
Introduction to the article about relationship and genetic variance on the website. 
 
On the website of FHI you can find a summary of a publication on the relationship and 
genetic variation between the Norwegian and Swedish Fjord horse population.  
The paper is called : 
Segment-based coancestry, additive relationship and genetic variance within 
and between the Norwegian and the Swedish Fjord horse populations. 
By: Hanne Fjerdingby Olsen, Saija Tenhunena, Nils Ivar Dolvik, Dag Inge Våge 
and Gunnar Klemetsdal 
 
This article mentioned above is an important contribution to gaining more insight into the 
genetic variability within the Fjord horse and can provide tools to optimize this variability in 
the future. 
 
Why is this so important? 
 
To understand this we have to look back at the genesis of the Fjord Horse, which is very 
similar to that of almost all national, regional or specific breeds of use of small or large 
domestic and agricultural animals. 
 
Almost all breeds arose after humans started consciously selecting and breeding animals for 
a specific utility purpose. The selection was based on hunting or defense drive in dogs, meat 
or milk production in cattle, strength or speed in horses, meat or egg production in chickens 
... 
They always started with the locally available animals and tried to improve the intended use 
characteristics through selection. 
Animals that excelled at inheriting the desired traits were often used, to the detriment of 
those who inherited less or undesirable traits. 
To achieve the desired result faster, breeding combinations were made with sometimes very 
closely related animals: father x daughter, brother x sister, grandfather x granddaughter, 
nephews x nieces ... Here inbreeding is introduced. 
When the breeding products of these combinations were then reintroduced into the wider 
population, the effect, the improvement of the intended traits, was very evident. From a 
breeding point of view, the intended characteristics were determined genetically and their 
degree of inheritance was strongly promoted. That's how breeds came into being.  
 
But how does that work? 
 
That's the game of genetics. 
This article cannot be an introduction to genetics, but breeding without any understanding 
of genetics reduces breeding to gambling. However, science comes to our rescue. In recent 
decades, the understanding of the chemical recipe book of genetics has been unraveled 
considerably. Everything revolves around the chromosomes, genes, alleles and numerous 
processes that take place at a microscopic level after fertilization. 
Here are a few diagrams. 
 



We start with the great library, the Wikipedia, of heredity; the chromosomes. A horse has 32 
of them. 

 
 
 
Those chromosomes - the large library - can be divided into smaller racks of books: the DNA 
strands, which in turn consist of numerous protein structures: the books with the code. 
 

An animal can have several alleles of a gene. You have at 
least two anyway. This is because the chromosomes 
within a chromosome pair have the same genes. But 
because one of those chromosomes comes from the 
father and the other from the mother, they may both 
have a different variant of that gene. If the animal has 
two of the same alleles of a gene, then it is homozygous 
for that gene. When it has two different alleles of a 
gene, it is heterozygous for that gene. 
Some alleles are more visible in appearance (phenotype) 
than other alleles. Alleles that, if the animal has them, 

are always reflected in the phenotype are called dominant alleles. Alleles that you only see 
when no dominant allele is present are called recessive alleles. 

 
 
 



These genes have been used to determine the desired traits. The more traits that are 
homozygous, read “pure breeding”, the more predictable the breeding product will be. The 
consistent search for this breeding purity has resulted in establishing a genetic basis for the 
different breeds over the many years of breeding and selection. If the green part of the 
drawing is undesirable, it may disappear after a few generations. This is an advantage for the 
breeder, but the gene is gone! Possibly there were also good properties associated with it. 
These are therefore gone. This is therefore a somewhat risk-free activity! The article referred 
to above is about this game of profit and loss. 

 
 
 
This selection has led to the emergence of breeds in 
numerous animal species. As an example: the 
different dog breeds. 
 
 
 
 
 
 
 
 
   
 

 

Breeding organizations and studbooks were 
established at the same time as improving the 
genetic material. 
 
People who had the same breeding goal 
organized themselves to realize their goal faster 
through collaboration. These people formulated 
an ideal image - in terms of appearance, use and 
performance - that they would strive for in their 
breeding. The breed standards were born with 
this. They also set the criteria against which all 
breeding animals and their products would be 

tested and evaluated. The process of “breeding” had started. They also started to properly 
register the breeding by means of studbooks. This usually involved working with closed 
studbooks very quickly, which resulted in closed populations.  
In a closed population animals with parents that were not registered in the system were no 
longer admitted to breeding.  
Breeding animals with the intended hereditary characteristics was given a great boost. 
These two factors are the basis for purebred breeding where improvement of the intended 
traits is central. They are also the basis of a process of declining genetic variability. 
 
 



 
 
Some examples: 
 Then      Now 
 
 
 

 
 
 

 
 
 
In pursuit of success, the breeders often and gladly sought out the genetic material of these 
highly inheriting animals. Thus these animals became the founders of their breed. 
 
As an example: Timber Van de Kilstroom as “Founder” of the Saarloos Wolfdog. This male 
appears 4 times in the first three generations of Enukin. Which gave Enukin an inbreeding 
rate of 55.90%. Timber still weighs heavily on the genetic material of this breed to this day. 
 



In the Fjord Horse, the stallions Range Rolv I 42, Njal 166, Kare 189, Baronen are eligible to 
be adorned with the title of “Founder”. However, they themselves were already the result of 
targeted selection in a limited population in a limited region. But this story of selection and 
combination in function of the intended result is not limited to the founders, “Founders”. 
Even today there are stallions who leave their mark on the breed more than others. For 
example, they spread their genetic material more widely among the population than others. 
They do this no longer only on a regional, but also on a national and international level. 
This was and is the custom in other races as well. Some examples: 
 

 
 
The pedigree of a Friesian horse: Naen 
 
This pedigree clearly shows the 
conscious choice of the breeders to 
select on the characteristics of the 
stallions Ritske P, Bouke P and Ynte. 
 
 
 
 
 
 
 

 
Another example: 
Pedigree of Tom van Carlenswinning, 
Belgian draft horse, inbred to 
Vainqueur and Hardi. 
 
The inbreeding rate is represented by 
“F” and varies from 0 to 1 (or from 0% 
to 100%) 
 
When we calculate the inbreeding 
rate of Tom in this pedigree, we find: 
FTom = 0.31 = (0.5) 2+ (0.5) 5+ (0.5) 5 
Vainquer = 0.25 
Hardi = 0.06 
 

 
In the selection to promote preferred properties, a reverse selection for undesired 
properties takes place at the same time. This is logic itself. 
But meanwhile an evolution is taking place that is irreversible: the relationship between the 
animals in a closed breeding population can only increase with each generation. With this 
increase in the relationship, the desired characteristics increase, but there is also an 
unwanted positive selection for a number of hidden defects of these “founders”. For 



example, hereditary diseases, which are initially almost invisible, can start to emerge more 
and more generation after generation. This did not only happen in animals. A high 
relationship can also be found in the pedigrees of human families with a clear health 
problem. 

 
 
A well-known example of this is the family tree of Charles II of Spain, who - increasingly 
common to his ancestors - suffered from a life with an oversized lower jaw, insanity, 
sterility…. The end of a royal bloodline. 
 
 
 
The list of hereditary defects in horse breeds is also 
not small. A selection from the wide range: 
Brachugnatia, Cerebellar ataxia, Cryptochidia, 
Hereditary Equine Regional Dermal Asthenia, 
Patellar Luxation, Severe Combined 
Immunodefiency, lethal White Disease   
 
 
 



Founders Genome:  
Loss over the generations 
 
Survival      Equivalents 

  
 4            4 

  
 
 
 
 4           2.5 

   
 
 
 

  2          1.3 

Many of these hereditary problems can be traced back to the success of some defining sires 
in the population. Along with their highly sought-after genes, errors that arise during the cell 
division of their reproductive cells also surfaced to the next generations. When these 
accumulated there, serious problems arose: hereditary problems that are difficult to reduce 
within closed populations and give rise to heated discussions and much animal and human 
suffering. 
 
With every generation in which selection is made within a closed population, an 
unintentional, but inevitable, loss of genetic material also occurs. 
 
 

 

 
 
 
 
It looks like there is a permanent leak in the pool of the 
genetic material. This leak cannot be closed! Genetic 
material disappears with each generation, reducing genetic 
variability. 
 
 

 
 
You can find an example of this in the population of the Holstein cows. 
Clearly and inevitably, the increase in inbreeding and the loss of genetic diversity go hand in 
hand. 
 
 
 
 



 

 
  males (▴) and females (■)  
 
This loss of genetic variability has its limits. At a certain point the genetic variability becomes 
so small that all animals become too closely related to each other that they are just as good 
as identical to each other. This makes breeding impossible. Major health and fertility 
problems can arise, which can lead to the end of a race, a species…. 
 
That is why it is very important that we recognize these problems in time, while we still are 
in the possibility to interfere, recognize the problems and take measures to limit a too rapid 
increase in the relationship and the inbreeding rate in a population. 
 
Because this      and this…. 
 
    is very difficult, 
                                in a closed breeding population …… 
 
 
 
The article referred to is a start in mapping this situation for the Fjord horse. However, it is 
still a very limited insight into the population. A broader study of the entire Fjord horse 
population would be very desirable. 
 
At the end of the article, the researchers formulate proposals to prevent too rapid 
relationship growth. These proposals require our attention as breeders and administrators 
of our studbooks. International consultation and coordination is imperative. 
 
Jan Verbeeck 
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