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Preface

This thesis is written as part of the Bachelor Dierwetenschappen at Wageningen University. The
study done for this thesis is commissioned by the Dutch breed associated for the Nederlandse
Schapendoes, ‘Vereniging de Nederlandse Schapendoes’. This association requested an analysis of
the population to have insight in the inbreeding, kinship and inbreeding rate in the population. By
writing this thesis a breeding advice can be given to ‘Vereniging de Nederlandse Schapendoes’

This thesis was written from March 2018 to July 2018 at the chair group Animal Breeding and

Genetics (ABG) of Wageningen University & Research. It is written under supervision of Jack Windig,

whom | would like to thank for his useful feedback which | received while writing this thesis.

Moreover, | would like to thank the ‘Vereniging de Nederlandse Schapendoes’ for providing me with

the database. | hope the results of this study will help the breed association to optimise their

breeding program.

Lobke Stilting
Wageningen, July 2018
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Summary

Inbreeding is a problem which occurs within many purebreds. When the inbreeding coefficient is too
high, problems like illnesses that did not show before will emerge. In this study the entire
Nederlandse Schapendoes population is analysed with special attention to the Dutch population,
since the aim is to give a breeding advice to the Dutch breed association on how to limit the
inbreeding in the population. This is achieved by analysing a database provided by this association on
their current population parameters and simulating the future. The database includes data of dogs
from 12 different countries/subpopulations of decent size and some smaller ones which were
classified as ‘others’. The simulation is done for the whole population.

The Nederlandse Schapendoes is a large breed with 900 to 1000 pups born each year. Of these pups
9% males and 15% females are used for breeding later in life, in the Dutch population these numbers
are respectively 8% and 13%. These numbers show that only a small fraction of dogs born is used for
breeding later in life. Within the group of breeding males, there is an uneven contribution of males
to the next generation. The top 10 males contribute 24%, while this should be around 10% with the
current number of 112 sires per year. Inbreeding can be limited when the breeding population is
enlarged and the contribution of males is more evenly distributed.

For the 5 largest subpopulations, including the Dutch, and for the whole population the inbreeding
rate was calculated. All inbreeding rates have declined since registration started and have been
roughly stable for at least the last decade. In the whole population, the current inbreeding rate is
0.53% and in the Dutch population 0.77%. The reason for the inbreeding rate being higher in the
Dutch population could be that this is the base population. Other populations decreased their
inbreeding by importing Dutch dogs but this method is impossible to use for the Dutch population.
The Dutch population is the main population; it was the first to exist and all other populations
descended from Dutch dogs. Within and between most subpopulations the kinship is 0.28 to 0.30.
The fact that the kinship in the other populations is so close to the Dutch kinship, which is 0.29,
means that there is exchange between the countries. Exchange is a way of reducing inbreeding, but
eventually the effect of exchanging will decrease when the populations get mixed too much. Because
this is the case nowadays, this way of decreasing the inbreeding cannot be used anymore. A
simulation is used to test in what way the breeding policy could be changed to minimise the
inbreeding rate.

The current breeding policy and three breeding methods which could possibly decrease inbreeding
rate were simulated. If the breeding policy is not changed the inbreeding rate will be 0.28%.

The simulation showed that the best way to decrease inbreeding rate is by focussing on kinship.
There are two ways to do this: minimise kinship between the parents or constrain kinship with
remainder of breed, which means that animals with a kinship higher than the average kinship are
excluded from breeding. On the short term the best breeding policy is to minimise the kinship (AF
0.25%) but on the long term the inbreeding rate is the lowest when the kinship is constrained (AF
0.17%).

This study showed that the inbreeding rate in the Nederlandse Schapendoes population is not too
high because it is not above the maximum 0.5-1% set by the FAO. Although there is no problem with
inbreeding yet, a problem could arise if the breed associations relax too much and stop paying
attention to inbreeding. To limit inbreeding rate in the future the breed association should adapt the
breeding policy and exclude animals with kinship above average from breeding.



Samenvatting

Inteelt is een probleem wat voorkomt binnen vele hondenrassen. Wanneer de inteelt coéfficiént te
hoog is kunnen problemen zoals ziektes die eerder niet aanwezig leken te zijn aan het licht komen. In
dit onderzoek is de gehele Nederlandse Schapendoes populatie geanalyseerd met speciale aandacht
voor de Nederlandse populatie. De reden hiervoor is dat het doel is om een fokadvies te geven aan
de Nederlandse rasvereniging over hoe de inteelt in de populatie gelimiteerd kan worden. Dit doel
wordt bereikt door het analyseren van een database, welke is aangeleverd door de rasvereniging, op
hun huidige populatie parameters en een simulatie van de toekomst. De database bevat data van
honden afkomstig uit 12 verschillende landen/subpopulaties van redelijk formaat en een aantal
kleinere die geclassificeerd zijn als ‘others’. De simulatie is gedaan voor de populatie als een geheel.

De Nederlandse Schapendoes is een groot ras waarvan per jaar 900 tot 1000 pups worden geboren.
Van deze pups wordt 9% reuen en 15% teven gebruikt voor de fok later in hun leven, in de
Nederlandse populatie zijn deze getallen respectievelijk 8% en 13%. Deze getallen laten zien dat
maar een fractie van de geboren honden wordt gebruikt voor de fok. Binnen de groep van fokreuen
is een oneven verdeling in de bijdrage aan de volgende generatie. De top 10 reuen dragen 24% bij
terwijl dit rond de 10% zou moeten zijn met het huidige aantal van 112 fokreuen per jaar. Inteelt kan
gelimiteerd worden door de fokpopulatie te vergroten en de bijdrage van reuen gelijker te verdelen.
Voor de 5 grootste subpopulaties, waaronder de Nederlandse, en voor de gehele populatie is de
inteelttoename berekend. De inteelttoename is voor alle populaties afgenomen sinds de registratie
van honden is begonnen en is in alle gevallen voor tenminste het laatste decennium om en nabij
constant gebleven. De huidige inteelttoename in de hele populatie is 0.53% en in de Nederlandse
populatie 0.77%. Een mogelijke reden dat dit getal hoger ligt in de Nederlandse populatie is dat dit
de basis populatie is. Andere populaties hebben de inteelt laten afnemen door honden uit Nederland
te importeren maar deze methode is onmogelijk te gebruiken voor de Nederlandse populatie.

De Nederlandse populatie is de hoofdpopulatie; hij bestaat het langste en alle andere populaties
stammen af van Nederlandse honden. Binnen en tussen de meeste subpopulaties ligt de
verwantschap tussen 0.28 en 0.30. Het feit dat de verwantschap in andere populaties zo dicht bij de
Nederlandse verwantschap ligt, welke 0.29 is, betekent dat er uitwisseling is tussen de landen.
Uitwisseling is een manier om de inteelt te verlagen maar uiteindelijk zal het effect verminderen
wanneer de populaties te veel gemixt zijn. Omdat dit tegenwoordig het geval is kan deze manier van
inteelt verminderen niet meer worden toegepast. Een simulatie wordt gebruikt om te testen hoe het
fokbeleid veranderd zou moeten worden om de inteelttoename te minimaliseren.

Het huidige fokbeleid en drie fok methoden die mogelijk de inteelttoename kunnen doen afnemen
werden gesimuleerd. Wanneer het fokbeleid niet wordt aangepast zal de inteelttoename 0.28% zijn.
De simulatie laat zien dat focussen op verwantschap de beste manier is om de inteelttoename te
doen afnemen. Dit is mogelijk op twee manieren: minimaliseer de verwantschap tussen ouders of
beperk de verwantschap binnen de rest van het ras, dit houdt in dat dieren met een verwantschap
hoger dan het gemiddelde worden uitgesloten van de fokkerij. Op de korte termijn is het
minimaliseren van de verwantschap de beste optie (AF 0.25%) maar op de lange termijn is de
inteelttoename het laagst wanneer de verwantschap wordt beperkt (AF 0.17%).

Dit onderzoek heeft laten zien dat de inteelttoename binnen de Nederlandse Schapendoes populatie
niet te hoog is omdat het zich nog onder het FAO-maximum van 0.5-1% bevindt. Alhoewel er nog
geen probleem is met inteelt kan dit mogelijk wel optreden als de fokverenigingen minder opletten
en hun aandacht voor inteelt verslapt. Om de inteelttoename in de toekomst te beperken zal de
fokvereniging hun fokbeleid moeten aanpassen en dieren met een bovengemiddelde verwantschap
moeten uitsluiten van fokkerij.



1. Introduction

1.1 Domestication

Dogs have been domesticated for 14000 years (Serpell, 1995). Because domestication occurred on
different continents, there was already a variety between the genes of domesticated dogs in
different parts of the world from early domestication on (Oldenbroek & Windig, 2012). This variety
became bigger over time and with people starting to breed with the domesticated dogs. Some
people preferred certain looks or characters so they decided they wanted more dogs with these
characteristics. This would eventually become a breed. A breed origins when a group of dogs with
similar traits lives in a situation and environment that tends to make the variation within the group
smaller. This results in the group getting its own set of traits and eventually becoming a breed
(Vereniging 'De Nederlandse Schapendoes, 2000).

1.2 Inbreeding

Inbreeding occurs when related dogs mate with each other and can happen unintentionally or
forced. Forced inbreeding is a result of the breeding population being too small and this will
eventually lead to loss of genetic diversity within the population called random drift. Related dogs
have the same alleles for certain genes and when these dogs breed there is an increased chance for
the offspring to be homozygous for a locus which means there is a loss of alleles. To limit forced
inbreeding and loss of diversity it is necessary that enough breeding animals are used in each
generation, ideally more than 1000 breeding animals should be used. Besides having a big breeding
population, the population structure is important as well. The population structure determines the
contribution of each animal to the next generation. To limit inbreeding the contribution to the next
generation should be equally distributed among the animals (Oldenbroek & Windig, 2012).

A way to decrease inbreeding is to cross the animals with animals from a different population.
Animals from different populations are less related to each other, have a low kinship, which means
that this cross will bring the average inbreeding coefficient in a generation down.

The more related the sire and dam are, the higher the inbreeding coefficient of the offspring will be.
Because the inbreeding coefficient is not heritable it is more important to look at kinship of the sire
and dam. Kinship shows what the inbreeding coefficient of offspring will be if two animals mate. By
calculating this before mating we know in advance what the inbreeding coefficient of the offspring
will be and therefore if it is a good idea to mate or not.

More important than the inbreeding coefficient is the inbreeding rate (AF). This is the difference in
average inbreeding coefficient between generations. When this number is high it means that the
inbreeding is increasing fast and there will be a higher chance for loss of genetic diversity and/or
inbreeding depression.

. Fy—Fp_ . . . L . .
Inbreeding rate AF = % where F; is the average inbreeding coefficient in a generation and Fy; is
—ft-1

the average inbreeding coefficient in the next generation. According to the FAO the inbreeding rate
should be at maximum between 0,5 and 1,0 %.
The inbreeding rate can not only be calculated for current generations but it can also be calculated

for a future generation which can be useful when deciding on the size of the breeding population.
1 1 . .
AF = v aNF Where Nm and Nf are the number of males and females used as breeding animals.
This formula shows that the more equal the number of sires and dams is the lower the inbreeding
rate will be, however, this formula is always an overestimate since it assumes equal chances of

getting offspring for all males and for all females (ABG-20306, 2016).



1.3 The Nederlandse Schapendoes

The Nederlandse Schapendoes is one of 9 Dutch dog breeds (Hoving & Cnossen, 2009). The breed
originates in 1947, when a small group of 40 to 50 similar looking dogs was selected and kept as a
closed population. All dogs in this population were non-breed dogs so the variation was large, but by
breeding without adding new dogs to the population the variation got smaller and the Nederlandse
Schapendoes as we know now was made (Vereniging ‘De Nederlandse Schapendoes’, 2000). In 1971
the Nederlandse Schapendoes was officially acknowledged as a breed and from then on only
registered dogs could be used for breeding (Vereniging ‘De Nederlandse Schapendoes’, 2017a).
Nowadays the breed is also kept in other countries of which most have their own breed association.

The Nederlandse Schapendoes is a light-footed, long haired breed. They are dogs with a lot of
endurance, intelligence, speed and jumping qualities which makes them good herding dogs (Raad
van Beheer, n.d.). Some heritable disorders are known to occur within the breed. The Nederlandse
Schapendoes is especially prone to eye diseases. Diseases that are seen most are:

- PRA (Progressive Retinal Atrophy), a disease which affects the retina and can eventually lead
to blindness. A DNA test for this disease is compulsory before animals can be used for
breeding.

- Cataract

(Vereniging ‘De Nederlandse Schapendoes’, 2018)

1.4 Breed Association (Vereniging ‘de Nederlandse Schapendoes’)
The breed association ‘Vereniging de Nederlandse Schapendoes’ aims to keep the breed healthy by
always looking at the breed as a whole; breeders have to keep in mind the whole population when
breeding and not think about individual dogs (Vereniging ‘De Nederlandse Schapendoes, 2017b). To
achieve this there are strict breeding regulations.
- All animals need to complete a health test before being used as a breeding animal.
- The same parent combination is only allowed twice.
- Females are not allowed to mate with close family; (half)brothers, one of their parents’
(half)brothers or a direct child of their (half)brother or (half)sister.
- Males should be at least 21 months old and can’t have more than 3 litters within 24 months.
- Females should be at least 24 months at their first mating, can’t mate after 96 months and
can have a maximum of 4 litters in their lives.
(Vereniging ‘De Nederlandse Schapendoes’, 2018)

1.5Aim & research questions
Aim
The aim is to give a breeding advice to ‘Vereniging de Nederlandse Schapendoes’.

Research questions
1. What is the population structure?
2. What is the current inbreeding level and what is the inbreeding rate?
3. What is the difference between the different subpopulations (countries)? Is there exchange
and/or should this be considered?
4. What will be the effect of different breeding policies on the inbreeding rate?



2. Material and method

2.1 The data

The data was provided by the ‘de Nederlandse Schapendoes’ association in an Excel sheet. The Excel
sheet included data of 27,513 dogs from one population, the breed the Nederlandse Schapendoes,
divided over different subpopulations. The subpopulations consist of dogs registered to breed
associations in different countries. The information in the datasheet that is used for this thesis is:
Registration number, Name, Sex, Date of Birth, Registration number father, Name father,
Registration number mother and Name mother.

Subpopulation Number of dogs
Other 505
LO = Italy (IT) 273
CKC = Canada (CA) 338
LOSH = Belgium (BE) 385
NKK and NO = Norway (NO) 467
OHZB SCH = Austria (AT) 496
SHSB = Switzerland (CH) 573

Fl and FIN = Finland (FIN) 1579
DKK and DK = Denmark (DK) 1581
SKK and SE = Sweden (SE) 2515
VDH = Germany (DE) 2717
LOF = France (FR) 3095
NHSB = the Netherlands (NL) 13016

Table 1 Abbreviation in registration numbers, the country they belong to (FCI, 2018) and number of registered dogs

Adjustments of the data:
- The subpopulations with less than 200 animals were combined in the group named ‘other’.
- SKK and SE are combined because they are both Swedish.
- DKK and DK are combined because they are both Danish.
- Fland FIN are combined because they are both Finnish.
- NKKand NO are combined because they are both Norwegian.

2.2 Analysis

The data is analysed using the computer program ‘Inteeltmonitor’. The excel data file is uploaded as
a csv file after which the program can run the analysis. The first time the program will run without
subpopulations. Any data errors that are shown in the output will be checked and, if possible,
corrected in the data file. Errors could be dogs that were born before their parents or unrealistic data
such as litters of 20 pups. After the corrections have been saved the program can be run again.

The second time the program will run with subpopulations.

The Inteeltmonitor output is further analysed using excel. Most results in the graphs and figures are
shown from 1980 onwards because this is the first year more than 100 dogs in total, male and
female, were born. Graphs about inbreeding and pedigree completeness are shown from 1967 to get
a more complete view on how these parameters changed. 1967 is chosen because from this year
there has always been a minimum of one birth per year so there are no empty spaces in the graphs.
The following population parameters were visualised in graphs.

Animals used for breeding
This shows how many animals born in a year are used for breeding later in life. If only a small fraction
of the animals is used for breeding this will result in a higher inbreeding rate.



Generation interval

The average age of mothers and fathers born in a year is calculated. This is important to know
because the generation interval influences the inbreeding. When the parents are young the
generation interval is short and inbreeding increases faster.

Litter size

Litter size is shown as an average per year and as the mode for each year. The mode is the litter size
which is most common in a year and does not exist when more than one litter size is the most
common. 4 litters were corrected for their size because they were from the same parents who had
two litters in the same year, the Inteeltmonitor read this as one big litter.

Pedigree completeness

Animals that have no known ancestors, so the ancestors are not part of the database, will have an
inbreeding coefficient and kinship of 0. When the pedigree is complete the calculation of average
inbreeding coefficient will be more reliable. Pedigree completeness was measured in two ways.

- Average generation equivalent is the sum of all known ancestors. The value of each ancestor
is 1/2"with n being the number of generations between the individual and its ancestor. An
animal with many known ancestors will have a high generation equivalent.

- Completely known generations ranges from 1 to more than 5. The best result is when 100%
of animals have more than 5 fully known generations.

Champion sires/Most used sires

The champion sires are the 10 sires with the largest contribution to the next generation. When sires
are selected randomly the contribution to the next generation would be about the same for each
sire. These results show how random the sires have been selected. In a healthy population, the
contribution of the top sires should not be too big to keep inbreeding and kinship low.

Inbreeding and kinship

It is important to see how the inbreeding coefficient and kinship change over time. Inbreeding
coefficient (F) and kinship (f) were calculated by the Inteeltmonitor.

The graph from which inbreeding rate can be derived is made by plotting In(1-Ft) against t, where Ft
is the inbreeding coefficient in the current generation and t is time in years. The slope of the graph is
equal to -AF. By multiplying this number by -1 and the generation interval, you get the AF per
generation. Because there is variation in inbreeding rate the graph is divided in several periods.
These periods all get their own trend line to show how inbreeding rate has changed throughout the
periods.

Nederlands Honden StamBoek (NHSB) — the Dutch population
Because this thesis is commissioned by the Dutch breed association special attention will be paid to
the Dutch population. Parameters shown in the results are;

- Distribution among subpopulations, to show what part of the total Nederlandse

Schapendoes population is registered to the NHSB.

- Animals used for breeding

- Generation interval

- Pedigree completeness

- Inbreeding and kinship

Subpopulations
Output was also generated with subpopulations so they could be compared to each other.



- Distribution of population among subpopulations. This will show which subpopulations have
the most registered dogs. For some of the other parameters only the largest subpopulations
will be used.

- Ancestry of subpopulations. This shows from which subpopulations a dog’s parent originate.

- Kinship and inbreeding within subpopulations.

- Kinship between subpopulations. These results show if there is exchange between countries
or if they are closed populations.

2.3 Simulation of the future

A simulation of the future is made using the program Genetic Management Simulation, GenManSim
for short. By doing so, the effect of the current breeding policy and possible changes in this policy on
the inbreeding rate can be predicted. GenManSim does its calculations with the assumption of the
input being an unrelated population, this means that the first years of the simulation the inbreeding
coefficient will be lower than its current value.

The data is calculated from the database with the whole Nederlandse Schapendoes population. An
average is taken from the years 2013-2017 to get more reliable data than when only 2017 is
considered. Numbers related to the breeding policy are extracted from the breeding policy of the
breed association (Vereniging ‘De Nederlandse Schapendoes’, 2018). Input for data on population
size and breeding policy is shown in table 2.

Parameter Input

Number of years 100

Number of repeats 25

Number of breeding males 112

Number of breeding females 150

Number of litters per year 150

Number of champion sires and their % 10 sires, 24%
contribution

Age female at 1%t litter (in months) 24

Maximum number of females serviced per 3

male/year

Maximum number of females serviced per 15

male/life

Maximum number of sons selected as breeding 1000 (No maximum)
male per male dog

Maximum kinship allowed between parents 1 (No maximum)
Maximum inbreeding allowed per animal 1 (No maximum)
Maximum number of litters per female/life 4

Table 2 Standard input GenManSim (Data is an average over 2013-2017 and based on the breeding policy 2018)

Other data that should be entered into the program is biological data. This includes the parent’s age
structure, as shown in table 3, and the litter size, which is shown in table 4 on the next page.




Age Fathers Mothers

1 5 2
2 14 18
3 20 24
4 18 19
> 15 17
6 9 12
7 9 7
8 5 1
9 3 -
10 1 -
11 1 -
12 0 -
13 0 -

Table 3 Age structure parents: percentage of offspring that has a parent of a certain age, averaged over 2013-2017.

For mothers and fathers separately the age structure was calculated as an average over the past 5
years. For each age, 1 through 13, the average occurrence was calculated and these were added up
to get the total number of fathers/mothers. The occurrence of each age is divided by the total
number of fathers/mothers and multiplied by 100 to get a percentage. The percentages for each age
were rounded to a whole number and add up to 100%.

Litter size Percentage
1 4
2 4
3 5
4 9
5 16
6 18
7 19
8 11
9 8
10 4
11 1
12 1
13 0
14 0

Table 4 Litter size: percentage litters of a certain size, averaged over 2013-2017.

The percentages for litter size are calculated the same way as the parents’ age structure. The average
occurrence over the past 5 years is divided by the total number of litters and multiplied by 100 to get
a percentage.

After the program has first generated an output with the current breeding policy, adjustments to the
breeding policy can be made. The adjustments made are the following:

Minimise kinship between father and mother

The first adjustment made is minimising the kinship between the parents. In GenManSim under the
tab breeding policy, this box can be ticked. When the parents are chosen, it is tried to keep their
kinship as low as possible.




Constrain mean kinship with remainder of breed

Just as the first adjustment, the box constrain mean kinship can be ticked under the tab breeding
policy. The average kinship between a dog and the other breeding animals is calculated and after this
the average for all breeding males and females is calculated. Dogs with a kinship higher than this
average are excluded from breeding (Oldenbroek & Windig, 2012).

More females serviced per male per life and per year

The breeding policy states that males can service 3 females per 24 months. This means that at
maximum they can service 3 females per year and this adds up to approximately 15 females per life.
To see if this is a good policy, it is simulated what effect it has if the policy is less strict and if it is
stricter. The effect of a less strict policy is tested with the following input: Maximum 4 females
serviced per male per year and 20 per life.

Less females serviced per male per life and per year

The effect of a stricter breeding policy regarding females serviced per male is tested with the
following input: Maximum 1 female serviced per male per year and 10 per life.

3. Results

3.1 The whole population
Animals used for breeding
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Figure 1 Number of animals born per year used or not used for breeding later in life

The number of dogs born per year was increasing until 2002 and from then till 2012 it was stable
between 900 and 1000 (Figure 1). From 2013 onwards the number of dogs born has been decreasing.
If we look at how many animals are used for breeding later in life, this is on average from 2000 to
2013 9% of males and 15% of females born. There is an increase in animals used for breeding but this
coincides with the increase in total dogs born.
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Figure 2 Cumulative percentages of animals used or not used for breeding later in life

Figure 2 shows that the distribution male-female is 50/50 in the total Nederlandse Schapendoes
population. However, the percentage of dogs used for breeding is not divided evenly. In the past 10
years, around 5% of dogs became a sire and 10% became a dam.

Generation interval
6

Average age
w

0
1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016

Year of birth

e Fathers == Mothers
Figure 3 Parents’ average age when they get a litter

Figure 3 shows the average age of the sire and dam when their litter is born on the y-axis against the
birth year of the parents on the x-axis. The graph shows no big difference between the age of
mothers and fathers, however, overall the mothers seem to be younger than the fathers.

In the period 2010 to 2017 the mothers were younger than the fathers for several years in a row.
The average age of the parents shows a slight increase when 2017 is compared to 1980. Overall the
average age of both parents combined, so the average generation interval, is 4.4.
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Litter size
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Figure 4 Litter size per year

The average and most common litter size of litters born in each year from 1980 to 2018. Even though
the average litter size is stable, the mode shows variation. In almost all years shown in the graph the
mode is higher than the average which means that there must be relatively more small litters to
compensate the mode and get to this average The average is 6 pups per litter and the highest mode

is 8 pups in 2005 (Figure 4).

Pedigree completeness
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Figure 5 Cumulative percentage of animals with a certain number of generations fully known
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Figure 6 Average generation equivalent of animals born in a year

Figure 5 shows the percentage of the population for which a certain number of generations is fully
known. From 1967 to 1989 the graph shows a decline in dogs with less than 5 generations known. In
1975 80% still had less than 5 generations of known ancestors but this quickly declined. From 1990
almost 100% of the population had more than 5 known generations.

The average generation equivalent is increasing (Figure 6). Figure 5 shows that for the past 10 years
not much has changed because the highest value y can take is >5. If we look at figure 6 we can see
that there certainly have been changes these past years. The average generation equivalent is
increasing which means that even more than 5 generations are known and the number of known
ancestors keeps increasing.

Most used sires
Year

Number of sires

Name most used sire

Registration number
most used sire

2002 107 Akeem Naomivan het NHSB 2269950
Haske

2003 106 Ferry van het NHSB 2141897
Rollecaterd

2004 102 Caruso de la Richesse OHZB SCH 315

2005 105 Chinook de la Richesse  SKK 14930/2003

2006 114 Myckos Asti van het NHSB 2067846
Haske

2007 113 Adidas de la Vall..e du SKK S66387/2005
do

2008 112 Carnac’s X-Man SESE 30246/2006

2009 113 Jannes (XHOFM) NHSB 2535439

2010 116 Wilco Raqui van het NHSB 2658101
Haske

2011 116 Exquisite Ezrah Des ESE 35374/2016
Uns

2012 111 Tiny Scoundrel Benny ~ NHSB 2822828

Hill
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2013

2014

2015

2016

2017

Table 5 Most used sire in the past 15 years

In table 5 it can be seen that in this decade it occurred twice that the same sire was the most used

115

111

114

106

104

Exquiaite Ezrah Des
Uns

Tiny Scoundrel Benny
Hill

Anton Goes for Glori
Van

I’'m Mac Intosh van
Schlee

Tsjerk Dieke F-N ...
W-LDBL

ESE 35374/2016
NHSB 2822828

VDH/IGS 11/063
VDH/IGS 10/063

NHSB 2998797

male two times in 3 years time (Exquisite Ezrah Des Uns in 2011 and 2013; Tiny Scoundrel Benny Hill
in 2012 and 2014). The table also shows that 102 to 116 sires are used each year which means that if
they were chosen randomly, they all would contribute around 1% to the next generation.

Contribution to next generation in %
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2 M3 4 m5 m6 m7 m8 m9 W10

Figure 7 Contribution to next generation in percentage for the top 10 sires

In 1980 the 10 sires who conceived the most offspring contributed to 80% of the next generation
(Figure 7). With time the total number of sires is increasing and the contribution of the top 10
champion sires is decreasing. The past 15 years the champion sires contributed to 20 to 25% of the

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

next generation which shows that the sires are not chosen randomly. If we look at what part the 10
sires play in this 20-25%, we can see that in 2012 the number one sire contributed 6% which is more
than the other sires. In 2016 it was more evenly distributed among the 10 sires and the number one
sire contributed only 0.5% more than the other top 5 sires.
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Inbreeding and kinship
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Figure 8 Inbreeding and kinship

Inbreeding and kinship do not differ much from each other; they have close values and show similar
fluctuations. In the past 38 years, the inbreeding coefficient has increased with 4,3% and the kinship
with 3,5%. (Figure 8) The first half of the graph shows unstable lines but in the second half the lines
show stability. The current values for both inbreeding and kinship are a little higher than 0.29%.

0
1960 1970 1980 1990 2000 2010 2020
-0.1
[ J
-0.2 ¢
® 1967-1980
® 1980-1998
™
i s ® 1998-2017
o
e T RO ™ S T O Linear (1967-1980)
--------- Linear (1980-1998)
-0.4
--------- Linear (1998-2017)
-0.5
-0.6

Year

Figure 9 Natural logarithm of 1-F plotted against time in years, the slope of the trendline is equal to -AF (Data is based on a
generation interval of 4.4 years).
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The inbreeding rate is divided in three periods based on figure 8. The first period is 1967-1980 where
the inbreeding shows instability with in- and decreases. In this period the inbreeding rate is 2.49%
(Figure 9). The second period ranges from 1980 to 1998. This period shows a strong increase as well
but it is much more stable than the first period, the inbreeding rate is 1.19% (Figure 9). Period
number three is the last period and ranges from 1998 up to now. As seen in figure 8 this period
shows a constant moderate increase and the inbreeding rate is 0.53% (Figure 9).

3.2 Nederlands Honden Stamboek (NHSB)
Distribution among subpopulations

Subpopulations

1200
1000
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40

o
|

20
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Figure 10 Distribution of population amongst 13 subpopulations

The population is divided over 12 subpopulations of decent size and a couple of smaller ones which
are combined in one group. This graph shows that the main subpopulation is from the Netherlands, it
has always been there and is stable in its size (Figure 10). In 1980 the only other subpopulations,
although small, were in Switzerland and Denmark. Most subpopulations had their first registered
dogs in 1985. In 1987 the first dogs were registered to the French population. France grew to be the
second largest subpopulation after a few years but less dogs were registered and from 2002 onwards
France lost its second place. In recent years, the largest subpopulations after the Netherlands were in
Germany and Sweden.
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Animals used for breeding
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= Females not used for breeding B Females used for breeding
Figure 11 Animals per year of birth used or not used for breeding later in life

The number of males born and used for breeding later in life has always been between 10 and 20 on
average and has not increased since 1980, while the total number of males born did increase (Figure
11). This means that a smaller fraction of the males is used for breeding nowadays than in 1980.
From 2000 to 2013 on average 8% of males and 13% of females is used for breeding. Especially in the
middle of the graph, where there is an increase in total births, it shows more females are used for
breeding later in life than males.
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Generation interval
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Figure 12 Parents' average age when the litter is born

Figure 12 shows that from 1980 to 1993 it switched around if the males or females were older on
average. From 1994 almost every year the males were on average older than the females. The
females show an average age between 4.0 and 4.9 while the males show an average age between 3.7
and 5.9. An interesting year is 2010. In this year, the average age of males showed an increase of 0.5
year while the females’ average age decreased with 0.41. This is the year with the most difference
between the male and female age.

18



Pedigree completeness
100%

90%
80%
70%
60%
50%

40%

Cumulative % of total

30%

20%

10%

0%

N O = MO I N O A4 0 N~ O A M n NS OO 9 M n N 0O A NN~

O O N IS IS N N 00 00 00 600 00 OO OO OO OO OO © O O O O W o o

a OO O O O O O OO O 0O O [e)] oo oo O O O O O O O o o

T = - H H e H H 1 H 1 AN AN NN NN AN NN
Year of birth

Figure 13 Cumulative percentage graph of fully known generations

m>5
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The graph above shows what percentage of dogs born in a year has a certain number of fully known
generations (Figure 13). In 1975 all dogs had 3 or more fully known generations. From 1991 all dogs

had more than 5 fully known generations with a small fallback to some dogs with 4 generations

in

2013. Because the highest number of generations this graph shows is >5 it is not clear if there is still

an increase in number of known generations after 1991. To know if there is still an increase the
generation equivalent in the next figure is used.
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Figure 14 Average generation equivalent

Figure 14 shows a steady increase in generation equivalent which is what is expected with a

complete pedigree.

Inbreeding and kinship
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Figure 15 Inbreeding coefficient and kinship per year
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Kinship is a little higher than inbreeding coefficient except for 1983 (Figure 15). Both kinship and
inbreeding coefficient show an increase. The current values for inbreeding and kinship are around
0.30%

0
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-0.1
-0.15

..® ® 1967-1980
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03 ", 000°®.0 . | eeeeens Linear (1980-2017)

-0.35 o’

-0.45

-0.5
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Figure 16 The natural logarithm of 1-F plotted against time in years, the slope of the trend line is equal to -AF. (Data is
based on a generation interval of 4.4 years)

Figure 16 displays the inbreeding rate for the Dutch population. The inbreeding is divided in two
periods based on Figure 15. Period one ranges from 1967 to 2008 where the inbreeding graph is not
constant. The inbreeding rate in this period is 2.17% (Figure 16). From 1980 to 2017 is the second
period. This period shows a stable increase and the inbreeding rate is 0.77% (Figure 16).
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3.3 Subpopulations

Subpopulations in 2017

Switzerland
2%

B the Netherlands B France B Germany Sweden
M Finland W Switzerland B Austria B Norway
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Figure 17 Population structure in 2017

B Denmark

H Belgium

Figure 17 shows the relative size of the subpopulations in 2017. The Netherlands is the largest
subpopulation with Sweden not too far behind, 52% of the total population is registered to one of
these subpopulations. Three quarters of all dogs, 74%, is registered to the 4 largest subpopulations.
This shows that even though there are 12 individual subpopulations that were previously considered
to be of decent size, most of them are only a fraction compared to the largest subpopulations.

Ancestry of subpopulations

Pup/Parents

NL
FR
DE
SE
DK
FIN
CH
AT

NO

BE

CA

IT
Other

NL FR DE SE DK FIN CH AT NO

24953 95 396 159 185 13 29 19 0
224 5784 67 25 8 2 29 3 0

1261 74 3597 21 171 2 145 118 10
363 57 54 3941 279 180 14 19 88

420 1 76 142 2512 O 0 0 6
172 53 7 95 21 2804 O 1 0
255 65 98 2 5 0 676 6 0

0

140 1 39 0 0 2 21 | 766

88 0 22 367 9% 32 0 9

257 43 106 O 7 0 0 0
29 16 2 0 2 0 1 0 0
80 6 7 0 3 0 81 0 0
362 55 55 5 7 4 7 15 0

Table 6 Ancestry of subpopulations
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The diagonal from the top left corner to the bottom right corner in table 6 shows that most pupsin a
subpopulation are born to parents from that same subpopulation. The columns show how many
pups were born to a parent of a particular subpopulation. If the diagonal is left out, so we do not look
at numbers of dogs from the same population as their parents, we can see how many dogs are born
to a parent from a different subpopulation. This shows if there is exchange between the populations.
The first column shows the highest numbers meaning that most dogs which have a parent from
another population, have a Dutch parent.

Kinship and inbreeding within subpopulations

Inbreeding coefficient and kinship NL Inbreeding coefficient and kinship FR
0.35 0.38
0.3 0.36
0.25 0.34
0o 0.32
' 0.3
0.15 0.28
01 0.26
0.05 0.24
0 0.22
~ o o €6 o)) ~ [T 0 — < ~ o o € o)) ~ n [Fp] ~ (o)} — o n ~ ()] — o n ~ ()] i o [Tp] ™~
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Year of birth Year
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Figure 18 Inbreeding coefficient and kinship for the 4 largest subpopulations
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Above the graphs are shown for inbreeding coefficient and kinship in the four biggest subpopulations

(Figure 18).
- DE shows in the beginning, when the subpopulation just started, a big difference between

kinship and inbreeding but from 2002 these values are close and parallel to each other.
Inbreeding coefficient increased by 0.05 and kinship decreased by 0.06. In the last years
shows in the graph DE shows similar values as NL.

- FR shows decreasing values for both parameters. Inbreeding coefficient decreased by 0.05
and kinship by 0.03. In recent years, the inbreeding coefficient and kinship in FR are higher

thanin NL.
- SE shows a peak in 1995 after which the line goes down steeply, there were probably no new

registrations in 1996 so for further analysis we do not look at this peak. In 1997 the kinship
started higher than the inbreeding coefficient but these lines came closer to each other in

the coming years, just like in DE. Kinship decreased by 0.06 and inbreeding coefficient
increased by 0.019. Nowadays, SE shows values like those of NL.

0.34
0.33
0.32
0.31

0.3
0.29
0.28
0.27
0.26
0.25
0.24

Inbreeding coefficient

1980

Figure 19 Inbreeding coefficient for 5 biggest subpopulations

Figure 19 compares the inbreeding coefficient for the 5 largest subpopulations. NL shows the most
stable line and longest existing line. The other lines are all fluctuating around this line, especially in

AN <

1995

1983

1989 1992

FR

2001 2004

Inbreeding coefficient 5 biggest subpopulations

2007

SE e FIN

the early years. From 2007 all subpopulations, except FR, show stability.

2013 2016

NL FR DE SE
1967-1980 | 2.17 1985-2008 | -0.08 1986-2000 | 0.59 1997-2008 | -0.64
1980-2017 | 0.77 2008-2017 | 0.69 2000-2017 | 0.55 2008-2017 | 0.57
Overall 0.99 Overall -0.21 Overall 0.55 Overall 0.05

Table 7 Inbreeding rate in the 4 largest subpopulations for different time periods. (Data is based on a generation interval of

4.4 years)

Table 7 shows the inbreeding rate for the 4 largest subpopulations. For all subpopulations, the

inbreeding rate is divided in two periods, the first when the subpopulation had just started to exist
and the second in the more recent years. NL and DE show in the first period a higher inbreeding rate
than in the second period in contrast to FR and SE which show a lower inbreeding rate in the first
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NL
FR
DE
SE
DK
FIN
CH
AT
NO
BE
CA

period. In the second period the inbreeding rate in DE and SE are close to each other, the other two
subpopulations show a higher inbreeding rate. Overall NL shows an inbreeding rate that is much
higher than the other subpopulations.

Kinship between subpopulations

FR DE SE DK FIN CH AT NO BE CA
0.284 0.293 | 0.290 0.294 0.287 0.292 0.291 0.290 0.292 0.292
0.285 | 0.287 | 0.287 0.281 0.288 0.277 0.285 0.296 0.289
0.292  0.296 0.287 0.295 0.292 0.292 0.292 0.292
0.298 0.289 0.291 0.294 0.297 0.295 0.290
0.291 0.299 0.292 0.298 0.293 0.292
0.289 0.286 0.288 0.288 0.287
0.287 0.290 0.293 0.293
0.290 0.291 0.293
0.313 0.312
0.295

Table 8 Kinship between subpopulations

The lowest kinship is 0.277, between FR and AT. The highest kinship is 0.313, between NO and BE
(Table 8). These numbers show that there is not much spread of the kinship and the numbers are all
close to each other. Furthermore, none of the subpopulations show a clearly higher kinship with NL,
which is the main subpopulation, or their neighbouring countries.

3.4 Simulation

Standard input
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0.04 e \ean F
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Inbreeding coefficient
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1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96
Years

Figure 20 Inbreeding coefficient in the future when the breeding policy is not changed

The simulation (Figure 20) shows that with the current breeding policy the inbreeding rises with a
mean inbreeding rate of 0.28%.
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Minimise kinship between parents
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Figure 21 Inbreeding coefficient in the future when the kinship between the parents is kept at a minimum

Figure 21 shows what will happen to the inbreeding coefficient if the kinship between the parents is
minimized. In the first 10 years, there is no increase of the inbreeding coefficient. After this there are
no more unrelated parents and there is a stable increase with an average inbreeding rate of 0.25%.
This figure shows not much variation between the minimum and maximum inbreeding coefficient.

Constrain kinship in population
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Figure 22 Inbreeding coefficient in the future when the kinship within the population is constrained

When the kinship in the population is constrained, the inbreeding coefficient rises with a more
fluctuating slope (Figure 22) than with the other adjustments. Also, there is more variation between
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the minimum and maximum inbreeding coefficient than in figure 21. This breeding policy shows a
low mean inbreeding rate of only 0.17%.

More females serviced per male
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Figure 23 Inbreeding coefficient in the future when more females are serviced per male/life

The effect of having 20 females serviced per male per life instead of 15 is that the inbreeding
coefficient rises with a higher inbreeding rate of 0.32% (Figure 23) as compared to the current
breeding policy where it rises with 0.28% (Figure 20).
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Less females serviced per male
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Figure 24 Inbreeding coefficient in the future when less females are serviced per male/life

Figure 24 shows that when less females, 10 per male’s life instead of 15, are serviced the inbreeding
rate goes down to 0.25%.

Current policy | Minimise Constrain More females | Less females
kinship kinship serviced serviced
AFin % 0.28 0.25 0.17 0.32 0.25

Table 9 AF for the current breeding policy and the simulated adjustments

Table 9 summarises the inbreeding rate for the simulated breeding policies to make an easier
comparison. The only adjustment that results in a much lower inbreeding rate is to constrain the
kinship in the population, when this method is applied the inbreeding rate declines with 0.11%.

4. Discussion
The aim of this study is to give a breeding advice to ‘Vereniging de Nederlandse Schapendoes’ and to
reach this aim four research questions were set. A short summary of the results that answer the
research questions is shown below, an elaboration on these answers is given in the rest of the
discussion.
- Population structure: 9% of males and 15% of females is used for breeding. The 10 most used
sires contribute to 24% of the next generation.
- Fand AF: The current inbreeding level is 29% with an inbreeding rate of 0.53%.
- Subpopulations: All countries’ populations descended from the Dutch population and there is
still exchange between the countries.
- Simulation breeding policies: The breeding policy which has the best effect on inbreeding
rate is to constrain the kinship.

The data

The Dutch breed association provided a very complete dataset with a nearly complete registration of
dogs since 1967 and almost no unrelated dogs added to the database since 1990. Only two small
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changes had to be made to the dataset, the first because the Inteeltmonitor did not register the data
correctly and the other was a mistake in the dataset that made the results less understandable.
There were several sire/dam combinations which had a litter twice in the same year and these were
registered as one big litter by the Inteeltmonitor. These litters were manually registered as separate
litters in the results. The other problem with the dataset was regarding the registration numbers and
subpopulations. All subpopulations/countries were indicated by a letter combination in the
registration numbers. Only one subpopulation, LO, did not have a clear country of origin. After
researching some of the kennel names belonging to these registration numbers and discussing the
case with Laura Roest, who works at the Raad van Beheer, we concluded that LO probably origins in
Italy.

Population structure

The Nederlandse Schapendoes is a big population, every year 900 to 1000 new dogs are born. A
comparison to another Dutch breed, the Markiesje of which only 120 pups are born per year, shows
how big the Nederlandse Schapendoes population is (Doekes, 2016). A large population has
advantages over a smaller population because it is easier to manage inbreeding.

As expected the distribution of sexes among the dogs born is 50/50. However, the percentages of
dogs used for breeding are not equal. In the whole population, on average 9% of males and 15% of
females born is used for breeding. In the Dutch population, this is 8% of males and 13% of females.
The fact that not as much males are used as females means that progress can be made regarding
breeding population. When less males than females are used the contribution of the males to the
next generation is larger than the females’ contribution and more animals will have the same father,
which results in the next generation having a higher kinship. Using a higher number of breeding
males solves this problem (Oldenbroek & Windig, 2012). Although a higher percentage of animals in
the Nederlandse Schapendoes population could be used for breeding, the situation is not disastrous.

Another change that should be made is in the contribution of males towards the next generation. If
the on average 112 used males per year were randomly chosen as sires, all males would contribute
close to 1%. In the population as it is nowadays, the top 10 males contribute on average 24% to the
next generation. A contribution of 24% seems high, which it is, but it is not as high as in some other
breeds. For example, an article on Golden Retrievers states that the 5 top sires produce 25% of litters
(Windig & Oldenbroek, 2015). If inbreeding is wanted to be kept within boundaries the contribution
among sires must be much more evenly. When a male has a large contribution to the next
generation, the average kinship will be higher which will result in higher inbreeding in their offspring.

Inbreeding in the current population

Results on inbreeding are only meaningful when ancestors are known because otherwise inbreeding
rates will be underestimated. The Nederlandse Schapendoes has a very complete pedigree, for
almost 30 years already more than 5 generations are known for all dogs and the generation
equivalent keeps increasing at a steady rate. This means that all newly registered dogs’ ancestors are
also registered and thus the number of known generations keeps increasing.

The Dutch population is the base population; all other populations originate from this population.
Because the subpopulations originate from dogs of the Dutch population you would expect that
when the subpopulations were just set up, the kinship between the subpopulation and the Dutch
population would be the same as the kinship within the Dutch population. As the subpopulations
started their own breeding program, the kinship between the Netherlands and the other countries
stays the same but within the individual subpopulations the kinship should rise. Nowadays, after the
5 largest subpopulations have existed for at least 20 years, the kinship between and within the
subpopulations is still close to the Dutch kinship which means there is exchange. Within the
Netherlands the kinship is 0.29 and this is close to the other 4 largest subpopulations which are at
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0.30. Besides this, the kinship between countries has values around 0.29 as well. The fact that there
is already exchange between all subpopulations means that this way of decreasing inbreeding can’t
be used anymore and the breed association should consider alternative ways to do this.

The inbreeding rate in the overall population and the Dutch population has been decreasing since
they first started registering the breed. In the Dutch population, the inbreeding rate is at 0.77%
clearly higher than the inbreeding rate in the whole population, which is 0.53%. The reason for AF
being higher in the Dutch population compared to the other subpopulations and the whole
population could be that other populations import animals from the Dutch population. The foreign
populations started off as small populations which resulted in a high inbreeding coefficient and
kinship in the beginning. By breeding their dogs with Dutch dogs the inbreeding and kinship
decreased. Because the Dutch population is the base population it is impossible to decrease their
inbreeding rate by breeding with animals from other populations.

Inbreeding in the future population

Inbreeding in the future was simulated to see the effect of different breeding policies. With the
current breeding policy, the inbreeding coefficient can rise to 7% in 100 years with an inbreeding rate
of 0.28%. This inbreeding rate is lower than the inbreeding rate of 0.53% which was calculated for
the current population. The inbreeding rate has been decreasing but was calculated over a period of
20 years so it could be that the current inbreeding rate is closer to 0.28% than 0.53%. To test this the
inbreeding rate from 2016 to 2017 is calculated. In this one year, the inbreeding rate was 0.31%,
which explains the inbreeding rate in the simulation. The FAO recommends that the inbreeding rate
should be at maximum between 0.5% and 1.0% but preferably lower (ABG-20306, 2016). The
simulated inbreeding rate of 0.28% is under this FAO recommendation and the 0.53% rate in the past
20 years is only a little higher. Even though the inbreeding rate in the Nederlandse Schapendoes is
not extremely high, it is still higher than in some other breeds. Both the Irish Setter (Broek van den,
2017) and the Scottish Collie (Kool, 2016) have negative inbreeding rates. While the inbreeding rate
in the Nederlandse Schapendoes population is not extremely high, the breed associations should be
aware of the potential increase of the inbreeding rate when they do not pay enough attention to the
breeding policy. To make sure the FAO limit is not exceeded some changes in the breeding policy
could be made.

Inbreeding coefficient and inbreeding rate should be as low as possible, even if they are already
under the ‘risky’ zone, so simulations of the breeding policies were done to see which policy had the
most effect. The results show that limiting kinship has more effect than limiting the number of
females serviced per male. The breeding policy for the Nederlandse Schapendoes is already quite
strict about females serviced per male, they allow males to service 3 males per 24 months while for
example the Dutch Labrador Association does not restrict males to a maximum number of females
serviced (Nederlandse Labrador Vereniging, 2014). Because the Dutch breed association does not
allow the males to service many females there is not much to gain by being stricter. Considering
kinship, on the short-term minimising kinship between the parents has more effect than constraining
the kinship. However, on the long term it has more effect to constrain the kinship than to minimise
kinship because this results in a lower inbreeding rate (respectively 0.17 and 0.25). A study in Golden
Retrievers where as well several breeding policies were simulated, showed similar results. The best
way to bring the inbreeding rate down was by focussing on kinship. Constraining the kinship had the
most effect, “Restricting breeding to animals with a low average relatedness to all other animals in
the population was the most effective measure” (Windig & Oldenbroek, 2015).
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5. Conclusion and advice
This study shows that the breed associations for the Nederlandse Schapendoes are doing well,
especially compared to other breeds. There is not much difference between the populations in the
different countries so the breeding advice that results from this study applies to all breed
associations. At this moment, the inbreeding rate in the Dutch population is a little higher than in the
other populations so this population should be a little more aware. There is no problem with
inbreeding yet but if the breed associations relax too much and stop paying attention to inbreeding,
a problem could arise. The best way to limit the inbreeding rate is by constraining the mean kinship
with the remainder of the breed, which means that dogs with a higher kinship than the mean kinship
in the population should be excluded from breeding. By doing this the inbreeding rate will be limited
to 0.17%.
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