
EQUINE BREEDERS SEMINAR



Management of Endangered 
Breeds of Livestock



The Problems of Small 
Populations  

• Small populations lose genetic 
diversity more quickly than 
large populations

• Genetic drift and the loss of 
genetic variation

• Inbreeding and inbreeding 
depression

• Accumulation of deleterious 
traits and loss of fitness
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Loss of Gene Diversity by Drift
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Loss of Genetic Diversity - THE RISKS:
• Reduced adaptability to 

environmental change
• loss of disease resistance
• new directions in trait 

selection
• Inbreeding depression

• loss of fertility
• reduction in fitness



Core Concepts

• Inbreeding

• Mean Kinship

• Effective Population Size 



Sewall Wright

“Coefficients of Inbreeding and Relationship” (1921)
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Inbreeding
• An individual is inbred if its

mother and father share a
common ancestor

• The Inbreeding Coefficient
(F) of an individual is defined
as the probability that for a
randomly-chosen neutral
locus the two alleles carried
by the individual are identical
by descent.



Estimating Inbreeding in Pedigrees

• What is inbreeding coefficient of 
individual X?

• Pr(A1 transmitted to offspring) = ½
• Pr(X is A1A1) = (½)4 = 1/16 = 0.0625
• Pr(X is A2A2) = (½)4 = 1/16 = 0.0625
• Pr(X is A1A1 or A2A2) = (½)4 + (½)4 = 

(½)3  = 1/8 = 0.125
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• Reduces gene 
diversity (GD)

• Reduces fitness
• Greatly increases 

probability of 
expressing deleterious 
alleles

Inbreeding

I love my 
cousin

• Populations with 
DEEP inbreeding



Inbreeding Depression

Inbreeding Depression 
Expressed by XX

Following deleterious allele X through a pedigree
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Inbreeding in Other 
Equine Breeds



Inbreeding in the Cleveland Bay

Mean Inbreeding in the Cleveland Bay Horse 1900 to 2016



Inbreeding in the Eriskay Pony

Mean Inbreeding in the Eriskay Pony 1960 to 2015



Kinship Coefficient
• Quantifies degree of relationship between two 

individuals
• Kinship Coefficient is defined as the probability 

that any two randomly-chosen neutral alleles 
from the same locus in two individuals will be 
identical by descent.

• Full siblings are 50% (0.5) related, Parents and 
Offspring are 50% (0.5) related, half siblings are 
25% (0.25) related.



Kinship Coefficients of a Simple Pedigree
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Mean Kinship
• Mean kinship is defined as the average of the kinship 

coefficients between an individual and all living 
individuals in the population.

• Quantifies the relationship of an individual to the rest 
of the population.

• Indicator of genetic diversity (genetic health of 
population).

• Individuals with many living close relatives carry 
alleles that are more common in the population and 
are therefore less important than individuals with few 
relatives.



Managing Mean Kinship
• The values range from 0 (animal has no relatives in the 

mean descendant population) to 1 (the animal is 
completely related to every animal in the living descendant 
population). 

• The lower the mean kinship of an individual is the more 
important this animal is for breeding to preserve the 
genetic diversity of the founders.

• Managing by Mean Kinship increases the contribution of 
genes from animals carrying rarer genes and decreases 
those carrying more common ones.



Population Size
• Ideal Populations:

• Infinitely large
• Random mating
• All individuals contribute equally to next generation
• No overlapping generations

• Real Populations:
• Restricted size
• Unequal sex ratios
• Unequal family sizes
• Selection
• Overlapping generations



Effective Population Size (Ne)
• One of the most important parameter in population genetics 

and conservation biology. 
• Translates census sizes of a real population into the size of an 

idealized population showing the same rate of loss of genetic 
diversity as the real population under study. 

• Several conceptually different types of Ne can be distinguished, 
but the most commonly used ones are those based on the loss 
of genetic diversity through inbreeding (inbreeding Ne) and 
through imbalance of number of parent animals (Census Ne).



Calculating Effective Population Size

• From Rate of Increase 
In Inbreeding

• From Number of 
Parents



Effective Population Size

• Effective population size (Ne) is the number of 
individuals that would give rise to the observed 
or calculated rate of inbreeding (F), if they 
bred in the manner of the idealized population 

• (Falconer & Mackay, 1996).



Change in Effective Population Size



The Problems of Small Populations  



The Problems of Unbalanced Sex Ratio



The 50 / 500 Rule
• Ne > 50 necessary for short term survival (avoid 

inbreeding)
• Ne > 500 needed for long term survival (ability to 

evolve in changing environments)
• A genetically effective population size of at least 50 

individuals is necessary for genetic diversity in the 
short term and to avoid inbreeding depression.

• An Ne of 500 is needed to avoid serious genetic drift 
in the long term 

• Franklin 1980



The Extinction Vortex



Does The 50 / 500 Rule Need Revising?

There is current debate that suggests 
it might be more realistic to judge 

Minimum Viable Population Size (MVP) 
by a 100 / 1000 rule 

Frankham Franklin et al 2014



Choices For Managing Pedigreed 
Populations

• Divide the population 
into sub populations and 
keep them apart

• Random Mating
• Rotational Mating
• Dominant Male



Choices For Managing Pedigreed 
Populations

• Maximum avoidance of 
inbreeding.

• Genome Uniqueness.
• Founder importance.
• Minimizing Kinship.
• Of these controlling the rate 

of increase in inbreeding 
through managing Mean 
Kinship remains the No.1 
choice.

• Putnam & Ivy 2014



Choices For Managing Pedigreed 
Populations

• What about genomic 
methods?

• Molecular Mean Kinship
• As Breed Societies you 

have a huge resource in 
the studbook and pedigree 
based methods.



Choosing Mates
• Mates are chosen such that matings 

between individuals with quite different 
mean kinships are avoided as they limit 
management options in the future.

• If a valuable individual (low MK) is mated 
to one of low value (high MK), increasing 
the contribution of the under-represented 
individual also increases the contribution 
of its over represented mate.

• Matings of close relatives is avoided to 
minimize inbreeding.



Methods Of Breeding  To Minimise Mean Kinship

• Encourage matings between 
animals of broadly similar 
Mean Kinship values. 

• This will prevent the 
crossing of rare bloodlines –
something to be avoided if 
we are to maintain diversity 
within the breed

• Because Mean Kinship 
values change with each 
batch of registrations the 
data will need updating on 
an annual basis.



What Will Minimising Mean Kinship Do?

• Reduce rate of increase in 
inbreeding.

• Prevent crossing rare and 
common genes.

• Maintain genetic diversity.
• Identify genetically important 

individuals & priority breeders



Factors To Consider When 
Selecting Matings:

• Breed from as many Males and 
Females as possible

• This maximises Effective 
Population Size

• Avoid overuse of a selected small 
group of Stallions























Questions



SPARKS
As A Breeding Tool



What’s Wrong With Random Mating?



Looking For Practical Solutions



Factors To Consider When 
Selecting Matings:

• The Mean Kinship of both parents 
• The difference in the pair's Mean 

Kinship. 
• The Co-ancestry (inbreeding) 

Coefficient of potential offspring.



Breeder’s Data Sheets



Breeder’s Data Sheets
• Specific to named 

mare
• For named breeding 

season only
• Banding of Mares & 

Stallions
• Co-ancestry of 

Progeny
• Location of stallion



The Datasheets Help To Identify

• Matings to be encouraged
• Best of the Rest Matings
• Matings to be discouraged
• Matings to avoid at all 
costs!



Matings to be Encouraged

• Matings between animals of similar Mean Kinship (same or 
adjacent Band)

• Matings with progeny of lower Co-ancestry Coefficient than the 
Mean Kinship of the mare

• Matings giving progeny with co-ancestry < average inbreeding 
in  population



Best of the Rest Matings

• Matings between animals of similar Mean Kinship (same or 
adjacent Band)

• Matings with progeny of higher Co-ancestry Coefficient than the 
Mean Kinship of the mare (but less than a breed specific 
threshold)

• These are the preferred matings if a fully compliant mating is 
not possible.



Matings to be Discouraged

• Matings between animals of significantly different Mean Kinship
• Matings with progeny of higher Co-ancestry than both of the 

parents
• Co-ancestry still less than breed determined threshold.
• These matings bring together more common alleles (genes) 

with those that are less well represented in the population, in a 
way that makes it hard to separate, putting the less frequent 
allele at greater risk of loss in future generations. 



Matings to be Avoided
• Matings between animals of extremely different Mean Kinship 

as this will bring together common and rare alleles
• Matings giving progeny of  Co-ancestry > breed determined 

threshold (CB > 0.24 / Eriskay > 0.18)
• Progeny from these matings are highly inbred and increase the 

probability of deleterious traits being expressed in future 
generations



Guidance Sheet



A Worked Example



One Mare - One Sheet

• Identify the Mare’s Mean Kinship and the band this places her in.
• This mare is in Band E
• Identify Stallions from the same or an adjacent banding
• In this case Bands D to F



Follow The Traffic Light Scheme



Obstacles to Compliant Matings

• Geography
• Travelling Distance
• Isolated Herds
• Travelling Grants
• Colt Retention Scheme
• Semen Collection/ AI ?



Breed From As Many Males As Possible



Breed From As Many Females As Possible



Distribution Of Datasheets



https://www.mediafire.com/*******************

Distribution Of Datasheets

https://www.mediafire.com/folder/fx031om6bhbjz/Eriskay_SPARKS


Monitoring Changing Inbreeding

Mean Inbreeding in the Cleveland Bay Horse 1900 to 2017



SPARKS Compliance



SPARKS Compliance



Monitoring Changing Inbreeding
• Rate of increase in Inbreeding and Mean Kinship need 

bringing down slowly over a number of years (generations).
• It will never be zero (unless you bring in animals from outside 

the studbook).
• Trying to do it quickly will get short term decrease then revert 

back to even greater rate than before.
• This will cap the maximum possible reduction and limit 

options for the future. 
• (That’s why we do it through managing MK not directly)



Changing Effective Population Size



The Future

• MK is dynamic as population changes 
• 2018 sheets only valid for 2018 

season
• Annual Updates after new 

registrations
• 2019 sheets will be available after 

January registrations for CBHS & 
Eriskay Pony Society



Breeding for The Future Of 
Rare Breeds

• Encourage all Societies to 
think in terms of detailed 
breed analysis and breed 
advisory schemes such 
as SPARKS.

• This gives breeders an 
additional tool in the 
toolbox.

• To encourage owners of 
low banded mares to 
breed to preferred 
stallions.



Encouraging Breeding From Animals 
Of Low Mean Kinship

• Animals with particularly low 
MK’s are priority breeders

• They are carriers of rarer 
alleles

• Low MK Stallions are a 
priority for Gene Banking

• Incentive schemes



• Uncoordinated breeding leads to 
unsustainable accumulation of 
inbreeding

• This has a direct and negative 
influence on Effective Population Size 

• We have a joint responsibility to do 
something before it is too late

• The more Societies and Breeders that 
adopt SPARKS type schemes the more 
secure will be the Global Populations.

• Ignorance is no longer an excuse!

Breeding for The Future Of 
Rare Equine Breeds



• Behind the scenes RBST is working to make similar 
advice available to ALL breeds of livestock

Breeding for The Future Of 
All Rare Breeds



• The RBST Vaynol Cattle 
herds are now being 
managed through Mean 
Kinship and SPARKS 
data sheets

Breeding for The Future Of 
All Rare Breeds



• Collections for the Genebank and use of Conservation 
Semen should be guided by this type of advice

Breeding for The Future Of 
All Rare Breeds



www.breedingfordiversity.com



https://popreport.tzv.fal.de/cgi-bin/entry.pl



Questions


