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ABSTRACT: In order to establish a routine genetic 
evaluation, lactation and test-day records of two dairy sheep 
breeds (East Friesian, Lacaune) were analyzed. Genetic 
parameters were estimated for production traits (milk, fat 
and protein yield, fat and protein percentage) and somatic 
cell count (SCC). Estimated heritabilities for production 
traits are moderate to high while those for SCC transformed 
to somatic cell score are below 0.10. Generally, heritability 
estimates were higher for the lactation model compared to 
the test-day model and for Lacaune compared to East 
Friesian, respectively. Results indicated that partial 
lactations should be treated as different traits for the first 
lactation (days 1-100 and 101-240) while 2nd and higher 
lactations may be evaluated by a repeatability model. For 
SCC, a fixed regression test-day model is appropriate. 
Keywords: Dairy sheep; Genetic analysis; Milk production 
traits; Somatic cell count 
 
 

Introduction 
 

In Austrian dairy sheep, dairy traits have been 
routinely recorded for many years. However, so far no 
genetic evaluation has been implemented for this species. 
With approximately 2000 purebred herd book ewes of two 
breeds (67% East Friesian, EF, and 33% Lacaune, LA) kept 
in 47 herds (ÖBSZ, 2013), the Austrian dairy population is 
rather small. As part of the project “Development and 
implementation of genetic evaluations for dairy, meat, 
functional and conformation traits in sheep and goats”, a 
routine evaluation is developed for different traits. Due to 
the small population size and restrictions with regard to 
costs and personnel, a random regression test day model for 
dairy sheep is not likely to be introduced within the next 
few years. Hence both, a lactation model and a fixed 
regression test-day model are alternatives towards a 
breeding value estimation which is needed for efficient 
selection. In the following, results of phenotypic analyses 
for milk production traits (milk, fat, and protein yield; fat 
and protein percentage) but also for the functional trait 
somatic cell count (SCC) will be presented for both breeds. 
Additionally, genetic parameters, phenotypic and genetic 
trends as well as first breeding values will be shown.  
 

Materials and Methods 
 

Data. Test-day records for milk, fat, and protein 
yield; fat and protein percentage and SCC were taken at 5-
wk intervals following an alternate a.m.–p.m. recording 
scheme. To achieve an approximately normal distribution, 

SCC was transformed to somatic cell score (SCS) by a 
classical logarithmic transformation. Records of partial 
lactations (for lactation model and higher lactations only: 
<180 days in milk; standard lactation 240d), with missing 
parentage information, and with a lactation number >8 were 
excluded. Age at first, second and third lambing needed to 
be between 8 and 20, 19 and 33 and 30-46 months, 
respectively. For the test-day model days in milk 5-240 
were taken into account. In total, 43,110 and 16,715 test-
day records and 9,570 and 3,948 lactation records in EF and 
LA breeds, respectively, collected from 2004 to 2013 were 
available after data editing. The pedigree data sets for EF 
and LA consisted of 5,448 and 2,235 animals (lactation 
model) and 5,800 and 2,310 animals (test-day model), 
respectively. 

Statistical analyses. Variance components were 
estimated using VCE6 (Groeneveld et al., 2008) applying 
the following multivariate models:  

 
(1) Linear animal lactation model for the first 100 

and 101-240 days in milk in first lactation as well as the 2nd 
to 8th lactation (all traits except SCS). Effects included 
region*year*season (fixed), age at lambing (fixed, 27 
classes), days to 1st test-day (fixed, 7 classes), herd (fixed), 
herd*year (random) and animal (random genetic). For the 
2nd and higher lactations the number of days dry before the 
lactation (fixed, 7 classes) and the permanent environmental 
effect (random) were considered additionally while days to 
1st test-day was not taken into account. In EF and LA, 232 
and 53 rams with an average of 12.3 and 23.9 daughters per 
ram were considered, respectively. 

 
(2) Linear animal test-day model (all traits) for the 

first and the 2nd to 8th lactation. Effects included 
region*year*season (fixed), age at lambing (fixed), days in 
milk within lactation (covariate fitted linear and quadratic), 
herd test-day (fixed), herd*year (random), permanent 
environmental effect (random) and animal (random 
genetic). In accordance to model (1), days dry (fixed) were 
considered for the 2nd to the 8th lactation. Number of rams 
and average number of daughters per ram were 245 and 
12.4 for EF and 56 and 24.0 for LA, respectively. 

 
The estimation of breeding values was performed 

with the same models using the program MiX99 (Lidauer et 
al., 2008). Reliabilities were calculated choosing the 
approach of Tier and Meyer (2004) using ApaX (Stranden 
et al., 2001), which is part of the MiX99 package (Lidauer 
et al., 2008). 
 



Results and Discussion 
 

Phenotypic results. Table 1 presents the 
performance testing results for both sheep breeds in 2012. 
Overall, the average milk yield (240d standard lactation) 
was 412 kg with 5.96% fat and 4.95% protein. Sheep milk 
is known for containing higher cell counts than cow milk 
(Raynal-Ljutovac et al., 2007); average somatic cell counts 
were around 500,000, the median being 73,000 and 80,000 
for EF and LA, respectively. The phenotypic trend over the 
last years was more or less stable for production traits, a 
slightly decreasing and thus desired trend was observed for 
somatic cell count (Figure 1). One problem associated with 
the structure in Austrian dairy sheep farming is the lack of 
artificial insemination. On average across breeds, only 1.7 
rams are used per herd-year class. In order to improve data 
quality, the establishment of ram circles should hence be 
emphasized. 

 
Table 1. Arithmetic means and median (SCC) for different 
dairy traits (standard lactation 240d) and the sheep breeds 
East Friesian (EF) and Lacaune (LA) in 2012 	  
Breed n Mkg F% Fkg P% Pkg SCC 

All 1805 412 5.96 24.6 4.95 20.5 75,000 
EF 1096 403 5.66 22.7 4.81 19.5 73,000 

        

LA 709 425 6.43 27.6 5.17 22.2 80,000 
Mkg, Fkg, Pkg = milk, fat, protein kg; F%, P% = fat- and protein 
percentage, SCC = somatic cell count 

 

 
Figure 1. Phenotypic trend for milk yield and SCC 

 
 
Genetic parameters. In Table 2, heritabilities and 

genetic correlations are shown for the lactation model and 
the trait milk yield. For EF, heritabilities were lower than 
for LA (0.32 to 0.37 vs. 0.46 to 0.53). Heritabilities for fat 
yield were in the same range as for milk yield while those 
for protein yield were markedly lower (0.12 to 0.20 and 
0.27 to 0.29 in EF and LA, respectively, data not shown). 
Table 3 presents the results for the lactation model and the 

trait protein percentage. As for the yield traits, the 
heritabilities for milk contents are higher in LA than in EF. 
For fat percentage, values range from 0.27 to 0.49 in EF 
and from 0.48 to 0.56 in LA (data not shown). Generally, 
results of variance component estimation are in line with 
earlier studies dealing with lactation models in sheep (e.g. 
Barillet and Boichard, 1987; Fuerst-Waltl et al., 2005). In 
preceding analyses, considering second and third lactation 
milk production traits as different traits, genetic correlations 
were found to be very high (0.94 to 0.98; data not shown). 
This indicates that the applied repeatability model for 
higher lactations is appropriate. However, genetic 
correlations between partial first lactation records and 
higher lactations were mostly below 0.90. Thus, treating 
records from the first 100 days in milk and from day 101-
240 as different traits is preferable. Apart from that, a 
separate analysis is advantageous for the routine genetic 
evaluation as more animals may be considered and results 
are available earlier. As expected, applying the fixed 
regression test-day model resulted in lower heritabilities 
(Table 4) compared to the lactation model and are in 
accordance to earlier results. For German EF ewes, Hamann 
et al. (2004) reported heritabilities of 0.15 for all yield traits 
which is in accordance to Austrian EF (h2 ranging from 
0.15 to 0.16). As observed for the lactation model, 
heritabilities for LA were higher than those for EF. The 
only exception was fat percentage in the 2nd and in higher 
lactations (h2=0.26 and 0.20 for EF and LA, respectively, 
data not shown). In many dairy populations including cattle, 
sheep and goats, SCC is considered as an indicator for 
mastitis resistance (e.g. Koeck et al., 2010). Thus, this 
functional trait is also of large interest for the Austrian dairy 
sheep breeders. In contrast to milk production traits, 
heritability estimates for SCS were much lower (h2=0.05 
and h2=0.06 for first and higher lactations; Table 4) than 
those reported by Hamann et al. (2004). Heritabilities for 
LA were markedly lower with very high standard errors; 
therefore those results are not presented in the following. 
As the number or rams per year is on average below ten and 
the time period is short, the genetic trend is not informative 
and therefore not shown. 

 
Table 2. Genetic parameters (heritabilities on diagonal, 
genetic correlations above diagonal, standard errors in 
brackets) for	  milk yield and model (1) 
Lactation (part) 100 101-240 2+ 
East Friesian    
100 0.37 (0.037) 0.97 (0.027) 0.84 (0.054) 
101-240  0.32 (0.035) 0.95 (0.029) 
2+   0.32 (0.024) 
Lacaune    
100 0.46 (0.045) 1.00 (0.004) 0.92 (0.049)

 

101-240  0.52 (0.062) 0.91 (0.052) 
2+   0.53 (0.039) 

 
 



Table 3. Genetic parameters (heritabilities on diagonal, 
genetic correlations above diagonal, standard errors in 
brackets) for protein percentage and model (1) 
Lactation (part) 100 101-240 2+ 
East Friesian    
100 0.50 (0.034) 0.86 (0.045) 0.91 (0.028) 
101-240  0.40 (0.024) 0.92 (0.024) 
2+   0.62 (0.019) 
Lacaune    
100 0.68 (0.038) 0.85 (0.044) 0.94 (0.025)

 

101-240  0.67 (0.062) 0.94 (0.022) 
2+   0.76 (0.028) 
 
 
Table 4. Genetic parameters (heritabilities on diagonal, 
genetic correlations above diagonal, standard errors in 
brackets) for milk yield and SCS and model (2) 
 Milk yield SCS 
Lactation  1 2+ 1 2+ 
East 
Friesian     

1 0.18 (0.032) 0.76 (0.004) 0.06 (0.025) 1.00 (0.004) 
2+  0.16 (0.019)  0.05 (0.015) 
Lacaune     
1 0.29 (0.049) 0.90 (0.059) - - 
2+  0.28 (0.037)  - 

 
 
Breeding values. Applying the same multivariate 

models as for the variance component estimation, first 
breeding values were estimated for all traits. For the 
lactation model and the test-day model, 110 and 125 EF 
rams having offspring in the data set with completed first 
lactation got breeding values, respectively. Figures 2 and 3 
show the difference in daughter performance (milk yield 
and SCC) between the ten best and worst rams regarding 
breeding value. On average, the daughters of the best EF 
rams produce 90 kg (1st lactation) and 150 kg (higher 
lactations) more milk than the ones descending from the 
worst rams ranked by milk yield breeding values. 
Regarding SCC, the average SCC of the worst ten rams’ 
daughters is doubled compared to those of the ten best 
ranked by SCS breeding values.  

 
Conclusion 

 
Currently, the Austrian herd book sheep 

population is lacking a routine genetic evaluation. Genetic 
variation of dairy traits and SCC is sufficient to introduce 
such an evaluation. Considering further functional and 
conformation traits, selection indices for trait groups and a 
total merit index will have to be defined in the future. 
Additionally, aspects of data improvement, in particular 
establishing ram circles, shall be emphasized. 

 

Figure 2. Average milk yield of best and worst sires’ 
daughters ranked by milk-kg breeding value (East 
Frisian, lactation model, min. 10 daughters per sire; 47 
rams in total; average number of daughters for best and 
worst rams = 26) 
 
 

 
Figure 3. Average SCC of best and worst sires’ 
daughters ranked by SCS breeding value (East Frisian, 
test-day model; min. 10 test days per sire; 81 rams in 
total; average number of test-days for best and worst 
rams = 137) 
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