed countries. For instance, the indicator developed in the UK (Defra, 2009a) to measure genetic 
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diversity on the basis of change in effective population size of native sheep and cattle breeds is not 
applicable at the global level due to the lack of necessary data. 
 
Another issue to be addressed is erosion of genetic resources resulting from indiscriminate crossbreeding, 
taking place especially in developing countries (FAO, 2007a). It affects both within breed and between 
diversity, changing genetic make-up of breed populations and diminishing between-breed differences, 
thus decreasing overall livestock genetic diversity. However, it is an area extremely difficult to tackle due 
to the limited information on the extent and scope of the process and a very poor documentation; 
moreover, a methodological approach to address this problem hasn’t been developed yet.  
Many experts have stressed the importance of indicators providing a basis for effective communication. 
Indicators should help as much as possible the general public and policy-makers to understand trends in 
livestock genetic diversity and possible impacts that might occur given the observed trends. The form of 
presentation of the indicator should be easy to comprehend. It should support over time comparison of the 
situation in countries and regions.  
 
Finally, selecting a set of indicators for animal genetic resources, instead of a single one could prove to 
be highly valuable given differences among countries in terms of data and information quality and 
accessibility. The types of data and information available at country level, and data quality all need to be 
considered in selecting indicators, if synthesis of national data and information is required for global 
reporting. It will be a major challenge to establish global level indicators given differences in data 
availability and quality and relevance between countries. Indicators used by OECD countries may have 
no or little relevance in many developing countries (e.g. the number of breeding associations). A set of 
indicators should be considered, as selection of only one indicator might result in it having no or limited 
application in some countries.  
 
The selected indicators have to be evaluated against set of criteria that were described in detail in the Part 
III e of this paper. From the several proposals for indicator evaluation, the one developed by SEBI 2010 
seems to be both inclusive and comprehensive (2009b); the restricted sets of criteria applied by Eaton et 

al. (2006), Hiemstra et al. (2006) and Buiteveld et al. (2009) are also worth consideration. 
 

6. PROPOSED INDICATORS 
The comparison of the state of animal genetic resources over time provides an indication on the trends in 
domestic animal diversity. First issue to consider is the timeline. In some developed countries breed 
registration data have been routinely collected already over a long period of time and they are relatively 
easy to access. In such circumstances setting the year 1950 as a baseline for comparison is quite feasible, 
as proved by Buiteveld et al. (2009). 
 
In developing countries the situation is very different and much more complicated. In some countries, the 
documentation on breed description, characteristic and population data leading to establishment of 
national databases (standalone or within the DAD-IS) was initiated only in 90s, in the framework of 
implementation of the FAO Global Strategy for the Management of Farm Animal Genetic Resources. 
Therefore the baseline of 1950 might not be relevant for the assessment at the global level.  
 
Also, it has to be taken into consideration that estimation of global trends in animal genetic resources 
from mid 90 till present will give misleading results. The global process of collecting data was 
developing in a very dynamic way, as presented in the Table 3, on status of information recorded in the 
Global Databank for Animal Genetic Resources. A body of data was rapidly increasing, from 2 719 
recorded mammalian populations in 1993 till 14 000 both mammalian and avian populations in 2008. 
Also the quality of data was improving. It seems that at the global level the best baseline data on status 
might be provided in the State of the World’s Animal Genetic Resources for Food and Agriculture (FAO, 
2007a). 
 
The proposed indicators are based on the breed classification system that was used to prepare the first 
report on the State of the World`s Animal Genetic Resources for Food and Agriculture (local, 
transboundary regional and transboundary international breeds). This classification was adopted by the 
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Commission on Genetic Resources for Food and Agriculture and as such should be further used for 
reporting purposes. 
 
Another issue is selection of the species of “the major socioeconomic importance", as defined in the CBD 
headline indicator to measure "trends in genetic diversity of domesticated animals, cultivated plants, and 

fish species of major socioeconomic importance". Should we limit our evaluation of trends to five key 
species that were identified in the State of the World’s Animal Genetic Resources for Food and 

Agriculture? Is it sufficient to estimate trends in cattle, sheep, goats, pigs and chicken diversity and 
generalize results for all domesticated animal species? From practical purposes, probably restricting 
evaluation of trends based on the big five species would be an option to consider.  
 
Such restriction might be also imposed by data availability. As it might overburden some countries to 
report on the state of all of their livestock species, countries might decide to set priorities and limit their 
focus to the livestock species that contribute most to food and agriculture. Therefore their national data in 
the Global Databank for Animal Genetic Resources on breeds belonging to minor species might have 
substantial gaps. 
 
It is also important to consider how and if at all data might be aggregated at the global level. One option 
will be to analyse trends separately at the national level and estimate a global average. Such approach 
will require substantial time and efforts but will also provide a better insight into the situation and enable 
to introduce potential correction (e.g. global average to be estimated only on the basis of these countries 
within given region that have necessary data coverage). However, it may prove not to be feasible because 
it is an unrealistic expectation that all countries will provide the additional necessary data. 

The second option would be to use global data and estimate global indicators. Such approach might be 
affected by the dynamic of data introduction and updating in DAD-IS. However, it has to be taken into 
account that FAO is obliged to report nationally, regionally and globally. 

Given the need for indicators to assess progress toward the 2010 Biodiversity Target to reduce the rate of 
loss of biodiversity; the 2010 Biodiversity Indicators Partnership project; and the need to communicate to 
policy-maker the status and trends of livestock genetic resources, the following indicators are proposed in 
Table 12. 
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Table 12. Proposed set of indicators to be evaluated by the expert workshop 
Indicator Description Advantages Disadvantages /problems 

1. The number of livestock breeds (not 
extinct) within each species classified 
as local, transboundary regional and 
transboundary international 

A series of the measures of the 
indicator provides information on the 
changes over time in the total number 
of breeds within each species 
classified as local, transboundary 
regional and transboundary 
international. 

Indicator 1 is useful to complement 
indicator 2. 

Visual presentation of this indicator is 
proposed at Figure 5.  

Simple to compute Breed deletions/insertions and 
transboundary linkages change the 
value 

Population size (and structure) are not 
accounted for 

2. The percentage of breeds (not 
extinct) within each species classified 
as local, transboundary regional and 
transboundary international  

A series of the measures of the 
indicator provides information on the 
changes over time in the percentages 
of breeds within each species 
classified as local, transboundary 
regional and transboundary 
international. 

If calculated for several species it will 
enable comparison of breed structure 
within each species and differences in 
genetic diversity between species. 

Visual presentation of this indicator is 
proposed at Figure 6. 

Simple to compute 

Provides indication of the share of 
local, transboundary regional and 
transboundary international breeds 
within each species 

Breed deletions/insertions and 
transboundary linkages change the 
value 

Population size (and structure) are not 
accounted for 
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Indicator Description Advantages Disadvantages /problems 

3. The number of breeding females/ 
animals within each species belonging 
to each of the following breed (not 
extinct) categories: local, 
transboundary regional and 
transboundary international  

The indicator will provide 
understanding of dynamics of 
population of given species and trends 
towards the use of local, 
transboundary regional and 
transboundary international breeds. It 
will also enable to follow changes in 
of the most diverse segment of 
population of given species. 

Visual presentation of this indicator is 
proposed at Figure 7. 

Provides indication of the level of 
utilisation of local, transboundary 
regional and transboundary 
international breeds. 

Requires number of breeding females 
or breeding animals at breed level 
reported for the respective years 

Breed deletions/insertions and 
transboundary linkages change the 
value 

Does not account for differences in 
population size among local breeds 

Does not take into account possible 
crossbreeding 

4. The percentage of breeding females/ 
animals within each species belonging 
to each of the following breed (not 
extinct) categories: local, 
transboundary regional and 
transboundary international  

The indicator will provide 
understanding of dynamics of 
population of given species and trends 
towards the use of local, 
transboundary regional and 
transboundary international breeds. It 
will also enable to follow changes in 
of the most diverse segment of 
population of given species. 

Visual presentation of this indicator is 
proposed at Figure 7. 

Provides indication of the relative 
level of utilisation of local, 
transboundary regional and 
transboundary international breeds. 

Requires number of breeding females 
or breeding animals at breed level 
reported for the respective years 

Breed deletions/insertions and 
transboundary linkages change the 
value 

Does not account for differences in 
population size among local breeds 

Does not take into account possible 
crossbreeding 
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Indicator Description Advantages Disadvantages /problems 

5. The percentage of the local 
breeds within each species that are 
classified as at risk 

or 

aggregated over species 

The percentage of local breeds that are 
classified as at risk. 

Local breeds at risk are encompassing 
breeds that are classified as critical, 
critical-maintained, endangered and 
endangered -maintained. 

This indicator will enable to evaluate 
trend in erosion of local breeds. If the 
percentage of local breeds classified as 
at risk will increase over time, it 
signals that the population size of 
these breeds is going below 1000 
females (1200 animals) resulting in 
decrease of within breed diversity. 

Visual presentation of this indicator is 
proposed at Figure 8. 

Provides some insight both into 
between and within breed diversity. 

Requires population size at breed level 
reported for the respective years 

Breed deletions/insertions and 
transboundary linkages change the 
value 

Does not take into account possible 
crossbreeding 

6. Trend (positive, negative and 
stable) in population size and 
structure of each breed at risk and 
percentage of breeds with 
insufficient data to calculate the 
trend reported for a country, 
region, globally 

The indicator will provide 
understanding of dynamics of erosion 
or increase of population size and 
structure of breeds over a period of 
time and highlight gaps in reporting. 

Relatively easy to 
interpret/communicate 

Highly policy relevant 

Accounts for lack of reporting 

Accounts for transboundary breeds 

Very complicated to compute 

4 figures needed to provide full picture 
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Figure 5. A possible visual presentation of the indicator no 1 “The number of livestock breeds within 
each species classified as local, transboundary regional and  transboundary international” for sheep 

 
 
Figure 6. A possible visual presentation of the indicator no 2 ” The percentage of breeds within each 
species classified as local, transboundary regional and  transboundary international” for sheep 

 
 
Figure 7. A possible visual presentation of the indicator no 3 ”The number of breeding females/ animals 
belonging to each of the following breed categories: local, transboundary regional and  transboundary 
international” for  sheep 
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Figure 8. A possible visual presentation of the indicator no 4 ”The percentage of the local breeds within 
each species that are classified as at risk (have a population size below 1000 females or 1200 animals)” 

for sheep 

 
 
Figure 9.  A possible visual presentation of the indicator no 5 “Total number of breeds of cattle, sheep, 
goats, pigs and chicken expressed as a percentage of the total number of livestock breeds kept in the 
country” 

 
 
Indicators to communicate to non-experts the status and trends of animal genetic resources 

Establishment of a simple index could be considered to effectively communicate trends in the status and 
trends of breeds of livestock to non-experts. Such indices for example are effectively used to convey to 
the public the risk of forest fires. The risk of a forest fire is determined by a number of complex variables. 
However, the risk is communicated to the general public using a simple index of high risk, moderate risk 
and low risk - the likelihood of a fire occurring.  
 
A similar index could be developed for communicating the risk of loss of livestock genetic diversity to 
the general public. For example, if a large percentage of breeds in a country fall into risk categories of 
endangered or critical, the index may indicate high risk of erosion. If only a few breeds were at risk, then 
the index would indicate to the public that there is low risk of genetic erosion in livestock. 
 
A perfect example how to communicate trends to the public is provided by the UK publication “UK 
Biodiversity indicators in your pocket 2009” (Defra, 2009a) were the given indicator identifies that 
situation is: 
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It is expected that the Expert group will consider lessons learnt and evaluate existing livestock genetic 
diversity indicators, including latest proposals contained in the background paper. The Expert group 
should agree on the best indicators that would fulfill all required functions and be supported by data 
available both for developed and developing countries and be applicable at the global level. 
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Annex 2 

Programme of the workshop 

 
Opening of the workshop by Irene Hoffmann, Chief, Animal Genetic Resources Branch, FAO 
 
Introduction of participants 
 
Presentation: FAO in the 2010 Biodiversity Indicators Partnership, Linda Collette, Senior Officer 
(Sustainable intensification, biodiversity and ecosystem services), FAO (10 min) 
 
Presentation: Background and objectives of project and workshop, Beate Scherf, Animal Genetic 
Resources Branch, FAO (20 min) 
 
Presentation: Status quo - what can we learn/use from other initiatives, ElŜbieta Martyniuk, Warsaw 
University of Life Sciences (30 min) 
 
Presentation: Indicators of genetic diversity in livestock species, Sipke-Joost Hiemstra and Joukje 
Buiteveld, Centre for Genetic Resources, the Netherlands (CGN), (30 min) 
 
Presentation: SEBI 2010: lessons learnt from regional use of biodiversity indicators, Katarzyna Biala, 
European Environment Agency (EEA) (30 min) 
 
Brainstorming session: Indicator(s) for genetic diversity of livestock – what should be included? 

 
Presentation: Overview of national data reported to DAD-IS and FAOSTAT, Mateusz Wieczorek, Animal 
Genetic Resources Branch, FAO (20 min) 
 
Brainstorming session: Be creative! What would be the perfect indicator(s) to measure trends in genetic 

diversity of livestock 
 
Presentation: Introduction of candidate indicators for discussion, Dafydd Pilling, Animal Genetic 
Resources Branch, FAO (30 min) 
 
Brainstorming session: Criteria for evaluation of potential indicators 

 
Concluding discussion: 

• definition of indicator(s) 
• presentation and communication of indicator(s) 
• way forward 
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