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� Plants

� Trees

� Animals

� Conservation

� Stimulating use

� Transfer of knowledge
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REGENERATIE CGN GEWASSEN

HISTORIE, HUIDIGE STAN VAN ZAKEN EN 

TOEKOMSTVISIE
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CBD definition biodiversity

"biological diversity means the variability 
among living organisms from all sources

Including terrestrial, marine 
and other aquatic ecosystems 
and the ecological complexes 

of which they are part;

this includes diversity within species, 
between species and of ecosystems".
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Biological diversity at three levels:

� Ecosystem diversity: variety of habitats

� Species diversity: variety of different species

� Genetic diversity: variety of genes within and between species

Each ecosystem contains complex relationships 
between living and non5living components (resources): 

sunlight, air, water, minerals and nutrients 
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Levels of biodiversity per sector
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What will be the future?

© Wageningen UR

Use what the mainstream uses?
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Future: use and conservation of a wider range of breeds?
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Biodiversity in this course: Issues and options

� Biodiversity is an issue: resource under pressure

� Indicators (biodiversity/ecology) for monitoring

� Conservation alternatives as options

� Illustrated on the genetic level with livestock
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Content

1. Definitions and political context

2. Why is biodiversity important?

3. What is the problem?

4. Pressures on genetic diversity

5. Development of indicators

6. Comparison of NL and Vietnam

7. Opportunities for conservation?
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What is biodiversity?

Biodiversity is the shortened form of two words

� "biological" and "diversity."

�It refers to all the variety of life that can be found on Earth 

�(plants, animals, fungi and micro#organisms) 

�as well as to

�

�the communities that they form and 

�the habitats in which they live.
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Biodiversity is not only 
the sum of all ecosystems, 

species and genetic material.

Rather, it represents the variability 
within and among them. 
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Resources food production and nature (management)

� Water

� Soil (minerals and nutrients)

� Atmosphere / air (O2/CO2)

� Energy (sunlight)

� Genetics (living organisms)

Public goods > sustainability is responsibility of the society

Sustainability> necessary for long term food security and nature protection

Indicators for ecological sustainability are necessary
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Who is responsible?  CBD principle

� States have:

Sovereign rights to exploit their own resources pursuant to their own 
environmental policies 

and the responsibility to ensure that activities within their jurisdiction or 
control do not damage to the environment of other States or of areas 
beyond the limits of national jurisdiction
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Convention on Biological Diversity: Objectives

� Conservation

� Sustainable use of components

� Fair and equitable benefit sharing arising out of use

� Appropriate access to resources

� Appropriate transfer of technologies

� Including rights resources / technologies / funding 
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Stakeholders (responsibilities) for farm AnGR

� National governments (CBD, FAO; in NL CGN)

� Education and research institutes

� NGOs, part time farmers and hobbyists

� Breeder’s associations, farmers and pastoralists

� Breeding companies
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Concepts of diversity

� Richness: number of species and breeds within 
species

� Abundance: number of a species or breed > 
dominance of most occurring species / breed

� Evenness: proportional abundance; relative shares
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What are genetic resources?

� Genetic variation comprised in:

� Animals

� Semen

� Oocytes

� Embryos

� Somatic cells
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Features of genetic resources

� Self renewal in next 
generation

� New combinations of genes 
in next generation

� Risks

No offspring

Random loss in small 
populations

Loss of genes by inbreeding
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Question 1

� What are indicators related to the risks for genetic 
resources? How to measure these risks?

1. No offspring

2. Random loss in small populations

3. Loss of genes by inbreeding
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Farm AnGR ?

� 50.000 mammalian and 
avian species

� 30 species extensively used
for agriculture

� 14 species account for 90% 
of global livestock
production

Recognized in CBD 
regulations
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What is the problem?

� Part of genetic resources are used in food producing 
livestock systems which are highly dynamic

� Direct effects on genepool used (erosion in species and 
breeds) in livestock systems (animals and plants)

� Indirect effects of systems on nature (wildlife)

How to measure the pressure on diversity, its state and the 
required  effects of conservation efforts?
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What is genetic variation?

� Genetic variation within a species =

Genetic variation between breeds +

Genetic variation within breeds

Varies from 20 – 80 % (dependent on the trait)
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Value of genetic variation?

� Genetic progress =

intensity*accuracy*genetic variation

/ generation interval

� Genetic progress within a species>>

effect of selection potential between breeds

effect of selection potential within breeds 
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Intermezzo: definition of a breed

1. Selection and breeding > set of heritable 
traits

2. Distinguished traits approved by 
government

3. Group within species with specific 
identity (area)

4. Group within a species developed by a 
community

5. A breed is a breed when enough people 
say it is

6. A breed is a well adapted set of 
interacting genes
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Question 2

� Which breed definition do you like?
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Summary part 1

� Biodiversity is a complex issue in ecological context

� Biodiversity has several essential functions for mankind

� Genetic diversity is an important resource in livestock 
systems offering many opportunities

� There is a general concern that genetic diversity is 
threatened >> indicators to monitor
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Content

� Definitions and political context

� Why is biodiversity important?

� What is the problem?

� Pressures on genetic diversity

� Development of indicators

� Comparison of NL and Vietnam

� Opportunities for conservation?
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Genetic diversity is useful
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Genetic diversity is beautiful
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Biodiversity may be functional

� Trees as biological indicator 
to apply fertilizer on 
pastures in the spring

� Lower levels of fertilizer 
results in an increase in the 
biodiversity richness of 
pastures
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Genetic diversity is tasty and healthy

lycopene

dietary fibers

quercetin

isothiocyanates
carotene

monoterpenes

?resveratrol

grapes

tomato

apple

cereals

citrus
brassica’s

carrots

alliums
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Genetic diversity has an educational value: which one and why? 
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Importance of biodiversity and genetic diversity

� Is necessary to facilitate adaptation and to safeguard future food 
security, new food producing systems and sustainability 

� Is beautiful and facilitates ecological developments and variation in 
landscape

� Is functional in supporting and protecting food and feed crops

� Is tasty and healthy: use of differences in taste, in shape and in 
functional components

� Has educational values: which one to choose and how to take the 
decisions?
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Content

� Definitions and political context

� Why is biodiversity important?

� What is the problem?

� Pressures on genetic diversity

� Development of indicators

� Comparison of NL and Vietnam

� Opportunities for conservation?
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What is the problem?

� State of the World of Farm Animal Genetic 
Resources (FAO): 

1. genetic diversity is threatened (erosion); breeds 
disappear without notice; few breeds spread globally

2. and in globally used breeds genetic variation within the 
breed decreases through inbreeding

(popular sires/families > high relationships)
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Need for indicators for genetic erosion

� Related to ecological sustainability

� Indicators should reflect:

1. Pressure on resources

2. State of genetic diversity

3. Policies to maintain genetic diversity and

4. Ecological diversity/ sustainability
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Break!!!

� Definitions and political context

� Why is biodiversity important?

� What is the problem?

� Pressures on genetic diversity

� Development of indicators

� Comparison of NL and Vietnam

� Opportunities for conservation?
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Pressures: FAO State of the World of Farm AnGR

� Based on 148 of 169 
submitted country reports

� Content:

1. Description of livestock 
systems

2. Use of species and breeds

3. Changes in livestock 
systems to be expected

4. Conservation and required 
actions
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What are indicators to establish these pressures?

� Pressures � Indicators
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Challenges and changes (livestock systems)

� Human population from 6 > 9 billion in 2050

� Food from animals: increase of 200 % in 2050

� Intensification in developing countries (Asia)

� Intensification by importing exotics > local well 
adapted breeds disappear
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Meat production moving south
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Question 3

� Which species should have highest priority in 
conservation?
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Cattle

� Beef and dairy: intense global 
selection between and within 
breeds

� Dairy: Holstein Friesian

� Beef: French breeds

� Loss of locally developed and 
adapted breeds and recently 
developed dual purpose breeds

� Opportunities for conservation: 
organic farming, nature 
management and hobbyists
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Sheep

� Developed countries: sharp 
decline in numbers

Changing goal: wool > meat > 
nature management = 
opportunity for conservation

� Developing countries: stable

Multifunctional in small scale 
farming: milk, meat, wool, 
ceremonies = guarantee for 
conservation

� Breeding: only some AI and a few 
breeding schemes
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Goats

� Stable in numbers

� Important in small scale farming: 
meat and milk

� Used in variety of systems 
(multifunctional use)

� No breeding programmes

� No real threats (hobby animal)
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Pigs

� Developed countries: a few 
multinational companies

� Many breeds and lines are set 
aside > erosion

� No alternatives!

� Asia: many local breeds under 
threat (meat quality)

� Conservation of semen! 
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Chicken

� Numbers increase very fast

� Most specialized and 
industrialized species

� A few multinationals dominate

� Small scale farming: quality and 
taste of meat

� Kept on a large scale by 
hobbysists
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Horses

� Used for draught and transport in 
developing countries

� Developed world:

Change in goal: draught and 
meat > sport and hobby

� Large variety in breeds but within 
breeds use of a few popular 
stallions
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Diversity in Dutch cattle breeds

� 1975

� > 2 million dairy cows

� 71 % Black and White Dutch 
Friesian Cattle

� 28 % Red and White Meuse
Rhine Yssel cattle

� 1 % Groningen Whiteheaded

� Other small/rare cattle
breeds 
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Diversity in Dutch cattle breeds

� 2002

� Holstein Friesian >        1500000

� MRY 30000 (decrease)

� Dutch Friesian Black and White 6000 (decrease/stable)

� Groningen White headed 2000 (growth)

� Lakenvelder 1750 (growth)

� Colour sided White back 1500 (stable)

� Deep Red 200 (growth)

� Dutch Friesian Red and White 200 (growth)
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HF: Few Bulls Heavily Used: 3800 and 2700 sons!

Sire: To-Mar Blackstar
empty

#sons: 3800

Sire: Rothrock Tradition 
Leadman

#sons: 2700
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Question 3

� Which species should have highest priority in 
conservation?
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Priorities for conservation

� First priority: pigs

� Then: cattle, poultry, sheep, 
horses

� No problems with genetic 
erosion: goat
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What are indicators to establish these pressures?

� Pressures � Indicators
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Measuring the effective population size

� 1 / Ne = 1 / 4 Nm + 1 / 4 Nf

� Delta F = 1 / 2Ne

� Nm = 25 ; Nf =25 > Ne =50 en Delta F = 0,01
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Calculate the effective population sizes

� Nm Nf

� 50 50

� 50 1000

� 20 1000

� 10 1000

� 5 1000



Centre for Genetic Resources, the Netherlands

Measuring genetic diversity

Effective population size (Ne) and rate of inbreeding (∆F)
depending on number of breeding animals (nm, nf)

(real) (effective)
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Summary part 2

� Livestock systems are very dynamic with 
consequences for genetic resources

� Genetic erosion occurs between and within breeds

� Many stakeholders have different responsibilities

� Most problems in pigs, very few in goats



Centre for Genetic Resources, the Netherlands

Break!!!

� Definitions and political context

� Why is biodiversity important?

� What is the problem?

� Pressures on genetic diversity

� Development of indicators

� Comparison of NL and Vietnam

� Opportunities for conservation?
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INDICATORS 

TO MONITOR 

LIVESTOCK 

GENETIC DIVERSITY

S.J. Hiemstra, D. Eaton, N.X. Trach, P.X. Hao, B.H. Doan, J.J. Windig

Research project funded by the Dutch Ministry of Agriculture, Nature and Food Quality

WCGALP 5 2006
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What are in table 1 indicators for:

� Pressure

� State

� Required or realized effects

Which ones are the best and why?
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Farm animal genetic diversity

� CBD (1992): promotes conservation and sustainable use
� ‘Wild’ biodiversity

� Agrobiodiversity/Genetic resources

� National policies
� National sovereignty

� National responsibilities

� FAO Global Strategy and State of the World FAnGR

�Indicators needed for monitoring and evaluation of 
policies
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Indicators for biodiversity

� “Wild” biodiversity (COP5decision, Kuala Lumpur 
2004)

� Remaining area of nature

� Number of individuals of species, characteristic for
ecosystem

� Indicators for agro#biodiversity (domestic farm 
animal genetic diversity) to be (further) 
developed
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Indicators for “agrobiodiversity”

Different levels:

� ecosystem <5> species <5> GENETIC

� local <5> national <5> regional <5> global

This talk:

� Evaluation of existing/proposed indicators

� Development of new (sets of) indicators

� Case study chicken in the Netherlands and Vietnam
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Choice of indicators: requirements

� Policy relevance

� Analytical soundness

� Measurability

� Interpretation

But also: 

� Small number

� Representative 

� Aggregation (national 5> regional 5> global)
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Other considerations

� Indicators ideally cover:

� Pressures
ánd

� State
ánd

� Responses
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CBD indicator wild species

� The area of nature involved

� The number of individuals of species characteristic 
for specific ecosystems

� Useful for domesticated plants and animals?
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Content

� Definitions and political context

� Why is biodiversity important?

� What is the problem?

� Pressures on genetic diversity

� Development of indicators

� Comparison of NL and 
Vietnam

� Opportunities for conservation?
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CBD indicator

� Number of farm animal breeds

� More breeds 

is not 

more genetic diversity

169 31

Many
foreign
fancy 
breeds

What
is a 
breed?

Maybe
more?
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OECD (2001)

� Number of farm animal breeds 
(registered/certified for marketing)

� Share of key (?) livestock breeds in total 
livestock population

99.9% 85%

Industrial 
breeds

Local
household
chicken



Centre for Genetic Resources, the Netherlands

OECD (2001)

� Number of farm animal breeds 
(registered/certified for marketing)

� Share of key livestock breeds in total 
livestock population

� Number and share of national livestock 
breeds that are endangered

17 (<0.01%) 9 (0.03%)
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Extended set: OECD + “Wetterich” + this study

� Total number of livestock breeds

� Share of key livestock breeds in total livestock population

� Number and share of national livestock breeds that are endangered

� Population size of native breeds 

� Number of breed associations per breed

� Use of high selective breeding methods

� Average size of farms

� Number of breeds conserved ex situ
� Number of accessions characterized

� Number of breeding goals

� Number of breeding males of characteristic breeds

� Molecular diversity approaches

Better coverage of:

•Within breed diversity

•Pressure + response
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indicator for within breed diversity

� Population size of native breeds

50 – 1100 20 – 125,000,000
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“pressure” indicator

� Average size of farms

28,000 animals 57 animals
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“response” indicator

� Number of breeds/accessions ex situ

11 breeds

3000 accessions

5 breeds

Live ex situ
populations
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Characteristic breed(s)

� Number of breeding males of breed(s) characteristic for
landscapes/production environments important for
biodiversity and/or characteristic for a region or country

� No need to monitor all breeds in a country

� Similar to wild biodiversity indicator

150

Groninger meeuw

25,000,000 Gà Ri

Local Vietnamese 
household chicken
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� Extended set gives much information on diversity and 
background, but…

� High costs of data collection

� Not all information available or relevant in each country

� Less suitable for “high level” policy makers and general public

� Indicators “at a glance” needed

� Restricted set

� Number of breeding males/animals of characteristic breed(s)

� Number of breeding organisations of high production breeds

� Share of industrial breeds (‘abundance’)

� Number of breeding males/animals of characteristic breed(s) ex situ
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Evaluation of indicator sets

CBD OECD Wetterich Extended Restricted Molecular

Policy relevance

Analytical soundness

Measurability

Interpretation
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General conclusions (Summary part 3)

� “Ideal” (sets of) indicators do not exist

� Analytical we prefer an “extended set”, but should 
aim at a  “restricted set” for higher policy levels 
because of ‘measurability’ and ‘interpretation’

� Focus on further development of indicators for 
‘local’, ‘indigenous’, ‘characteristic’ diversity on 
national level

� Single out a number of ‘representative’
breeds/species for monitoring of ‘characteristic’
diversity 
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Break!!!

� Definitions and political context

� Why is biodiversity important?

� What is the problem?

� Pressures on genetic diversity

� Development of indicators

� Comparison of NL and Vietnam

� Opportunities for 
conservation?
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Domestication and adaptation resulted in:

Differences between and within breeds in:

� Shape and color

� Behavior and productivity

� Resistance to disease, tolerance to environments

Worthwhile to  be conserved!
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Definition of conservation for farm animals

� Prevention of the loss of genetic diversity

� Within breeds: allelic diversity; diversity in 
genotypes

� Between breeds: diversity within the species



Centre for Genetic Resources, the Netherlands

Reasons to consider conservation

� Food is produced by a limited number (14) of species and breeds

� Globalization of markets by breeding companies

� Breeds selected in developed countries tends to dominate

� Less breeds created than lost (between breed variation is important)

� Infectious diseases might destroy populations

� Breed and breeding goal choices may be wrong
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Responsibility for conservation; remarks

� Breeds that are native, have an origin in the country

� Breeds with a strategic value for the country

� Breeds may have low numbers in one country and are 
numerous in a neighboring country

� Exchange/collaboration/migration > important issues
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Objectives for conservation

� Within breeds:
Future market demands / Changes in production system

Opportunity for research

Backup: recovery after a disaster; correction for loss of founders

� Between breeds:
Socio5economic value

Cultural5historic reasons

Ecological value
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Methods for conservation

� In situ: use by livestock keepers in agro ecosystems in 
which the breeds evolves and is normally found

� Ex situ in vivo: not kept in normal farm production 
conditions, breeds do not evolve; outside agro ecosystem

� Ex situ in vitro: preserved in cryogenic conditions for later 
use as cells or tissues having the potential to reconstitute 
animals and breeds (quality and quantity)
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Conservation of genetic diversity (methods)

� actual breeding scheme (large Ne; HF <> NRF)

� in situ (no breeding program, large Ne; nature 
management)

� ex situ in vivo (small Ne; zoo, education, recreation)

� ex situ (gene banks)

� combinations
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Methods for cryo conservation
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Conservation techniques and genetic aspects

Poor/YesNoYesAvoid genetic drift

YesPoorPoorIncreased knowledge breed characteristics

YesPoorNoBreed evolution / genetic adaptation

In situEx situ liveCryoconservationAspects

Technique
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State of the art of cryopreservation
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Conservation aims with ex situ techniques

PoorPoorYesQTL studies

PoorPoorYesSupport in situ conservation

PoorPoorYesGene introgression

PoorPoorYesCreation of synthetic breed

YesYesYes < 100%Breed reconstruction 

Somatic 
cells

EmbryosSemenAim (longterm)

Technique
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Question part 4

� What is ex5situ in vivo conservation? What is its 
value for conservation?
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Question: opportunities for the use of native breeds and why?

� Landscape management:

� Nature management:

� Organic farming:

� Health care farming:

� Hobbyists:
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Summary part 4

� Why and how to conserve?

� Conservation from in situ > ex situ

� In situ has to be preferred

� Ex situ supports in situ

� Ex situ method depends on what you want to re5establish
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Questions?


