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ABSTRACT

The aim of the paper was to evaluate the level of inbreeding in the 

population of Slovak Pinzgau cattle and its economical influence to milk 

production traits. The average numbers of ancestors were 20.4 and 20.1 at the 

sides of sires and dams, respectively. The equivalent number of known 

generations was 3.19 – 1.21. Population of 5896 animals was evaluated, from 

which 3.6 % were inbreed. The mean value of the inbreeding coefficient (F
x
) 

was 3.077 %. Higher number of inbreed animals was observed in the evaluated 

population compared to their ancestors, but the mean value of F
x
 decreased

continuously from value of 13.28 % in the 3

rd

 generation of ancestors to 2.48 % 

in base population. Animals with coefficient of inbreeding lower than 0.01 can 

be treated as outbreed. Increased inbreeding had negative impact on SPI and 

EBV of milk, fat and protein production. It was observed inbreeding depression 

-39,60 SKK of SPI, 8,95 kg in EBV of milk, 0,37 kg in EBV of fat and 0,36 kg 

in EBV of protein. 
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INTRODUCTION

The genetic resources of farm animals are used in Slovakia in different 

scale and with different goals. High yielding breeds are used in their purebred 

and hybrid form for competitive and profit-making production. Breeds 

appertained in world or national cultural heritage are hold in smaller extent, not 

necessarily for production purposes (Oravcová et al, 2004). Endangered breeds 

were characterized by 

Important aim in preservation programs of endangered breeds is to 

maximize the genetic variability and minimize inbreeding in the evaluated 

population. This is applied also in the breeding programs of other breeds in case 

that increased degree of inbreeding is noticed, with unwanted escalation of 

inbreeding depression affecting production, morphological and fitness traits. 

Lower genetic variability could also negatively influence the manifestation of 

traits in future generations.

The trend in inbreeding often used as a parameter in genetic drift 

quantification. Direct relationship exists between the rise of inbreeding and the 
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level of heterozygosis for given locus in closed, panmictical population of 

limited size without artificial selection (Wright, 1937). Boichard et al. (1997) 

characterized the methods of pedigree analysis, used mainly in small closed 

populations and used them to evaluate cattle breeds of French origin. The 

evaluation of completeness of pedigrees can be executed with several kinds of 

simple techniques or by use of specific indexes (MacCluer et al, 1983). 

Gutiérrez et al. (2003) evaluated the completeness of pedigrees by counting the 

number of known parents, grandparents and also by estimation of the value of 

complete generation equivalent. Changes in the measure of inbreeding were 

evaluated for Hereford (Cleveland et al, 2005), Tux-Zillertal, indigenous 

Pinzgau (Baumung, Sölkner, 2002, Sölkner et al. 1998) and also in populations 

of Danish Holstein, Jersey and Red-spotted breed (Sörensen et al. 2005).

Population is endangered if increase of inbreeding in population is more 

than 1 % per generation (Bodó, 1992). From different sources negative impact 

of inbreeding on production and reproduction traits is known trough increased 

risk of inbreeding depression. Simm (2000) found out that increase in intensity 

of inbreeding in population of 1 % has negative impact on milk production of 

Holstein cattle by 29.6 kg, -1.08 kg fat and -1 kg protein. In Hereford cattle 

decreased birth weight by 1.24 %. Inbreeding depression per 1 % increase of 

inbreeding was predicted to be up to –30 kg milk, -1.0 kg fat and -1.5 kg body 

weight (Panicke et al., 1975). This prediction was confirmed by an extensive 

study based on individual level within the population, carried out by Cassell et 

al. (2003 a, b). The estimated inbreeding depression on milk yield in first 

lactation amounted to -27 kg, -0.9 and -0.8 kg fat and protein yield, 

respectively. Depression was – 177 kg milk, – 6 kg fat and -5.5 kg protein, per 

1% increase of inbreeding. The inbreeding depression further manifested itself 

in higher age of first calving by +0.55 days, and shorter productive life (-6 days) 

and –4.8 milking days. There was no large effect on conformation traits.

Sörensen et al. (2005) observed 3.4 % average inbreeding for Danish Holstein 

and 1.3 % for Danish Red. Danish Holstein is very close to the minimum 

effective population size and tools are needed to monitor the selection process 

in order to control inbreeding and find mating strategies. et al. (2004) 

evaluated alternatives of breeding program in Slovak Pinzgau population 

according to achieved level of inbreeding.

The aim of this study was to evaluate the measure of inbreeding and its 

economical influence to milk production traits for population of Pinzgau cattle 

in Slovakia.

MATERIAL AND METHODS

Only purebred animals (P0) with proportion of genes from other then 

Pinzgau breed till 6.25% were included in the study. The evaluated population 

consisted from 1621 animals alive at 2006, with 1611 cows and 10 bulls used 

for breeding purposes. The goal was to fill in all known pedigree information up 
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to fourth generation of ancestors. The data about the animals contained the 

identification number of sires and dams, date of birth and gender. The whole 

evaluated dataset consisted of 5895 individuals.

The completeness of pedigrees was ascertained by simple counting the 

number of ancestors per generation with inclusion of the base animals (parents 

not known). The pedigree structure, quality of pedigree information, and the 

inbreeding coefficients were calculated with programs ngen.f and meuw.f from 

Boichard (2002) based on method described by Meuwisen, Luo (1992).

Results from genetic evaluation of milk production traits as milk (M), fat 

(F) and proteins (P) production in kg and values of Slovak production index 

(SPI) of 1611 cows were collected and used to evaluate an economic impact. 

Economic importance of inbreeding was evaluated as statistically significant 

difference between inbreed and outbreed cows using Student t-test. For 

evaluation of economical impact of inbreeding cows were divided into 3 

groups:

Group 1 consisted of 98 inbreed cows with coefficient of inbreeding F
x

01. Group 2 consisted of 90 inbreed cows with F
x
 > 0.01. Group 3 consisted 

of 1424 outbreed cows. Influence of inbreeding level on EBV of milk, fat and 

protein production as for SPI with estimation of coefficient of determination 

(R

2

) was realized by regression analysis using linear model.

Figure 1: Completeness of pedigrees in the evaluated dataset

RESULTS AND DISCUSSION

The completeness of pedigrees was characterized with several indicators 

given in Table1. In figure 1 the percent of known ancestors 1.-3. generation of 

evaluated population is shown. The completeness of pedigrees was expressed in 

percents by counting the number of ancestors in particular generations including 

base ancestors. They were characterized as an offspring of unknown, possibly 

non-related parents in their pedigree file. In the parental generation all pedigrees 

were unabridged, the completeness of pedigrees was persevered well as in the 
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preceding generations of sires. As for the dams, the average completeness of 

pedigrees ranged from 44.86 to 86.95% according to generations. The results 

pointed out the need to put an increasing effort into rise the completeness of 

pedigrees, mainly for dams of evaluated animals. This necessity is evident also 

after comparison of our results with outcomes of cited authors (Baumung, 

Sölkner, 2002, Sölkner Et Al. 1998, Soerensen Et Al. 2005).

In the base generation of 1621 evaluated animals the average number of 

ancestors was 20.4 and 20.1 for sires and dams, respectively. In the second and 

third generation the average number of ancestors was significantly lower.

Table 1: Pedigree information of the evaluated database of Pinzgau cows

Generation

Indicator

1 2 3 4

Number of bulls in 

generation

10 114 253 267

Average number of 

ancestors

20.4 10.7 3.1 0

Equivalent number of 

known generations (ENKG)

3.19 2.43 1.21 0

1 100.00 99.12 98.81 0

2 95.00 96.49 17.98 0

3 87.50 36.84 03.95 0

4 26.25 09.70 00.30 0

5 09.38 01.21 0 0

% of known ancestors 

in generation

6 00.63 0 0 0

Number of cows in 

generation

1611 1505 1255 881

Average number of 

ancestors

20.1 7.9 3.0 0

Equivalent number of 

known generations (ENKG)

3.19 2.43 1.21 0

1 100.00 79.27 60.96 00.6

2 90.08 62.41 25.08 00.06

3 81.17 32.59 08.38 0

% of known ancestors 

in generation

4 33.55 06.44 00.67 0

5 07.27 00.51 00.03 0

6 00.52 00.02 0 0

7 00.01 0 0 0

In the evaluated population of 5896 animals 3.6% of them were product of 

some degree of inbreeding. The average value of inbreeding coefficient (F
x
) was 

3.077 %, with highest frequency of inbreed animals in group ranged from 0 to 

5% (table 2). From the total number of 211 inbreed animals consisted from 207 

cows and 4 bulls, 1 bull and 187 cows were from the evaluated generation. The 

number of inbreed animals in the evaluated generation exceeded the number in 

previous generations, but the mean coefficient of inbreeding (2.48%) was lower 
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compared to the third generation of ancestors (13.28%). This result is higher as 

observed in Danish red by Sorensen et al. (2005), which is also population close 

to be endangered. Tendency of decrease in the coefficient of inbreeding in 

certain populations in Spain was found by Gutiérrez et al (2003).

The trend of inbreeding development was calculated, as the mean value of 

the coefficient of inbreeding for animals born in the same year. As for the years 

1992-1996, the results were affected by low number of evaluated animals born 

in this period. From 1996 to 2002 the means were calculated from 16-53 entries 

per year. The decreasing trend of inbreeding by year is shown in Figure 2. This 

process is desirable in population of Pinzgau cattle, while their numbers are low 

in Slovakia. The opposite trend was described in other studies with negative 

effect on genetic variability (Sorensen et al. 2005).

Table 2: Results of inbreeding in the evaluated population

Indicator 1. group

Total number of animals 5896

Number of inbreed animals 211

Average coefficient of inbreeding of inbreed animals 3.077

Maximal coefficient of inbreeding of inbreed animals 25.00

Frequency of inbreed animals by classes 

0 – 5 184

5 - 10 11

10 – 15 4

25 - 30 12

y = -0.8114x + 9.4464

R

2

 = 0.5619
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Figure 2: Trend in the development of inbreeding by year of birth
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The cows were divided into three groups for estimation of economical 

impact of inbreeding to the milk production. It was ascertained, that the average 

F
x
 cows of group 1 was 0.0055, in the second one average F

x 
= 0.04225. 

According to average value of SPI there was detected significant difference 

between two groups of inbred cows, where cows of group 1 produced by 193.60 

SKK SPI more then cows of group 2 (table 3). Significant difference was also 

found between cows of group 1 and group of outbreed cows (group 3). 

Difference with high significance was found between group 2 and group 3, 

where group 3 produced by 167.30 SKK SPI more than group 2. Results of 

regression analysis show decrease SPI with increased value of F
x
 between 

observed groups. This negative tendency was estimated with R

2

 = 0.66.

Inbreeding depression per 1 % of inbreeding was estimated -39.60 SKK of 

SPI, -8.95 kg in EBV of milk, -0.37 kg in EBV of fat and -0.36 kg in EBV of 

protein. Results are comparable with findings of Panicke et al. (1975), SMITH 

et al (1998) and Cassel et al. (2003 a, b) achieved in populations of dairy cattle. 

Table 3: Observed differences of selected traits between groups of animals according to 

Fx

Group A Group B SPI 

[SKK]

EBV of milk

[kg]

EBV of fat

[kg]

EBV of protein

[kg]

1 2 193.60

+

53.50

+

2.00

++

1.46

++

1 3 26.30

+

- - -

2 3 -167.30

++

-37.80

++

-1.55

++

-1.53

++

Differences between group 1 and group 3 showed no significant differences

in EBV’s, excluding SPI. This can possibly lead to conclusions that animals 

with coefficient of inbreeding lower than 0.01 can be treated as outbreed. 

Consequently, ratio of inbreed cows is decreasing in purebred population to 

value of 5.7 %. Increased inbreeding had negative impact on SPI and EBV of 

milk, fat and protein production. 

Going out from results was observed inbreeding depression -39.60 SKK of 

SPI, 8.95 kg in EBV of milk, 0.37 kg in EBV of fat and 0.36 kg in EBV of 

protein. 

CONCLUSIONS

In parental generation no pedigrees data were missing, their high 

complexity was well-preserved. The average complexness of pedigrees from the 

side of the dams was 44.86 – 86.95 % by generations. The average numbers of 

ancestors were 20.4 and 20.1 at the sides of sires and dams, respectively. The 

equivalent number of known generations was 3.19 – 1.21. Population of 5896 

animals was evaluated, from which 3.6 % were products of some degree of 

inbreeding. The mean value of the coefficient of inbreeding (F
x
) was 3.077 %. 

Higher number of inbreed animals was observed in the evaluated population 
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compared to their ancestors, but the mean value of F
x
 decreased continuously 

from value of 13.28 % in the 3

rd

 generation of ancestors to 2.48 % in base 

population. Differences between animals of the 1

st

 and the 3

rd

group showed no 

significant differences in EBV’s, excluding SPI. This can possibly lead to 

conclusions that animals with coefficient of inbreeding lower than 0.01 can be 

treated as outbreed. Consequently, ratio of inbreed cows is decreasing in 

purebred population to value of 5.7 %. Increased inbreeding had negative 

impact on SPI and EBV of milk, fat and protein production. Going out from 

results was observed inbreeding depression -39.60 SKK of SPI, 8.95 kg in EBV 

of milk, 0.37 kg in EBV of fat and 0.36 kg in EBV of protein. 
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