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Introduction 
Increased selection pressure on many domestic animal species and breeds has led to an increase in 

production efficiency at the expense of genetic diversity and the survival of many breeds across the 

world. About 8000 breeds of livestock species have been domesticated, of which 631 are classified 

as extinct and 1710 are classified as being at risk (FAO, 2011). The concerns with regard to the loss of 

genetic diversity are however, not only concerned with the extinction of breeds, but also the loss of 

genetic diversity within breeds. Loss of genetic diversity within breeds can negatively affect 

production and fitness traits.  

There are several factors that are used as key parameters in monitoring genetic diversity in breeds. 

These parameters include effective population size, inbreeding levels and average genetic 

relationships (Groeneveld et al., 2010). Effective management of animal genetic resources depend 

on comprehensive knowledge of breed characteristics.  The availability of pedigree data offers a 

great opportunity to investigate and assess genetic diversity within a breed. In this study genetic 

diversity parameters for the Miniature Horse population in South Africa were investigated. This will 

give an indication if the population is at risk of losing genetic diversity or not.  

The SA Miniature Horse Breeders’ Society was founded in November 1984 

by eleven breeders. In September 1989 the SA Stud Book and Livestock 

Improvement Association accepted the breed as an independent breed 

(Tertius le Roux, History of the South African Miniature Horse, 30 Year 

Commemorative Journal, November 2014). 

Data 
Pedigree data of South African Miniature Horses were obtained from SA Stud Book’s Logix data base. 

The total data base consisted of 4 518 animals, of which 1766 (39%) were stallions and 2753 (61%) 

were mares (Figure 1). However, 1539 (34%) and 1487 (33%) of animals have no recorded sires and 

dams respectively. Animals with both parents unknown numbers 1391 or 31%. The oldest animal on 

the data base is the mare PERD-SE-STERT GRASPAN BEAUTY H26/85, which was born in 1965. The 

currently active animals (Figure 2) numbers 1017 mares, 423 stallions and 30 geldings (all ages). 

Mares| 
1017| 
69% 

Geldings
| 30| 2% 

Stallions
| 425| 

29% 

Figure 2: Active animals 

Males| 
1766| 
39% 

Females| 
2753| 
61% 

Figure 1: Animals on Logix  
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The number of foals born and registered per year increased to around 50 per year in the 1980’s. 

Numbers increased to around 150 to 200 registered births per year in the late 1990’s, and has since 

stabilized to around 200 registered births per year (Figure 3).  

Herds 
Most herds have less than 20 animals total in their herds. The largest herd is MMC (Magnificent 

Miniature Creation), with 215 animals. 

 

From Figure 5 it can be seen that miniature horses 

are reasonably evenly distributed in the central 

parts throughout South Africa. 

https://www.mapcustomizer.com 
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Methods 
Data was analysed with the German program PopReport and the Nordic program EVA, which 

calculates parameters for monitoring populations for genetic diversity parameters like inbreeding 

and effective population size, as well as influential animals currently and in the history of  the breed. 

Poprep was developed by the Department of Animal Breeding and Genetics of the Institute of Farm 

Animal Genetics (FLI). PopRep results are presented in 3 reports, which are also available, and states 

in detail the methods and results presented in this report.  

EVA was developed by  Peer Berg  and Anne Præbel of NordGen. NordGen Farm Animals is a service 

and knowledge centre for sustainable management of farm animal genetic resources for the Nordic 

countries. 
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Pedigree Completeness 
The estimation of inbreeding coefficients is highly dependent on the pedigree completeness of an 

animal or breed. The more complete the knowledge of an animal’s pedigree, the more reliable is its 

estimate of inbreeding. Groeneveld uses the method of MacCluer et al (1983) to measure pedigree 

completeness, which indicates the proportion of known ancestors in each ascending generation. 

 

The average pedigree completeness for Miniature horses born within the last 10 years was 

estimated to be as: 1 generation deep = 87.2% (both parents known); 2 generations deep = 75.2% 

grandparents known); 3 generations deep = 63.1%; 4 generations deep = 52%; 5 generations deep = 
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42.7% and 6 generations deep = 35.7%. Although pedigree completeness has been increasing during 

past years, less than 50% of animals have pedigree completeness of 5 or more generations. This 

might lead to an underestimation of the inbreeding coefficients of some animals, especially animals 

with unknown parentages. 

Inbreeding 
Inbreeding is the mating of related animals.  The genetic consequences of inbreeding are that a foal 

receives the same genes from both parents because the parents are related, and the genes came 

from a common ancestor.  Inbreeding in a population is measured by the probability that both 

copies of a gene came from a common ancestor.  This is called the inbreeding coefficient (F).  The 

inbreeding coefficient will be higher when the relationship between the parents is higher – it 

depends on how closely they are related and how many ancestors they have in common.  

 

The danger of inbreeding lies there in that it can gradually decrease productivity, fertility and 

survivability – a phenomenon known as inbreeding depression. Inbreeding does not affect all traits 

at the same intensity.  Traits associated with fitness (lowly heritable) are affected most, such as 

survivability, mothering ability, growth and reproduction.  It can therefore lead to lower conception 

rates, more abortions, more stillborn and weak foals and a higher susceptibility to diseases. 

Generally, the effects of inbreeding can become noticeable at an F value of 6.25%, therefore it is 

generally recommended that individuals should have inbreeding coefficients of less than 6.25%. 

However, not all inbred animals show signs of inbreeding depression.  
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From the figure, it can be seen that the average inbreeding is in the region of 1%, well below the 

recommended levels of 6.25%. However, the number of inbred animals are increasing to 40 of the 

213 foals born in 2015 (19%), and it should also be noted that the levels of pedigree completeness 

for more than 2 generations are low, which could cause an under estimation of the levels of 

inbreeding. 

Inbreeding that occurs over many generations slowly decreases the number of ancestors 

represented in the population and genetic diversity therefore decreases.  Some valuable genes can 

be lost during this process. To maintain sufficient genetic diversity in a population, it is 

recommended that long-term inbreeding should not be more than 0.5 – 1% per generation.  

Inbreeding can be avoided by increasing the number of individuals contributing to the next 

generation.  The easiest way to do this is to increase the number of unrelated stallions used as sires.  

Closely related animals should also not be mated. It is recommended that matings where the stallion 

and mare share more than one common grandparent should be avoided, as the inbreeding 

coefficient would then be more than 6.25%. This will minimize inbreeding in the short term, but will 

have no effect if the of animals available as parents, is either too little or too related. In general, 

limitations should be placed on the level of inbreeding caused by stallions selected into the mating 

programme.   

Effective Population Size 
The effective population size is defined as the size of an idealized population which would give rise 

to the rate of inbreeding in the population under consideration (Wright, 1923). The rate of loss of 

genetic diversity over time depends on the effective population size which is linked to age structure 

and mean generation interval of the breeding animals (Engen et al, 2005). 

In animal breeding, it is recommended to maintain an effective populations size (Ne) of at least 50 

(short-term fitness) to 100 (long-term fitness) that corresponds to a rate of inbreeding of 0.5 to 1% 

per generation (FAO, 1998, Bijma, 2000). The effective population size for the Miniature Horse breed 

is estimated to be 119, which is above the recommended effective population size of 100 

recommended for long-term fitness. The average rate of change of the additive genetic relationships 

between 1984 and 2015 for the Miniature Horse breed was estimated by Groeneveld to be 0.2% per 

generation, which is well below the safe limits of 0.5 to 1% per generation.  

The SA Miniature Horse population is therefore currently not in danger of losing genetic diversity, as 

inbreeding rates and effective population size are well within recommended limits. However, due to 

incomplete pedigrees, this might be an underestimation. 

Age Structure  
Most stallions and mares are 4 to 5 years old when foals are born. The average age for stallions is 

however 6.4 years and for mares slightly older at 7.6 years.  

The rate of genetic progress in the population depends among other things on the turnover of 

breeding stock. In general, under artificial breeding, animals that stay in the population longer tend 
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to leave more offspring. Thus, the distribution of parity of dams over time may be informative about 

the rate of turnover in the population.  

 

 

 

Generation Interval 
Generation interval is one of the key factors affecting the rate of genetic progress and therefore the 

genetic structure of the population. As a general rule, the shorter the generation interval the more 

rapid is the genetic change in the population holding other factors constant. Generation interval can 

be defined as the average age of the parents at the birth of their selected offspring (Falconer & 

Mackay, 1996). In the evaluation of generation interval, an offspring is considered selected if it has 

produced at least one foal. The average generation interval for Miniature horse population in South 

Africa is 7.9 years, with 7.4 for males and 8.5 for females. Lasley (1978, Genetics of Livestock 

Improvement) states an average generation interval of 8 to 12 years for horses. The generation 

interval for the Miniature Horse is slightly shorter than this, as well as other horse breeds which is 

more in line with 10 years (Pjontek et al., 2012. Czech J. Anim. Sci., 57, 54–64). 

Family size 
It is also important to know how many progeny did parents have and which parents made an 

important contribution in the breed. However, the number of progeny per parent is not as 

important as the number of progeny per parent that were again selected to become parents. Family 

size refers to the number of offspring of an individual that become breeding individuals in the next 

generation (Falconer & Mackay, 1996). Under ideal conditions as specified by Falconer & Mackay 

1996), parents have an equal chance of contributing offspring to the next generation. In practice, 

genetic contribution of the parents is not the same. Unequal contribution leads to differences or 

variation in family size. The consequence of increased variation in family size is an increase in the 

rate of inbreeding and the reduction in the effective population size.  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 >16 Avg

Stallions 3 40 130 161 152 104 114 76 70 67 34 38 20 20 14 51 6.4

Mares 10 137 277 311 294 259 250 225 230 149 149 129 110 65 67 215 7.6
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Figure 8: Age of parents when foals are born 
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Most stallions (nearly 120) had only one foal. This would however include pedigree records, where 

for example if an animal was imported, his parents would be taken onto the data base with only a 

single offspring. Progeny per sire ranged between 1 and 103 with an average of 8 (SD 11.9). 

However, an average of 3 (SD 4.8) progeny per sire were selected to become parents themselves, 

ranging between 1 and 46. Mares have on average 3 foals (SD 2.0) ranging between 1 and 16 foals. 

The high number of mares with only one offspring (>450) includes pedigree entries. On average, 2 

foals per dam (SD 1.0) will be selected to become parents, ranging between 1 and 7.  

Important animals in the breed 
It is also important to identify animals that have made major genetic contributions to the breed. 

They are identified by the animals with the most offspring in the breed, the most selected offspring 

in the breed, and the highest Additive Genetic Relationship (AGR) and Genetic Contribution (GC).  

Stallions with the most registered foals 
The stallions with the most registered foals on the Logix data base are presented in the Figure. The 

stallion with the most registered foals (103), and also the most foals selected to be parents (46) is 

the imported stallion Paintbrush Cowboy’s Starlight Bay also known as Cody. He was born in 1995.   
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TARRAGONA BOESMAN S85/24
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DOUBLE PLEASURE KLEINMAN

Figure 9: Stallions with the most foals 
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Stallions with the most offspring selected as parents 
Even though a stallion may have many registered foals, it does not necessarily mean that he has the 

largest genetic contribution in the breed, as the number of offspring selected as parents will have a 

greater influence.  The stallions with the most offspring that became parents are listed in Figure 10. 

Paintbrush Cowboy’s Starlight Bay is currently by far the most successful sire in the SA Miniature 

Horse breed. 

 

Mares with the most registered foals 
The mare with the most registered foals, Penny Line Trippens, had 16 foals, of which 5 became 

parents. Her youngest foal was born in September 2015. The mare with the most selected foals is 

Rosimba Marina and all 7 of her foals were selected to become parents. She is also on the list of the 

most influential animals in the breed with a GC score of 1.8%. 
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Figure 10: Number of foals of stallions selected to become 
parents 
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Mares with the most offspring selected as parents 
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ST-FORT VIOLET

EDUAN BEAUTY
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DOUBLE PLEASURE GRYSIE`S DELIGHT

Figure 12: Mares with the most foals selected to become 
parents 
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Figure 11: Mares with the most registered foals 
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Additive Genetic Relationship (AGR) 
The additive genetic relationship reflects what proportion of their DNA (alleles) animals share 

because they have common ancestor(s). Additive genetic relationships are calculated from the 

pedigree. The additive genetic relationship between individuals depends on the number of common 

ancestors and on the number of generations to each common ancestor. In this report, the AGR was 

estimated relative to the foals born in 2015. The additive genetic relationship is an estimate of the 

proportion of alleles that the foals born in 2015 have in common because of one or more common 

ancestor(s). (https://wiki.groenkennisnet.nl). 

Table 1: The animals with the highest Additive Genetic 
Relationship (AGR) are the imported sire Paintbrush Cowboys 
Starlight Bay and 5 of his sons. 

MMC Cowboys El Capone Buckeroo 
https://www.equinesa.com/mmc/stallions.html 

Genetic Contribution (GC) 
The proportion of the genes of the foals born in a specific year (2015) that are expected to derive by 

descent from a specific ancestor is known as the genetic contribution of the specific ancestor. It 

relates to the development of the pedigree over generations. The genetic contribution gives an 

indication of how the ancestor may influence the population. (J. A. Woolliams, P. Bijma, B. Villanueva, 1999. 

Expected Genetic Contributions and Their Impact on Gene Flow and Genetic Gain. GENETICS 153 (2) 1009-1020). 

Animals have common ancestors when their common ancestor was popular enough to have multiple 

offspring, which, possibly after some generations, resulted in the birth of both parents. The more 

popular a breeding animal was in the past, the larger the chance that two potential parents have this 

ancestor in common. The more animals share that common ancestor, the larger the chance that 

mating two animals will result in an inbred offspring. In other words, there is a relation between the 

long term genetic contribution of an animal to the population and the rate of inbreeding in the 

population. The genetic contribution is a measure of the level of relatedness between animals in a 

population because of a shared common ancestor. 

Influential Ancestors 
The most influential ancestors are determined by the Additive Genetic Relationship (AGR) 

and the Genetic Contribution (GC).  The most influential ancestor in the breed is the imported sire 

Paintbrush Cowboys Starlight Bay. Other important ancestors based on GC scores are Star Charming 

Challenge, CCMF I’m All That, Rivers Edge Robin Hoods Dark Knight and Royal Oaks Platinum 

Pleasure (Table 2). Landry’s Cowboy Del and Pl Little Navahos Starlight are the sire and dam of 

Paintbrush Cowboys Starlight Bay and were not imported into South Africa. M M C Charming 

Attraction and M M C Cowboys Top Gun are influential sons of Star Charming Challenge and 

Paintbrush Cowboys Starlight Bay respectively. They are the most important South African bred 

stallions. 

Nr Animal Birth year AGR GC 

1 PAINTBRUSH COWBOYS STARLIGHT BAY 1995 8.43 8.43 

2 M M C COWBOYS TOP GUN 2003 7.00 3.60 

3 M M C COWBOYS FIRE CRACKER 2001 6.00 1.71 

4 M M C COWBOYS EL CAPONE BUCKEROO 2007 5.82 1.18 

5 M M C COWBOY`S KOOL KID 2002 5.70 1.12 

6 M M C COWBOYS SHANE 2001 5.61 1.77 

https://wiki.groenkennisnet.nl/
https://www.equinesa.com/mmc/stallions.html
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Nr Animal sex B.year Sire Dam AR GC Inbr 

1 PAINTBRUSH COWBOYS STARLIGHT BAY M 1995  LANDRYS COWBOY DEL  PL LITTLE NAVAHOS STARLIGHT 8.43 8.43 0 

2 STAR CHARMING CHALLENGE M 1991  LANDRYS GOLDEN CHARM  CROSS COUNTRYS SUGAR BEAR 5.17 5.17 0 

3 LANDRYS COWBOY DEL M 1986  DELS COWBOY  DENA DALES PANSINI 4.22 4.22 0 

4 PL LITTLE NAVAHOS STARLIGHT F 1988  X CALIBERS LITTLE NAVAJO  KRAUS KINGS SPOT 4.22 4.22 0 

5 CCMF IM ALL THAT M 2004  LUCKY FOUR LINKS GOLDSTRIKE  SA CHEROKEE DREAM CATCHER 4.13 4.13 0 

6 RIVERS EDGE ROBIN HOODS DARK KNIGHT M 2000  FALLEN ASH SCOUTS ROBIN HOOD  NFC LITTLE MANS VELVET 3.89 3.89 0 

7 M M C CHARMING ATTRACTION M 2000  STAR CHARMING CHALLENGE  CAJEAN DIDI 5.58 3.77 0 

8 M M C COWBOYS TOP GUN M 2003  PAINTBRUSH COWBOYS STARLIGHT BAY  M M C SMOKEY 7.00 3.60 0 

9 ROYAL OAKS PLATINUM PLEASURE M 2006  SCOTT CREEK MYSTICAL CONFETTI  KOMOKOS SWEET SANGRIA 3.30 3.30 0 

10 JSW ZORROS FIRELORD M 2005  LITTLE KINGS LF BUCKEROO ZORRO  IMPRESSIBLES FLAMING AMBER 2.95 2.95 0 

11 CROSS COUNTRYS SUGAR BEAR F 1985  HANCOCKS 15 BELL  FOWLERS MIDGET 2.59 2.59 0 

12 LANDRYS GOLDEN CHARM M 1985  TWILIGHT VANT HUTTENEST  DELS SIX BITS 2.59 2.59 0 

13 ALVADARS DOUBLE DESTINY M 1993  LITTLE KINGS BUCKEROO TIMES TWO  MINI BITS SHADY LADY 2.48 2.48 0 

14 STILGEWACHT PLATINUM SNOW ECLIPSE M 2010  ROYAL OAKS PLATINUM PLEASURE STILGEWACHT SHOW GIRL MIDNIGHT MAKITI 3.82 2.12 0 

15 NIRVANAS VINDICATOR M 2010  FIRST KNIGHTS BREAKIN ALL THE RULES  ALLIANCE WOODYS SUGAR AND SPICE 2.12 2.12 0 

16 ARIONS APOLLO DESTINY M 2004  ALVADARS DOUBLE DESTINY  ALVADARS HYPNOTIC ADONIS 2.79 2.06 0 

17 CAJEAN DIDI F 1990  CAJEAN NELSON  CAJEAN MUGGIE 2.20 2.06 0 

18 LUCKY FOUR LINKS GOLDSTRIKE M 1992  HIDDEN MEADOWS MISSING LINK  LUCKY FOUR GOLD SURPRISE 2.06 2.06 0 

19 SA CHEROKEE DREAM CATCHER F 1995  HOBBY HORSES LITTLE CHEROKEE  STOUTS SACAJAWEA 2.06 2.06 0 

20 M M C SMOKEY F 1992     1.98 1.98 0 

21 FALLEN ASH SCOUTS ROBIN HOOD M 1996  L & D SCOUT  FALLEN ASH FARMS ROSES ARE BLUE 1.95 1.95 0 

22 NFC LITTLE MANS VELVET F 1992  LAZY N LITTLE MAN  DELL TERAS RED VELVET 1.95 1.95 0 

23 EDUAN TG`S JOKER M 2009  M M C COWBOYS TOP GUN  EDUAN PENNY 5.14 1.89 0 

24 ROSIMBA MARINA F 1992  ROSIMBA NUMERO  ROSIMBA MARI S287/88 1.86 1.80 0 

25 M M C COWBOYS SHANE M 2001  PAINTBRUSH COWBOYS STARLIGHT BAY  TURN B & W IN COLOR 5.61 1.77 0 

26 M M C COWBOYS FIRE CRACKER M 2001  PAINTBRUSH COWBOYS STARLIGHT BAY  ROSIMBA MARINA 6.00 1.71 0 

27 M M C MEGABUCKS M 2010  JSW ZORROS FIRELORD  BREWERS SUPREME MAGICAL MYSTERY 2.72 1.65 0 

28  JTR SPOTTED HORSES WHIRL WIND M 2000  SLIGO SPOTTED HORSE  JTR ROYAL WIND 1.65 1.65 0 

29 SCOTT CREEK MYSTICAL CONFETTI M 1995  BREWERS ORION MYSTIC  G G BLACK GOLD 1.65 1.65 0 

30 KOMOKOS SWEET SANGRIA F 1985  KOMOKOS BOURBON BALLS  KOMOKOS DAINTY DARLENE 1.65 1.65 0 

31 STILGEWACHT JABULANI M 2001  JEANDO JANTJIE  STILGEWACHT RUSTY 1.93 1.59 0 

Table 2: The most influential animals in the Miniature Horse breed based on GC (Genetic Contribution Score). 
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Figure 13: Some influential sires in the SA Miniature Horse breed: From left to right: Paintbrush Cowboys Starlight Bay (SA Miniature Horse Commemorative 

Journal 2014), Rivers Edge Robin Hoods Dark Knight (SA Miniature Horse Commemorative Journal 2014), Royal Oaks Platinum Pleasure (SA Miniature Horse 

commemorative Journal 2014) , M M C Charming Attraction (www.harte.co.za) and CCMF I’m All That (www.equinesa.com/mmc/stallions.html). 

  

32 LITTLE KINGS LF BUCKEROO ZORRO M 1999  BOONES LITTLE BUCKEROO  ALAMOS WARPAINT MIDNIGHT MYSTIC 1.47 1.47 0 

33 IMPRESSIBLES FLAMING AMBER F 1996  GLENNS IMPRESSIBLE FLAMING STAR  IMPRESSIBLES DAISY MAE 1.47 1.47 0 

34 M M C CHARMING STARLIGHT SPIRIT M 1998  STAR CHARMING CHALLENGE  LAURYSSEN SUNBEAM 3.78 1.44 0 

35 M M C I`VE BEEN SPOTTED M 2010  CCMF IM ALL THAT  M M C PAINTBRUSH PRIMA DONNA 5.29 1.42 0 

36 M M C I`M A NOBLE WARRIOR M 2009  CCMF IM ALL THAT  M M C BAY BREEZE 3.61 1.42 0 

37 FALCONRIDGE BOOGERMANS DARK KNIGHT M 2002  LAZY NS BOOGERMAN  GROSSHILLS MISS SHERRI 1.42 1.42 0 

38 EDUAN PENNY F 1988     1.39 1.39 0 

39 STILGEWACHT SHOW GIRL MIDNIGHT MAKITI F 2006  STILGEWACHT JABULANI  STILGEWACHT SHOW GIRL 2.29 1.30 6.25 

40 TEN LS SPIRITS TIME FOR CHAMPAGNE M 2003  TEN L ECHOS CAPTIVE SPIRIT  CINNAMONS NUTMEG 1.30 1.30 0 

41 MANIFEST DESTINY (IMP) M 2004  ALVADARS DOUBLE DESTINY  LITTLE KINGS LUSHISH BUCKS 2.17 1.24 0 

42 M M C COWBOYS EL CAPONE BUCKEROO M 2007  PAINTBRUSH COWBOYS STARLIGHT BAY  TAYLOR MADES SENORITA DESTINY 5.82 1.18 0 

43 PURE PERD FIRE'S DESERT STORM M 2012  M M C COWBOYS FIRE CRACKER  MARIALTA DARK KNIGHT`S PARIS 4.84 1.18 0 

44 STILGEWACHT MELLOWS SNOW FLAKE M 2010  M M C CHARMING MELLOW YELLOW  STILGEWACHT SAHARA SUNRISE 4.12 1.18 9.38 

45 M M C DK CREMDALLA CREM M 2011  FALCON RIDGE BOOGERMANS DARK KNIGHT  M M C CHARMING CHOCOLATE CREAM 2.81 1.18 0 

46 MARIALTA CHAMPAGNE`S BARCARDI M 2009  TEN LS SPIRITS TIME FOR CHAMPAGNE MARIALTA DARK KNIGHT`S AMAZING GRACE 2.49 1.18 0 

47 CAJEAN MUGGIE F 1983     1.17 1.17 0 

48 CAJEAN NELSON M 1983     1.17 1.17 0 

49 M M C COWBOY`S KOOL KID M 2002  PAINTBRUSH COWBOYS STARLIGHT BAY  ROSIMBA MARINA 5.70 1.12 0 

50 JEANDO JANTJIE M 1996  LES CHEVAUX GELATI  HANMATHYS BEAUTY 1.35 1.06 0 

http://www.equinesa.com/mmc/stallions.html
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Conclusion 
The South African Miniature Horse population is apparently not at risk of losing genetic diversity. 

However, although pedigree completeness has increased tremendously the past few years, many 

animals do not have pedigree information and may be related. Due to incomplete recording of 

pedigrees, inbreeding coefficients may have been underestimated. However, the population does 

not seem to be at risk due to a small effective population size. This is probably due to the 

importation of horses. Locally bred animals are however also becoming important. The imported sire 

Paintbrush Cowboys Starlight Bay plays a very important role in the breed. It is estimated that the foals 

born in 2015 have 8.43% of alleles in common because of him. This could lead to increased 

inbreeding in the future, as the chance of both parents being related to him also increases. Breeders 

should continue to record pedigrees and avoid inbreeding as much as possible and to use unrelated 

sires in breeding programmes. 

 


