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ABSTRACT: 22,496 performance records for calving ease, 
birth weight, weaning weight and carcass traits were used to 
estimate genetic parameters for the unselected and 
endangered Austrian Murbodner Breed. Estimated 
heritabilities for all traits are low to moderate and consistent 
with literature, demonstrating good quality of data. 
Estimated genetic correlations imply a strong genetic 
relationship between a difficult birth and weight at weaning 
and a genetic tendency for difficult born individuals to 
wean relatively lighter offspring. 200-day weight shows 
strong genetic correlation to carcass weight, daily gain and 
EUROP score whereas only maternal birth weight was 
detected as significant related to carcass weight and daily 
gain. A moderate positive genetic correlation was estimated 
between maternal 200-day weight and carcass fat score. 
Significant inbreeding depression was detected in calving 
ease, birth weight and 200-day weight. 
Keywords: Endangered breed, Calving Ease, Carcass traits, 
Inbreeding 
 

Introduction 
 

The ancient Austrian cattle breed, Murbodner, was a 
widespread breed in the Eastern Alps and Alpine foothills 
before being almost completely displaced by Fleckvieh 
after the 2nd World War. A preservation program for the 
endangered breed was organised by the Austrian 
Association for Rare Endangered Breeds (ÖNGENE 2008) 
in 1982, as the breed was valued for its good pasture 
suitability and steer meat production. Murbodner farmers 
have ever since been following a strict compulsory mating 
advice programme. By restricting the co-ancestry between 
mates, inbreeding coefficients of the next generation are 
kept low, consequently decreasing the inbreeding rate and 
increasing effective population size. Success of the 
programme is demonstrated by a rapidly growing 
Murbodner population which now makes up 16% of the 
Austrian beef population. The current size of the 
population, a poor calving performance situation and 
success with meat sales to a large local supermarket chain 
has interested the Murbodner farms in genetic selection for 
improvement of their breed. The objective of this study was 
therefore to estimate the necessary genetic parameters for 
the implementation of genetic selection in this breed. 
Selected traits are: calving ease (CE), birth weight (BW), 
200-day weight (weaning weight, 200W), carcass weight 
(CW), daily gain (DG), EUROP grading score (EUROP) 
and FAT score (FAT). Additionally, inbreeding depression 
was evaluated.  

 
Materials and Methods 

 
Data. – 25,154 Murbodner raw calving records 

collected between 2000 and 2013 were provided by 
ZuchtData EDV-Dienstleistungen GmbH, Vienna, Austria . 
Data were checked for inconsistencies and apparent errors 
in SAS v9.1 (SAS Institute, 2006). Used records were 
restricted to single births only, representing parities 1-10. 
Contemporary groups were restricted to a minimum number 
of 3 records/sire, 3 records/maternal grandsire and 3 
records/herd*year. Records showing a gestation length of 
>299 days were discarded to avoid the risk of recording 
errors and confusion between parities. The minimum 
gestation length recorded was 267 days. Age of dam at 
calving ranged from a minimum of 16 months (1st parity) to 
a maximum of 162 months (10th parity). CE was recorded 
on a four grade scale, ascending in difficulty. The four CE 
categories were defined as: 1. Easy; 2. Normal; 3. Difficult; 
4. Caesarean. The edited CE dataset was subsequently 
merged to the raw growth and carcass trait data (15,751 
records), originating from 80% beef farms and 20% dairy 
farms, creating a merged dataset of 22,496 records. Records 
with no growth or carcass records were deleted as were 
individuals with inconsistent birth, herd and pedigree data 
across the datasets. Animals vary in days of age when 
weighted, although the average lies around 200 days of age. 
Similar to weight evaluations in other Austrian beef breeds, 
all weightings of animals between 90 and 280 days of age 
were considered as 200-day weights. If there were multiple 
weightings between these days of age, the weighting at the 
age closest to 200-days was chosen. Birth weight was 
restricted to between 30-50 kg and 200-day weight to the 
range of 120-350 kg for females and 120-370 for males. 
Table 1 presents the CE frequencies and trait means for all 
growth and carcass traits in the final dataset. EUROP 
originates from a European grading method of carcass 
classification for conformation and fat (Hickey et al., 2007). 
The grading consists of a 5 point scale where: 
E:1:Excellent, U:2:Very Good, R:3:Good, O:4:Fair and 
P:5:Poor. FAT score is categorized as: 1: Low, 2: Slight, 3 
:Average, 4: High, 5: Very high.  

 
Table 1. Frequencies and means 

Trait Mean ± s.e. CE frequency  

Birth weight (kg)    40.63 (4.65) 1: Easy 70.38% 
200-day weight (kg) 231.43 (60.18) 2:Normal 23.94% 
Carcass weight (kg) 373.95 (46.80) 3:Difficult   5.43% 
Daily Gain (g/day) 531.95 (87.35) 4:Caesarean   0.25% 
EUROP (score)     3.65 (0.55) -  
FAT (score)     2.99 (0.52) -  



Statistical analyses. Variance components were estimated 
using linear bivariate animal models using ASREML 
(Gilmour et al., 2006) and a provided cleaned Murbodner 
pedigree of five generations deep. Non-genetic effects in 
the CE and BW model included, fixed effects: sex of calf, 
sex of calf*parity interaction, year and month of calving, 
year*month of calving; age of the dam (months)* parity, 
and random effects: the interaction of herd*year of calving 
and a permanent environmental effect (dam without link to 
pedigree). Non-genetic effects fitted in the model for 200W 
included, fixed effects: sex, age at recording (weighing, 
linear), age at recording (quadratic), year of recording, 
month of recording, year*month of recording, and random 
effects: herd*year of recording and permanent environment. 
Non genetic effects fitted in the models for all carcass traits 
were, fixed effects: abattoir, age at slaughter, year of 
slaughter, month of slaughter and year*month of slaughter, 
and random effects: herd*year of slaughter. CE, BW and 
200W were considered maternal traits and models therefore 
fitted random genetic effects for both individuals and dams, 
whereas only a random additive direct effect for individual 
was fitted for the carcass traits. Inbreeding coefficients of 
individuals, dams and sires were calculated using RelaX2 
(Strandén and Vuori, 2006) (ranging from 0.298) and 
subsequently categorically fitted (5 categories, ranging 
from F=0 to F>0.1875) in all bivariate models as fixed 
effects to evaluate their effect on the phenotype using the 
PREDICT statement of ASREML. 

Results and Discussion 
 

Heritabilities. Table 3 presents the estimated 
heritabilities for all traits. The direct (CEd) and maternal 
(CEm) heritability of CE in the Murbodner breed are both 
high compared to for example the Holstein-Friesian breed. 
The estimates are however not out of range of estimates 
published in literature for beef cattle (Ramirez-Valverde et 
al., 2001), which gives confidence in the analyses. BW was 
shown to be moderately heritable with BWd: 0.40 and 
BWm: 0.24, which is consistent with literature (Meyer et 

al., 1992). The heritability of BWm indicates a considerable 
maternal genetic factor in determining the fetal weight at 
birth. 200W shows an even higher maternal heritability 
(0.16) than direct (0.12), which is uncommon for maternal 
traits. It indicates that the maternal genetic component 
largely determines weight at 200-days of age and is 
important to be included in any analyses of this trait. The 
genetic direct-maternal correlation within all maternal 
traits: CE, BW and 200W is moderate and negative. 
Although common, a negative direct-maternal genetic 
correlation causes some concerns for selection. It primarily 
means that selection on solely the direct or maternal 
breeding value is discouraged as total response to selection 
could be lower or in the opposite direction as intended. 
Heritabilities of the carcass traits are low to moderate and 
consistent with estimates reported for multiple beef breeds 
(Arnold et al., 1991), although reported heritability 
estimates on EUROP and FAT score are scarce. 

Genetic correlations between the traits. Table 3 
presents the genetic correlations as estimated between CW, 
BW, 200W, CW, DG, EUROP and FAT. The genetic 
correlation between CEd and BWd (0.39) suggests heavier 
calves are born with more difficulty. The antagonistic 
correlation between CEd and 200Wm (-0.31), implies that 
animals born with more difficulty tend to wean relatively 
lighter cows, which could be mediated through the negative 
genetic relationship between CEd and milk production 
reported by Eaglen at al. (2013). CEm is found genetically 
associated with BWm (0.39), hence animals that are 
genetically tended to give birth to heavier calves are tended 
towards more calving difficulty. The positive relationship 
between CEm and 200Wm (0.33) implies that animals 
genetically predisposed to calving difficulty are also 
predisposed to wean heavier offspring. Interestingly, CEm 
is found to be negatively correlated to 200Wd (-0.40) 
suggesting animals that are heavier at weaning tend to calve 
more easily. The strongest genetic relationship between CE 
and weight was found between CEd and 200Wd (0.85). It 
seems unsurprising that heavier weaning weight is related 

Table 2.Heritabilities and genetic correlations of calving ease (CE), birth weight (BW) 200-day weight (200W), 
carcass weight (CW), daily gain (DG), EUROP score (EUROP), and fat score (FAT) 
Trait ℎ2 𝑟𝑔,𝐶𝐸𝑑 𝑟𝑔,𝐶𝐸𝑚 𝑟𝑔,𝐵𝑊𝑑 𝑟𝑔,𝐵𝑊𝑚 𝑟𝑔, 200𝑊𝑑 𝑟𝑔, 200𝑊𝑚 𝑟𝑔,𝐶𝑊 𝑟𝑔,𝐷𝐺 𝑟𝑔,𝐸𝑈𝑅𝑂𝑃 𝑟𝑔,𝐹𝐴𝑇 

CEd1,2 0.18* 
  (0.03) 

-           

CEm 0.07* 
  (0.02) 

-0.41* 
(0.10) 

-         

BWd 0.40* 
  (0.04) 

0.39* 
(0.01) 

-0.15 
(0.01) -        

BWm 0.24* 
  (0.03) 

-0.16 
(0.10) 

0.39* 
(0.01) 

 -0.57* 
(0.05) -       

200Wd 0.12* 
  (0.03) 

0.85* 
(0.07) 

-0.40* 
(0.16) 

0.40* 
(0.13) 

-0.22 
(0.14) -      

200Wm 0.16* 
  (0.02) 

-0.31* 
(0.13) 

0.33* 
(0.13) 

0.05 
(0.10) 

0.36* 
(0.08) 

-0.37* 
(0.13) 

-     

CW 0.28* 
  (0.07) 

0.27 
(0.15) 

-0.06 
(0.14) 

0.01 
(0.12) 

0.37* 
(0.11) 

0.73* 
(0.10) 

0.27* 
(0.13) 

-    

DG 0.16* 
  (0.02) 

0.27 
(0.15) 

-0.09 
(0.13) 

0.06 
(0.11) 

0.30* 
(0.11) 

0.59* 
(0.09) 

0.20* 
(0.10) 

0.99* 
(0.00) 

-   

EUROP 0.31* 
  (0.06) 

0.07 
(0.17) 

0.12 
(0.15) 

0.12 
(0.13) 

0.13 
(0.12) 

0.54* 
(0.14) 

-0.12 
(0.14) 

0.76* 
(0.07) 

0.73* 
(0.08) 

-  

FAT 0.22* 
  (0.06) 

0.20 
 (0.12) 

0.08 
(0.15) 

-0.21 
(0.13) 

0.13 
(0.07) 

-0.26 
(0.19) 

0.50* 
(0.15) 

0.15 
(0.17) 

0.20 
(0.16) 

0.07 
(0.18) 

- 
1* P<0.05; 2 Standard errors between brackets 



to more problems at birth. However, the difference between 
the correlation of CEd with BWd (0.39) compared to 
200Wd (0.85) is unexpected. BW is often considered as one 
of the strongest auxiliary traits for CE (Gutiérrez et al., 
2007). Yet, this study suggests 200W to be a better 
predictor of a difficult birth. This may be explained through 
factors, other than genetic merit for growth, playing a role 
in determining growth of the fetus which can obscure 
prediction, such as negative epigenetics effects (i.e. stress 
and nutrition) or gestation length. It could be hypothesized 
that genetic merit for metabolism and pre-weaning daily 
gain is expressed stronger in 200W rather than BW for this 
unselected breed. 200W might therefore be a cleaner 
representation of the animals’ genetic merit for growth free 
from maternal hormone effects and fetal epigenetic 
modifications. In general, there appears to be paucity in 
literature on the genetic relationships of CE with growth 
traits beyond BW which restricts us from finding support 
for the latter hypothesis. Interestingly however, recent 
genomic studies have revealed individual SNP with 
associated effects on CE and several type traits including 
stature and body depth (Cole et al., 2009). Further research 
on genetic variants underlying CE, BW and type is needed 
to unravel the precise genetic mechanism lying at the base 
of the relation between CE and growth. The significant 
correlations between BW and carcass traits found in this 
study, however, suggest a weak relationship BWd to post 
weaning growth. Significant genetic correlations between 
BW, CW and DG could only be detected through the 
maternal side. Animals that are genetically tended to have 
large offspring are also tended to have relatively high daily 
gain (0.30) and heavier carcasses (0.37). One has to note 
that weight of the Murbodner calves is measured by farmers 
and could therefore be subjective due to inaccurate 
weighing or ‘guessing’. 200Wd was found genetically 
correlated to both CW and DG suggesting that heavier 
animals at weaning tend to be fast growers (0.59) with 
higher CW (0.73). Equally, animals that are genetically 
tended to wean relatively heavy offspring are likely faster 
growing animals (0.20). Of all traits, only 200Wm was 
significantly correlated to FAT (0.50) which may suggest a 
relationship between carcass fat and milk composition. No 
significant genetic relationships were detected by this study 
between CE and carcass traits, which is confirmed by 
findings of Eriksson et al. (2004). 

Inbreeding depression. A significant effect of 
inbreeding was found on CE, BW and 200W (Table 3.) CE 
is significantly affected by dam inbreeding whereas 
inbreeding of the individual showed to affect BW and 
200W. Inbreeding depression was not detected in any of the 
carcass traits. Table 3 shows that 1% increase in dam 
inbreeding is associated with an increase of 0.55% in 
probability for a difficult calving. The effect found in this 
study on the Murbodner is similar to the effect found in first 
parity Angus cattle by McParland et al., (2008). BW shows 
to be significantly affected by the inbreeding coefficient of 
the individual when this rises above 0.1875. 1% increase in 
inbreeding coefficient relates to a decrease of 70 grams in 
BW. Given the subjective measurement of BW it has to be 
noted that this significant yet negligible effect should be 

confirmed in future years when data has increased. 1% 
increase in inbreeding coefficient of the individual resulted 
in approximately -1kg of 200W. The small yet significant 
inbreeding depression effects shown in BW and 200W 
confirm the general tendency of inbreeding having greater 
detrimental effect in functional traits (Carolino et al. 2008).  

Conclusion. The current Murbodner data allows 
estimation of genetic parameters needed for genetic 
selection. Estimates show considerable genetic variation 
which can be utilized for the improvement of Murbodner 
performance in calving, weight and carcass traits. Estimated 
genetic correlations allow the creation of selection indices 
which shall be needed to guide the breed into the desired 
direction and provide additional estimates on relationships 
of which there is current paucity of knowledge. Detected 
inbreeding depression indicates a double advantage of 
genetic selection in this breed. Future genomic studies 
where detected genomic variants cannot be distinguished as 
originating from either inbreeding or selection should value 
breeds as the Murbodner for its unique unselected and 
inbred status in combination with good phenotypic data.  
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Table 3. Mean CE, BW and 200W per inbreeding category 

Inbreeding  
Category1 Mean CE ± 2 Mean BW (kg) 

± 2 
Mean 200W 
(kg)± 2  

1.  1.28 (0.046)
a 41.97 (0.173)

a 239.19 (2.50)
ac 

2.  1.32 (0.046)
b 41.82 (0.180)

a 237.13 (2.42)
a 

3.  1.39 (0.057)
c 41.33 (0.384)

ab 233.36 (3.95)
bc 

4.  1.47 (0.068)
c 41.75 (0.499)

ab 224.56 (4.75)
ac 

5.  1.41 (0.027)
a,b,c 40.67 (0.592)

b 232.42 (5.42)
ac 

11. (F = 0), 2. (0 < F < 0.0625), 3. (0.0625 ≤ F < 0.125), 4. 
(0.125 ≤ F < 0.1875), 5. (F ≥ 0.1875);2 Standard error ;  a,b= 
P<0.05 


